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RECONNAISSANCE LEVEL CHARACTERIZATION REPORT 

1.0 INTRODUCTION 

The' Department of Ene'rgy (DOE) has established a goal of reducing the total built square 
footage at Rocky Flats Environmental Technology Site (RFETS by 2% In FY97. RFETS 

project will help RFETS management reduce operating costs and hazards. 

The 980 Cluster is comprised of three metal buildin s located in the east portion of the RFETS 
Protected Area. A site map and floor map of the 980 f! luster are contained in Figures 1-1 and 1-2. 

1.1 PURPOSE 

management has determined that the 980 Cluster will be removed to 1 elp meet the 2% goal. This 

-,- I  . . 

The purpose of this Reconnaissance Level Characterization Report is to present all of the 
available historical data and process information pertaining to the Building 980 Cluster to provide 
a baseline of information for hazards within the 8980 Cluster. Characterization includes 
identification of the type, quantity, condition, and location of radioactive and hazardous materials 
which are, or which may be present as residual contamination in the subject facilities. The 
following facility information incorporates the Building 980 Cluster project files, established during 
the reconnaissance characterization, including pertinent data from various sources. This report is 
to serve as a practical reference for project use during the decontamination and decommissioning 
efforts. 

This baseline will aid DOURFFO in determining if a Decommissioning Operations Plan is required 
for the decommissioning effort. 

1.2 SCOPE 

This report is prepared in support of the fhlding 980 Characterization for the U.S. Department of 
Energy (DOE) at the RFETS located near Golden, Colorado. The information presented in this 
report specifically pertains to the Building 980 Cluster; the review of historical records and the 
collection of process knowledge information covers the operational time period for the facility from 
original construction to present. 

This information presented in this report is specific to the 980 Cluster. This report contains 
information obtained during historical document reviews, personnel interviews and characterization 
information generated in support of this document. 

I 1.3 METHODOLOGY 

As part of this investigation, comprehensive physical inspections of all accessible areas of the 
980 Cluster were conducted during March 1997. The primary purpose of these inspections were: 

to confirm the accuracy of file documentation of as-built or modified facility construction 
equipment installations and general facility conditions, 

obtain volume estimates for wastes that will be generated during removal activities, 

identify equipment, structures, process lines, and associated items that will require 
hazardous.and/or radioactive surveys and analytical sampling to further characterize the 
Cluster, 

identify potential sources of lead and asbestos, 
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identify potential chemical contamination, (chemical contamination would be identified by 
signs of staining or unusual smell), 

identify physical hazards (such as tripping hazards, loose/missing handrails, etc.). 

.3 To locate, identify, and dowment any facility condition or problem situation which had not 
been previously identified or otherwise documented in appropriate building records or 
files. 

To identify equipment, strudil;res, process lines, and associated items which require field 
surveys and/ or analytical Sam ling for the purposes of characterization of the Building 
980 Cluster for radioactive an 2 hazardous contaminants. These sampling activities were 
conducted prior to decommissioning efforts and are identified in detail in Section 3.0. 

1.4 SUMMARY 

The review of rocess knowledge and documents, relating to the Building 980 Cluster initiated in 

historical records was undertaken to determine the location and character of any radioactive and 
hazardous contaminants which were present in the area. An area tabulation of relevant process 
knowledge and characterization information is presented in Section 4.0. The general conclusions 
drawn from this examination are as follows: 

Presently, the Building 980 Cluster is vacant. 

The Building 980 Cluster housed a significant quantity of warehouse materials and equipment. 
These materials and equipment are being removed prior to the decommissioning of the buildings. 
Although facility records do not indicate any spills of hazardous chemicals, inspections of the floor 
for visible si ns of contaminants (Le., oils or solvents) will be conducted after equipment is 

conducted as "in-process" characterization. 

Building 980 was constructed in 1957 and was used for storage, warehousing and as support 
shops for site construction activities. Building 965 was constructed in 1981 and provided 
carpentry services as well as equipment repair and storage. Building 968 was constructed in 
1982 and was used for storage of excess parts to support the Protected Area (PA) maintenance 
activities and also served as a staging area for painting (mixing and blending) and motor pool 
activities. 

March 1997, 1 as been completed. As part of this examination, a comprehensive survey of 

removed. If t a e inspections reveal signs of chemical spills, sampling of the concrete floors will be 

Contamination is not expected from materials stored or processed in the Building 980 Complex. 
However, the east section of Building 980 presently houses a vacuum truck which was used to 
remove liquid and sludge from the Solar Ponds. The holding tank and vacuum system mounted 
on the truck was radiologically contaminated during the Solar Pond evolution. Additional 
information on the contaminants that may be present in these buildings is presented in Section 
5.0. 

The following decisions/observations were made from the Reconnaissance Characterization data: 

1. Radiological surveys were conducted for the 8980 Cluster in accordance with the 
instructions established in the Reconnaissance Level Characterization Plan, Attachment 
7.9. Characterization surveys have not revealed any elevated contamination inside 
Buildings 965,968 or 980. However, surveys performed on the outside of Buildings 965 
and 968 have revealed a few elevated values of fixed alpha contamination above 100 
dpm/lOO cm2 on metal surfaces below two meters. In addition, surveys on the outside of 
Building 980 have revealed extensive areas of .fixed contamination above 100 dpm/l 00 
cm? These elevated readings are predominately located on the north facing walls, 
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2. 

3. 

4. 

5. 

6. 

although some values have been discovered on the metal surfaces of the other walls. 

Although there were hazardous chemicals in the B980 Cluster facilities, all excess and 
hazardous chemicals have been removed from the B980 Cluster facilities during the 
deactivation process with the exception of some paints and cleanin solvents, which will 
be disposed of by the subcontractor. Because the chemicals have 9, een removed and 
there are no known areas which have a buildup of chemical residue, no special chemical 
characterization is anticipated. If visible inspections of the floor reveal suspect spill areas, 
sampling of the floor would @.conducted as "in-process" characterization. Should a 
chemical be found during the decommissioning process, the chemlcal will be handled in 
accordance with existing chemical identification and handling procedures. There are no 
RCRA units associated with this project, therefore; no closure plans are required. 

The specific quantity and distribution of asbestos containing material is known. An 
inspection of the facilities has been completed and the results have been summarized in 
Table 4.1. The asbestos reports for these buildings have been included as Attachments 
7.6,7.7 and 7.8. All ACM has been labeled. 

It is assumed that the majority of painted surfaces associated with safety markings and 
fire protection systems contain lead. This assessment is based on previous Sam ling 
conducted by the Industrial Hygiene group and is documented in the Health and l afety 
Lead Abatement Plan files. The first decommissioning effort in each area will be to wipe 
down and thoroughly clean all surfaces. This effort is to remove any dust which may 
contain contaminants. Computer modeling and leachability studies have demonstrated 
that lead in paint, if it exists, will not create a disposal problem. The amount of lead in the 
painted surfaces will be determined and compared to the previous model as necessary to 
support the decommissioning effort. 

The 8980 Cluster facilities' fluorescent lights and fluorescent light ballasts will be removed 
and disposed in accordance with appro riate RFETS procedures. Due to the age of the 
buildings and guidance from the RFET l Toxic Substance Control (TSCA) specialist, the 
ballasts will be segregated and managed as PCB - containing items during the 
decommissioning effort. 

No unusual or unique physical hazards were identified which would endanger the 
construction workforce. 
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FIGURE 1-1 SITE MAP 
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FIGURE 1-2 FIRST FLOOR KEY PLAN, BUILDING 980,968 AND 965 
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2.0 ANALYTICAL TESTING 

Specific rationale for the Sam ling and Analysis was presented in the Reconnaissance Level 

3.0 of this document. 
Characterization Plan for the E 980 Cluster. Sample and survey results are presented in Section 

2.1 WASTE MANAGEMENT 

Procedures are in place to insure that sampling and analysis of generated wastes will be in 
accordance with the U. S. Environmental Protection Agency (EPA) and State regulations. 
Hazardous and radioactive contaminant data is acquired, to a level consistent with regulatory and 
procedural requirements, for wastes that will be generated. The requirements for characterization 
of hazardous waste is specified in several RFETS waste management procedures, based on 
requirements established primarily by 40 CFR 261 and 6 CCR 1007-3,261. Waste materials 
demonstrating hazardous or radioactive characteristics are managed in accordance with the Low- 
Level or Hazardous Waste Requirements Manual. 

A project specific Waste Management plan will be generated that details the final amounts of 
waste produced and how the waste was dispositioned (Le., recycled, low-level built or free 
release). 

2.2 INDUSTRIAL HYGIENE 

The potential for exposure to hazardous or radioactive substances will be evaluated, prior to 
conducting the operation, according to Occupational Safety and Health Act (OSHA) and National 
Institute of Occupational Safety andi Health (NIOSH) requirements. A Demolition Plan will be 
written by the subcontractor. This requirement is driven by OSHA 1926.62 for lead and driven 
by other sections of OSHA for other constituents. Data is acquired for contaminants associated 
with equipment, building materials, residuals within construction areas, or other potential sources 
of hazardous exposure to the workers. Preliminary screening and sampling is required in 
decommissioning areas for materials which the workers may be exposed. Trailers designated for 
offsite transport will be surveyed for radiological contamination. The documentation will be 
included in the project files for IWCP closeout. Instructions for completing reconnaissance level 
radiological surveys have been included as Attachment 7.1. Trailers will be decommissioned 
according to Engineering and Administrative Controls, Decontamination, or use of Personal 
Protective Equipment, as implemented under appropriate plans and procedures to meet OSHA 
requirements. 

3.0 RECONNAISSANCE SURVEY RESULTS 

Location-specific information concerning the characterization of each area of the Building 980 
Cluster and each area in the build.ings IS presented in this section. This localized characterization 
includes descriptions of construction, equipment operation, and other process knowledge 
information relating to the Building 980 Cluster. The information collected in this section has been 
obtained from several sources, including pasVcurrent records and RFETS personnel with relevant 
Building 980 Cluster work experience or related knowledge. A complete listing of the information 
sources examined for this report is provided in Section 5.0. 

3.1 FACILITY WORK AREA 

The following list contains the, hazardous materials which have been used in the 980 Cluster and 
were addressed during the characterization of the 980 Cluster: 

\, 

Acids (Batteries) 
Asbestos 

*Solvents 
*Solar Pond Radioactive Contaminants 
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PCBs In Equipment 
Excess Chemicals 
LeadPaint 
Machine Oil 

An assessment of the hazards that may be encountered durin specific decommissioning 

been incorporated into the planning process of each activity to ensure maximum protection of the 
worker. 

The Waste Stream and Residue and Identification Characterization (WSRIC) building books for 
965,968 and 980 were reviewed to determine the hazardous materials associated with the 
Cluster. The information indicates that the wastes generated from operations were removed from 
the buildings for disposal, or accumulated in Satellite Accumulation Areas for staging purposes. At 
this time there are no hazardous wastes being stored in the buildings. Hazardous product 
material identified during the walkdowns will be removed prior to the start of decommissioning. 

activities has been performed through walkdowns and job sa ? ety analyses. This information has 

-,-, . . 

3.2 FACILITY CHARACTERIZATION 

Facility walkdowns were conducted in March 1997 to identify potential hazards associated .with 
the buildings. In addition, the buildings were inspected for the presence of asbestos containing 
building materials (ACBM) by a state-certified building inspector. Information was also collected 
on the presence of lead-containing paints used in construction, although no samples were taken. 

Table 4.1 is organized by decommissioning areas as described above and includes a description 
of the information available for each room and area, the contamination considerations for each 
room, and the confirmation analysis which was performed prior to decommissioning activities to 
further characterize the facility, and wastes generated. 

The primary purpose of the reconnaissan_ce characterization activity is to provide a baseline of 
hazards within the 6980 Cluster. This baseline (RLCR) will aid the DOE in determining if a 
Decommissioning Operations Plan is required for the decommissioning effort. This characterization 
information may also be used: 

1. to quantify and qualify the physical and chemical characteristics of radiological and 
hazardous material contarnination and the extent of contaminant distribution; 

2. 

3. 

4. 

to quantify and qualify parameters that effect potential human exposure from existing and 
residual radiological or hazardous material contamination; 

to support evaluation of detailed planning of a preferred approach for decontamination, 
equipment removal and waste disposal; and; 

to support project plan considerations of dose assessments and ALARA analyses to 
support selection of cleanup criteria and approach. 

Data collected during the characterization activities consists of two types: 

1. field measurements using portable instruments or test kits and 

2. sample analyses of media using fixed laboratory equipment or systems. 

Radiological surveys have been performed by trained Radiolo ical Control Technicians using 
field instrumentation (See Attachment 7.4) in accordance with t a e ROI Manual. Specific 
instructions for radiological surveys were outlined in the Reconnaissance Level Characterization 
Plan for the Building 980 Cluster (See Attachment 7.1,7.2 & 7.3). Results from these scoping 



e 

RECONNAISSANCE LEVEL R F / R M R S - ~ ~ - O ~  9 
CHARACTERIZATION REPORT 
FOR THE BUILDING 980 CLUSTER 

Rev. 0, Page 8 OF 13 
Date Effective: 08/01/97 

surveys demonstrated that the majority of results were below instrument detection limits, with the 
. exception of isolated spots on the walls of 8965, the floor of 6965 and the exterior of 8980. 

Activity detected is being evaluated to determine if the transuranic alpha limit of 100 dpm/lOO c m 2  
for fixed contamination applies. Results are identified on the Radiological Contamination Survey 
Forms for each building. Further confirmation surveys will be conducted as part of the Final 
Survey Plan, rior to releasing the building to the subcontractor. Table 4.2 IS a summary of the 

Survey Information for Buildings 965, 968 and 980. 

Bulk samples were collected, as nkessary, for lead paint, PCB, and for Asbestos Containing 
Material (ACM . A com lete building inspection of the Building 980 Cluster was conducted for 

Colorado Regulations by a certified building inspector. The results are summanzed in Table 4.1. 

During the physical inspection of Buildings 980, 965, and 968 various painted surfaces were 
observed. These paints included white on drywall, grey on floors, amber (red-brown) on beams, 
ellow on safety rails, and red on fire suppression systems and fire extinguisher location boards. f hese paints have tested positive for detectable levels of lead in other buildings in a consistent 

manner. Although additional paint samples have not been taken, the demolition work practices 
will continue with the assumption that the paints contain lead and appropriate precautions .will be 
taken. 

survey data. P n addition, more detailed information is induded in Attachment 7.5, Radiological 

ACM in accor d s  ance wit Asbestos Hazard Emergency Response Act (AHERA) and State of 

Table 4.1, “Building 980 Cluster RLCR” lists the locations and the types of samples that were 
required for characterization purposes. A trained sampling team was selected to perform the 
sampling activities required for characterization purposes. Analysis for characterization purposes 
was performed using Environmental Protection Agency (EPA) approved procedures through 
laboratory facilities. Data Quality Objectives are established for the analytical methods 
referenced and are on file at the on-site Analytical Projects Office (APO) in Building 881. 
Sampling and analysis activities were conducted in accordance with the Reconnaissance Level 
Characterization Plan and the “characterization protocols” which describe the methods for 
sampling and analysis for various contaminants of concern including asbestos, PCBs, and 
radioactive constituents. 

Table 4.1 includes the descriptions associated with each area, process information regarding the 
processes conducted in each room, radioactive and/or hazardous considerations (Le., known 
materials associated with a specific process or area), and the confirmation analysis that were 
performed. Lead and Asbestos surveys were conducted by a state-certified inspector and 
results have also been compiled in Table 4.1. 
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Bulldlng & Area 

980 East Wall. 

TABLE 4.1 BUILDING 980 CLUSTER RLCR 

- 

Process RadlHaz Conf lrmat Ion Comments 
lnformatlon Concerns Analysis 

Tiansite Asbestos None Required AssumedToBe >I% 
Acm 

Lead 

Lead 

' L e a d  

980 Water Unes 

NoneRequired KnowntoContainLead 

None Required KJDMI to Contain Lead 

None Required Known to Contain Lead 

I Tested PosiSw 4Y0 I pLMforAsbestos 
MudPipeFRting,-*; . 

lnsuhtion 

980 Grey Paint 

980 North Exterlor 
Wail 

980 East Section of 
Bullding 

980 Floor Paint 

968 Water Unes 

968 Safety Rallings 

980 Safety Rallings 

980 Fire Water 
systems 

180 Brown b a r n  Pelnt 
~ -~ ~~~ ~ ~~ ~ ~ 

~ GrqTaint Lead None Required Known to Contain Lead 

Exposed to Solar Ponds Rad Contaminants Red survey Joints Rad Survey Results 

Contains Vacuum Truck Rad Contvninants Rad Survey Required Rad Survey,l++ulq 

Above D e t e d b n  Limits 

in RBA Above Detecbon t imih 

Grey Paint PCBS SW-846 Method for None Detected 

Mud Pipe Fitfing Asbesms PLM for Asbestos Tested Positim 3"/. 

PCB solids 

Insulation 

Yellow Safety Paint Lead None Required Known to Contain Lead 

Yellow Safety Paint 

RedsafetyPabrt 

6 8  Brown Beah Paint I Brawl Paint 

968 Fire Water 
Systems 

Brown Paint 

None Required 

None Required I KnowntoContainLead 
- -  I 

Lead 

965 North Exlerior 
Wall 

965 Floor 

965,968 & 980 Ught 
Fixtures 

Exposed to Solar Ponds Rad Contaminants Rad Sunrey Joints Rad Survey Above 

InteriodExterior Rad Contaminants Rad Survey Rad Survey Above 

Fluorescent Light PCBS Msual inspedon for Known to contain PCBl 

Detection Limits 

Detection Limits 

Ballasts PCB information pciw to 1980 

968GreyPaint I GreyPaint I - Lead I NoneRequired I KnowntoContainLead 

)68 Tan Window Putty Tan Putty from West 
Upper Window 

Asbesms PLM for Asbestos 1 Tested Positive .25% 
(PC) 

968 Floor concrete Rad Survey results I below detection limits 

968 Walls Rad Survey results I Rads-y 
InteriorExterior 

~~ 

965 Safety Railings I Yellow Safety Paint I Lead I NoneRequired rKnowntoContain~ead 

965 Fire Water 
systems I Red safety Paint Lead None Required 1 - ~ t o C o n t a i n L e a c  

365 Brown Beam Paint I &m Paint I Lead I NoneRequired I KncAMltoContainLeac 

965 Grey Paint I Grey Paint I Lead I N o n e R w u i d  I KJDMItoContlinLeac 
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REMOVABLE 
Beta 
dpm1100 cm2 

... 

TOTAL 
Alpha 
dpm1100 
cm2 

TABLE 4.2 980 CLUSTER RADIOLOGICAL SURVEY DATA 

405 

REMOVABCE 
Alpha 
dpmll00 cm2 

40 readings 
C60 
19 readings 
60 to loo 
17 readings 
>loo 

4 8  

c18 

c18 

7 All readings 

4 0 5  I allradings 

27 readings 
4 0  
3 readings 
60-1 00 
4 readings 
100-250 

Note:  
Copies of original Radiological survey data forms are available on request. 

Replications of the survey data is attached as Attachment 7.5. 

TOTAL 
BetalGamma 
dpm1100 cm2 

<455 

67 readings 
<450 
24 readings 
c610 
17 readings 
61 1-2000 

452 readings 
c455 46 
readings 456- 
2000 
2 readings 
2001 -8000 

All readings 
<455 

22 readings 
<610 
1 1  readings 

1 reading 6975 
61 1-2000 

~~ 

Below 
Unre- 
strlcted 
Llmlts 
Release 
(see 
Table 4.3) 

17 readings 
above 100 
dpm alpha 
limit 

Yes 

Yes 

4 readings 
above 100 
dpm alpha 
limit 
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TABLE 4.3 SUMMARY OF CONTAMINATION VALUES FOR UNRESTRICTED RELEASE 

U-Natural. U-235. U-238. and associated 
decay products. alpha emitters 

Betagamma emitters (radionuclides with 
decay modes other than alpha emission or 

noted above ( 7 )  

sponlaneous fission) excepl 9-90 and others 

RADlONUCLlDE (1) 

5,000 15,000 

5,000 15.000 

Average Total 
(Fixed + 

Re mova b I e) 
Contamination 
dpd100cm2(2), 
:$ . (3). (4) 

Maximum Total 
(Fixed +. ' 

Re movab I e) 
d p d l  OOcm2 (2). 

(41, (5) 

Th-Natural, T h a ,  Sr-90. R a m ,  Ra24.  Urn, 
1-131, 1 - 1 3  I 3.000 

20 

200 

1.000 

1 .ooo 

( I )  Where surface contamination by both alpha and beta-gamma emitting radionuclides exists. the limits 
established for alpha and bela-gamma emitting radionuclides should apply independently. 

As used i n  this table. disintegrations pcr minule (dpm) is dehned as the rate of emission by radioactive material 
as determined by correcting rhc counK per minute measured by an appropriate detector for backgrouiid. 
efficiency. and geomeuic factors associated with the insmmenration. 

- 
( 2 )  

( 3 )  Measurements of average conmrnination should no1 be averaged over an area of more than I meter?. For. 
objects with a total surfacc area of less than I meter2. the average should be derived for each object. 

( 4 )  The average and maximum dose rates associated with surface conmnunation resulting from beta-gamma emitters 
should not exceed 0 . 2  mRad/hour and I .O rnRad/hour. respectively at I cm.  

(S) Thc maximurn contamination level applies to a n  area of not more than cm2 

(6) Thc'amount of rcmovable material pcr I00 cm2 of surface area should be determined by wiping an ara o f  that 
size with ?,dry filter of soft absorbent paper. applying moderate pressure. and mcasunng the amouni of 
radioactive'material on the wipe with an appropriate instrument of known efficiency. Whcn removable 
contamination on objects of surfacc area less than 100 cmz is determined. the activity per un i I  area should bc 
based on thc actual a r a  and the cntirc surface should be wiped. Erccpt for transuranics arid Ra-228. Ac.227. 
Th-228. Th.230. Pa.231. and alpha emitters. I I  I S  not nccessary to use swiping techniqucs to measurc 
removablc contamination levels if  direct scan surveys indicate the [oral residual surface contamination ICvZlS  arc 
within the limits for removahlc contamination 

(7) Thls category of radionuclides includcs mired fission products. including the Sr-90 wliicli is present i n  them 
docs not apply to Sr-90 which  has bcen separatcd from the other Lssion products or mirtiitec where thc Sr.90 
has bccn cnnched 

11 
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4.0 DATA QUALITY ASSESSMENT 

All sampling data were reviewed and considered valid and thereby usable, according to sampling, 
analytical, and record keeping procedures. DQOs for the characterization have been satisfied, in 
accordance with the requirements outlined in the Reconnaissance Level Characterization Plan. 

5.0 INFORMATION SOURCES 

The preparation of this report involqedthe retrieval, from various sources, and review of several 
documentation files pertaining to the Building 980 Cluster and past operations therein. The 
following sections list the files that have been reviewed in the course of this reconnaissance 
characterization. 

This investi ation effort also included the collection of first-hand process knowledge interviews 
from RFET 8 employees with Building 980 experience. A listing of personnel who contributed 
first-hand information is available in the project files. 

Characterization information was also obtained as described in the Reconnaissance Level 
Characterization Plan which included the Data Quality Objectives. The evaluation of this data 
was discussed previously. 

.. _. 

6.0 REFERENCES (NOT ATTACHED) 

Asbestos Characterization Report for Buildings 980, 965, and 968 prepared by SEG, 
CO, dated March 27,1997. 

Basic Information for the Decommissioning of Building 980 Cluster. 

Building 980 Radiological Engineering Property/Waste Release Evaluation Survey 
Forms, dated June 25, 1995. 

- 

Facilities Engineering Drawings of the Building 980 Cluster. 

Facilities photographs from walk-downs conducted in March-April 1 997. 

Proposed Action Memorandum for the Decommissioning of Buildings 980,968, and 965, 
March 14.1 997, Rev. 0, RF/RMRS-97-016. 

Radiological Operations Contamination Survey Forms dated in June 1995. 

Reconnaissance Level Characterization Plan for the 980 Cluster, RF/RMRS-97-019. 

“Test Methods for Evaluating Solid Waste, Physical/Chemical Methods”, U.S. EPA SW- 
846, 1986, Third Edition. 

WSRlC Building 965, Version 5.0, November 18, 1993. 

WSRlC Building 968, Version 5.0, November 18, 1993. 

WSRlC Building 980, Version 5.0, November 18, 1993. 

I 
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7.0 AlTACHMENTS 

' 7.1 Radiological Survey Instructions for Building 980 

Radiological Survey Instructions for Building 968 

Radiological Survey Instructions for Building 966 

7.2 

7.3 

7.4 Radiological Survey Instrumentation 

7.5 

7.6 

7.7 

7.8 

7.9 Reconnaissance Level Characterization Plan 

-,:,. . 
Radiological Survey Information for Buildings 965,968 & 980 

Asbestos Characterization Report for Building 980 

Asbestos Characterization Report for Building 968 

Asbestos Characterization Report for Building 965 
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RndioloGcal Survey' 
I t d A r e a  # of AlphdIkta Swipes # of Direct AlphP/Betr. Scnn 
Description' MerurUtYlllt3lts Survey 
FlwrslWalls<2 Aminimumafl Aminimllmofl WA 

ATTACHMENT 7.1 RADIOLOGICAL SURVEY INSTRUCTIONS FOR BUILDING 980 

S@d 
Instructions 
Obtainmcasmmatson 

Building 980 Decommissioning Project 
Characterizati6n Survey Radiological Instructions 

- 

meters 

Fixed Equipment 

measurement for cach 50 m' 

A minimum of 30 Aminimumof30 N/A Obtainbiasedmeasurcments 
measurements measurements on horizontal surfaces of 

measurement for cach 50 m' floor &wall SurEicCs 5.2 
meters thoughout the bldg. 

I 
Aminimumof 1 I Aminimumofl Sinkdrains 

fixed equipment 
N/A Obtainmeasurementson 

ItemlArea 
Description' 
Item # 1 
North facing walls 

I measurement per sink drain I measurement per sink drain I I m x s i i l e   surface^ ofdrains. 

Radiologic 
## of AlphaJBeta Swipes 

Aminknunof 1 
measurement for each 9 m' 

LocatiodRoom: Exterior of Bldg. 980 - 
scnn 
Survey' 

NIA 

N/A 

N/A 

specinl 
Instructions 
Obtain measurements on 
wall surfaces ofthe north 
side of the bldg. 
Obtain biased measurements 
under the overlap of the 
sheet metal siding 
Obtain measurements on 
east.,south&westwall 
surfaces & roof of the bldg., 

Sheet metal seams 
on north facing 
Walls 
Item # 2 
Non-North facing 
walls 

Aminimumof 1 
measurement for each 9m' 

A minimum of 1 
meaSuTement for each SO m' 

I Survey' 
# of Direct Alphd33ct.a 
Measurements 
Aminimumof 1 
measurement for cach 9 m' 

Aminimumofl 
meanrrement for each 9 m' 

Aminimumofl 
measurement for each SO m' 

N o t o  

See attached map of building layout. 
sunteys to be performed in accordance with 4-K62-ROI-03.01, "Performance of Surfaa: Contamination Surveys". Other 

1 

1 

radiological references are l-P73-HSP-18.10, 
Waste". 4-S23-ROI-03.02. "Radiological Requirements for Unrestricted Release". and 4-N83-REp-1108, "Radioactive 
Material Management Area (RMMA) Determination". 

Perform an alphameta scan survey of the percentage of the accessible su fk t s ,  including fixed equipment, as listed 

Radioactive Material Transfer and Unrestricted Release of Property and 

3 

&view and Appr~va! . 

Date: Prepared Py: 
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Location/Room: Inside Bldg 968 
Radiolopical Survey' 

I t d b  i# of Alpha Beta Swipes # of Direct Alpha Beta scan 
Description' M ~ ~ ~ t s  Survey' 
Xtem # 1 Approximately 1 APpr0-y 1 N/A 
Floor measurement for each9 m' measurtment for each9 m' 

area area 

Item #i 2 Approximately 1 Approxhatcly 1 N/A 
Mist Equipment measurement on a selected measurement on a selected 

component within each 9m' component within each 9m' 
survey Iocation survey locration 

AlTACHMENT 7.2 RADIOLOGICAL SURVEY INSTRUCTIONS FOR BUILDING 968 

special 
Instructions 
Recordthesolveylocalion 
and the survey d t s  on a 

b e o n  mwey form 
andatcdchtothissurvey 
-on 
Rccord the s u ~ y c y  location. 
name ofthe component and 
the w e y  results on a 

Contaminati on survey form 
and attach to this w e y  
instruction 

Radiological operations 

Radiological operations 

Building,968 Decommissioning Project 
Characterization Radiological Instructions 

' See attached map of building layout- 
' Surveys to be performed in accordance with 4-K62-ROI-03.01. "Perfomoe of Surface Contamination Surveys". Other 
radiological references are: l-P73-HSP-18.10, " Radioactive Material Transfer and Unrestricted Releaseof Property and 
Waste", 4-S23-ROI-03.02, "Radiological Requirements for Unrestricted Release". and 4-N83-REP-1108[ "Radioactive 
Material Management Area (RMMA) Determination". 

Perform an alphalbeta scan survey of the percentage of the aaxssible surfaces, including fixed equipmen4 as Listed. 3 

Review and Approval 

Prepared By Date 

Revlewed By. Date. 

I 
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I t d h  
Description’ 
Floors/walls 2 2  
meters 

Fixed Equipment 

ATTACHMENT 7.3 RADIOLOGICAL SURVEY JNSTRUCTJONS FOR BUILDING 965 

Radiological survey‘ 
# of A l p h a e t a  Swipes # of Direct A l p h a -  scan special 

MeprruWlleXltS Survey‘ Instructions 

measurement for each SO m’ 

A ~ l r m o f 1 0  N/A Obtain biascd measurements 

A minimum of 1 Aminirmlmaf1 N/A Obtainmmsurementson 
floor & wall surfaces 5 2 measurement for each 50 m’ 
meters throughout the bldg. 

on horizontal surfaces of 
A minimum of 10 
measurements measurements 

fixed equipment ’ 

Building-965 Decommissioning Project 
Characterizadoh Survey Radiological Instructions 

I t e d h n  
Description’ 
Walls-52 meters 

Location/Room: Inside Bldg. 965 

Radiolopid Survey‘ 
f# of Alpha/Beta Swipes # of Direct AlphalBeta scnn special 

Survey‘ Instructions Measurements 
Aminimllmofl N/A Obtain measurements on 
measurement for each SO m’ wall surfaces 5 2 meters. 

A minimum of 1 
measurement for each SO m’ 

LocationlRoom: Outside Bldg. 965 

Notes 

r I 
Sec attached map of building layout. I 

’ ~urveys to be performed in accordance with 4-K62-ROI43.01, “Performance of Surface Conramination S w e y s ” .  Other 
radiological references are l-P73-HSP-l8.10, Radioactive Material Transfer and UnrMricted Release of Property and 
Waste”, 4-S23-ROI43.02, “Radiological Requirements for Unrestricted Release”. and 4-N83-REP-1108, ‘Radioactive 
Material Management Area (RMMA) Determination”. 

Perform an dpha/beta scan survey of the percentage of the accessible surfaces. including fixed quipmenk a~ Lined- 3 

Review and Approval 

PreparedEiy: Date. 

Reviewed By: Date: 

. .  
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Instrument 

Bicron w/AlOO 
Probe 

Bicron w/B50 
Probe 

.. . 

Count Type Allowable Acceptable MDA 
f3ac kg round Application (dpm/lOo 

Counts cm2) 

60 sec. (alpha) 2 Direct Alpha Surveys 55 

60 sec. (beta)’:. 250 1 Direct Beta Surveys I 610 

AITACHMENT 7.4 RADIOLOGICAL SURVEY INSTRUMENTATION 

Eberline BC-4 

LB-51 OOLW 

60 sec. (beta) 200 Removable Beta 205 
Swipes 

60 sec. (alpha) 0.5 Simultaneous 20 
60 sec. (beta) 4 Removable Alpha 35 

and Beta Swipes 

NE Electra w/DP6 
Probe I 60 sec. (beta) 

60 sec. (alpha) 2 
700 

Direct Alpha Surveys 60 
Direct Beta Surveys 1 455 

Eberline SAC-4 60 sec. (alpha) I 1 Removable Alpha 18 1 Swipes 

, 
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T, . 

AlTACHMENT 7.5 

RADIOLOGICAL SURVEY INFORMATION 

FOR BUILDINGS 965,968 & 980 

. .  
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968 survey Information 
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I 

I 

7 

363 
364 
365 
366 

SSS Survey Information 

Floor c 18 c 205 c 60 c455 
Table c 18 c 205 c 60 c455 
Table c 18 c 205 c 60 c455 
Table c 18 c 205 c 60 c455 

387 
388 
389 
390 
391 

385 Floor < 18 < 205 < 60 c455 
386 Floor < 18 < 205 < 60 <455 

Floor < 18 < 205 < 60 1098 
Floor < 18 < 205 60 1032 
Tire Machine < 18 < 205 < 60 <455 
Air Compressor < 18 < 205 < 60 <455 
Air Compressor < 18 < 205 < 60 <455 

- 

392 
393 

Floor < 18 < 205 c 60 c455 
Floor (AP2) c 18 < 205 < 60 1239 

I 394 IFloor I <18 I c205 I <60 I 1083 ] 
395 
396 

Floor < 18 < 205 < 60 <455 
Floor < 18 c 205 < 60 <455 

397 
398 
399 
400 
401 
402 

Floor < 18 < 205 < 60 1218 
Gang Box c 18 c 205 < 60 <455 
Gang Box c 18 < 205 < 60 <455 
Gang Box < 18 < 205 < 60 <455 
Gang Box e 18 < 205 < 60 <4ss 
Gang Box < 18 c 205 < 60 <455 

403 
404 

.. . 

< 60 
Gang Box < 18 < 205 
Wall e 18 < 205 

405 
406 
407 
408 

Slide Door < 18 < 205 < 60 <455 
Slide Door < 18 < 205 < 60 <455 
Floor < 18 c 205 < 60 <455 
Shelf < 18 < 205 < 60 <455 
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98o'Survey information interior 

SWiP TOTAL TOTAL 
S) ## LOCATlONlDESCRlPTiON REMOVABLE ALPHA BETA/ 

ALPHA IBETN (FRISK/ GAMMA 
GAMMA WSEC dpm/l00 
dpm/l00 
cm2 

dpm/lOO cm2 
J cm' 

1 Section 1,l-18 c 18 c 205 c 60 c 455 
2 Section 1,l-18 c 18 c 205 c 60 < 455 
3 Section 1,l-18 - 4  . c 18 c 205 c 60 585 

5 Section 1, 1-18 c 18 c 205 c 60 645 
6 Section 1, 1-18 c 18 c 205 c 60 1068 

4 Sectionl, 1-18 ' I  . c 18 c 205 c 60 1065 

7 Section 1, 1-18 c 18 c 205 c 60 61 8 
8 Section 1, 1-18 c 18 c 205 c 60 1008 
9 Section 1,l-18 c 18 c 205 c 60 798 
10 Section 1,l-18 c 18 c 205 c 60 1131 
1 1  Section 1,l-18 c 18 c 205 60 c 455 
12 Section 1, 1-18 c 18 c 205 c 60 e455 . 

13 Section 1, 1-18 <18 ~ 2 0 5 .  -- <60 < 455 
14 ]Section 1,l-18 I e18 I c205 I e60 I < 455 
15 Section 1, 1-18 c 18 c 205 60 < 455 
16 Section 1, 1-18 18 c 205 c 60 < 455 
17 Section 1, 1-18 18 c 205 c 60 < 455 
18 Section 1 ,  1-18 c 18 c 205 c 60 c 455 
19 Section 2, 19-23 18 205 c 55 c 610 
20 Section 2, 19-23 c 18 c 205 c 55 c 610 
21 Section 2, 19-23 18 205 < 55 c 610 

- 

22 Section 2, 19-23 18 c205 . e55 < 610 
23 Section 2, 19-23 c 18 c 205 < 55 c 610 
24 ISection 3, 24-39 I c18 I c205 I e60 I < 455 

~~~~~ 

25 Section 3, 24-39 c 18 c 205 c 60 < 455 
26 Section 3, 24-39 c 18 c 205 c 60 c 455 

38 ]Section 3, 24-39 < 455 
39 (Section 3. 24-39 I <18 I <205 I <6f1 I -  ( A S S  I 

. . .. 
. .. 

40 (Section 4, 40-57 I e18 I e205 I <60 I <455 I 



I 

. ' 

;wIP 
S) # 

980 Survey Information Interior 

TOTAL TOTAL 
LOCATlONlDESCRlPTlON REMOVABLE ALPHA BETN 

ALPHA IBETN (FRISK/ GAMMA 
GAMMA 
dpmll00 

crn2 

60SEC dprn1100 
cOuNq 
dprnll00 crn2 

Cm' 

41 
42 
43 
44 
45 
46 
47 

Section 4, 40-57 < 18 < 205 < 60 < 455 
Section 4,40-57 < 18 c 205 < 60 < 455 
Section 4,40257 < 18 c 205 < 60 < 455 
Section 4,40-57 < 18 < 205 < 60 < 455 
Section 4,40-57 < 18 < 205 < 60 < 455 
Section 4,40-57 < 18 < 205 < 60 < 455 
Section 4,40-57 < 18 c 205 < 60 < 455 

- , - a : .  ' 

50 (Section 4: 40-57 I <18 I e205 I <60 I <455 

48 
49 

Section 4,40-57 < 18 c 205 < 60 < 455 
Section 4, 40-57 < 18 < 205 < 60 < 455 

51 
52 
53 
54 
55 
56 
57 

Section 4,4047 < 18 < 205 < 60 < 455 
Section 4,40-57 < 18 205 < 60 <455 . 

Section 4, 40-57 < 18 < 205 < 60 < 455 
Section 4, 40-57 < 18 < 205 < 60 < 455 
Section 4,40-57 < 18 < 205 < 60 < 455 
Section 4, 40-57 < 18 < 205 < 60 < 455 
Section 4. 40-57 < 18 < 205 <55 < 610 

78 SinkDrain < 18 c 205 < 60 622 
79 Rad< < 18 < 205 < 60 < 455 
80 Rad< < 18 < 205 < 60 <455 

~ 



82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 

< 18 
< 18 
< 18 

.. <18 
< 18 
< 18 

95 
96 
97 

< 205 < 60 
< 205, < 60 
c 205 < 60 
< 205 < 60 
< 205 < 60 
< 205 < 60 

98 
99 
100 
101 

< 18 < 205 102 
103 
104 
105 
106 
107 
108 
109 - 

c 60 

980 Survey Information Interior 

LOCATION/DESCRIPTION 

Radc 

Beaker 
Downdraft 
Beaker 
Compressor 
ComDressor 
Compressor 
Compressor 
Compressor 
Compressor 
Compressor 
Compressor 
Compressor 
Compressor 
Shelves 
Shetves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelves 
Shelf 
Beaker 

TOTAL 
REMOVABLE ALPHA 

NPHA IBETN (FRISK/ 
GAMMA 60SEC 
dpm'' O0 
cm2 

COUNT) 
dpmll00 
cm' 

< 205 < 18 

< 205 

c 205 

TOTAL 
BETN 
GAMMA 
dpm/loo 
cm2 

< 455 
< 455 
c 455 
< 455 

< 455 
< 455 
< 455 
< 455 
< 455 
c 455 
< 455 
< 455 
< 455 
c 455 
< 455 
< 455 
< 455 
< 455 
< 455 
< 455 
c 455 
< 455 
< 455 
< 455 
< 455 
< 45s 



Interior of Building 980 - Section 1 

I 1 1 7 
I 

I I 
- 

I 
I 

I I I 
I 
I 

801 81 
I 

79 
I 

14 

6 rn. x 6 rn. grids 



Interior of Building 980 - Section 2 

TI 
6 rn. x 6 rn. grids 



Interior of Building 980 - Section 3 

I 
I 

I I 

I 
I I 

I 
I I 
I I 

I I I 

I 
I 

I 
I I 
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I 25 I 26 

: I  :, 

- -  

24 27 

I 
I 

31 : 30, 96,97 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 

- - - - - - - - - - + - - - - - - - - -  

32 I 33 

I 
I 

I 
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I 

29, 98, 99 I 28, 
I 

I 
I 

I 
I 

I I 

I I 

I 
I 
I 
I 
I 
I 
I 

I 101 -104 
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I 35;.100, 76 
34 

Restroom #; 

I I 
I 

I 
I I 

I I I 
I 
I 

I 
39 I 38 37 

6 m. x 6 m. grids 
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Interior of Building 980 - Section 4 
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I 
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Interior of Building 980 - Section 5 
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Interior of Building 980 - Interior Rooms 

Floor of Office 2 E l  
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980 Survey Information Exterior 



980 Survey Information Exterior 

WIP 
5) # 

TOTAL TOTAL 
LOCATION/DESCRIPTION REMOVABLE ALPHA BETA/ 

ALPHA BETA/ (FRISK/ GAMMA 

I I 1 I I 

39 lDoor is Painted I c 1 8  I c205 I c60 I e 455 

GAMMA 
dpmll00 

cm2 

60SEC dpmll00 
cOuNq 
dpmll00 cm' 
cm' 

~ ~~ 

43 IDoor is Painted I c 1 8  I e205 1 c60 1 e 455 

40 
41 
42 

Door is Painted - .  c 18 c 205 84 e 455 
Door is Painted e 18 e 205 c 60 e 455 
Door is Painted c 18 e 205 e 60 e 455 

:, : 

44 
45 
46 
47 

Door is Painted c 18 e 205 < 60 < 455 
Door is Painted .c 18 e 205 < 60 < 455 
Door is Painted c 18 c 205 < 60 < 455 
Door is Painted e 18 < 205 < 60 < 455 

I I 
.. _ _  ~~ . ~ 

52 IDoor is Painted ' 1  <18  I <205 I 78 I < 455 

48 
49 

Door is Painted e 18 < 205 72 < 455 
Door is Painted e 18 < 205 90 I < 455 

50 
51 

Door is Painted 18 < 205 < 60 < 455 
Door is Painted < 18 < 205 < 60 < 455 

53 
54 
55 
56 

Door is Painted e 18 < 205 < 60. < 455 
Door is Painted c 18 < 205 < 60 < 455 
Door is Painted - <18 < 205 108 ' <455 
Door is Painted < 18 < 205 < 60 < 455 

57 
58 

Door is Painted < 18 < 205 < 60 < 455 
Door is Painted < 18 < 205 90 < 455 

59 
60 

Door is Painted e 18 < 205 < 60 < 455 
Door is Painted c 18 < 205 < 60 < 455 

61 
62 

.. -. 

Door is Painted e 18 < 205 < 60 < 455 
Door is Painted e 18 < 205 78 < 455 

63 
64 
65 

~ ~~ 

Door is Painted e 18 < 205 60 < 455 
Door is Painted < 18 < 205 < 60 < 455 
Door is Painted < 18 < 205 < 60 < 455 

66 
67 

Door is Painted < 18 < 205 66 < 455 
Door is Painted < 18 < 205 60 < 455 

68 
69 

< 455 Door is Painted < 18 < 205 < 60 
Door is Painted < 18 < 205 78 < 455 

___- 

70 
71 . 

< 455 Door is Painted < 18 < 205 < 60 
Door is Painted . <18 < 205 < 60 < 455 

- 

72 
73 

Door is Painted < 18 < 205 78 < 455 
Door is Painted < 18 < 205 < 60 < 455 

74 
75 
76 

~ 

Door is Painted < 18 < 205 < 60 < 455 
Door is Painted < 18 < 205 60 < 455 
Door is Painted < 18 < 205 < 60 < 455 
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980 Survey Information Interior 
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Sectionl, 1-18 < 18 <205 I c 60 c 455 
Sec tbn l .  1-18 :, -; < 18 <205 I e 60 < 455 

32 
33 

Section 3, 24-39 < 18 < 205 < 60 840 
Section 3. 24-39 < 18 < 205 c 60 900 

34 \Section 3, 24-39 
35 ISection 3.24-39 

38 lSection3.24-39 I <18 I <205 I <60 I c455 J 

c 60 
< 18 < 205 
< 18 c 205 

36 
37 

Section 3,24-39 < 18 c 205 < 60 < 455 
Section 3.24-39 < 18 c 205 < 60 c 455 



SWlP 
(S) # 

39 
40 
41 

LOCATlONlDESCRlPTlON REM( 
ALPHA 

Section 3, 24-39 c 18 
< 18 

Section 4. 40-57 c 18 
Sectbn4,40-57 _, :, . - 

42 
43 

Section 4,40-57 < 18 
Section 4.40-57 c 18 

44 
45 
46 

Section 4.40-57 < 18 
Section 4,40-57 c 18 
Section 4.40-57 < 18 

47 
48 

Section 4.40-57 <18 I < 205 < 60 < 455 
Section 4.40-57 <18 I < 205 < 60 < 455 

49 
50 

Section 4.40-57 < 18 < 205 < 60 < 455 
Section 4.40-57 < 18 < 205 < 6 0 '  < 455 

51 
52 
53 

Section 4,40-57 < 18 < 205 < 60 < 455 
Section 4. 40-57 < 18 < 205 < 60 < 455 
Section 4.40-57 < 18 < 205 < 60 < 455 

54 
55 

Section 4,40-57 < 18 
Section 4.40-57 < 18 

< 205 
< 205 

< 60 < 455 
< 60 < 455 

56 
57 

Section 4,40-57 < 18 
Section 4. 40-57 < 18 

< 205 
< 205 

< 60 < 455 
<55 < 610 

58 
59 

Section 5, 58-75 < 18 
Section 5. 58'75 < 18 

< 205 
< 205 

<55 < 610 
<55 < 610 

60 
61 

Section 5, 58-75 < 18 < 205 
Section 5. 58-75 < 18 < 205 

65 
66 

Section 5, 50-75 < 18 < 205 
Section 5. 58-75 < 18 < 205 <55 

67 
68 

Section 5, 58-75 ' < 18 < 205 <55 < 610 
Section 5. 58-75 < 18 < 205 <55 < 610 

69 
70 

Section 5. 58-75 < 18 
Section 5. 58-75 < 18 

< 205 
c 205 

<55 < 610 
<55 < 610 

71 
72 

Section 5. 58-75 < 18 < 205 <55 < 610 
Section 5. 58-75 < 18 < 205 <55 < 610 

73 ISection 5,58-75 I <18 
74 ISection 5. 58-75 I <18 

c 205 <55 . < 610 
< 205 <55 720 

75 
76 

Section 5 End < 18 < 205 <55 <610 . 
Sink Drain < 18 < 205 < 60 608 

980 Survey Information Interior 
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< 205 
< 205 
< 205 
c 205 
< 205 
< 205 
< 205 

62 ]Section 5, 58-75 1 <18 I ~ 2 0 5  I <55 I < 610 
63 ISection 5. 58-75 I <18 I c205 
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79 
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81 
82 
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84 
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Sink Drain I, . e 18 < 205 e 60 622 
Rad< e 18 e 205 < 60 < 455 
Radc e 18 e 205 < 60 e 455 
Rad< < 18 < 205 c 60 < 455 
Radc < 18 < 205 < 60 < 455 
Beaker < 18 < 205 < 60 < 455 

86 
87 
88 
89 
90 
91 
92 
93 
94 
9s 
96 
97 
98 
99 

Downdraft < 18 < 205 < 60 < 455 
Beaker . <18 < 205 c 60 
Compressor < 18 e 205 < 60 < 455 
Compressor < 18 < 205 < 60 < 455 
Compressor < 18 < 205 < 60 < 455 
Compressor < 18 < 205 < 60 < 455 
Compressor < 18 < 205 <60 .  < 455 
Compressor c 18 < 205 < 60 < 455 
Compressor < 18 < 205 < 60 < 455 
Compressor < 18 < 205 < 60. < 455 
Compressor < 18 < 205 < 60 < 455 
Compressor < 18 < 205 < 60 < 455 
Shelves < 18 < 205 < 60 < 455 
Shelves < 18 < 205 < 60 < 455 
Shelves < 18 < 205 < 60 < 455 
Shelves < 18 < 205 < 60 < 455 
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1.0 INTRODUCTION 

During the week of March 17-21, 1997 Building 980 was inspected for the presence of asbestos 
containing materials (ACM). The purpose of this inspection was to prepare for the demolition of 
this structure. 

The asbestos inspection was conducted according to the guidelines set forth by the Asbestos 
Hazard Emergency Response Act (AHERA and complies with the United States Environmental 
Protection Agency (EPA), Occupational Sa I ety and Health Administration (OSHA) and State of 
Colorado regulations covering asbestdk Inspections. 

The endosed report contains the estimated quantities, physical assessment, location and 
descriptions of all materials either assumed or identified through sampling and analysis to be 
asbestos containing. 

r ,  . 

2.0 ASBESTOS SURVEY 

2.1 INSPECTION PROCEDURES 
. .  

Bulk samples were acquired to determine the presence of asbestos in building materials. 
Suspect materials were chosen based on historical significance or on the judgement of the 
accredited inspector. Each sample was assigned an individual number made up of the building 
number, the date the sample was acquired. the initials of the sampling technician, and a three digit 
number in sequence. Quality Control samples are designated in the Bulk Sample 
Data Table as (QC). 

A total of twelve samples were acquired from suspected materials. These materials included 
surfacing materials, thermal systems insulation, and miscellaneous materials. All samples were 
acquired in a random manner representativeof the suspected material. A cementitious material, 
stamped with the words “asbestos thermal board” and manufactured by Johns Manville, was 
assumed to be asbestos containing. 

All bulk samples were analyzed by Reservoirs Environmental Services, Inc. (RESI) of Denver, 
Colorado. RES1 is accredited through the National Institute of Standards and Technology (NIST) 
and participates in the N IST National Voluntary Laboratory Accreditation Program (NVIAP) as 
required by the EPA. Bulk samples were analyzed by Polarized Light Microscopy (PLM) in 
compliance with guidelines established by the EPA 40 CFR 763, Subpart F, Appendix A. 
Asbestos concentrations were visually estimated and reported in percent by layer of each 
sample. 

2.2 DESCRIPTION AND HAZARD ASSESSMENT OF ACM 

2.2.1 

The fittings associated with the domestic water system were insulated with a cernentitious mud 
that contained 3% chrysotile asbestos and 1% amosite asbestos. These five fittings are on a 
system located in the roof/attic area above the east restroom. The fittings and 20 linear feet of 
associated pipe insulation in the roof/attic area are loose, crumbling and damaged. 

Cementitious “Mudded” Pipe Fitting Insulation 

I , 
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I 



The €PA AHERA Hazard Assessment Cadgory for the fitting insulation is “Damaged friable 
thermal systems insulation.” This category was chosen due to the damaged fitting near the water 
heater on the east end of this space, and missing fittings elsewhere. Since the building is due for 
demolition, this material must be removed prior to demo. Care should be exercised to discover the 
missing pieces of insulation, which may have fallen into the wall cavities. Access to the roof/attic 
area should be limited to authorized personnel until such abatement takes place. 

2.2.2 Cemen ti tio us “Transi te” Board 

Approximately 300 square feet of cementitious board, labeled “asbestos thermal board” was 
discovered on the wall at the east endid the east storage area, west of the truck bay. This 
material was not sampled and assumed to contain asbestos in a percentage greater than 1 %. 

The EPA AHERA Hazard Assessment Category for the cementitious board is “damaged 
miscellaneous material“. This category was chosen due to the evidence of damage just north of 
the entry to the truck bay. The appropriate response action for this material is removal prior to 
demolition. Care must be exercised when working near this material so as to avoid further . 

damage. 

2.3 DESCRIPTION OF MATERIALS TESTING NEGATIVE FOR ASBESTOS 

2.3.1 

The drywall, tape and joint compound in the office and restrooms were sampled and analyzed for 
asbestos. All sample results indicate there is no detectable asbestos present in the materials. 

2.3.2 Black and Yellow Batt Insulation 

Drywall, Tape, and Joint Compound 

The batt insulation installed in the south-east addition accessed by doors #4 and #5 was 
sampled and analyzed for asbestos. The sample results indicate that there is no detectable 
asbestos present in this material. - 
2.3.3 Black and Tan or Black and White Roofing Tar 

The roofing sealer (tar) used on both the paint shop and “door #4” roofs on the south side of the 
building were sampled and analyzed for asbestos. The sample results indicate that there is no 
detectable asbestos in these materials. 

. 
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Sample Number 

~~ ~~ 

Drywall, tape, and pint  compound; from office ceiling. 4' west of east 
wall, 4' north of south wall. 

TSI cementitbus mud on a water pipe fitting; from east side rest room 
ceiling, 3' north of south wall, lo' west of east edge. 

Black fibrous and yellow fibrous batt insulation; from garage (door # 4) 
~ east wall, 5' south of NE corner. at base of window. 

BULK SAMPLE DATA TABLE 

M 

4% .- 

ND 

980-031 797-MS-001 

980-031797-MS-008 

980-031 797-MS-009 

980-031797-MS-010 (OC) 

980-031897-MS-011 . 

~~~ 

980-031 797-MS-002 

Drywall, tape, and joint compound; from paint room, east side of' 

Drywall, tape, and joint compound; from paint room. east side of 

Drywall, tape, and joint compound, from paint room, east side of 

ND 
devising wall, at top right corner of 'door jamb, 7' from the floor. 

devising wall, 2' north of south wall, 3' from the floor. 
ND 

ND 
devising wall, 2' north of south wall, 3' from the floor. 

Black tar and white caulk; from building roof, (door # 4). at north edge, 
NE corner. 

ND 

980-031 797-MS-003 

980-031897-MS-012 I Black tar and tan caulk; from paint shop roof, at north edge, NE corner. 

~~ 

Sample -Description and Location 

Grey insulation, drywall, tape and pint compound; from office north 
wall. 8' west of NE corner, 4' from the floor. 

UD 

~~ 

Drywall, tape, and pint compound; from office south wall, 3' west of SE 
corner, 4' from the floor. 

~~ 

Drywall, tap$$djoint compound; from rest room south wall, 8' east of 
SW corner. 5' from the floor. 

Lab Result 

M 

ND 

M 

980-031797-MS-004 t 980-031 797-MS-005 

11 980-031 797-MS-006 
Drywall. tape, and joint compound; from paint room, west side of I devising wall, 2' north of door, 4' from the floor. 

980-031 797-MS-007 ND 

May 19, 1997 MNS.980rpt 
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Statement of Certification 

The asbestos building inspection evaluation performed on Building 980 was performed in 
accordance with applicable regulations, and employed only EPA AHERA accredited personnel. 

Inspector:  

EPA Accreditation:  

State of Colorado Certification:  

I hereby attest and certify that I performed the asbestos building inspection evaluation on 
ental Technology Site 

Date: .3ia:? i . 7  47 
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1.0 INTRODUCTION 

During the week of March 17-21, 1997, Building 968 was inspected for the presence of asbestos 
containing building materials (ACBM). The purpose of this inspection was to prepare for the 
demolition of this structure. 

The asbestos inspection was conducted according to the guidelines set forth by the Asbestos 
Hazard Emergency Response Act (AHERA and complies with the United States Environmental 

Colorado regulations covering asbestos inspections. 

The enclosed report contains the estimated quantities, physical assessment, location and 
descriptions of all materials either assumed or identified through sampling and analysis to be 
asbestos 
containing. 

Protection Agency (EPA), Occupaticy‘Cpl Sa I ety and Health Administration (OSHA) and State of 

2.0 ASBESTOS SURVEY 

2.1 INSPECTION PROCEDURES 
. .  

Bulk samples were acquired to determine the presence of asbestos in building materials. 
Suspect materials were chosen based on historical significance or on the judgement of the 
accredited inspector. Each sample was assigned an individual number made up of the building 
number, the date the sample was acquired, the initials of the sampling technician, and a three digit 
number in sequence. Quality Control samples are designated in the Bulk Sample 
Data Table as (QC). 

A total of nine samples were acquired from suspected materials. These materials included 
surfacing materials, thermal systems insulation, and miscellaneous materials. All samples were 
acquired in a random manner representative of the suspected material. 

All bulk samples were analyzed by Reservoirs Environmental Services, Inc. (RESI) of Denver, 
Colorado. RES1 is accredited through the National Institute of Standards and Technology (NIST) 
and participates in the NIST National Voluntary Laboratory Accreditation Program (NVLAP) as 
required by the EPA. Bulk samples were analyzed by Polarized Light Microscopy (PLM) in 
compliance with guidelines established by the EPA 40 CFR 763, Subpart F, Appendix A. 
Asbestos concentrations were visually estimated and reported in percent by layer of each 
sample. Point count (PC) analysis was required for one bulk sample. 

2.2 DESCRIPTION AND HAZARD ASSESSMENT OF ACM 

2.2.1 TSI Cementitious “Mudded” Insulation 

Cementitious mudded insulation on pipe fittings were present on the pipes associated with the 
domestic water system. These fittingdsystem were located in the restroom and the roof of the 
restroom. The nine fittings and fifteen feet of associated pipe insulation in the restroom were on 
the west wall riser and on the north wall water heater riser. This insulation was painted white. 
The twelve fittings and 20 feet of associated insulation on the roof of the restroom were located on 
the west end of this area, with a run extending 10 feet to the east. 

The EPA AHERA Hazard Assessment Category for the insulation is “damaged friable thermal 
systems insulation.” This category was chosen due to the deteriorated condition of the insulation 
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on the restroom roof. The appropriate response action for this material is removal prior to 
demolition. Care must be exercised to discover the location of the missing pieces of insulation, 
which may have fallen between walls. 

2.3 DESCRIPTION AND LOCATION OF NON-ACBM BASED ON SAMPLING 

2.3.1 

The drywall, tape, and joint compound located in the office and restroorn areas was sampled. 
Based on the sampling results, no detectable asbestos was discovered. 

2.3.2 Tar And Gravel Roofing Materials 

Approximately 150 square feet of tar and gravel roofing materials installed on the lean-to on the 
southeast corner of the building, and stored on a palette on the northwest comer outside the 
building were sampled. Based on the analytical results, these materials contain no detectable 
amounts of asbestos. 

Drywall, Tape, and Joint Compound 

-1  - 
1, i 

2.3.3 Tan Window Putty 

Approximately eight square feet of tan window putty installedLon both outside and inside the . 
multi-paned windows on both the east and west ends of the building, and on the east side of fhe 
office area was sampled. PLM analysis indicated trace amounts of asbestos. Point Count 
Analysis indicated the presence of less than 0.25% asbestos. Based on these results, this 
material is not asbestos containing by regulatory definition. However, workers should be 
cautioned to avoid disturbing this putty. 

. . . 
. 
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BULK SAMPLE DATA TABLE 

968-97031 8-MS-004 

968-970318-MS-005 

968-970318-MS-006 
(QC) 

ISample Number I Sample Description and Location I Lab Result 

Painted TSI cementitious mud on a water pipe fitting; from 

Drywall, tape and joint compound; from rest room ceiling, 4' 
north of south wall, 3' west of east wall. 

Drywall, tape and joint compound; from rest room ceiling, 4' 
north of south wall, 3' west of east wall. 

(A) ND 

ND 

ND 

restroom, NW corner, top of water heater. (B) 3% 

Drywall, tape and joint compound; from office devising wall, ND 
west side, 4' south of door, 4' from the floor. . I 

Tar and gravel shingles with black mastic; from lean-to at 
SE corner of bldg. 6' east of west edge, 1' north of south 
edge. 
Tar and gravel shingles (2'~4'x1"); stored on north side of 
bldg. near NW entry. 

(I 968-97031 8-MS-002 

ND . .~ 

ND 

I ND 
Drywall, tape, and joint compound; from office devising 
wall, west side, 4' north of SE comer, 3' from the floor. 11 968-97031 8-MS-003 Drywall, %@,'and oint cornpound; from office devising 
wall, east side, S Mi comer, 4' from the floor. 

968-97031 8-MS-007 

(I 968-97031 8-MS-008 

11 968-97031 8-MS-009 Tan window putty; from west side upper level window, 1st TR (PLM) 
from the south, at base. 1 0.25% (PC) 

. 
. . . .. . 

Note: TR means trace. 
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1. INTRODUCTION 

During the week of March 17-21.1997 Building 965 was inspected for the presence of asbestos 
containing building materials (ACBM). The purpose of this inspection was to prepare for the 
demolition of this structure. 

The asbestos inspection was conducted according to the guidelines set forth by the Asbestos 
Hazard Emergency Response Act (AHERA) and complies with the United States Environmental 
Protection Agency (EPA), Occupational Safety and Health Administration (OSHA) and State of 
Colorado regulations covering asbestgsinspections. 

The enclosed report contains the estimated quantities, physical assessment, location and 
descriptions of all materials either assumed or identified through sampling and analysis to be 
asbestos containing. 

7 ,  . 

2.0 ASBESTOS SURVEY 

2.1 INSPECTION PROCEDURES 

Bulk samples were acquired to determine the presence of asbestos in building materials. 
Suspect materials were chosen based on historical significance or on the judgement of the 
accredited inspector. Each sample was assigned an individual number made up of the building 
number, the date the sample was acquired, the initials of the sampling technician, and a three digit 
number in sequence. Quality Control samples are designated in the Bulk Sample 
Data Table as (QC). 

A total of seven samples were acquired from suspected materials. These materials included 
surfacing materials and miscellaneous materials. All samples were acquired in a random manner 
representative of the suspected material. 

All bulk samples were analyzed by Reservoirs Environmental Services, Inc. (RESI) of Denver, 
Colorado. RES1 is accredited through the National Institute of Standards and Technology (NIST) 
and participates in the NIST National Voluntary Laboratory Accreditation Program (NVLAP) as 
required by the EPA. Bulk samples were analyzed by Polarized Light Microscopy (PLM) in 
compliance with guidelines established by the EPA 40 CFR 763, Subpart F, Appendix A. 
Asbestos concentrations were visually estimated and reported in percent by layer of each 
sample. 

2.2 

At the time of inspection, suspected asbestos containing building materials included cementitious 
corrugated siding, ceiling tiles, drywall systems and cove base/adhesive. 

2.2.1 Cementitious Corrugated Siding 

Approximately 300 square feet of cementitious siding, or "Transite" discovered on the north 
exterior of the building. At the time of inspection, this material was in good condition and non- 
friable. Three locations had approximately three square inches of material missing. presumably 
fallen inside the walls. 

DESCRlPTlON AN0 HAZARD ASSESSMENT OF ACM 

. . 

The EPA AHERA hazard assessment category for the. siding is "Miscellaneous asbestos 
containing material." The appropriate response action for the siding is removal by trained 
personnel prior to demolition. 

May 19, 1997 MNS.965rpt 



2.3 DESCRIPTION OF NON-ACM BASED ON SAMPLE RESULTS 

2.3.1 Drywall, Tape and Joint Compound 

The drywall, tape and joint compound system on the interior walls of the structure were sampled 
and analyzed for asbestos. Sample results indicate there is no detectable asbestos present in 
these materials. 

2.3.2 Ceiling Tiles 

The 2' x 4' white ceiling tiles in the sv,s$ended ceiling system in the interior of the building were 
samples and analyzed for asbestos.' Sample results indicate this material did not contain 
detectable amounts of asbestos. 

2.3.3 Cove Base and Adhesive 

The six-inch brown cove base and tan adhesive at the base of the interior walls was sampled 
and analyzed for asbestos. Sample results indicate that this material did not contain detectable 
amounts of asbestos. 

. .  

May 19, 1997 MNS.965rpt 



Sample Number 

965-970317-MS-001 

Sample Descriptlon and Location 

2'x4" ceiling tile, white, with bird tracks and pin holes; 4' 
north of south wall, 8' east of west wall. 

I ND 
965-970317-MS-002 Drywall, tape, and joint compound; from west wall, 11' 1 south of NW corner, 4' from the floor. 

Lab Result 

ND 

I 965-97031 7-MS-003 Drywall, tape, and joint compound; from NW comer, 5' from I the floor. _,:I 

6' brown cove base and tan adhesive; from south wall, 2' 
west of garage door. 
6' brown cove base and tan adhesive; from south wall, 2' 
west of garage door. 
Cementitious corrugated siding; from the north exterior, 2' 
east af the NE edge, 4' from the ground. 

965-970317-MS-004 Drywall, tape and joint compound; from east wall, 5' south I of NE comer. 3' from the floor. 
ND 

ND 

A: 50% 
. .  

965-97031 7-MS-005 

965-97031 7-MS-006 
( W  
965-970528-MS-007 

Note: ND means None Detected. 

May 19, 1997 MNS.965rpt 

. . .. 
. I .  -. 
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STATEMENT OF CERTIFICATION 

The asbestos building inspection evaluation performed on Building 965 was performed in 
accordance with applicable regulations, and employed only EPA AHERA accredited personnel. 

Inspector:  

EPA Accreditation:  

State of Colorado Certification: 1 

I hereby attest and certify that I performed the asbestos building inspection evaluation on 
vironmental Technology Site 
/ --’ Date: 3//‘;./9.7 

May 9. 1997 MNS.965rpt 
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ACRONYMS 

ACM 
AHA 
AHERA 
APO 

Be 

CDPHE 
arc! 

DOE 
DOP 
dPm 
DQO 

EPA 

MDA 

PA 
PCB 
PLM 

RAD 
RBA 
RCRA 
RFETS 
RLC 
RLCR 
RMRS 
RWP 

SAA 

WSRlC 

-I - 
Asbestos containingiaterid 
Activity Hazard Analysis 
Asbestos Hazard Emergency Response Act 
Analytical Projects Office 

' Beryllium 

Colorado Department of Public Health and Environment 
Square Cenbmeters 

U.S. Department of Energy 
Decommisslonlng Operabons Plan 
Disintegrations per minute 
Data Quality Objective 

U. S. Environmental Protection Agency 

Minimum Detectable Amount 

L 

Protected Area 
Polychlorinated biphenyl 
Polarized Ught Microscopy 

Radioactive 
Radiological Buffer Area 
Resource Conservation and Recovery Act 
Rocky Flats Environmental Technology Site 
Reconnaissance Level Characterization 
Reconnaissance Level characterization Report 
Rocky Mountain Remediation Services, L L C. 
Radiological Work Permit 

Satellite Accumulation Area 

Waste Stream and Residue and Identification and Characterization 
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1 .o INTRODUCTION 

The Department of Ener (DOE) established a goal to remove 2% of the total built square 
footage in fiscal year 1999): This prcikct was chosen to help meet the 2% goal. The location of 
the 8980 Cluster is identified in Rwre 1-1. The 980 Cluster includes three buildings B980, 8968, 
and B965. 

1.1 PURPOSE 

The urpose of this characterization plan is to outline the data requirements and methodology for 
ob nlng characterization information about the 980 Cluster. The characterization effort identifies 

, quantity, condition, and location of radioactive and hazardous materials which are, or 
whl may be, present as residual contamlnation in the 980 Cluster facilities. The compilation of 
facility infomatron contained hereln, in conjunction with the 980 Cluster project files established 
during thls investigation, brings together pertinent data from various sources to sewe as a .. 
practical reference for project use. 

1.2 SCOPE 

This dowment was repared using the draft Decommissioning Protocol stet to ensure the data 
quality objective (D 0) process was used in determining sampling/surve requirements. The 
information presented in this plan specifically pertains to the Building 980 luster; the review of 
historical records and the collection of process knowledge information covers the operational time 
period for the facility from original construction to present 

taP 

c 

& 8 

The scope of this dowment is to gather enough characterization information to develop the 980 
cluster Reconnaissance Level Characterization Report (RLCR). 

1.3 DATA LIFE CYCLE 

There are three aspects of the data life cycle that apply to the characterization process: Planning, 
Implementation, and Assessment. To produce a usable document (Le. Reconnaissance Level 
Characterization Report) each of the three must be applied in sequence. 

This planning process used the data quali objective (DQO) methods described in the 

Section 2.1 of this document 

The second phase of the characterization process is implementation. This phase includes the 
assessment of historical documentation (scoping surve ) concerning the operations of a site and 

accomplished using the design as outlined during the planning phase. 

The final phase of the life cyde is the assessment of information gathered during the 
implementation phase to ensure adequate information has been gathered to meet the users 
needs. 

The following sections describe the three phases of the data life cycle used in developing the 980 
Cluster Reconnaissance Level Characterization Report. 

Decommissioning Characterization Protoco Y procedure. The specific DQOs are discussed in 

any associated chemical or radiological inventory. Ad d! itionally, the physical survey is 
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FIGURE 1-1 SITE MAP 
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2.0 PLANNING 

To ensure the collection of usable data it Is necessary to formulate the objectives of the project 
For thls plan, the DQO process  used by answering questions designed to go through the 
seven ste process for a decommissioning project. The results of thls DQO process are 

2.1 CHARACTERIZATION OBJECTIVES 

present J In the following sections. 

The reconnaissance level characterization (RLC) objectives are based on the questions 
presented In Sections 6.0 and 6.1 of the draft "Decommissioning Charactengation Protocols". 

This Ian was developed to specify the data collection requirements necessary to provide a 

implementing this plan will be compiled into the RCLR. Ultimately, the dah may be used to . 
determine the risks to the environment and personnel during these activities. (dismantling, 
decommissioning , e tc.) . 
The following questions and answers were used to develop the sampling requirements for this 
project. 

1. 

base P ine of information for use during decommissioning advities. The informahon obtained by 

What Is the end use of the faclllty or structure? 

There is no end use of this facility. The decommissioning activities will remove all 
the walls and structural members leaving the building foundations in place. The 
utilities will be isolated, disconnected and removed back to an appropriate location. 

2. 

3. 

What types of chemlcal, physlcaUblologlcal, or radlologlcal hazard Is belng 
evaluated? 

The following hazards were evaluated for their presence in the 8980 Cluster: 

Asbestos 
PCBs 
Excess Chemicals 
Lead 
Be ilium 
Raxoactive Materials 

What level of worker protectlon Is requlred to perform characterlzatlon In 
the faclllty, structure or envlrons? 

Safety shoes and safety lasses will be worn.for all the activities. Other 
protective measures are i % entified in the jobspecific Radiological Work Permit 
(RWP) or Activity Hazard Analysis (AHA). 

No unique or special protective clothing is required. 
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4. What type of Instrumentation Is requlred? 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Radiological instrumentation is identified In %>pendii 0. 
- 4  . 

The other materialsdll be analyzed In a laboratory. The spedfic Instrumentation 
Is Identified In the applicable lab procedures. 

Has all faclllty structural data been revlewed? 

All the available historical and facility information has been reviewed. A copyof 
this information is in the project file. 

Have all suspec t  materlals been Identlfled? 

Yes. Additional characterization of the suspeeted material is identified in this plan. 

Are there any  regulatory and  statlstlcal drlvers for sampllng frequency? 

There are no known statistical drivers for sampling frequency for reconnaissance 
level information. 

. .  

Why Is thls characterlzatlon lnformatlon belng obtalned? 

The reconnaissance level characterization Information is being obtained to 
establish a baseline of hazards within the €3980 Cluster. .The baseline information 
will be summarized and presented to the DOURFFO in a Reconnaissance Level 
Characterization Report The State uses the RLCR to determine the need for a 
Decommissioning Operations Plan (DOP). 

What declslons wlll be made  from use of the data obtalned for thls plan? 

The decisions which will be made using thk Information Is: 

Is a DOP required (or not) for the €3980 Cluster? 

What lnformatlon Is requlred to make the declslon? 

A baseline of the hazards within the 8980 Cluster is required. The types of 
hazards are Identified in Question ##2. 

What Is the  s c o p e  of thls data gathering effort? 

This scope of the characterization is identified within the individual hazard 
discussions. (See Section 3) 

What Is the  bask for the declslon? 

The decision to require (or not) a DOP is somewhat arbitrary. It is based o n  the 
risk associated with the identified hazards. The decision is made by the 
DOURFFO. 
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13. What are the llmlts on declslon errors? 

14. 

This question does not apply to the reconnaissance level characterization. Since 
there IS no specified-criteria or limits on which decisions are based. 

How wlll the survey design be optlmlzed? 

If the DOURFFO decides the do not have enough characterization information 

71 . 

(based on their review of the & LCR), additional information will be requested. 

I 

3.0 IMPLEMENTATION 

This section provides information necessary to implement pe requirements of the planning . ' 
(DQO) task of this project. 

3.1 HISTORICAL ASSESSMENT 

A detailed examination of process knowledge and documents, relating to the Building 980 Cluster 
was initiated in March 1997. As part of this examination, a comprehensive survey of historical 
records was undertaken to determine the location and character of any radioactive agd hazardous 
contaminants which were present in the area. The general conclusions drawn from this 
examination are as follows: 

The Building 980 Cluster housed a significant quantity of warehouse materials and non- 
radioactively contaminated equipment. These materials and equipment are being removed prior to 
the decommissioning of the buildings. 

Buildin 980 was constructed in 1957 and was used for storage, warehousing and as support 

carpentry services as well as equipment repair and storage. Building 968 was constructed in 
1982 and was used for storage of excess parts to support the Protected Area (PA) maintenance 
activities and also served as a staging area for painting (mixing and blending) and motor pool 
activities. 

shops B or site construction activities. Building 965 was constructed in 1981 and provided 

Contamination is not evected from materials stored or processed in the Building 980 Complex. 
However, the east secbon of Building 980 presently houses a vacuum truck which was used to 
remove liquid and sludge from the Solar Ponds. The holding tank and vacuum system mounted 
on the truck was radiologically contaminated during the Solar Pond evolution. 

The Information collected in this section has been obtained from several sources, including 
past/current records and RFETS personnel with relevant Building 980 Cluster work experience or 
related knowledge. 

The followin sections discuss the hazardous materials which were evaluated to determine the 
need for furt PI er sampling and analysis or survey. 
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3.1.1 Asbestos 

A complete asbestos inspection of the building will be conducted in accordance with Colorado 
Department of Public Health and Epjronment (CDPHE) and Asbestos Hazard Emergency 
Response Act (AHERA) regulations by a state certified inspector. Table 3-1 presents additional 
sampling requirements. 

3.1.2 Polychlorinated blphenyls (PCBs) 

Based on a review of the facilities’ construction information, Building 980 is the only structure-in 
the cluster that was erected nor to 1980. Using the Draft Decommissioning Characterization 

The B980 Cluster facilities fluorescent lights and fluorescent light ballast will be removed a d  
disposed in accordance with appropriate RFETS procedures. Records also indicate that a 
waterproof paint (gra ) was used on the floor of B980. Samples of this paint will be collected 

3.1.3 Excess Chemlcals 

Protocols as a guide, B980 P s the only structure which is suspected to contain PCB materials. 

and analyzed for PC L s. L 

> 

Although there were hazardous chemicals in the 8980 Cluster facilities, all excess and hazardous 
chemicals have been removed from the 8980 Cluster facilities during the deactivation process 
with the exception of some paints and cleaning solvents, which will be disposed of by the 
subcontractor. Because the chemicals have been removed and there are no known areas which 
have a buildup of chemical residue, no special chemical characterization is anticipated. Should a 
chemical be found during the decommissioning process, the chemical will be handled in 
accordance with existing chemical identification and handling procedures. There are no RCRA 
units associated with thls project, therefore: no dosure plans are required. 

3.1.4 Lead Palnt 

It is assumed that the majority of painted surfaces associated with safety markings and fire 
protection systems contain lead. This assessment Is based on previous sam ling conducted by 
the Industrial Hygiene group and Is documented in the Health and Safety Lea C P  Abatement Pian 
files. This is the assumption made for the 8980 Cluster decommissioning planning process. The 
first decommissioning effort in each area will be to wipe down and thoroughly dean all surfaces. 
This effoit is to remove an dust which may contain contaminants. Computer modelii and 

previous model as nehssary to support the decommissioning effort. 

3.1.5 Berylll u rn 

Based on a review of historical data, there is no evidence that beryllium (Be) was used in the 
8980 cluster. Therefore, no Be sampling will required under this plan. 

3.1.6 Radloactlve Materlals 

leachabili studies have cy emonstrated that lead in paint, i f  it exists, will not create a &osal 
problem. Ttl e amount of lead in the painted surfaces will be determined and compared to the 

There are no areas within the 8980 Cluster which are suspected to contain radioactive 
Contamination. However, radiological surveys will be completed in each of the 3 buildings. The 
survey instructions are induded as appendix A, 6 & C for the respective 8980 Cluster buildings. 
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direct field measurements and 

3.1 -7 Hazard Assessment 

An assessment of the hazards that may be encountered during specific decommissioning 
activities will be performed through walkdowns and job safety analyses. This information i l l  be 
incorporated into the planning process of each activity to ensure maximum protection of the 
worker. 

3.1.8 Hazardous Waste 

The Waste Stream and.Residue and Identification h d  Characterization (WSRIC) Building books 
for 980,965 and 968 were reviewed to determine the hazardous materials associated with the 
Cluster. The information indicates that the wastes generated from operations were removed from 
the buildings for disposal, or accumulated in Satellite Accumulation Areas (SAAs) for staging 
purposes. At this time there are no hazardous wastes being stored in the buildings. Hazardous 
produd material identified during the walkdowns will be removed prior to the start of 
decommissioning. 

3.1.9 Sampllng 

Table 3-1 "Building 980 Cluster Survey Design" lists the locations and the es of samples that 

sampling activities required for 6: afacterization purposes. Anal sis for characterization purposes 
will be performed using Environmental Protection Agency (EPArapproved Procedures through 
laboratory facilities. Data Quality Objectives are established for the analyt~cal methods 
referenced and are on file at the on-site Analytical Projects Office (APO) In Building 881. 
Sampling and analysis activities will be wnducted in accordance with the I%haracterization 
protocols" which describe the methods for sampling and analysis for various contaminants of 
concern including lead, asbestos, PCBs, and radioactive constituents. 

Table 3-1 lndudes the descriptions assodated with each area, process information regarding the 
processes conducted in each room, radioactive andlor hazardous considerations (i.e., known 
materials associated with a specific process or area), and the confirmation analysis that will be 
performed. Lead and Asbestos surveys will be conducted by a state-certified inspector who will 
determine appropriate sampling locations. 

L 

are required for characterization urposes. A tralned sampling team will be se 9 ected to perform the 
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TABLE 3-1 BUILDING 980 CLUSTER SURVEY DESIGN 

Building & Area Process ', . RadlMaz Confirmation Sampllng 
Informatioql .. Concerns Analysis Locations 

980 East Well Transite Asbestos Assumed To Be >I% None Requlred 
A m  

980 Water Unes Mud Pipe Fitting Asbestos PLM lor Asbestos Pmksstonal 
Insulation Judgement 

fW Safety R a i l i s  Yellow Safety Paint Lead Known to Contain None Requked 

gso Fir0 Water Red Safety Paint Lead Known to Contain None Requked 

180 &own Beam PaInt Brown Paint Lsed Known to Contain None Required 

98OcreyPalnt Grey Palnt - '. Known to Contain None Required 

Lead 

systems Lead 

Lead 

Lead 

c 

BUILDING 9f58 

Building 980 

Exposed to sdar Rad Contaminants 5 Rad Survey &Ink Instruction 

Concalns Vacuum Rad Contaminants Rad Survey Required Instruciion 

Exposed to Sdar 
Ponds 

Ponds (Appendix 8)  

Tru& h RBA, (Appendix A) 

968 Brown Beam Paint 

I Greypaint I 968 Grey Palnt Lead 1 KnownLContain I NoneRequM 

968 Tan Window Putty Tan Putty from West I UppeiWindow 

~~ ~~ 

965 Brown B a a m  Paint 1 Brown Paint I Known to Contain I NoneRequired 
Laad 

Lead I Known to Contain 1 NoneRequired I Lead 
965 Grey Paint I ~ m y ~ a i n t  

BUILDING 965 1 ExposedtoSolar 1 Rod Contaminanls I ~ a d ~ u r v e y ~ ~ i n t s  Instruction 
Ponds 1 IADtxmdix C\ 

. 
. . ... . 
. ... . 
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4.0 ASSESSMENT 

The assessment stage of the Building 980 cluster data life cle will include an evaluation of data 
and an conclusions that may be dr;r\h(n from the data. The 7 nfomation collected will be detailed 
in the & aracterization report. 'I, . 

4.1 DATA EVALUATION 

The data will be evaluated for completeness and adherence to the appropriate protocols. 

5 .O REFERENCES 

DOE/EM-O142P - Decommissioning Handbook 

Decommissioning Characterization Protocols (June, 1997) IDraft) 

MARSSIM - Multi-Agency Radiation Survey and Site Investigation Manual (Draft) , 
NUREWCR5849 - Manual for Conducting Radiological Surveys in Support of License 
Termination (Draft) 
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mdus 

FixtdEquipmcnt 

Sink drains 

APPENDIX A 
RADIOLOGICAL SURVEY INSTRUCTIONS BUILDING 980 

Building-980 Decommissioning Project 
Characte-tion survey ~ a d i o ~ o g i m l  ln~tructions 

mcasuruncnt for +I 50 m' 

Aminimrlmof30 -, ~ A1nhhumof30 NIA Obtainbiasedmmsnruncnts 
mcasuruncnts - on horizontal surfaces of 

Aminimumof 1 Aminimumofl NIA Obtainmcamruncnnon 

mcasurtmtnt for cach 50 m' floor &wall SurEuXs 5 2 
mctcrs tbmughout thc bldg 

lixcdcquipmmt 

mcasurunentpcrsinkdrain mcasurcmcntpersinlcdrain a c o c s s l b l e ~ o f d r a i n s .  

LocntionlRoom: Lntuior of Bldg 980 (wrccpt the radiological bu&a ar~a) 

Rndiolopical Snwey' 
# of AlphdBeta Swim 

LocatiodRoom: Exterior of Bldg. 980 

surfaas & roof of tbc bldg 

N o t a  

Sec attached map of building layout 
surveys to bc pcrformed in amrdance with 4-K62-ROI43.01, "Performance of surface C o n ~ o n  Surveys. 

I 

1 

radiological rdexences are l-P73-HSP-18.10, 
Waste". 4-S23-ROI-O3.02, "Radiological Rcquirerncnts for Unrntricted R e l c a ~ ~ " .  and 4-N83-REP-1108, " R a d i d v c  
Material Management Arca (EtMMA) Determination". 
Perform an alpbarneta scan survcy of thc pcrccatagc of the acassible surf;uxs, including fixed quipmcnk as L i a d  

Radioadivc Material Transfer and Unnstrictcd Relcasc of Property and 

3 

WCW and Approvd . 

hepard By: Datc: 
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# of Alpha Beta Swipes 

4pro-y 1 
mcasurcmcntfor cach 9 m' 
area 

APPENDIX B 
RADIOLOGICAL SURVEY INSTRUCTIONS BUILDING 968 

# of D i m  Alpha Betn 
MUSUremcnts 

maswmcnt  for cach 9 m' 
A p p r o m y  1 

area L 

B d $ b g  968 Decommissioning Project 
Characterization Radiological Instructions 

r 

Location/Room: Inside Bldg. 968 

Prepared By: Date: 

Reviewcd By: Datc: 

[ t d h  
Description' 
Item # 1 
Floor 

Item#2 
Misc. Equipment 

-, . 

Appmldmatdy 1 
mcasurcmcnt on a sdcctcd 
component within each 9m' 
W c y  location ' 

Approximately 1 
mcaSuremcnt on a selaed 
component within each 9m' 
sumy location 

Notes 

NIA 

Rcsordthesnrveylocation 
a n d t h e m r t s u l t s o n a  
Radiological operations 
Conhmhation survey form 
andattachtothissurvGy 
-on 
Reoordthcswcylocatioq 
namcofthccomponcnt and 
tkswvqnsultsona 
Radiological opczations 
Contaminati OD. sarvey form 
andattachtothissurvey 
instIuction 

'Sccattachadmapofbuildingmut 

radiological rdcrcnccs arc: l-P73-HSP-18.10, Radioactive Material Transfer and Unrestricted Release of Property and 
Waste". 4423-ROIU3.02, wadiological Rcquiremcnts for Unrestricted Release", and 4-N83-REP-1108. "Radioactive 
Matcrial Management Area (RMMA) Dctcrminatiod. 

Perform an alpha/beta scan survey of the percentage of the aaxssible Surtaces. including fixed tquipmcnL as Listed 

Surveys to be performed in mrclane with 4-K62-ROI-O3.0 1, "Performance of Su.r€ace Contamination Surveys" - Other 1 

. 
3 
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ItemlArtn 

walls-52 mcten 
Description' 

APPENDIX C 
RADlOLOGlCAL SURVEY INSTRUCTIONS BUILDING 965 

sdcfblg1?65 ~eCOKll&iOIl.hlg PffQjtXt 
Characterization survey Radiological hfructioas 

RadiologicaI Survey 
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This document describes a process for conducting radiological surveys during decommissioning, 
to demonstrate that residual radioactive material satisfies criteria established by the U.S. Nuclear 
Regulatory Commission (NRC) for termination of a license. The Manual describes procedures 
for design and conduct of surveys in a manner which will provide a high degree of assurance 
that NRC guidelines and conditions have been satisfied. The manual also describes methods for 
documenting the survey findings in a final report to the NRC. This Manual updates information 
contained in NUREGICR-2082, Monitoring for Comphnce With Decommissioning Tenniruuion 
Survey Criteria, ( O N  1981). It incorporates statistical approaches to survey design and data 
interpretation used by the Environmental Protection Agency for evaluation of hazardous 
materials sites under Superfund (CERCLA). Quality assurance is emphasized throughout. 
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Sites that use iadioactive material for any aC 
education and training, or power production-" 

f&&. . . :&UfaCag, same' .evennrality:' v h  and d&opment, 

. .  . . .  . . .  > . .  . .. ... . . . . _  . .  . be .concluda;t;' . .  
e 

e environment are - 

.arc licensed by the U.S. 
dbilities, the NRC has 

also established * ; nm@g rcsidual,radidviity, and 
terminating the li omdssioning. Generally, in order for 
a license to be terminated the residual radioactivity must satisfy critaia which the NRC has 
determined to be environmentally acceptable. These criteria, known as release crfteria, include 
numerical guideline levels for direct radiation radioactivity in soil and on surfaces and a set of 
conditions for applicaton of the guidelines. If the residual activity concentrations and amounts 
an below the release criteria, a site is considered acceptable for u m  use, i.e. without 
need for future radiological controls. The release criteria NRC has beerr using for license 
termination include those found in the following: r 

0 Regulatory Guide 1.86, Tem'ndon of Opcmfing Efcensa for Nuclear Reacrors 
(NRC 19741, 

e Guidetinu for Decontaminarion of Facilities and Equipment Prior to Release for 
Uruutricmi Use or T e m k z i o n  of Licenses for Byprodrrct, Some,  or Special 
Nuclear Maenah (NRC 1 9 0 ,  Office of Nuclear Material Safety and Safeguards 
(NMSS) ,  and 

e Branch Technical Position for Disposal or Omite Srorage of horiw or Uranium ' 
Waterfrcrn Part Operations (46 €It 52061, October 23, 1981). 
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A site or facility is considered to be contaminated, when the radioactivity levels exceed the 
established release criteria. Usually, a Site ceasing licensed operations can be adequately 
decontaminated, or remediated, Le. the residual contamination reduced to acceptable levels 
for unrestricted release. However, some situations are encountered where decontamination to 
release criteria is not practical (for example, where the quantity of contaminated material is 
extremely large). In these cases, an alternative method of closure will be developed. An 
example of such a case is the cleanup of uranium mill tailings by stabilizing them in an 
engineered containment cell. 

Over the years, many licensed sites used as facilities have been decommissioned. Occasionally, 
however, follow-up surveys have revealed residual radioactive contamination at levels exceeding 
the release criteria. This . . . . . . . . . .  condition was . 'usqlly . . . . .  attributed to inadequate ,final .gdiological . . . .  . . . . . . .  1 ... . . . . . . .  . . . . . . . . . .  .-. :- .., . ..- 

. . . . . . . . . .  . . . . .  . . . . . . . .  ~ s u ~ & y ;  primarily r a i l h  &&u'x:"', . ' ' ' . '.':' 

' i :,: -. . ..... . . . . . . . . .  i. ,?..I . . . . .  . . . . . . . .  ' . ; 1.1 ::: ..- . .,: :. , 

0 Contaminated portions ... of the site were not all adequatelyl.surveyed, andor , ............ . .  . .  .>.* r. _ .  .: .  . : .  . . . .  :.; .%.l . .k . t : , : . : . , . . ,  . 
~... 

. '  ...... Survey ..-*..:., equipment ..., p *-*:,-:... 4 - and tech 
; ,;.<es'd*~s.Kd: sufficiently kysitive'. for?slG* 

ate or were not 
anti at the lev& 

In addition'::doc 

survey.'in' support.of License 
,'ne: 

.................. 
. . . . .  . .  . . . .  

. . . . . . .  . . . . . .  . i  . .  
. I  .: - ' 

" . . .  

1.1 Purpose 

This Manual, contains. procedures for conducting radiological surveys during 
decommissioning, to demonstrate that residual radioactive matefial satisfies release 
criteria. The purpose of this Manual is to assist the licensee in: 

0 Designing and conducting radiological surveys in a manner which wi l l  provide a 
high degree of assurance that NRC criteria have been satisfied, and 

0 Documenting the survey findings in a final survey report to NRC. 

This Manual updates information contained in NUREGKR-2082, Monironng for 
Compliance wirh Decommissioning Tenninarion Survey Criteria, (ORNL 1981). It 
incorporates statistical approaches to survey design and data interpretation, used by the 
Environmental Protection Agency for evaluation of hazardous materials sites under 
Superfund (CERCLA). Quality assurance is emphasized throughout. Survey 
methodologies described in the Manual utilize state-of-the-art, commercially available 
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instrumentation and procedures for conducting radiological surveys for decommissioning 
purpO=* 

Although this Manual is written primarily to assist the licensee in conducting radiological 
surveys for decommissioning purposes, its principles and methodologies will be useful 
for conducting other types of radiological surveys performed by -licensees, NRC 
inspectors, and their contractors. It may also be useful for advanced planning by current 
nuclear facility operators or by those hi the process of bringing a new facility on line. 
Surveys for certain purposes, however, such as providing radiological control in an 
operating facility; determining suitability for release or recycle of contaminated material; 
and designing decontamination or remedial actions plans, are outside the scope of this 
document. 

1.2 Using This Manual 

This Manual is intended to provide instnrctions for performing survey procedures that 
will generate sound data to support a facility’s license termination application. It has 
been assumed that the user possesses a basic knowledge of radiation terms and 
fundamentals because, without such a background, authorization to possess and use 
radioactive material would not have been granted by the NRC. The Manual could not 
presume to anticipate all  the possible combinations of operational, geological, financial, 
and personnel constraints that may affect each site’s decommissioning process. 
Nevertheless, the basic steps that are required for decommissioning, regardless of the 
complexity of the facility, arc outlined in the Manual (Section 2.0), and survey activities 
related to those various decommissioning steps are described. 

The sections in the Manual are modular, and each module contains information related 
to a particular aspect of the surveys in support of the license termination process. While 
this modular approach creates some redundancy in information, it should allow each 
reader to concentrate only on those portions of the Manual that apply to his or her 
responsibilities. In addition, since the procedures within each module are listed in order 
of performance, options are provided to guide the user past portions of the Manual that 
may not be specifidy applicable to hidher particular situation. Where appropriate, 
checklists, which condense and summarize each major point in the procedure, are 
provided. Thesc checklists may be used to verify that all suggested procedures were 
followed or used to flag a condition where documentation would be required to explain 
why that step was unnecessary. 

Examples of calculations are included to assist the user in application of the various 
mathematical formulae. A glossary of terms used in this Manual is provided in Section 
12.0. Finally, a sample survey plan and a sample final survey report for a hypothetical 
reference uranium fuel fabrication facility, based on the methodologies and procedures 
presented in this Manual, are provided as Appendices C and D, respectively. 
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, Throughout the rnmd., specific parameter values (e.g. grid sizes) are specified for use 

when conducting and documenting surveys. This is done to encourage standardization 

When the 
ty of:,the survey Or is specifid to asurc a minirnurn 
S&d. However, in-many cases parameter values 
become'standard.practim overxhe years and there 

n.,tq-,change them, or because the authon have found 
nsjvc:,field.experience in conducting and documenting 

uraged to comment on the usefulnes~ of parameter 
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facilitate evaluation of survey results. 
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2.0 THE DECOMMISSIONING PROCESS 

2.1 General 

Decommissioning is an interactive process between the NRC and the licensee leading to 
the termination of a facility license and release of the facility for unrestricted use. This 
process may be simple or complex, depending upon the composite topography (the type 
and number of buildings, the amount-of open or paved ground, or the combination of the 
two); the type of facility and its general use; the type and variety of radionuclides used 
in its processes and operations; and ke-exknt to which the facility may have become 
contaminated. w e  facton dso-dfect the complexity of radiological surveys 
required to provide the necessary information to eventually demonstrate that residual 
radioactivity levels satisfy the cnkM for license termination. The decommissioning 
process and the relationship of radiological surveys to that process are illustrated in flow 
chart format in Figure 2-1. This Manual is intended to assist the user in design and 
performance of surveys required for decommissioning, regardless of the level of 
complexity. 

Responsibilities of the licensee are detailed in regulations concerning byproduct, source, 
and special nuclear materials as set forth in Title 10 of the Code of Federal Regulations 
(10 CFR); Parts 30.36 for byproduct material, 40.42 for source material, 50.82 for 
reactors, 70.38 for special nuclear material, and 72.54 for spent fuel and high-level waste 
storage facilities. These regulations provide that if a liensee does not renew a license, 
that licensee shall, on or before the expiration date of the license, perform the activities 
r e q u d  for decommissioning a nuclear facility. The licensee must request in writing 
that the license be terminated. In most cases, this request must also be accompanied by 
a written decommissioning plan (see applicable 10 CFR section for conditions that may 
provide for alternative actions). The licensee then: 

0 Terminates the use  of the licensed material, 

0 

0 

Removes radioactive contamination from the facility to the extent practicable, 

Properly disposes of any radioactive material removed, 
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FIGURE 2-1 : Flow Diagram Illustrating General Decommissioning Process 
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0 Submits a report form NRC-314, which certifies information concerning the 
disposition of iicensed materials, 

0 Conducts a radiation survey and/or evaluation of the premises where licensed 
.activities were carried out, and 

0 Submits to the NRC a report of the final survey or other information to 
sufficiently demonstrate that the premises are suitable for release for unrestricted 
Use. 

The NRC reviews and evaluates the information provided by the licensee; performs 
independent confirmation of site conditions, as appropriate; and makes a determination 
on termination of the license. 

2.2 Decommissioning Criteria and Guidelines 

The ultimate.goal of the d&mmissioning process is to assufe that future uses of any 
ity will not result in individuals-being exposed to unacceptable levels of 

radiation andfor radioactive materials. The NRC establishes the acceptable radiation dose 
to a potentially exposed,individual, based on considerations of risk and scientific data 
relating doG to nsk. (For the’purpose of this Manual, the terms dose and radiation dose 
refer to total effective dose-equivalent.) Residual lg&,of;dioactive material that could 
be present and sti l l  assure that an individual would not exceed that acceptable radiation 
dose are then calculated by the analyses of various pathways*and?scenarios (direct 
radiation, inhalation, ingestion, etc.) through which exposure could occur. These derived 
levels, known as guideline values, release guidelines, or simply, guidelines, are 
presented in terms of direct radiation levels, surface activity levels, volume 
concentrations of radioactive material in soil and building materials, and site inventory 
limits. These guideline values refer to radiation and radioactivity above normal 
background levels. Guidelines for direct radiation levels arc expressed in units of 
exposure rate, i.e. microroentgens per hour @A). Surface activity guideline values, 
applicable to building or equipment surfaces, arc expressed in units of activity per 
surface area [typically disintegrations per minute per 100 cm2 (dpd100 cm2)]. Volume 
concentration guideline values, which apply to soil, induced activity, and debris, are 
expressed in terms of activity per unit mass [typically, picocuries per gram @Ci/g)]. Site 
inventory limit refers to the total quantity of residual radioactive material from formerly 
licensed operations, permitted to remain on the site following decommissioning; this 
value is expressed in units of activity, i.e. microcuries (pCi) or millicuries (mCi). The 
guideline value for direct radiation is not a function of the source of the radiation, i.e., 
it is independent of the specific radionuclide or its chemicaYphysical form. However, 
because of differences in environmental behavior and associated radiation doses through 
other exposure pathways, the guideline values for surface activity, volume concenmdon, 
and site inventory will depend upon the specific radionuclide or radionuclides present. 
If more than one radionuclide is present, the individual contributions from each 
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radionuclide are limited, such that the'sum of the radiation doses from all sources does 
not, over time, exceed the established acceptable dose. 

This Manual assumes the following. conditions for application of guideline values to 
decommissioning. 

Surface A c W  

Average surface activity levels (total of fixed and removable activity) are at or below 
. . .  guideline values . . . .  established . as' . . .  . &cepkble. . . L  . 6y NRC. . .  . .  .... . .  , _ , . .  . . . . . .  

. .  
0 Reasonable efforts have been made: to"identify, evaluate, &d remove, if 

necessary, areas of residual activity exceeding the guideline values. Small a r a  
of residual activity exceqling the e d a v ,  may ..::, be acceptable~~o'~,~~,rjRC; eis'iif elevated 

"'!- areas, less than three times the 
:;, region;~of~loo cm2{cm;a@pul ;ele$at;eal~*~3s 'S .. ,_. . , , 

... " - ._ $;. * 3.-'. :. ; < + i. :. .q '1 ?&. OI $9- ' ' 3  ic;;lfu&c", yf . . . . . . . . .  :.<, L ___,. A _  -..aAxJ 42. 4:: 1.  i 

&n&l@.effdfiihave:b& 'd 
. .  

. . .  ., . . . . . . .  . . .  

. . . . . . . . . .  
guideline values. '.:: . 

. .  . .  ... 
.j _, . . . .  . . . . .  . . I  . , -  m, 

0 Average radionuclide concentrations are at or below guideline values, established 
as acceptable by the NRC.'"FOr yourland , ...... arm, averaging is based on a 100 m2 
(10 m x 10 rn)"grid area: . .  

Reasonable efforts have been made to identify, evaluate, and remove, if 
necessary, areas of residual activity exceeding the guideline values. This Manual 
assumes that ara,s of residual activity e x d i n g  the guideline value, known as 
elevated areas, an acceptable, provided they do not exceed the guideline value 
by greater than a factor of (100/A)'", where A is the area of residual activity in 
m2, and provided the activity level at any location does not exceed three times the 
guideline value. 

0 Exposure rates do not exceed background levels by greater than the exposure rate 
limit, at 1 m from the surface. In occupiable building locations, exposure rates 
are measured at 1 m from floor/lower wall surfaces and may be averaged over 
floor areas, not to exceed the size of a small office (Le., about 10 d.) For open 
land'areas, exposure rates are measured at 1 m above the surface and may be  
averaged over 100 m2 grid areas. This Manual assumes that maximum exposure 
rates over any discrete area may not exceed two times the Limit, above background. 



The objective of the survey, as presented in this Manual, is to demonstrate at a 95% 
(minimum) level of confidence, that the above conditions have been met. For the 
purpose of this demonstration, each survey unit (Section 4.2.2) is independently 
evaluated. 

Finally, the total inventory of residual radioactive material from licensed operations may 
require calculation. It is assumed that this calculation will include surface activity, 
activity in surface and subsurface soil, activity induced in building materials and 
components, and activity that may remain from previous onsite disposals. 

2.3 Radiological Surveys Supporting Decommissioning 

Several diffeknt surveys may be required as part of the decommissioning process. Since 
each is intended to providt'ra;diologi&l data'for different primary applications or 
objectives, the survey techniques, thoimughn accuracy, and documentation 
requirements may vary. This section identi briefly describes the types of 
radiological surveys. Additional'details on conducting surveys are provided in 
Section 6.0. 

e decommissioning p m e s  are sequential and each step builds on 
from earlier activities. Although the various surveys may appear 

to be independent, survey results may, in practice, serve multiple purposes. For 
example, survey.measriremknt3'obWd dtiridg the3coping p m - o r  the characterization 
phasi, may b e . u s e a b l e . i n , ~ ~ ~ ~ g = ~ ~ ' ~ ~ ~ ~ i t e ~ c o n d i t i o n s ,  i f  de  location where those 
measurements were performed has not expcnenced subsequent activities which may have 
altered the radiological status."Conversely, data obtained following remedial action may, 
if they indicate residual contamination, serve as characterization information to guide 
further cleanup. Survey activities should be plann'd to ehable optimum use of the data, 
thereby reducing the level of survey effort assoCiated With a decommissioning project. 
Such planning should consider the accuracy and specificity of measurements, relative to 
time constraints and cost, at each stage of the survey. 

2.3.1 Background Survey 

Because guidelines for residual radioactivity at decommissioned sites are 
presented in terms of radiation levels or activity levels above normal background 
for the area or facility, it will also be necessary to perform a background 
survey. This survey wil l  require measuring both direct radiation levels (usually 
gamma exposure rates) and concentrations of the potential radionuclide 
contaminants in construction materials and in soil (and sometime in groundwater) 
in the vicinity of the site. Where only gamma emitting contaminants arc present 
and soils arc not affected, it may be adequate to perform only background 
exposure rate determinations. It is useful to perform such a survey prior to 
commencing licensed operations; such surveys may be part of the environmental 
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baseline surveys required at some of the more complex types of facilities. If such 
information is already available, it may be used. Otherwise, a survey to establish 
background will have to be conducted. 

Background is determined by measurements and/or sampling at locations on site 
or in the immediate vicinity of the site (out to several kilometers from the site 
boundary),. which are ,unaffected.. by site operations. Preferable locations .for 
in tenor background determinations arc within on-site buildings of similar 
construction, but having no history of licensed operations. Background direct 
radiation levels within buildings may differ from .those in open land areas, 
because. of.. :the ... presence . of . . . . . . . .  naturally c .coccurring::iqdimctive .. materids in 
construction ma tena l skd  the shielding effect that construction materials may also 

+re+). Locations 

rbed,byr.rion-site - activities 
d . - , a n d + t h t i r  . . . . . .  / . . .  ..... drainage 

pathways; roads, parking lots, and other large paved surfaces; storm drains and 
iving 2 .,- .,:industrid,: ..-, '.r.,r...:..3, or, a g r i c u l t u r a l . ~ - ~ n o f f ; ~ ~ l ~ :  ...... &28.:.,A'.?..- 9::. ::-.-<*. .tracks; material 

............. ... 

such as truck ... and . . . . . . . . . . . . . . . .  rail .Ioading.fai and :.fill. areas. . . . . . . .  . .  
,'..._. ;,, 

. . . . . . .  , . 

Because the. background,.. levels m .:total radiation or 
radidctivity 'levels' to 'detk&e. licensed operations, 
i t  is riecesary 'that bgck'&ou tion sensitivity and 
accuracy at least e q h d e n t ' t o  data from'which it will.be subtracted. This can be 
achieved by usirig he Same instruments..and techniques for background surveys 
as are USXI in assessing f ind  site conditions. 

. . .  

The degree to which the average background of a particular radiological 
parameter, determined for a specific site, is repcscntative of the true background 
level is a factor in determining the number of background measurements required 
for that determination. Many radionuclides are not present in the environment 
at levels which are sufficient to be either quantifiable using reasonable, standard 
measurement techniques or which arc significant, relative to the guideline values 
for unrestricted release. On the other hand, levels of direct radiation (exposure 
rates) and some naturally occurring (uranium and thorium decay series) or  man- 
made (Cs-137) radionuclides are typically present in the environment at levels 
which are easily quantifiable and may have background levels which are 
significant, relative to guideline values. Experience has indicated the variance in 
the average background value from a set of 6 to 10 measurements will usually not 
exceed f 40% to 60% of the average at the 95% confidenw level. However, 
localited geologic formations, different types of soil, and construction materials 
at the background measurement locations may result in individual background 
values which have greater variability. Consequently, additional measurements 
and samples may be required to assure a representative average value. 
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For practical purposes, it  is recommended that 6 to 10 measurements for each 
parameter of concern be initially performed and the average and 95% confidence 
level be determined. If the upper 95% level bound on the background average 
is less than 10% of the guideline value for that parameter, variations in 
background may be considered insignificant and no further determination are 
necessary. However, if the upper 95% level bound on the background average 
is greater than 10% of the guideline value, the background data should be tested 
to assure that the average hepresents the true mean to within * 20% at the 95 % 
confidence level. If necessary, additional background determinations should be 
performed to satisfy this level of representativeness. The procedure for testing 
the data and determining the number of-additional samples needed is described 
in Section 8.7. . r  

I 

i .-.. , , 
Early;-in thev.decommissioning process; it wilbbe neceSSary to identify the 
potential radionuclide:%ontinan&~-aV the - site;"tl&dative ratios of these 
nuclides; and the general exte &on (if-any) - both in activity levels 
and .. affected area or. volu the4i;Censehnd operational history 
documentation willassist:to.varying deg&in~providing this information, it will 
usually be necessary. to supp1ementithat:infonnation With actual survey data. A 
a p i n g  survey is therefore performed. The scoping survey typically consists of 
limited direct measwementsca(exposure rates and surface activity levels) and 
samples (smears, soil, water;and with induced activity), obtained from 
site locations considered to be ktly to contain residual activity, and 
from other site locations both immediately adjacent to the radioactive materials 
use areas and in areas not expected to have been affected by the site operations. 
This survey provides a preliminary assessment of site conditions, relative to 
guideline values, and enables initial guidance in classification of the site into 
"affected" and "unaffected" areas (see Section 4.2.1 for further information on 
classification of arcas by contaminah 'on potential). The &ping survey provides 
the basis for initial estimates of the level of effort required for decommissioning 
and for planning the characterization survey. 

Measurements and Sampling in known areas of residual contamination need not 
be as comprehensive or be performal to the same sensitivity level as will be 
required for the characterization or final status surveys. However, when planning 
and conducting this scoping survey, the licensee should remember that some of 
the data, particularly that from locations not affected by site operations, may be 
used as final status results or to supplement the characterization and/or final 
survey results. Similar measuring and sampling techniques used for those 
categories of surveys may, therefore, be warranted. 
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2.3.3 Characterization Survey 
.. . 

After locations.: which.. may require decontamination. have been identified, a 
characterizatioh NIT ,perfowed to more precisely.def;ne h e  extpnt and 
magnitude . . . a .  df. c o i ' m i  '(.The characterization survey ,should be in sufficient 
detail to p,rovide '.dap.:foc- p1wning::the decontamination effort, including the 
decontamination .techniques, schedules, costs, and .waste. volumes and necessary 
health .and:.safetyxonsiderations during decontamination. . Characterization is 
typically concentrated .on:thoseportions of the site which are known to have been 
or are suspected of having been affected by site operations involving radioactive 
materials. The type of information obtained from a characterization survey is 
often .limited to that necessary to differentiate a surface or area as contaminated 
or noncontaminated. A high degree of ~ u r a c y ; . m $ ~ n o t  beFrequired '-for such 
a decision, when the data indicate levels well above the guidelines. On the other 
gmd, ,:when,data .qqn- ~ ~ ~ ~ g ~ d e l i n e ~ u ~ ~ ~ a ~ ; ~ g h e ~ ? d e ~  .of accuracy is 
~ua.l ly~,neqsayj to:ass~el~eappropsiaie;decisionrtga the true radiologid 

. .  . .. condit ions~~.~ ,~ ,~~: .one~.~~gory. ,oQ~ologica l idata;r:~ch i ,..-. as soil radionuclide 
. .  . , . . ., concentration;.or~.t4talir~~~ract~~~may_.be.~suffi~entito determine the status 

. . . . . I .  .: :. I . .  . :as . ..,-.. . ~ . c o n t a m i n a ~ , ~ ~ ~ . d ~ o t h ~ q t h e r r m e a s l i r e m e i i t s ,  . .  rate3 or removable 

_, 
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. .  . 

contamination levels; may &refore not be performadrduring characterization. 

As ,was the situation With, the..scoping - survey,the- choice of survey Whnique 
should1: be commensurate.. .with 1 the inthded ! use of the data, including 
considerations for possible future use of h e  results to supplement the final status 
survey data. 

f 

Remediation Control Survey 

The.effcctivmess of decontamination efforts in reducing residual radioactivity to 
acCtptable levels is monitored as the decontamination is in progress by a 
remediation control survey. This type of survey activity guides the cleanup in 
a real-time mode; it also assures that remediation w o r k s ,  the public, and the 
environment are adequately protected against exposures to radiation and 
radioactive materiar.. arising from the deconEamination activities. The remediation 
control survey typically provides a simple radiological parameter, such as direct 
radiation near the surf'acc being decontaminated. The level of radiation, below 
which therc is reasonable assurance that the guideline values have been attained, 
is determined and used for immediate, in-field decisions. Such a survey is 
intended for expediency and does not provide thorough or accurate data 
describing the final radiological status of the site. The rcmcdbtion control survey 
is applicable to monitoring of surfaces and soils or other bulk materials only if 
the radionuclides of concern are detectable by field survey techniques. For 
radionuclides and media which cannot be evaluated at guideline values by field 
procedures, samples are be collectedand analyzai t~ evaluate effectiveness of 
decontamination efforts. For large projects, use of mobile field laboratories can 



provide more timely decisions regarding the effectiveness of remedial actions. 
Examples of situations for which remediations control surveys would not be 
practicable are soil contaminated with pure alpha or beta emitting radionuclides 
and surfaces with very low energy beta contamination such as H-3. 

2.3.5 Final Status Survey 

A survey to determine the final condition of the site is performed after 
decontamination activities (if any were required), are complete. This survey is 
known by several titles, including termination survey, post remedial-action 
survey, final status survey and final survey. The term final status survey is 
used in this Manual. It is this survey which provides data to demonstrate that all 
radiological parameters (total surface activity, removable surface activity, 
exposure rate, and radionuclide concentrations in soil and other bulk materials) 
satisfy the established guideline values and conditions. Results of the survey are 
documented in a detailed report, which becomes part of the licensee’s application 
to terminate a license and thereby release the facility for unrestricted use. This 
type of survey is the principal focus of this Manual. 

. 

Although the final status survey is discussed here as if it were an activity 
performed at a single specified stage of the documenting process, this may not be 
the case. Data from surveys conducted at other stages of the decommissioning, 
such as the scoping survey and characterization survey, can, under proper 
conditions, be incorporated into the final status survey. 

2.3.6 C o d m a t o r y  Survey 

After acceptance of the licensee’s termination survey report, ‘the NRC may 
perform (or arrange for its agent to perform) a confirmatory survey. As the 
name implies, a confirmatory survey is performed to confirm the adequacy and 
accuracy of the licensee’s final status survey. The confirmatory survey develops 
radiological data of the same type as that presented by the licensee, but is usually 
limited in scope to spot-checking conditions at selected site locations, comparing 
findings with those of the licensee, and performing independent statistical 
evaluations of the data developed by the confirmatory survey and the licensee’s 
final status survey. Although the scope may vary, a confirmatory survey 
typically addresses from 1 to 1096 of the site, but may be extended, if questions 
or anomalies develop or are identified. The NRC uses the report of this survey 
in supporting a decision on the licensee’s application to terminate a license and 
release the facility for unrestricted use. 
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3.0 ASSESSING THE RADPOE8GICAL STATUS OF 
THE SITE 

The initial step in the decommissioning process is a preliminary assessment of the radiological 
status of the site. This assessment consists of: 

0 Identifying potential residual radioactive materials, 

0 

0 

Establishing the applicable release criteria, 

Determining the general locations and extent of activity, and 

Estimating the levels of activity. 

Information from this assessment provides the basis for the licensee’s decommissioning plan and 
the design for subsequent radiological surveys. This section describes the scoping of the site 
status. A flow diagram (Figure 3-1) and a checklist to assist the user in this assessment are 
included at the end of the section. 

3.1 Document and History Review 

The starting point in this assessment is a review of the site license and supporting or 
associated documentation, e.g. license conditions, license amendment applications, 
inspection records, material acquisition and disposal records, site maps and facility 
drawings, process flow charts, etc. These documents will spcaQ quantities and chemical 
and physical forms of radioactive material authorized for possession, operations for 
which the materials could be used, locations of these operations a& the site, and total 
quantities of material used at the site during its operating lifetime. Such records must be 
maintained by licensees, per provisions of 10 CFR 30.3s (g) 40.36 (0, and 70.25 (g), 
until  the license is terminated by the NRC. Operating m r d s  will provide information 
on spills, fires or other incidents that may have resulted in the release or spread of 
radioactive contamination. 
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These records may also include previous radiological surveys, which will assist in 
identifying potentially contaminated areas. Records should also identify the locations of 
potential subsurface radioactivity from former waste processing and disposal opeqtions 
which may have been conducted in accordance with previous provisions of 
IO CFR 20.302 and 10 CFR 20.304. 

Information concerning past site activities and potential residual activity beyond expected 
locations is often available from unofficial sources, such as interviews with senior or 
former employees and area residents, old photographs, and local newspaper articles. 
Ingenuity will be required in identifying such sources and extracting and evaluating the 
information obtained. 

Sometimes facilities, particularly those that used radioactive materials prior to the advent 
of the Atomic Energy Commission licensing, have residual material on site from prior, 
unlicensed operations. In these cases, records may be sketchy or nonexistent, but 
knowledge of the general type of operations at that site will assist in determining the 
radionuclides which would most likely be present. 

3.2 Identifying Potential Contaminants 

After the radioactive materials that were used .at the site have been identified, the 
potential for residual contamination by these materials is evaluated. Site operations 
greatly influence the potential for residual contamination. An operation which only 
handled encapsulated sources, for example, would be expected to have a low potential 
for contamination, assuming that the integrity of the sources was not compromised. A 
review of leak-test rtkords for such sources may be adequate to dispel concern for 
residual contamination. A chemical manufacturing process facility would likely have 
contaminated piping, ductwork, and process areas, with soiVland area contamination 
limited to locations where spills or leaks may have occurred. Sites using large quantities 
of radioactive ores and those with outside waste collection and treatment systems are 
more likely to have contaminated grounds. If loose, dispersible materials were stored 
outside or process ventilation systems were poorly controlled, then windblown surface 
contamination may be possible. 

Consideration should be given to the amount of time that has  passed since the site was 
in operation. Radionuclides with short half-lives may no longer be present in significant 
quantities, if enough time has elapsed since the site discontinued operations to allow for 
radioactive decay. In this case, calculations to prove that residual activity could not 
exceed guideline values may suffice, and surveys may not be required to demonstrate the 
site’s radiological status, relative to license termination criteria. On the other hand, 
certain radionuclides, such as Th-232, may experience sfgnificanf daughter product 
ingrowth, which must be considered in evaluating the potential residual contaminants at 
the time of decommissioning. 



3.3 Identifying Potentially Contaminated Locations 

Using infomation gathered from document and site history reviews and evaluation of 
potential contaminants, locations of likely residual contamination arc identifid. Such 
l d o n s  will include facilities or areas where radioactive matcials w e n  p w ;  
where wastes were handled, stored, or disposed of; and when spills, fires, or other 
incidents occurred which may have released or spread contamination. These locations 
will be the principal targets for the scoping survey. 

3.4 Performing the Scoping Survey 

The xoping survey is performed to substantiate and, where nectssary, better define the 
identity of pomtial radioactive contaminants and the g a d  extent of residual activity. 
Based on the anticipated radionuclides,*apprt~~Mtc survey instrummti'ik selected (refer 
to Section 5.0), and cursory measurements amconducted in,suspcct lobtions. T h e .  
measurements typically consist of surface scanning (moving the detector at a consistent 
speed and distance near the surface) and measuring levels of d&'&iiation (surface 
activity and exposure rate) at reprcsentative'points. Samples of surface soil and residues 
from surfaces, cracks, pipes, ducts, and other artas where contaminated mattrial may 
have accumulated are collected and analyzed (refer to Section 7.0) for spcdic 
radionuclides. Bear in mind that these survey activities are more of a scntning M~UR 
and are not intended to be as comprehensive or stringent as those required to demonstrate 
that final site conditions satisfy the release criteria. Results can, however, be utilized as 
valid data to supplement the final status suney  reports, if appropriate proc4dures arc 
followed and the subsequent decommissioning activities have not altercd the survey 
location. 

One of the most difficult situations to evaluate is the presence of buried materials or 
possible subsurface contamination. Such subsurface material is usually covered by 
several feet of soil and the surface may be paved over of may be the site of a building. 
Such conditions prevent detection of the residual activity by surface surveys only. 
Methods, such as ground penetrating radar or elstromagnetic mtasurements,to .identify 
subsurface anomalies or disturbanas, are used. Subsurf- sampling can also be 
performed. These procedures arc, however, usually beyond the scope of the scoping 
survey; such information is typically collected during the characterization and/or final 
status survey. 

3.5 Establishing Site Guideline Values 

Evaluation of license and document review and analyses of samples from the scoping 
survey are used to identify the residual radionuclides at the Site. If a single radioactive 
material or a combination of radioactive materials With the same guideline values were 
used at the site, the guidelines can then be selected from tables developed by the NRC. 
In many cases, however, multiple radionuclides with different guideline values are 
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present at the site; sitespecific guidelines should then be established. The procedure for 
determining site-specific guideline values is described in Appendix A. 

3.6 Comparison of Radiological Conditions with Guideline Values 

Scoping survey results are compared with the site guideline values, and locations of 
contamination, if any, are identified. Findings of the assessment, describing the review 
and evaluation of pertinent documents and results of the scoping survey are documented 
for submission to the NRC. If, based.-onthe;.pdionuclides used and activities conducted, 
it can be demonstrated that residual contamination would not be possible, the NRC may 

. . detennbe that no. further:.ac ti0ns.b y i the, licensee- are necessary. I If:residual'&ntamina tion 
. . . . . . .  ,is possible,:; A_..... b.Ut,&o. conditjons.~.exceeding-@d&es &ave4en~  identified, plans for 

. . c r i g + z L ~ o y ~ d  ~ . & y e l ~ p e d .  Adualisite:con tamhation ,isidentifie& the licensee 

. . .:: .locations _s.,i.... -&%.'.a and ..... .for&nducting. surveys to demonstrate. that ~theifinal:~tcWtus meets the 

. . . .  _.. , c o n d u c t i n g , . ~ . ~ t i o ~ . ~ s ~ ~ e y s ~ . . ~ ~ d e m o ~ ~ . l t h a t i ; . t h e l f i n a l r  - -~ ..<"*..., site stahrS~~&sfied release 

. .  . . : shdifd., ..--J.+. develop ...,-.i. . ..I -.andi.subn&plans ......... :.-for, characterurn * - 'g.$~d.~,~~~con~a~ . . . .  

. . . . . .  . . . . .  - . .  , I ,  ~ . ,- :. I .  j .  :. . <.. ' - . .. guideline .. ._. ............. .:values .vd,&mditions. . .  
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FIGURE 3-1 : Flow Diagram for Assessing Site Status 
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- Chtkklist -._-.-. -I-- for Conducting 
Assessment of Site Radiological Status 

Review license op&ting rccords, documentation supporting licensc ammendment 
applications,’and*othg pktinent ,I.__ documents. - ......... -- r. ...... 

Diru%.sitc hrstory With Senior and former employees and others who may have 
information3nydopcrations. ;“$J 4.‘ ’ :.:<. . 

e.. ,,..>.- . > I .  

:.::&-2!:?%r! ”.; 
1-.. ?iq=c,; 

.- _ _  . -. -.--.-...--,-c“ .-d---.- --.-- -.a 

Contaminants. 

Identify sptcific radionuclides at site. 

Establish guideline values; develoj, site-Specific guidelines if applicable. 

Compare scoping survey findings with guideline values. 

Prepare report to NRC identifying locations of contamination (if any) and 
describing p h  for decontamination andor further survey actions. 
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4.0 Planning and Designing the 
Final Status Survey 

The purpose of the final status survey is to demonstrate that the release criteria established by 
the NRC have been met..dkmonstratingtthatlthi!chas beWacWeibk&jW collection of data 
f o r : , d e t e r m i n i n g - s u ~ t i ~ ~ , ~ l e v - ~ ~ * d ~ ~ - ~ ~ s u ~ r a t e s , b a n d  radionuclide concentrations in 
soil! In addition, supplementahformation, such as radionuclide concentrations in ground water 
and total site inventory of radioactive~matcrial, may be required by the NRC. The data should 
be accurate and reliable and-should be adequate to satisfy other conditions and considerations 
which the NRC may impose. A welldocumented, statistically based survey plan will be the 
basis for meeting these objectives. 

The survey plan should describe the survey design in detail. The plan should include: 

0 A list of the types, numbers, and locations of measurements and samples to be 
obtained; 

0 Information on the equipment and techniques to be used for measuring, sampling, 
and analyzing data; 

0 The methods to be used to interpret and evaluate the survey data; and, 

0 Quality control procedures for ensuring the validity of the data. 
1. 

This section discussa considerations.for developing such a plan, including quality control 
procedures, and site information required to plan and design the survey. This section also 
describes how to select measurcmentlsampling locations and to determine the sampling frequency 
that will be required to assure the statistical significance of the data. A general flow chart for 
a radiological survey supporting license termination is provided in Figurc 4-6; detailed flow 
charts for various activities related to the survey process are provided in Section 6.0. 
Appendix B provides a sample survey plan for a hypothetical reference fuel fabrication facility. 
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4.1 General Considerations for Survey Planning 

4.1.1 Quality Assurance 

Because the purpose of the final sta tus  survey is to demonstrate that a facility 
meets the established release criteria, the survey should be performed in a manner 
that assures the,results are accurate and that uncertainties have been adequately 
considered. An effective QA prpgram will define the data quality objectives of 
the survey and thereby determine, to a significant extent, the survey design. This 
program will operate in all stages of the survey through final validation of the 
data and the interpretation of the results. 

The decommissioning plan should include a written QA plan that describes the 
organizational structure under which the decommissioning efforts - and 
particularly the final status survey - will be conducted. Functional and 
administrative responsibilities and interfaces of key individuals should be clearly 
delineated. Education, experience, and any other requirements for each key 
position should be specifid. The she and complexity of the organizational 
structure will be determined by the magnitude of the decommissioning action. 

- 
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OA . .  

One individual should be designated as the Q A  officer or QA coordinator. This 
individual should not be involved in survey activities that genera& data and 
should report directly to the project manager. The QA officedcoordinator should 
be responsible for enswing that all, QA.objectivcs.of the survey arc met, should 
review selected field and analytical data to ensure adherence to procedures, and 
should approve bhe quality of data before it us used to test hypotheses regarding 
attainment of cleanup standards. Specifically, this individual: 

S w e s  as the focal point for survey QA activities and ensures that they art 
conducted in accofdance with established policies and procedures 

ts and/or surveillance. ’ > overseessurvey 

All aspects of the survey should be documented in detail. For ertain field or 
laboratory I activities,~~consensus~ or industry-wide )procedures, such as those 
dcvc@pcd by the~.Environmental*htectionAgcncy (EPA), American Society of 

(EML), or other such~organhions:may 6b uth&-^adoptcd in whole or adapted 
to meet the requirements of the specific-deddmmijsioning action. These 
procedurts become part of..the admmstm ‘ve.:recoia, of the survey. The 
procedures should be approved by the’ individual responsible for the 
decommissioning project and the effective date of the procedure should be 
indicatcd. Changes or exceptions to established procedures an likely to be 
required; and these also should be properly documented, signed, and dated. 

Testingad Mate’rials+(ASTM);tDOE~~-Environmenta1~h~na1@l Laboratory 

. .  

n of W v e v  stpfll 

All personnel corrducting the surveys should receive training fo qualify in the 
procedure being pdbrmed. The extent of training and qualifications should be 

and the scopc, complexity, and nature of the activity. Training should be 
deugncd to achieve initial proficiertcy and to maintain that proficiency at least 
over the course of the decommissioning process. Records of training, including 
testing to demonstrate qualification, should be maintained. 

commensurate with the education, orperiena, and p f i c i a q  ob the individual 

Measuring equipment should be maintained, calibrated, and tested to assure the 
validity of the survey data. Further, the procedures, responsibilities, and 
schedules for calibrating and testing equipment should be documented. 

Proper maintenance of equipment varies, but maintenance information and use 
limitations should be provided in the vendor documentation. All measurement 
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. .  ... . . 
. .  
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and analytical eguiprnent should be tested and calibrated before initial u s e  ana 
should be recalibrated if maintenance or modifications could invalidate earlier 
calibrations. Field and laboratory equipment should be &brat& based on 
standards traceable to the National Institute of Standards and Technology (NIST). 
In those-.cases where NIST-traceable standards-arc not available, standards of an 
industry-recognized organization (for example, the New Brunswick Laboratory 
for .various uranium standards)..may be used. Minimum frequencies for 
calibrating equipment should be established and documented. 

,Measuring equipment~:should be tested at least .once each day the equipment is 
. .  useds2Test results:.should:;be mrded~in:tabular or graphic form and compared 

to predettknined, acceptable perfor&nce ranges. Equipment that'does not 
. . . .  .. . .. ~.~..the;pe.~ormance:..cnteria should, be immediately removed from service 

defikiencies can be resolved. 

htions, evaluation, and 

bound logs or on 
data should not be 
entries should b. 

. .... . . . . . .* comcted:by$&ing.. . . . ._ . . .. a single 4neacross :the entrymd7entering new data. Tht 
. . . . ,  . ... . co,et i .on or. change should be initialed..and dated::by:.the person making the 

entry. :. . .  . .... 

. . .. 
I .,r 

A system of data review and validation is important to ensure consistency, 
thoroughness, and acceptability. This begins with regular (daily or weekly) 
reviews of calculations based on field data; and reviews of final reports by survey 
and laboratory supervisors, QA officials, and project managers. All reviews 
should be signed and dated. Any questionable or invalid data should be identified 
in project records and in the survey report. Active m r d s  should remain under 
direct contrd of a designated individual during report preparation; inactive 
records should be protected from loss or destruction by storage in access- 
controlled arcas or files and in facilitiu with fire protection. It is also 
recommended that-copies (microfilm, computer disc, photostats, etc.) of critical 
data be produced and stored at a xparate location. 



I 

I :: . 
, . .. 
I 

One of the most important aspects of sample management is to ensure that the 
integrity of the sample is maintained; that is, that there is an accurate mrd of 
sample collection, transport, analysis, and disposal. This ensures that samples 
neither lost nor tampered with and that the sample analyzed in the laboratory is 
actually and verifiably the sample taken fiom a specific location in the field. 

Smple custody should be assigned to one individual at a time. This will prevent 
confusion of responsibility. Custody is maintained when (1) the sample is under 
direct surveillance by the assigned individual, (2) the sample is maintained in a 
tamper-& container, or (3) the sample is within a controlled-access facility. 

A chain-of-custody rtcord (a standard form) be'initiated by the individual 
- 0 f . r ~ a m p l ~ ~  A copy;of this form should 

transpOrtation~ancLanaly~; and any break in 

.. 

peringshould be docummtcd. 

ed tomrify that survey.-activities comply with 
aspects-.of the:QA plan and to evaluate the 

ovd ;e f fdvcness  of the QA program.- The audits should be conducted in 

individuals not actively participating inthe activith being audited. Audit results 
an rcportcd to responsible management in Writing, and actions to resolve 
identified deficiencies should be tracked and appropriately documented. 

with.written guidelints-~r. checklisb, and should be performed by 

4.1.2 Health and Safety 

Consistent with the approach for any Ogeration, decommissioning activities should 
be planned an8 moniporcdl to u u r c  the health and safw of the worker and other 
m M d ,  botos Qfl- ZUAd Off-de, *IDldy grotected. 

Contamination control.and radiation control support surveys are conducted for 
protection of p x m n e l  performing decontamination activities. These surveys are 
operational in nature, as opposed to detcrmlnm * ' g the radiological status of a 
facility, and are typically conducted as part of a licu~sec's ongoing radiation 

site, residual radioactivity is expected to be below the guideline values for 
unrestricted release; therefore, the final status survey should not q u i r e  radiation 
protection controls. 

protection program. However, at the stage of chcrmmn * * gtheflnalstatusofthe 

The primary health and safety concerns during a final survey an the common 
potential industrial hazards typically found at a mnStNCtion site. These'include 
exposed electrical circuitry, excavations, enclosed work spaces, sharp objects or 
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surfaces, falling objects, tripping hazards, and working at heights. The survey 
plan should incorporate requirements and procedures for eliminating, avoiding, 
or minimizing thesc pottntial safety hazards. 

physical Chamcterirties of.Site 

The physical characteristics of the site will have a significant impact on the 
complexity, schedule; and -cost .of I a survey. {These characteristics include the 
number and Sire of buildings, type of building construction, building condition, 
total area of grounds, topagraphy, and ground.cover. 

-inn 
L . I  

4.1.3 

a. - - , - - I .  .---- ,,.. b -  - > - I  :s:: .. , - a,.? -I; 1 I.)  ,..t:, +: ' 

Building desigrand condition.Whave a :wM- in f luence  on the survey effom. 
The .time.rtquircd toiconduct! z~survcyJ.of;building.intcrior~ surface is cssa~tially 
dircctlyz*proportionaLto: thedotal - s ~ x r c a : ~ ~  For.this;reason the degra of 
survey coverage is daxcased as the potential for residual activity decreases. 

Building construction features such as ceiling height and incorporation of ducts, 
--.pip@gtmd.&-other swim:into themnstnrctionkwilkdettnnine the casc of 
saccqsibilityof &xiow suxfku. dcaf5olding,s:~jIdmlifts, or ladders may 
benecessary to reach some sbdiccsn glsom&ocations may actually 
q u i r ~  dismantling-portions ofthe; -the&uilding is constructed of 
porous'material3, such as wood?or: concrete;-and~tli&surf8cc was not sealed, 
con tamination may have.found its way into the walls;floom, and other surfaces. 
It may be nectssary to obtain cotes for laboritmy analysis. Another common 
difficulty is the prexnce of conlamhation beneath tile or other floor coverings. 
This occurs because the covering placed over contaminattd surfac# or the joints 
in tile werc not sealed to prevent penetration. It has ben'the practice in some 
facilities to 'fix" contamination (particularly alpha eminen) by painting over the 
surface of the cOntaminatcd area. All this should be addressed in surveys. 

The condition of surfacu after d m t a m i n a h  *on may affm the survey process. 
Removing contamination that has a surface usually involves removing 
the surface as well. As a result, the floors and walls of decontaminated facilities 
arc frequently badly scarred or b r o h  up and are often very uneven. Such 
surfaces are more difficult to survey, because it is not possible to maintain a fixed 
distance betwen the detector and the surfaa and pitted or porous surfacu may 
significantly atmuate radiations - particularly alpha and low-energy beta 
particles. Use of monitoring equipment on wheels is precluded by rough 
surfaces, and such surfaces also pose an increased risk of damage to fragile 
detector probe faces. - 

The presence of furnishings and equipment will restrict access to building surfaces 
and add additional items which the survey should address. Equipment that was 
used directly for processes or activities involving radioactive materials will likely 
have been removed; however, in cases where such equipment remains, relatively 
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inaccessible surfaces may require evaluation. It may also become necessary to 
remove or relocate certain furnishings such as lab benches and hoods, to obtain 
access to potentially contaminated floors and walls. 

Piping, drains, sewers, sumps, tanks and other components of liquid handling 
systems present special difficulties because of the inaccessibility of interior 
surfaces. Process information, operating history, and preliminq monitoring at 
available access points will assist in evaluating the extent of sampling and 
measurements that will be’ required.‘ Evalhjion “of inaccessible surfaces is 
addressed in Sections 6.4.3 - 6.4.5 

Expansion joints, stress cracks, and penetrations into floors and walls for piping, 
conduit, anchor bolts, etc. are potential Sites for accumulation of contamination 
and pathways formigration into subfldbr- soil’and~hollow~wall spaces. Wall/floor 
interfaces are also~likel~ 1ocations:for re&iduh17cdnmon. Coring, drilling, 

Exterior building surfaces will typically have a low potential for residual 
contamination; however, there are several locations which should be surveyed. 
If there were roof exhausts or the facility is&~pm~ty-;tO--’the &’-effluent 
discharge points, the possibility of roof contamination should be considered. 
Because roofs are periodically resurfaced, contaminants may have been trapped 
in roofing material, and samples of this material may have to be obtained. Wall 
penetrations for process equipment, piping, and exhaust ventilation are potential 
locations for exterior contamination: Roof dr;unage points such as driplines along 
overhangs, downspouts, and gutters arc also important survey locations. Window 
ledges and outside exits (doors, doorways, landings, stairways, etc.) from former 
contamination control areas are also building exterior surfacea which should be 
addressed. 

Depending upon site processes and operating history, the radiological survey may 
include varying portions of the land areas. At a minimum, those areas 
immediately adjacent to facilities where radioactive materials were handled should 
be surveyed. Other potentially contaminated open land or paved areas to be 
considered include equipment, product, waste, and raw material storage areas; 
liquid waste collection lagoons; areas downwind (based on predominant wind 
directions on an average annual basis, if possible) of stack release points; surface 
drainage pathways; and roadways that may have been used for transport of 
radioactive or contaminated materials. 

Buried piping and underground tanks, spills, and septic leach fields which may 
have received contaminated liquids art locations of possible contamination that 
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will require sampling of subsurface.soi1.. Information regarding soil type (e.g. 
clay, sand, etc.) may provide insight into the retention or migration characteristics 
of specific radionuclides. The need for s .pial  sampling by wring or split-spoon 
equipment,..usually .. . by a .commercial firm,. should be ariticipated. 

.Disposition of, :on-site, low-level. waste. burials,. authorized under AEC/NRC 
regulaions,:'a.k&ire . , , _. : 2. . .b'. . .  a decision by the NRC. following review of the licensee's 
decom&s$oning.<plan. If .radioactive,.yaste ,has:..been.. removed, surveys of 
excavations will be neceSSary before.backiilling.. If such .material is to be left in 
place, the NRCmay request subsurface sampling around the burial site perimeter 
.to assess,the, po&qi.al,,for :futuremigration.: . ..,.: . .: : . .  .:. : 

. .  . . .  . _ .  . .  . .  

. .  

~-:othcrpbstacles that limit access 
ai:;+.<e&pmen t (electromagnetic. 

.... , <+ll;.. -. - s m M e r s - a n d . s u b s ~ ~ ~ p l i n g ~ ~ g s ~ t h c ' t i m e : a n d  . ..\. . ._.. .--... UT..,. . .-.-r-. .m ..4 <,5...-..% expense of making land areas 
..-..'. :. , . accessible shoild be considered. 'In addition, precautionary proceduns should be 

..' developed to 'prevent spreading surf+qi,~.n tion.iduring i ._.._. 2 ;  - ground cover 
removal and/or the use of heavy equipment. 

. .  . . ' , &y,.eithertsygyfip .d'...i ..., c A.-, 

.-:... 

.. . . .  . . ;  . .  
. , _  . . .  . .  . . .:. .-.4.i:. I .  

. . .. . . _ *  . . . ~ ,:_ . 

All arwsof..the site wil l  not have the same-potcntial:.for residual contamination 
and therefore rdo not require the same level of 3urvey: coverage to achieve an 
acceptable lye1 of confidence that the site. satisfies the established release criteria. 
By designing.the survey such that.arcas.with: higher potential for contamination 
receive a higher degree of survey effort;. the process will be both effective and 
efficient. 

Two classifications of areas are used in this Manual; these.are termed affected 
and uMected areas. These classifications are defined as follows: 
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affected areas: Areas that have potentid radioactive contamination (based 
on plant operating history) or known qdioactive contamination (based on past 
or preliminary radiological surveillance). This would normally include areas 
where radioactive materials were used and stored, where records indicate 
spills or other unusual Occurrences that could have resulted in spread of 
contamination, and where radioactive materials were buried. Areas 
immediately surrounding or adjacent to locations where radioactive materials 
were used or stored, spilled, or buried are included in this classification 
because of the potentid for inadvertent spread of contamination. 

unaffected areas: All areas not classified as affected. These areas are not 
expected to contain ~ I_ residual - - - _  radioactivity, based on a knowledge of site 
history and previous survey information. 

Segregation of the sii-intc-tiiese two classifications should be justified by the 
licensee in the demmissioning plan (in those cases w 
plan is required *to k3uti’mitted),and. in.,the dinal su 
emphasized that review and concurrence by the NRC 
is to the advantage ofthe licensecat the early2stages obp 
It should also be recognized that as the final survey progresses, an area’s 
classification may require changing,-based-on accumulated survey data. 

4.2.2 Estabkhing Reference Grid Systems 

Grid systems are established at the site to: 

Facilitate systematic selection of measuring/sampling locations, 

Provide a mechanism for referencing a measuremenVsample back to a 
specific location so that the Same survey point can tx relocated, and I 

0 Provide a convenient m a s  for determining average activity levels. 

A grid consists of a system of intersecting lines, referenced to a fixed site 
location or bench mark. .Typically, the grid lines an arranged in a perpendicular 
pattern, dividing the survey location into squares or blocks of equal area; 
however, other types of patterns (triangular, rectangular, hexagonal) have been 
used for survey reference purposes. 

Grid patterns on horizontal surfaces are usually identified numerically on one axis 
and alphabetically on the other axis or in distances in different cornpass directions 
from the grid origin. Examples of building interior and land area grids are shown 
in Figures 4-1 and 4-2, respectively. Grids on vertical surfaces include a third 
designator, indicating position relative to floor or ground level. Figure 4-1 
provides examples of designating grid locations in three dimensions. 
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For surveys of structures the basic grid system for affected areas is 1 m. 
Gridding may be limited to the floor and lower (up to 2 m height) walls, unless 
there is also a potential for upper wall and ceiling area contamination. Survey 
locations are referenced to the grid system; surveys of ungridded surfaces are 
referenced to the floor grid (if one exists) or to prominent building features. 

Grounds and open land areas classified as affected areas are gridded at 10 meter 
intervals. 

Unaffected areas do not require gridding for the purposes of establishing 
measurement or sampling locations; however, grids systems of larger spacing, 
e.g. 5 to 10 m for large structural surfaces and 20 to 50 m for land areas, may 
be-helpful to the licensee by facilitating~the-rtferencing of survey"1ocations in 
those areas to a common site reference:system. 

, ,  I 

for.&re&'.p 
urements o r i p l i n g .  Closer 

nstrate that average and elevated 
.. of.con~den&.Larger , ~ , - * - -  . spacing 
ey tecmqu.es. Considerations 
providCd in;Sec&ons 4.2.3 and 

-8.5. 

TO facilitate su number ofisurvey data points from 
an area is sufficient to enable statistid-evaluation, ,.; ... .. . , ~. .. the area may be divided into 
survey "units" which have common. history or other charac&nstics or are 
naturally dis,tinguishable . . . ._, . from other portions of the site. Such survey units may 
combine contiguous d m s s o r  land.-areis having ,the same. potential contamination 
classification. The'$& of a'surv-cy 'b$t.;should be Chosen to assure-that the total 
number of data points.and/or the spacing (frequency) of measurement/sampling 
satisfy the requirements of Section 4.2.3. The maximum survey unit size for 
building surface artas classified as affected, limited to 100 m2. A survey unit 

'cannot include both affected and unaffected artas. 

table, based on the 
... 

. .. .. . , . . .. .! . . . : . .. ' 1 .  .. .- ' 

4.2.3 Selecting MeasuremenffSampling Locations 

It is not possible to perform measurements or conduct sampling at the 
theoretically infinite number of locations on a site. Instead, a survey should have 
as its objective the collection of quality radiological data from sufficient 
representative site locations, such that a statistically sound conclusion regarding 
the radiologid status of the entire site can be developed. Meeting this objective 
requires a statistically based plan for selecting measurement and sampling 
locations. 
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Experience has indicated that residual contamination on a former radioactive 
material site is typically concentrated in a relatively small pbrtion of the site. The 
pattern is asymmetrical, with much of the activity often located in small isolated 
hot-spots. If the licensee's cleanup efforts have been effective, however, 
essentially all locations will have residual activity below the guideline levels, and 
many areas will contain levels in the range of natural background and/or below 
the measurement sensitivities of the survey and analytical procedures. After 
cleanup, the pattern of residual activity will therefore likely approximate a normal 
distribution; the approach to survey design described below assumes such a 
distribution. If, based on site operating history or the results of preliminary 
surveys, there is reason to believe there may be unusual localized contamination 
pattems, the licensee should supplement the survey with samples from randomly 
selected points in the area of suspect localized contamination. 

1 .. : . 

Affected Areas 

At a minimum, the floors and lower walls of affected areas should receive 100% 
coverage during the fmal status survey. The coverage. provided for upper walls 
and ceilings will Gdependent upon theWnhina t io6~&tia l  for these surfaces. 
The survey measurements for surface activity will consist of a combination of 
surface scans, direct measurements, and measurements of removable activity. 
Procedures for performing these measurements are described in Section 6.4 

Scans of 100% of affected area floor and lower wall surfaces are performed for 
all radiations which may be emitted from the radionuclides of interest. Locations 
of areas of elevated activity are identified and direct measurements are performed 
to detine their extent and activity levels. Residual activity which exceeds 3 .times 
the guideline value results in external radiation in excess of 2 times the guideline 
value above background at 1 m from the surface, or results in an average activity 
above the guideline value in any contiguous 1 m' area (refer to Section 8.5.2 for 
averaging procedures) should be remediated until these conditions are satisfied. 

Once all identified elevated areas arc evaluated and cleaned up as necessary, 
systematic measurements of surface activity are performed. If the scanning 
technique has been demonstrated to have a detection sensitivity for the 
radionuclide or radiations of interest at S 25 96 of the guideline level, systematic 
measurements are performed at a spacing of 2 m or less to provide at least 30 
data point locations. A recommended approach is to obtain data from grid line 
intersections (see Figure 4-3) or grid block centers. If the detection sensitivity 
of the scanning technique is not 5 25% of the guideline value, systematic 
measurements are performed at 1 m intervals. 
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FIGURE 4-3: Standard. Measurement/Sampling Pattern 
For Systemat ic Grid Survey of Structure Sur faces  



The number of data points required to demonstrate that the confidence level of 
the survey satisfies the 95% objective for a survey unit, is a function of the 
average and variance of the data. Following the procedures in Sections 8.5 and 
8.6, the need for any additional measurements is determined; if additional 
measurements are required, they should be obtained at approximately evenly- 
spaced intervals throughout the survey unit. 

Upper walls, ceilings, and other overhead surfaces which are suspected of having 
residual activity at greater than 25% of h e  guideline value, based on operating 
history and prewious surveys, are SUmyed in the same manner as floors and 
lower walls. If there is no reason to suspect residual activity exceeding 25% of 
the guideline value on these surfaces, a minimum of 30 measurement locations 
each, on vertical and horizontal surfacesA.where radioactive material would likely 
accumulate,, (air exhaust ventsand. horizontalmrfaca' where dust would settle) 

, is selected.ilTo aSSuera reasbnable coverage of these%i.rhm, an average of at. 
least 1 :measurement 1ocation:per 20 mkof: surfhce&ca%hould be selected. At . 
each locationla scan-of t h e ! i m m e d i a t e ^ a r e a l i s ~ ~ o ~ ~ - ~ . i d e n t i f y  the presence 
of any:elcvatcd. activity -levels,~'followed by" the t'mMuiement. If scans or 
measurements~indicat&-rcsidual activity!'exc&ding 254b'of the guideline, the area 
is considered potentially contaminated und:the surfaa' ejthibiting such lev& 
sh0uld.k s u ~ c y c d  in'thi?.'same~mann&--a~ f l ~ ~ H . d ' l O W t r  walls O f  affeatd 

,r  .. \ 1' areas. 

If gamma emitting radionuclides are among the potential contaminants, exposure 
rate measurements at 1 m fiom floor and lower wall surfaces arc performed at 
a frequency of 1 systematic measurement per every 4 m'. If potential 
contaminants did not include gamma emitters, exposure rate measurements should 
be performed at a minimum spacing of 1 measurement per 10 m2. 

unaffected Areas 

Scans of unaffected s u m  should cover a minimum of 10% of the floor and 
lower wall s u r f a a  area. At least 30 randomly selected measurcment locations or  
an average measurtmcnt of 1 per 50 d of building mface area, whichever is 
greater, for total and removable activity, should be performed for each survey 
unit. These locations should include all building surfaces. Identification of 
activity levels in excess of 25% of the guideline, either by scans or 
measurements, wi l l  require reclassification of the area to the "affected" category. 
Testing of the data relative to the confidence level objective is performed in the 
same manner as for affected areas and any additional measurement locations 
required should be selected randomly. Exposure rate measurements at 1 rn from 
the floor arc performed at each location of surface activity measurement. 
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d Surveys 
. .  

Affected Areas 
. .  

As with structu& surfaces, 100% coverage of affected open land areas @ a v d  
surfaces wd.wil) i s  necessary. .. Scanning is:.performed to identify locations of 
elevated activity .levels.-. Areas of :suspected ,elevated activity, identified in this 
manner, are &aluated- by sampling .and;.analyses to determine their activity level 
and- area 1,extent.. and. results::a&.compd w i h  crimia.(see Sections 2.2 and 

.: 8.5); cleanup. .is.. performed; .as ..rcquired;:and,scanning!-.rrpeated. After scanning 
..:. .::. . -has,,. @&ated .,theiguidelines .and3conditions:have;beenr,satisfied, systematic soil 

, .. . , , sam~~grof~~eachcaffected~.~~grid. iblock~~:.perforin~.at .  locations equidistant 
1ock:corners (see Figure 4-4). . If 

activity levels s 75% of 
additional sampling will be 

nfid&cer.that;-locations of elevated 
i .pioccdure,~~A~l989)  recommends a 

g;@~of:;5,$migOh<a.-$i& (enclosed afta of 
. ._  ..:.appp~xip.@~, : ~ 1 9 . & ~ ~ ~ f o r ; r a ; ~ S . . % ~ ~ ~ c e - . ~ t ~ ~ ~ ~  in excess of 10 
m2 surface area are identified. By b@nning with the standard systematic pattern 
and including additional sampling points, located. dong the 10 m grid lines, at 
block comers and .centen; andimidwaya .behveen:grid;block corners (Figure 4-5), 
a., triangula;.. sampling.pattern:-.:with :spa&gv.of:~5~:. rn-or .less (enclosed area of 
approximately 6.3:m3 is obtained. _._ - . .  

. .  . . : . ;  

Paved surfaces arc surveyed .in the-same manner as described above for structure 
surfaces. 

For both soil sampling and paved surface measurements, a minimum of 30 data 
locations should be used. Data for each of these surface types are tested relative 
to the guideiine value and the confidence level objective, and additional 
systematic samplinglmeasunment locations that may be required are obtained at 
approximattly uniformly spa~ed intervals throughout the survey unit. 

Exposure rates arc measured at 1 m above the surface on the pattern shown in 
Figure 4-4. 

Unaffected open land area should be uniformly scanned for radiations from the 
radionuclides of interest. Spacing intervals between scanning paths should be 
such that a minimum of 10% of the surface is scanned. Soil sampling is 
performed at a minimum of 30 randomly selected locations. surface activity 
measurements on paved areas arc also performed at 30 randomly selected 
locations. Identification of hot-spots or individual locations with activity levels 
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FIGURE 4-4: Stondord Sampling Pattern for 
Systematic Grid Survey of Soil 
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ADOmONAl SAMPUNG LOCATlONS TO PROWOE 0 CLOSE-SPACED TRLANGUUR GRlO PAllU?NS 

FIGURE 4-5: Sampling Pattern to Identify Soil Areas o f  
Elevated Activity 

. . -  1 



in excess of 75% of the guideline value requires reclassification of the area as 
"affected . 

Testing of results, relative to guidelines and confidence level objectives is 
performed according to Section 8.6 and any additional sampledmeasurements 
required are'obtained at randomly selected locations in the survey unit. 

Qther Memrernent/Sampling Locatiow 

In addition to the building and land surface areas described above, there are 
numerous other locations where measurements and/or sampling should be 
performed. Examples include items of equipment and furnishings, building 
fixtures, drains, ducts, and piping. Many of these items or locations have both 
internal and external surfaces, requiring evaluation. 

Each such location classified as affected should be scanned and individual' 
measurements andor  samples obtained at representative points. Unaffected 
locations can, as with the building and land surfaces in such areas, be surveyed 
at lower frequencies, consistent with the contamination potential, the capability 
of scanning techniques to identify activity levels at or, above guidelines, and 
findings as the survey progresses. Surveys of these types of locations arc 
discussed in more detail in Section 6.0. 

4.2.4 Subsurface Sampling 

At the stage where the final status survey is being conducted, contaminated 
subsurface soil should already have been identified, characterized,, and 
remediated, if necessary. Subsurface activity data may be required for 
determination of residual site inventory. In addition, if there is potential for 
residual activity below the surface layer, the survey plan should include 
subsurface sampling. The number and locations of samples should follow the 
Same pattern as described above in section 4.2.3 sampling depth of surFace soil. 
As an initial evaluation, samples may be collected at 1 m intervals, starting at the 
surface and continuing to at least 1 rn below the suspected or potential region of 
activity. Shallow sampling may be conducted using manual equipment (post-hole 
diggers, smalldiameter split barrel or Shelby tube samplers, and portable hand- 
operated or motorized augers). For depths below several meters, heavier 
equipment, such as a drill rig with an auger andor a core sampler will be 
required. Use of electromagnetic sensing techniques, such as ground penetrating 
radar and magnetrometry will assist in locating potential sampling areas and also 
should be a safety consideration if buried utilities or containers of potentially 
hazardous material (radiological or chemical) may be present. Use of a 
subsurface sampling technique which results in a borehole or soil face, accessible 
with agamma sensitive detector, also enables scanning of the exposed soil surface 
to identify the presence and distribution of subsurface activity. 

' 
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If a potential exists for activity to enter subsurface water, samples of water should 
be collected (if available) from the Same locations as the subsurface soil  sample^. 
Knowledge of expected constituents is necessary when collecting subsurface water 
to determine whether special precautions for sample handling and collection are 
riiquired to ensure representative samples. Expertise of hydrology specialists and 
those knowledgeable in subsurface water sampling technique should be sought, 
when such conditions are anticipated. 

., . .  
>. . . . . .  . . . .  . .  . ’  . . .  ... . . . . .  . . .  .- . .  . . . . .  . .  
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Group u w  into 
wrwy U n b  (Seaion 4.2.2) - -(Section 42.2) 

ororq uru into 
wrvy u n b  I 
f 

42.3) 

FIGURE 4.6: Flow Diagram for Planning Final Status Surveys 
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5.0 RADIOLOGICAL I N S T R W W A T P O N  
. . .  . 

Surveys for decommissioning Will typically require the collection of two types of radiological 
data: (1) direct field measurements using portable hskments and (2) sample analyses using 
fixed laboratory equipment or systems. For either type of measurement, the selection and 
proper use  of appropriate instruments will likely be the most critical factors in assuring that the. 
survey accurately determines the-r&diologi&likus of  the sitcF:RadioIogid -instrumentation 
consists of two components - a radiation detector and the electronic equipment needed to 
provide the power to-the detect& and% diiplay or-'k&jrd-the-rdiation events. This section 
identifies and very briefly-descrik the -'of radiation detectors and associated display or 
recording- equipment: thaf.';~e applicable to s ti6 l a g  to license mination. 
Information concerning. in'strument selection,i and G!is  provided in this section. 
A checklist to assist the surveyor in selection of appk)pMtc instrumentation is included at the 
end of this Section. Additional information on survey techniques and laboratory procedures 
using instrumentation described here is available in Sections 6.0 and 7.0 of his Manual. 

5.1 Instrument Types 

5.1.1 Radiation Detectors 

Radiation detecton can be divided into three general categories based on 
the detector material with which radiation interacts to produce a measured 
event. ne categories are: 

1. tecton in which radiation interacts with the filling gas, 
producing ion-@ which are collected by charged electrodes. Gas-filled 
dekctors are usually categorized as ionization, proportional, or Geiger- 
M u e l k  (GM), referring to the region of gas amplification in which they 
are Opmted. 

2. in which interaction of radiation with a solid or 
liquid medium results in a small flash of light (known 2s a scintillation), 
which is converted to an electrical signal by a photomultiplier tube. 
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3. Detectors where radiation interactions with germanium or 
silicon. semianductor  material create ion-pairs which art collected by 
charged electrdes. 

The design and the conditions under which a specific detector is operated 
d e u r m h e  the types of radiations (alpha, beta, and/or gamma) that can be 
measured, the sensitivity level for measurements, and the ability of the 
detector both to differentiate between different types of radiations and u, 
distingbish the' energies ..of. the interacting radiations. The particular 
apabilities of a radiation detector will, in turn, establish its potential 
applications in conducting a survey for license termination. Lists of 

. .  . . . ; .  

. . .  . 

. .,. 

, .  

minute. 

The number of events can also be accumulated over a preset time period 
using a digital scaling device. The resulting information from the scaling 
device is also events per unit time; howu, ' ihe scaler provides a definite 
value whutas the ratemeter display will vary with time. Also 
detamining the average levd on a ratemeta will rtquirc a judgment by 
the USQ, especially when a low frequency of events results in significant 
variations in the meter reading. 

Puke height rrnalyzen are specialized electronic devices designed to 
measure and .mrd the number of pulses or events which occur at 
d i f f m t  energy levels. ?hey can be used to rccord only those events in 
the detector within a single range of energies or can simultaneously record 
the events in multiple energy ranges. In the former case, the equipment 
is known as a single-channel spectrometer; the l a m  application is 
referred to as a multichannel spectrometer or multichannel analyzer. 
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TABLE 5-1 

WBATBON DmECTORS WITH APPLICATIONS TO A L h  SURVEYS 

gas proponional 

scintillation 

solid state 

< I mg/cm’ window; probe face 
area M to IO00 cm’. 

<Q. I rng/crn’ window; probe face area 
10 to 20 cm’ 

1t0 window (internal proportional); 
probe fact area 10 to 20 crn’ 

ZnS(Ag) scintillator; probe face area 
50 to 100 cm’ 

ZnS(Ag) scintillator; probe face area 
10 to 20 cm’ 

b c a s  scintillation flask 

silicon surface barrier daector 

Application 

.. . . I :  ’!:. ., ,.; ... 21 

surface scan&; surface 
activity measurement; field 
evaluation of smears 

Iaboratoy, ,measurement of 
water, air, and smear 
samples 

laboratory measurement of 
waIer, air, and smear 

surface:scanning; surface 
activity measurement; field 
evaluation of smears 

laboratory measurement of 

.... .. .,:.,., 

I .- , 

sa?lP!es . . .  , . ,  

. . . ..,,. ;.. 

.. ,.. ;.. .: , _,..,. . . .: .: . , .. . 

, f .  , i 

laboratory measurement for 
low levels of radium 

laboratory analysis by alpha 
spectrometry 



TABLE 5-2 

RADIATION DETECTORS WITH APPLICATIONS TO BGCA SURVEYS 

Geiger-Mueller 

scintillation 

Deleclor 
Descriplion 

: 1 mgkm’ window; probe face 
’ea 50 to io00 cm’. 

: 0. I mglcm’ window; probe face area 
0 to 20 cm’ 

o window (internal proponional); 
robe face area 10 to 20 cm’ 

.4 mg/cm’ window; probe area IO to 
0Ocm’ 

arious window thickness; few cm’ probe 

iquid scintillation cocktail containing sample 

surface scanning; surface 
activity .:t‘;,.c: .”. r , . .  measurement; field 
evaluation of smears 

iaboratory- mei+urement of 
water, i . . l . i - , .  air, .,. . smear, . . . and orher 
SafnP!,?;’ . . .  ’>’., ;;!:. ..: 

i~bimtbiy~measurement  of 
W$$$j:,$!, and mleaf 
-pi& . . , . ;  . .. 

. 2 1 .  ,<. ._ 

~ ..! .. 

,,,., :. , . . 
surface ..,, . . . . . . . ) . I  scanning; . surface 
iiciivity measurement; 
laboratory measurement of 

special .scanning , .. 
qplicithns 

laboratory analysis; 
s ~ l r o m t r y  .capabilities 

&ples: . . . . . .  
, . . . . _  - . I . . .  

i’ , 

. _ .  . . : . .  

Remarks 

better measurement 
sensiliviry for low 
energy beta particles 
than detectors with 
windows 



TABLE 5-3 

RAIDBATBQN DETECTORS WITH APPLICATIONS TO GAMMA SURVEYS 
5 ,  

gas ionization 

Geiger -M ueJ ler 

sc i n t i l  I at ion 

solid state 

b 

, 

pancake ( I  .4 rngkm' window) or side 
window (U, mg/cmt) 

Pdnl(3l) scintillator; up to 5 x 5 cm. 

P(alW) scintillator; large-crystal and 'well' 
configurations 

Cs6 or Fdd scintillator; thin crystal 

germanium semi conductor 

, >  

exposure rate measurements 

surface scanning; surface 
activity measurement 

surface scanning; surface 
'activity measurement 

laboratory gamma 

scanning; di&t 
"m&urm& of:gamma 
rdiotion'trom: ~,. . . plutonium .. , 

labbratory ginma 
spectrometry ' . 

SFtromary ,:,' 

.. . . 
. ,.. 
..' ,,. ' 

: i  .?': .. + .. . . .  . .  . . .:. 
. .  . :h,' , : 

' / .  , . 

Remarks 

detector and electronics 
are integrated systems 

cross calibrate with 
pressurized ionization 
chamber or for specific 
site gamma energy 
mixture 

FIDLER (Field 
Instrument for Detection 
of Low Energy 
Radiation) 



5.2 Instrument Detection Sensitivity 

The detection sensitivity of a measurement system refers to the statistidly 
determined quantity of radioactive mattrial or radiation that can be measured or 
dettcttd at a p k l e c t e d  confidence level. This sensitivity is a factof of both the 
instrumentation ahd the technique or pnxxdurc being used. Typically, detection 
sensitivity has been defined (EPA 1980) as that l b e l  above which then is less 
than a 5% probability that radioactivity will be reported present when it is really 
& s a t  (Type I m r )  or reported absent when it really is pment (Type II error). 
This definition has been adopted for the purposes of this Manual. 

where 

K = a proportionality constant relating the detector response (ii counts)  
to an activity concentration. 

s, = the standard deviation of the background count. 

Several practical radiological survey applications of this relationship arc presented 
here. 



Activitv Measuremm 

For an integrated measurement over a preset time, the MDA for surfact activity 
can be approximated by: 

2.71 + 4.65 4-t 
MDA = 

A t * E * - -  
100 

MDA = activity level in disintegrations/minutedl00 cm2 
& = background rate iri countdminutc 
t - - counting time in minutes 
E = detector efficiency in countddisintegration 
A = active probe area in cm2 

(5-2)  

& = 40counts/minutc 
t = 1 minute 
E = 0.20 countddisintcgration 
A = 15 cmz 

2.71 + 4 . 6 5 @ 7  
19 1- 0.20 * - 
100 

MDA = 

Rounded to two significant figures. 

The M D A  of a ratemeter instrument for surface activity measurements can be 
approximated by taking twice the time anstant of the meter as the counting time 
and using the relationship W O U  1979): 
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A E @ -  
100 

where 

MDA = activity level in disintegrationdminuWl00 cm2 
B, = background rate in countdminutc 
4,. ;:. = meter -time constant in minuter 
E 
A = ~tive,.probe-i+,in cm* 

= , detector,effjcicncy,. in countddisinttgration 

. . . . .  , .:. . .  - ....... - ... . I  .. ....... ”;.,~.. ~ . . . . .  . . .  . .  . .  

e Cakulasim: (for t, :..=...4 :seconds) 

4.65&0/2 0.0667 MDA = 

- - 2700. disintegrationdminutd 100 cm2 

Rounded to two significant figures. 

The ability to identij, a small region or area of slightly elevated radiation during 
surfact Scanning (refer to Section 6.4.2) is dependa t  upon the surveyor’s skill 
in mmgnizhg an incrtase in the audible output of the instrument. Experience 
has shown that a 25% to 50% incrcase may be easily identifiable at ambient 
background levels of several thousand counts per minute, whercas, at ambient 
levels of a few counts per minute, a two to threc fold increase in the audible 
Signal is quired before a change is readily recognizable. The detection 
sensitivity of scanning is dependent upon a number of other factors, such as 
detector speed, size of elevated activity region, level of activity, detector/surfact 
distance; therefore, the ability to detect an elevated region of activity using a 
particular survey scanning technique should be determined empirically. A rough 
estimate of the MDA can be calculated by substituting the audibly d i m a b l e  
increasc in count rate for the numerator in qua t ion  5-3. 

r n  



le Gal-: 

B, = 40 countdminute 

E = 0.20 countddisintegration 

A = 15 cm' 

% times the background rate @J is audibly discernable as an incrt& in 
instrument response by the surveyor using the particular technique selected for the 
p d u r e .  

3 B,  
l e  MDA - 
1 2  0.20 - 
100 

= 4000 disintegrations/minute/lO cm2 

2.71 + 4.65 JBR.t 
MDA = 

t 0 E e S Y e  222 

MDA 
bl 
t 
E 
S 
Y 

2.22 

(5-4) 

activity in Ki/g 
background rate in counts/minute 
counting time in minutes 
detector efficiency in countddisintegration 
samples s h  in grams 
other Pactsrs such a pacent chemical rccovery and number 
of emissions of radiation being measured per disintegration 
of the radionuclide 
conversion from disintegrationdminute to pCi. 
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Sample Cdcuiatioq: 

& = 2 countdminute 
t = 30 minutes 
E = 0.02 countddisintegration 
S = 750 grams 
Y = 0.25 (emissions per disintegration) 

2.71 + 4.6542 30 
30 0.02 750 0.25 2.22 

MDA = 

. . !,< , ... .. 

. .  . ._ . . , . I .  1 '  

I = 1.55 pci/g 

e.;. .!ql C ~ ( j . !  q-- \ti In application, the system should be capable of-rn&M&%eIs below 7596, and 
preferably at or below 1096, of an es should be n o d  
that many of the radiological instrum 
for applied health'-physics actihi& 
detection. sensitii4ti&%@ 
levels for license termination. AS-  ters which will 
determine the detection sensitivity of 
efficiency, measurement (or counting) time, and sample size or area. 

The dewtion sensitivity for a given application can be improved, (i.e. lowered) 
by (1) selecting an instrument with a higher efficiency or a lower background; (2) 
increasing the counting time; (3 )  increasing chemical recovery; and (4) increasing 
the size of the sample or the effective probe area. Increasing efficiency, 
recovery, and sample or area size has the effect of lowering the M D A  in direct 
proportion to the amount of change. For example, selecting a detector with twice 
the active probe area will deem the M D A  by a factor of 2 (assuming all other 
parameters remain unchanged). Changes in backpupd rate or counting time 
effcct the M D A  proportional to the square root of the change. If, for example, 
the background rate is increased by a factor of two and all other parameters 
cemain unchanged, the M D A  will be in& by a factor of 42 or 1.414; 
doubling the counting time has the net effcct of lowering the MDA by a factor 
of 1.414. Tables 5-4 through 5-6 provide information on the approximate 
detection sensitivities for some of the commonly used field survey instruments 
using nominal background levels and detection efficiencies as well as standard 



survey procedures. Information on detection sensitivities for laboratory 
procedum is provided in Section 7.0. 

5.3 Instrument Selection and Use 

Radiological conditions that should be determined for license termination purposes 
include total surface activities, removable surface activities, exposure rates, radionuclide 
concentrations in soil, and/or induced activity levels. To determine these conditions, 
field measurements and laboratory analyses may be necessary. For certain radionuclides 
or radionuclide mixtures both alpha and beta radiations may have to be measured. In 
addition to assessing the average radiological conditions, small areas with elevated levels 
of residual contamination should be identified and their extents and activities determined. 
With so many variable applications, it is highly unl t any single instrument 
(detector and readout combination) will 6 capable ly measuring all of the 
radiological parametersApquhd to demonstrate that criteria for unrestric@ release have. 
been satisfied. It is usuallymwsary th êrefore to elect multiple instruments to perform 
the variety of measurements required. ’ 

Selection of instrumenig .will requ evaluation of a number of situations or 
conditions. hstrim-&m must be stab e under the,environmentaf and physical 
conditions where they wil l  be used, sical characteristics (size and weight) 
should be compatible with the intended application. The instrument must be able to 
detect the type of radiation of interest, and must, in relation to the survey or analytical 
technique, be capable of measuring levels which are less than the guideline values. 
There are numerous commercial firms, offering a wide variety of detectors, readout 
devices, and detector/rdout systems, appropriate for measurements described in this 
Manuai. These vendors can provide thorough information regarding capabilities, 
operating characteristics, limitations, etc. for specific equipment. 

Thls Section provides assistance on selection of instrumentation for surveys associated 
with license mmination. A flow chart (Figure 5-1) and checklist to assist the Manual 
user in the instrument selection process are included at the end of this Section. 

This d m  descfiba the primary applications of instrumentation to field radiological 
measurements for license termination surveys. The reader should refer to Section 7.0 
for infomation on labratory applications. 



TABLE 5-4 

APPROXIMATE DETECTION SENSITIVITIES FOR ALPHA FIELD SURVEY [NSTRUMENTATION 

Detector 
TYCw 

proportional; SO cm' 
probe area 

proportional; 500 cm' 
probe area 

scintillation; SO cm' 
probe area 

Readout 
Device 

~ 

countrate meter 

countrate meter 

digital scaler 

countrate meter 

countrate meter 

countrate W r  
digital scaler 

... . .  

..'I ,. . .. " , 
. .. 

. .  
. ,  . .  . . .  

i% . .  ' 

: ,Technique:- _..  ' I 
. i  . '  . . .  
. .  ,.. . . . ... . .  

,il 

*" >iJ, . ,:, '"* i. . ..". .. 

d n i n g  - monitoring 
,''jau&ble i:. output :.. , :.: 
. .  

static count ( I  min) 

Approximate 
Detection Sensitivity 

200 dpm/100 cm' 

150-200 dpml100 cm' 

100 dpm/ 100 cm' 

25-50 dpm/l00 cm' 

200 dpm/100 cm' 

150-200 dpm/l00 cm' 

100 dpm/l00 cm* 

I 
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TABLE 5-5 

APPROXBIMBhTIE DETECTION SENSITIVITIES FOR BETA FIELD SURVEY INSTRUMENTATION 

proportional; SO cm’ 
probe area 

proportional; 500 cm’ 
probe area 

Geiger- M uel ler ; Pancake; 
IO cm’ pro& a m  

Readout 
Device 

countrate meter 

countrate meter 

digital scaler 

countrate meler 

countrate meter 

countrate meter 

digital Scaler 

Technique 

scanning - monitoring 
audible output 

static count 

static Count (1  min) 

scanning - monitoring 
audible output 

scanning - monitoring 
audible output 

static count 

static count ( I  min) 

Approximate 
Detection Sensitivity 

loOe2000 dpm/100 cm’ 

1000-1500 dpm/l00 crn’ 

400- 600 dpm1100 crn’ 

350- 700 dpm/l00 cm’ 

2000-3000 dpml 100 cm’ 

1500-3000 dpm/100 cm’ 

50- loo0 dpm/ 100 cm’ 



TABLE 5-6 
. .  

pressurized ionization 

Readout 
Device 

countrate meter 

digital display 

countrate meter 

countrate meter 

. ~ . '  ' .. , . s : ; .  , . ,, , ., . .  ... .. 

static count . . .  

1 -  . \ 

static count 

scanning - monitoring 
audible output 

Approximate 
Detection Sensitivity 

I pWh (less if 
integration is  used) 

1 )rWh 

2-5 pR/h 



When conducting a final status survey, two basic questions are to be answered: 

(1) Is the average residual activity level below the established guideline value? 

(2) Do small localized areas (elevated areas) of residual activity in excess of the 
average guideline value, satisfy the established conditions 
(Section 2.2)? 

This latter issue is the one that experience has shown is often inadequately addressed. 
The reason is that these smaller areas of residual activity typically represent a very small 
portion of the site, and random or systematic measurements or sampling on the 
commonly used grid spacing has a very low probability of identifying such small areas. 
For this r m n  a survey technique called scanning is used to locate aftas of activity that 
are above ambient or general site levels before actual measurements’are conducted. This 
scanning technique should employ the most sensitive instrumentation available. 

scintillation detector/countratc-metn combination is the .- A largoarea~proportional- detector -with a ratemeter is 
and beta:radiationi where sukface conditions and 
scintillation or.thin-window GM detcctor for beta 

scanning, the.detcctor is kept as close‘to the SurEace as possible (1 
practical) andlmoved at a slow speed, noting any 

headphones. Additional details on Scanning procedures arc provided in Sections 6.4.2 
and 6.5.2. 

For fixed measurements of radiation or radioactivity levels the recommended instruments 
are: 

Alpha - 

increases in radioactivity level by changes in the audible signal from the instruments I 

proportional detector or ZnS(Ag) scintillator with portable digital scaling 
meter. 

Gamma- Pressurized ionization chamber (PIC) is preferredl POP exposure rate 
measurements if portability is not a concern. Otherwise, NaI(n) 
scintillation detectors with countrate meters, cmss dibrated to a PIC or 
calibrated for the energy of interest. 

Additional information on performing such measurements is presented in Sections 6.4.3 
and 6.5.3. 



There arc certain radionuclides which, because of the types, energies, and abundances- 
of their radiations, will be essentially impossible to measure at the guideline levels, under 
field conditions, using current state-of-the-art instrumentation and techniques. Examples 
of such radionuclides include very low energy, pure beta emitters such as H-3 and Ni-63 
and low-energy gamma emitters such as Fe-55 and 1-125. Pure alpha emitters dispersed 
in soil or covered with some absorbing layer will not be detectable because the alpha 
radiation will not penetrate through the media or covering to reach the detector. A 
common example of such a condition would be Pu-239 surface contamination, covered 
by paint, dust, oil, or moisture. In such circumstances sampling and laboratory analysis 
are used to measure the residual activity levels. 

. . . . . .  
. .  

5.4 Instrument Calibration' 

Each instrument must be calib 
. .  . , : ;  . . - , . .  . .  . . . . . '  

, . .  ~ . . . ;. , .. ' ,. _:- . 
, . ._ . .  . .  

: .minu.t,e) to be.converted.to unitsiin*whic 
.. should,be traceable- to {National :Institute 
In '@OF ~ ~ . w h e ~  :MST- 
recognited. qrganbtim..: (e; g . , I .he  
.. ,. ,, 

sG@qdsj may.,be utilized; The' 
following industry-recognized p 
choose to obtain. calibration...by an outside s&ice,:.'such. .a ' a' major instrument 
mm,ufacturer or one of the health physics services organization's. . .  

Calibration for activity must be in terms of response to the 4.rr (total) emission rate from 
the source. Calibrations for point-source and largoarea source geometries may differ 
and both may be necessary, if areas of activity smaller than the effective probe area and 
regions larger than the probe area are present. Many instruments will have responses 
which are dependent upon the energy of the radiation. This may be due to (1) the ability 
of the radiation to penetrate the outer surface of the detector, (2) intrinsic interaction 
probabiliiies for different energy regions, and (3) electronic instrument settings which 
accept or reject pulses representing selected radiation types andor energies. Because of 
the variables involved, calibration should either be performed with the radionuclide of 
concern or appropriate correction factors developed for the different radionuclides 
prestnt. In the case of energydependent gamma scintillation instruments which arc 
commonly used to rneasurt low-level gamma exposure rates, calibration for the gamma 
energy spectrum at a specific site may be accomplished by comparing the instrument 
response to that of a pressurized ionization chamber at different locations on the site. 
If the energy spectrum varies at different site locations, calibration factors may also vary; 
in such a case, a separate calibration is nectSSary for each such location. 

It is recommended that field instruments be calibrated a minimum of semi-annually and 
following maintenance, which could affect calibration. Pressurited ionization chambers 
for gamma exposure rate measurement are calibrated every 2 years, as recommended b j  
the manufacturer. 



Periodic chccks of instrument response are ntcessaxy to assure that the calibration and 
background have not changd .  Following calibration, the background and response to 
a check source is determined and an acceptable range of levels established. For andog 
readout (countme) instruments, a variation of f 2096 is usually considered acceptable. 
For instruments which integrate events and display the total on a digital readout, a series 
(10 or more is suggested) of repetitive measurements of background and check soure  
response is performed, and the average and standard deviation of those measurements 
de-ed. Anaccep response range of the average f 20 or 30 is then establish&. 

Instrument rcsponse (background a d  check source) is tested and recorded a minimum 
of once daily - typically prior to beginning the days measurements - to assure 
continued acceptable operation. If the instrument response docs not satisfy the 
established acceptable range;-the instrument is removed from use until the reason for the 
deviation can be d lved and acceptable response again demonstrated. 
If rcpair andor ecessary, acceptable response ranges must be 
reestablished and doc 

. .  - . .  
. .  
. .. . .  
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FIGURE 5-1 : Flow Diagram for Selectidn of Field Survey instrumentation 



CHECKLIST FOR FEU) INSTRUMENT SELECTION 

- 1. Identify principle radionuclides of concern. 

2. Determine radiations (alpha, beta, gamma) associated with potential contaminants. - 

- 3. Identify category of potential contamination (soil, building surfaces, piping and 
other inaccessible interior surfaces, activated components). 

- 4. Determine types of direct measurement radiological data to be collected (scans for 
general conditions and identification of elevated activity levels, building surface 
activity levels, exposure rates). 

- 5 .  Establish guideline values for each radionuclide and category of contamination. 
Develop sibspecific guideline values as appropriate. 

- 6. Calculate desired detection sensitivities of measurements. 

- 7. Select instrument and survey techniques to achieve desired detection sensitivities. 

8. CaLbrate measurement systems. 

- 9. Determine M D A  for each instrumenUtechnique sytem. 

1 5.19 
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6.1 

6.0 Survey Techniques 

. _  . 

. .  . ., :, 

General Considerations . .  
. I .  

. . . ,. . '. .: . , ... 

. .  . ~ . .  I . . . . . . . . : .  ' .  ' . . .  

umented plans and 
the design to m e t  
measurements and 

for assUring the 
adequacy and quality of the survey data. Specific survey techniques are detailed 

p@ or incorpo~ted .I . ., . by reference. in procedures, which may be 
Flow charts for conducting su 
Figures 6-1 and 6-2. P should be trained and 
qualified in the procedures th d p&um will 
frequently necesiry,  ' gs or conditions 
encountered as the survey 'responsible for onsite 
direction of the "survey .'should have'authority to make such' changes; deviations 
from plans and pfocedurts should be documend. 

g$?&djGte:.ghuds are in 

Records should be legible, thorough, and unambiguous. Records are prepared in 
indelible ink, signed, and dated; records should be adequate to enable an 
mdqendent evaluation of the site status. Changes arc made by striking through 
the item to be changed with a single line, entering the corrected information, and 
initialing the change. Where practical, survey data should be recorded on 
standardized forms; other information, for which forms are not appropriate, is 
recorded in a bound logbook. All data and supporting information, neceSSary to 
substantiate the survey findings, arc considered permanent legd ncords and, a3 
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such, should be protected from damage or loss and retained for a time period 
appropriate for such records. 

6.1.3 Crass Contamination 

Minimal residual activity should be present at a site at the time of the final status 
survey. There is therefore usually little concern for direct exposure or personal 
contamination during the survey. However, prudent standard contamination 
control practices should sti l l  be followed to minimize the possibility of personal 
contamination and to prevent crosscontamination of samples. Instruments and 
equipment should not be allowed to come into contact With surfaces which might 
contain loose activity; if they do, they should be cleaned and monitored. 
Sampling equipment may retain deposits of the sample media. Visible material 
can be removed by wiping with a cloth or brush, followed by rinsing in clean 
water. Gloves are recommended for those ogkrations where hand contamination 
is hssible. Clothing, hands,, and shoes should be periodically checked for 
contamination, and good pers6nal hygiene should.be practiced. Avoid eating 
drinking, or smoking in potentialIycontahinatcd areas; wash hands after activities 
that m y  'have mu~ted in skin cbntamination. 

6.1.4 Allow for the Unexpected 

Regardless of the effort devdted to the development of the survey plan, all 
conditions, situations, and findings will not be as anticipated. Weather and site 
surface conditions may require changes in survey procedures, patterns, and 
schedules. Previously unknown areas of midual contamination, may be found. 
Radionuclides which were not expected to be present at significant levels may be 
identified. Be flexible and adaptable; be pnpand to modify the plan, based on 
situations and findings as the survey progresses. 

6.2 Instrument Selection 

Choose instruments which arc reliable, suited to the physical and environmental 
conditions at the site, and capable of detecting the radiations of concern. As a general 
practice the instrument and survey technique should be able to measure a level of 
radiation or radioactivity, Le. have an M D A  which is less than 25% of the guideline 
value for structure surveys and less than 75% of the guideline value for open land 
surveys, and, preferable, as low as 10% of the guideline value. The instrument must be 
cahbrated for the radiations and energies of interest at the site; this 'calibration must be 
referenceable to an accepted standards organization such as NIST. Routine operational 

6.2 
i 



checks Of instrument performance are conducted to assure that the background and 
response arc mihi.ned within acceptable ranges. 

6.3 Establishing Background Levels 

NRC guideline values for residual activity arc levels above the naturally occurring 
background. It is therefore neceSSary to determine the site background levels of direct 
radiation and radionuclide concentrations in soil, to enable a comparison of site 
radiological conditions with the -table guideline values. Additional information on 
determining background levels is provided in Section 2.3.1. 

- 

-_ 6.4 Buildi 

Y -  

- 6.4.1 Preparations - 

, . ' .  . . 

measured, the surfkc must be fra of ovdying material, such as dust and water, 
whichrwould attenuate the alpha particlei R d i m i k y  measurement should.be 
conducied-" to. ensure 'that 'such ' .wUnc&mdt  in spread of 
contamination. - .  1 '  

. .. 

The reference grid is then established, where appropriate, based on the 
contamination potential classification of the ana (Section 4.2.1). Grids may be 
marked by paint, chalk line, or marken at grid block cornen. Consideration 
should be given to the physical condition and future use of the facility in choosing 
a grid marking system, such hat major cleanup for ib removal wi l l  not be 
rapired during restorition. 

The final preparation step is to develop scale drawings of the survey areas, 
indicating facility features and superimposing the grid reference system. 
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6.4.2 Scanning 

Before conducting any fixed measurements, surfaces are scanned to identify the 
presence of elevated direct radiation which might indicate residual gross activity 
or hot-spots. Scans are conducted for al l  radiations potentially pnsent, based on 
the operational history. The scanning detector is kept as close as possible to the 
surface and moved across.the surface at a slow speed. Nominally, the distance 
between the detector and the surface is maintained at less than two centimeters, 
with exception of alpha Scanning for which the distance should be less than 1 cm. 
For particulate radiations,(alpha andbeta) which may have very limited ranges, 
the scan speed should not exceed 1 detector width per second; this speed should - 

be reduced to as low as 113 detector width per second for those situations when - 

relatively low count rates may be i n d i c a t i v , e ~ o f , : - ~ d ~ l , ~ t i i r i t y  ex‘deeding 
guideline values. For gamma radiation the schning qkkd may be greater; the 

L~ probe is typically moved in a serpentine pattern while advancing at a speed of 

_ _  

- _- 
- 3, about 0.5 m per second. 9;; : t?y:y4f ’  c.’ > )  _ _  

. . _ .  . . , .,.. ..;,.;.. . .. . 
). 1 . . C .  ’ . .  _ _ _  ; .  . i; . . . . .  . .., , , . :’. , . . . .  , . Y  - - . :  

~n important.. ,.. . . ~ factor. in .;evalGting the,. p o ~ ~ . : e f i ~ t i y e n e s s  of scanning in 
identifying the presence of hot-spots is the.detector:hsensitivity of the scanning 
techniques (see Section 5.2). The survey pliy~,~vd!~final status report should 
include information on the sensitivity of the scanning technique. 

.- . 
6.4.3 Dlrect Measmments 

To conduct k t  measurements of surface alpha and beta activity, instruments 
and techniques proViding the required detection sensitivity (Swtion5.0) are 
selected. Experience has shown that a 1 minute integrated count, using a large 
area (100 cm3 detector, is a practical field survey procedure and will provide 
detection sensitivities that are below most guideline levels. At the stage of the 
final survey little residual loose activity should be anticipated, and unless scanning 
has indicated the presence of gross activity, the probe can normally be placed in 
direct contact with the surface, without concern for contaminating the instrument. 



... 
. . .  _ -  . .  

~ 

~ 

~ 

. .  . . . . .  . .  . .  . .  ' \ : . 

All pottntial radiations should be measured. Some radionuclides or decay chains 
i.e. natural uranium and natural thorium, may emit more:than one type of 
particulate radiation, i.e. alpha and beta particles. Although alpha radiation m y  
prqvide a measure of the activity level .of.:such. matcrials;.the alpha radiations may 

~ated by- ,overlying ..dust .. and moisturc,;.or due,-to imbedding in p o r ~ u ~  
; :in such cases ..the beta,.radiation ass0ciatcd~:with: these same radioactive 

materials. ,d'be' .a .  better, indicator: of::the .true' activity ;level. Because of the 
difficulti&.&Iher#lt. inimeasuring . . . . .  alpha. radiations .on .dirty, or covered surfaces, 
rc&nable ,dorts$hould be made:to clean the surfaceror.-rtmove coverings prior 
to sufvey.. . . . . .  

. ~ .. . e a  Sur&.. =tiy$y5 .ywurements: an' perfoq~ed. :at :.systematically and randomly 
. . . . .  ' .  . selected A- o s >  ! .. : ... b .-. . .,,:,y:-- .. . jdcat ions:~(~on.~4,~~3)  ............ .and!,.at. locations~.of::&md direct radiation, 

- . . . . . .  '. ,....-~,*~~-~.,,,~~s;'~~.. .id'%tifikd';. by$< .'.;..... - s u r f a c & ~ s ~ ~ ~ ~ J f ~ ~  :;...... :n:d.,. ..P .,E-. ~e.ii~.easqment~idtcceds . an action lwd, 
determined on the. basis of:.@$Wt ;con-tan&the detector and'sumey 
parameters, the location is noted. 

additional remwiiition.. :.. .. 

. . . . . . .  . .  . . . . .  

. _  .. , ; . . . . . .  .'. .>_. r : .  . . . . . . . . . . . .  , :  - .  . . .  

. 

d at locations of 
. .  

g a n a r t a o f  
approximately.. lQoj,cd,~ming,a :dry;filtm:paper;~~such as whatman 50 or 
equivaht,,. while'.. applyingl.'moderate rprr~sure;:-.:: A ..4Fmm diameter filter. is 
.typi..~ally..uscd, althwgh,~:for:sumys fot!low-cnergy.j beta:emittm, smaller sizes 

scintillation. vial for counting.: -Small pieccsof -foam are occasionally used 
for smears for tritium. A. smear for runovable.-contamination is obtained at each 
location of direct surface activity measurtment. 

' 

may..be mort appropriate .: because: :they.;.= . ki:plz#xd. 'dMy into a liquid 

For s u ~ ~ e y j  sf small penetrations, such as cracks or anchor-bolt holes, cotton 
swabs are used to wipe the area of conanr. Samples (smears or swabs) are 
placed into envelopes or other. individual containen, to prevent cross- 
contamination while awaiting analysis. Smears for alpha and medium- or high- 
energy beta activity can be evaluated in the field by counting them on an 
integrating d e r  unit with appropriate detectors; the same detecton utilized for 
direct measurements may be used for this purpose. However, the mort common 
practice is to return the smears to the laboratory, where analysiscan be conducted 
using more sensitive techniques. 
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6.4.5 

. _ .  

Samples 

If residual activity has bcen coated by paint or some other treatment, the 
underlying h and the Coating itself may be contaminated. If the activity is 
a pure alpha or low-cnergy beta emitter, measuremats at the surface will 
probably not be:reprwentative of the actual residual activity level. In this case 
the surfixe layer is removed from a known area - usually 100 c d  - using a 
commercial stripping agent or by physically abrading the surface. The removed 
Coating material is analyzed for activity content and the level converted to units 
of dpdlOO cm' for comparison with guidelines for surface activity. Direct 
meaSurements are performed on the underlying surface, after removal of the 
CQating. - 
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6.5 Grounds Surveys 

6.5.1 Preparations 

Similar considerations and actions to those taken for building surveys are 
neceSSary for preparing for surveys of site grounds. Equipment and materials 
which restrict surface access should be relocated; heavy ground cover should be 
removed and areas of standing water drained. (Sampling and analysis of standing 
water may be ne6dssahy to assure that it does not contain radioactive 
contaminants.) The reference gxid is then established, as appropriate, based on 
the contamiqtion potential of the-area (Sections 4.2.1 and 4.2.2). Grids are -- 

, usually marked, b y  wooden-or metal stakes,- driven into’the surface at grid line - 

interqtions. -Wh~~,sur face  coverings prevent installation of stakes, the grid 
intersection ..& ty 2 marked-by painting;’. arlhe hst-:st+in site preparation is to 
prepare scale drawings of the &rvey areas;~indicating-f’acility features and the- 
grid reference systems. 

__ ~ 

- -  
- _. 

6.5.2 Scanning 

ling; swfaces are.gamma scanned to identifv the presence of 
kdiation, which might indicate residual gross activity or hot-spots. 

The most sensitive detection system available is used for these scans. The 
detector is kept as close as possible to the s u r f a a  and is moved back and forth, 
while walking over the surface at a spced-of about 0.5 m per second. For 
optimum detection sensitivity changes in the instrument rtsponsc are monitored 
via the audible output, rather than by noting fluctuatiorU in the analog meter 
reading. Locations of direct radiation, dismnablc above the ambient level, arc 
marked on M t y  map and identified for further measurtmerrts and/or sampling. 

I- - 

In addition to the gamma scans, paved areas arc scanned for alpha and/or beta 
radiations. The same tezhniquu arc used as described in Section 6.4.2 for scans 
of building surfkcu. 
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6.5.3 I h x t  Measurements 

Direct meaSurements of surface activity levels are performed on paved surfaces, 
following the procedures described in Section 6.4.3 for building surfaces. 

6.5.4 Removable Activity Measurements 
_. Ri 

It is unlikely that outside surfaces, exposed to wind and ra@, will have signit?cant 
' *  I levels~ofxemovable surface activity: If rcrnovible actiiriiy is suspected smears 

orlswabs may be obtained and evaluated as d & M  in Section 6.4.4. . .  : 

. . . . .  . . . .  
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; . .  . .  ;:. . . .  ;. I . . .  . . . .  : .  . . .  . . . .  . ._ . .I_ , 

soil sampling ' 

Surface soil samples are collected from the top.15 cm of soil at locations 
established in Section 4.2.3. A sample size of approximately 1 kg is usually 
desirable, if gamma spectromeuy is to be performed; if only wet chemistry 
analyses are to be performed, a sample size of 100 grams or less may be 
adequate, depending upon the specific laboratory procedures and the detection 
sensitivities required. The possibility of compositing certain groups of samples 
should also be considemi when determining the quantity of sample to be 
obtained. Sampling may be conducted using a Variety of simple hand tools, such 
as a shovel or trowel. If the sample is to be representative of a known surface 
a m  (for example when distribution panems from airborne activity are of 
interest), special 'cookiecutter' type tools arc used. Sampling tools an cleaned 
and monitored, as appropriate, after each use. 

If then is a potential for soil activity beneath paved surfaces, the surface can be 
removed by coring and the underlying soil sampled, as dexribed above for 
surface soils. 
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. . .. .. . - .- . 
>.. . . , a  Grass, rocks, sticks, and-foreign objects are removed from soil samples to the 

degree practical at the time of-rnpling. If there is feaSOn to believe these 
materials contain activity they should be retained as e t e  samples’. 

Locations of known or suspected subsurface activity arc sampled using the 
grid block Spacing and systematic pattern- as used for surface areas of high 
contamination-potential. SubS<dace soil may be sampled using portable m a d  
equipment or, if the sampling greater than several meten, h a v i a  mck- 
mounted sampling rigs. FOi: subsurface ‘sampling the hole is’ advanced 
to the desired starting‘ g -  a post-hole digger, shovel, twist auger, 
wromrized auger, or pun by tube sampler. Loose material is removed 
from the hole and the lectcd over the next 15 or 30 cm depth. 
Continuous coring samplers-or%plit-bml samplers, advanced through hollow- 
stem augers, are usu&yx~@gfor=&taihing-detpu’ subsurfaik ’sitif@&. The 
entire core can be retained-and.monitorcd; intact, to determine if layers of activity __ 
are present, or section35ffie.gp can be <*+,+.- removed -; -- for J * .  analy>is. r ,Unless there is 
prior information regarding*tiiewdcpth -I- and distnbution of subu;fa#’-activity; 
samplcs .should. ,be-ob~~’’~~y <-I- 1 m intervals from the surfaa to - 
below the suspected depth oftthemsidualzctiyity. Samplcs.of subsurface watu 
should also be c a l l e c t & ~ ~ ~ ~ ~ ~ l ~ a b l e ,  to assist in evaluation of the migration 
of activity into the w a g  table&zc~@se in such sampling should be sought to 

 amm ma logging of b ~ r ~ h o l &  id to identify the presence of subsurface 
deposits of gamma-tmitting sensitive gamma detector such as 
a NaI gamma scintillation’, into the hole and a count rate 
determined at about 0.3 to-0.5 m intends. The sensitivity and specificity cf this 
technique may be improved by placing the detector inside a shielded collimator 
assembly. 

- 
&-c* i.’ w.%i 

~...d-.-.--. - 

assure the validity of the wulting7.data. , ” ,  :“-, - -.- .- .- - ” .. 

As was indicated in Section 4.2.5, electromagnetic sensing techniques are useful 
in locating potential areas of submfkce activity, due to buried piping, tanks, and 
former waste disposals. These techniques also increase surveyor safety by 
identifying buried utilities or containers of potentially hazardous material 
(radiological or chemical) which the surveyor will want to avoid disturbing. 

F e d d ,  state, and l c d  agencies may have regulations restricting the drilling of 
boreholes and requiring special handling of drilling spoils and backfilling of 
holes. Surveyors should consult these agencies before initiating subsurface 
investigations. 
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FIGURE 6-1 : Flow Diagram for Final Status Survey of Buildings 
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7.0 SAMPLE ANALYSIS 

7.1 Introduction 
- 

. . . .  
. .  

. .  a 

. 1:. 

applications has been described in Section 5.0. Many oftho& general types of devices 
are also used for laboratory analyses, usually under more controlled conditions which 
provide for lower detection limits and greatere.delineation~~~~.-radionuclides. 
Laboratory methods often also involve combination of both chemical and instrumental 
technique to quantify the low levels expected-,to .be-.-pracnt in samples from 
decommiss ioning . f .  This section describes laboratory methods applicable to most 
types of radiological surveys supporting license termination to assist the ~ a n u a l  user in 
selecting appropriate procedures for specific applications. 

7.2 Prior Considerations 

To reemphasize the point made in Section 3.0, a thorough knowledge of the radionuclides 
present, along with their che&cal and physical forms and their relative abundance, is a 
prerequisite to selecting laboratoxy methods. With this information, it may be possible 
to substitute certain gross, that is, nonradionuclide specific, measurement techniques for 
the more costly and time-consuming wet chemistry separation procedurts, relating the 
gross data back to the relative quantities of specific contaminants. The individual 
responsible for the survey should be aware that chemical analyses require lead times 
which will vary, according to the nature and complexity of the request. For example, 
a lab may provide fairly quick turnaround on gamma spectrometry analysis because 

. .  
. .  
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computer-based systems are available for interpretation of gamma spectra. On the other 
hand, soil samples. which must be dried and hornogenited will require much longer lead 
time. Some facton influencing the analysis time include (1) the nuclides of concern, (2) 
the type of samples to be analyzed, (3) the QNQC considerations required, (4) the 
availability of adequate equipment and personnel, and (5 )  the required detection limits. 

For relatively, simple analyses, such as gross alpha and gross beta counting of smears 
and water samples, liquid scintillation spxtrometry for lowenergy beta emitters in smear 
and water sarhpl6-s; and 'gamma-spectrometry of soil, it is usually practical to establish 
in-house laboratory capabilities. The more complicated and labor-intensive procedures, 
such as alpha spectrometry, Sr-90 and lowenergy beta emitters (H-3, Ni-63, etc.) - 

samples should be considered candidates for contract 1aboratdj'anfiij;KS. 

odd be capablesofameasuring' l&els below 
of<lo;to 25.%?Of; 

h h e d  release - -  

- .r.. 

- >  

7.3 Sample Preparation 

Various de-of sample preparation may be neassary 'prior to direct measurement 
and/or wet chemistry procedures. The only trcatmcnt'for s 

daughters, which may have been collected along with the other radionuclida of concern, 
have decayed to negligible levels. For the Ra-222 and the Ra-220 series decay times of 
4 hours and 72 hours, respectively, arc typically used. If liquid scintillation analyses arc 
necessary, the smears may require oxidizing to separate tbe carbon-14 and tritium and 
place it into a liquid form for analysis; or the smears may nccd to be cut into smaU 
pi- before placing into the counting vial, to reduce the chancu of atmuation of the 
scintillations by the smear papen. 

gross alphahefa Counting wil l  be to Wait-Until'diod~liVal 

Soil and sediment sample prcpiua.tion includes remcnd of sticks, vegetation, rocks 
exceeding about 0.6 cm (1/4 inch) in diameter, and foreign objects. If non-volatile 

-- I 
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elements art the only contaminants of concern the samples are dried at approximately 
110” C for a minimum of 12 hours; volatile radionuclides (H-3, Tc-99, and iodides) must 
be separated from the sample before drying to avoid loss of the radionuclide of interest. 
Dried samples are homogenized by mortar and pestle, jaw crusher, ball mill, parallel 
plate grinder, blender, or a combination of these techniques, and sieved to obtain a 
uniform sample. Sieve sizes from 35 mesh to 200 mesh are recommended for wet 
chemistry procedures. In addition, samples for chemical separations are also usually 
ash& in a muffle hrnace to remove any remaining organic materials that may interfere 
with the procedures. Sample weights must be determined &P drying and ashing 
procedures to enable referencing contamination levels back to weights of dry soil. To 
reduce the number of analyses required, multiple systematic or random samples from the 
same averaging region, i.e. equal aliquots from same grid block and same depth layer, 
may be combined into one composite sample. Traceability of components in a composite 
sample must be:maintained, and the remainder of the individual samples should be 
retain,@ to enable their analyses, in case the average value suggests the possibility of a .  

- 

- -  

.c 

- -  at one of the systematic or random sampliig locations. 

usually prepared by filtration of suspended material using a 
d acidification with nitric or hydrochloric acid to a pH of less tharc 2. 

analyses of suspended and dissolved fractions and, if preparation 
tly following co l tdon ,  prevents loss of dissolved radionuclihts 

by platbig out ‘on’container swfaces. 

7.4 Analytical Procedures 

This section briefly describes specific equipment andor procedures to be used once the 
medium is prepared for analysis. The results of these analyses, that is, the levels of 
radioactivity found in these samples, are the values used to determine the level of 
residual activity at a site. In a decommissioning effort, the release guidelines are 
expressed in terms of the concentrations of certain nuclides. It is of vital importance, 
therefore, that the analyses be accufate and of adequate sensitivity for the nuclides of 
concern. 

An excellent source of information on a variety of topics, from detection equipment to 
chemical procedures, is equipment vendor literature, catalogs, and instrument manuals. 
Other r e h c e s  that should be considered art available from such organizations as 
National Council on Radiation Protection and Measurements (NCRP), the U. S. 
Environmental Protection Agency (EPA), the American Society of Testing and Materials 
(ASTM), the American Society of Mechanical Engineers (ASME), the DOE Technical 
Measurements Center (Grand Junction, CO), and the Environmental Measurements 
Laboratory (EML, formerly the Health and Safety Laboratory) of the U. S. Department 
of Energy (DOE). Table 7-1 provides a summary of the common laboratory methods 
with estimated detection limits. 

I-- 
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'L. 7-1 
TYPICAL MEASUREMENT SENSlTlVlTlES FOR LABORATORY RADIOMETRIC 

PROCEDURES ASSOCIATED WlTH TERMINATION SURVEYS 

Procadurn Approxiauk 
Musuremar1 
Sarsitivitv 

Low-bdrgmund gas proportional counter; 
5-min. count 

AI* sciniillation detector w i l  scaler; 5-min. 
count 

S dpm 

20 dprn 

h w  bckgFound gas proportioarl counter; 5-min. 
COUnt 

End window GM with scaler; 5-min. in cwot 
( u n h i c w  &=tor) 

10 dpm 

80 dpm 

I A W  k g y  Bdr 
(H-3, C-14, Ni-63) 

30 dpm 

Soil Sediment CS-137, cobo, R.-226 
(Bi-214)*, Th-232 
(Ac-228)*, U-235 

1-3 pCi/g 

~~ 

0.I-O.S pCi/g 

I $ill W.ra 

I pCill 

I O  pCiA 
1 

300 $ill 



7.4.1 Smear (Filter Paper) Counting 

As a precaution against accidental contamination of the laboratory facility, it is 
prudent to first screen smears by gamma spectrometry. or gross GM counting. 
If little contamination is expected, all smeafs collected at the facility (or in a 
particuliu survey area) may be assayed at once by placing a l l  the smears on the 
detector. This will provide a broad. screen for expected and unexpected 
contaminants. If contamination is detected, the smears should be recounted in 
smaller p u p s  until the contaminated -smears areisolated. Since the procedure 
is nondestructive, it.- not inwere With subsequent analysis of the smears. 
When pedorming,,such sCreening,.the.-smears should be left in their protective 
"envelopes". to. avoid crop .contamination. .. 

;-.,.The mostipopular.method fos laboratory smear analysis 
is to &qt&z@:&gys==,alpbs and +gross.r:beta ~~lcvds~h a low-background 

&s$s&m&bo& automatics-sampler changewand manual detector . &~-sys t emhhave  low;:backgrounds, relatively good 
ithe capability;of-prboessingilarge quantities of m p r i  

unting j: ti-mu :ofi?Severalteminut, measutement 
pm alphaand 2Oddpm-beta:dan be achieved. Filter 

using, :standard; inshmcnts, such as alpha 
scintillation and thin-window GM detectors with integrating scalers (set 

on = .instrumentation);-, -cTher*+mcasummt:? sensitivities of such 
not;nearly:.;u:.low :as the. low-background proportional system; 

however, for:SF*utc,counting times;.alpha, anbbeta levels below 20 dpm and 
100 dpm, rtspectively, ,canebe measured. : One ofthemajor drawbacks to such 
a procedure is that it is very labor intensive. 

Filter papers can also be covered with athin .circle ofzinc sulfide scintillator and 
counted for grosa alphauing a photomultiplier tube attached to a scaler. While 
such a system provides a sensitivity-comparable to that of the low-background 
proportional counter, it is not usually automated and is, therefore, a labor 
intensive method. 

. .  . C* . 

Smears for low-energy beta activity (for example H-3, 
C-14, and Ni-63) can be placed directly into a scintillation cocktail and counted 
on a liquid scintillation spectrometer. The counting efficiency may be reduced; 
but as a scredng method, this p m c a  will yield reasonable results. With the 
spectrum capability of the newer instruments, the analyst can (in most cases) 
identify the specific beta emitter(s) premt. The introduction of the sample into 
the liquid scintillation medium produces quenching, a reduction in the efficiency 
of the scintillator as a result of the introduction of the sample. To evaluate the 
effect of quenching, an external standard may be used or a known amount of the 
identified radionuclide (referred to as an internal standard or spike) may be added 
to the sample aftcr initial measurement and a recount performed to enable 
determination of the detection efficiency for the Specific sample. It should be 

_. 

. -_ 

. .  

. .  
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noted that even with the identification of the nuclide(s) on the smears, this is sti 
a gross analysis; a d  caution is advised in trying to infer too much from this 
information. 

. . . . .  
. - %  . . ... . . . . . . . . .  

,::;!:,., z :  . 

. . . . . . . . .  ,,:; . : . _ .  . . . . . . . .  
~ i : + ., ._.' - . . , , -  . .  

:.- . . . .  . _, . . x;. ... 

..: ' ... . I _ (  .J. 

SoiYsediment analysis by gamma fpcctrometry can be performed with relatively 
large samples, using.geometriu, such as a 0.5-liter Marinelli beaker and 100 to 
400 ml cans or jars. With counting times of one-haif hour or less, many 
commonly encountered radionuclides can be measured with measurement 
sensitivities of several pCi/g when using such sample geometries. 

-. Radionuclides emitting primarily alpha particles arc best 
analyzed by wet chemistry separation, followed by counting to determine amountq 
of specific alpha energies present. Samples are fused at high temperatures ii 

fluoride and pymsulfate fluxes. This pnxxss ensures that all  chemical species a- 
in an ionic state that is more readily.dissolved. (The procus of leaching certain 
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chemical forms of radionuclides from the soil matrix has been found to be less 
consistent than total dissolution of the sample matrix.) After dissolution, barium 
sulfate is precipitated to carry the alpha emitters out of solution. The precipitate 
is dissolved and the various nuclides are separated by oxidation-reduction 
reactions. After final separation and cleanup, the nuclides of interest are CO- 
precipitated (with either neodymium or cerium fluoride) and collected on a filter 
paper. This precipitate is then counted using a solid-state surface barrier detector 
and alpha spectrometer. 

A known amount of tracer%radionuclide is added 00 the sample before the 
chemical Separation, to detedne the fraction of the radionuclide recovered in the 
procedure.; This also provides a "calibration" ofthe analytical system for each - 
sample processed..' Lower-litnits of detection arc:less than -1 pCi/g using standard 

titieS for such procedures are typically 

-_ 

-_ 

ixncet'h, fie tritium is _ _  
* ' w h  and distilling the 

?itIiqCot ofthe bUeCted moisture is then 
placed in a scintillation cocktail and counted using a liquid scintillation beta 
spectrometer. The activity is then related to the quantity of soil.in the sample 
procedure or to the natural moisture content of the sample. Detection sensitivities 
below 1 pCi/g can be obtained with this method. An alternate technique utilizes 
an oxidizer to convert tritium to water vapor which is collected in a cryogenic 
liquid bubble trap. This is a faster method, but the amount of sample which can 
be processed is smaller and the sensitivity is, therefore, poorer than the 
distillation method. 

A recently introduced analytical technique uses liquid scintillation counting to 
measure aIpha-emitting contaminant concentrations.   his system is known as 
PERALS (photon electron rejecting alpha liquid scintillator). While it does not 
provide the sensitivity and resolution capabilities of conventional alpha 
spectrometry, the wet chemistry procedures are less rigorous and results are 
obtainable in about one fourth of the time. 

Other D-: Analysis of soiYsediment samples for most pure beta 
radionuclides, such as Sr-90, Tc-99, and Ni-63, requires wet chemistry 
separation, followed by counting using liquid scintillation or beta proportional 
instruments. Each radionuclide (element) rtquircs a Specific procedure for the 
chemical separation; such detail is beyond the scope of this manual and the reader 
should consult the references given above for further information. As with the 
alpha spectrometry techniques, a known amount of tracer is added to the sample 
to determine recovery. Lower limits of detection of less than 1 pC2g are 
achievable using standard methods. 
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Water samples- may ,be directly counted for gamma emitters using equipment 
described 'for &'$sediment samples. Because the guideline levels for unrestricted 
u k  are much .lowex for. wa.kr,than..for .soil, the larger sample volumes (1 to 
3.5 1iters)'and 1ongeri.count times (up .@.,12. or 16 hours) may be necessary. 

Gross alpha and gross beta analyses are conducted 'as screening techniques by 
evaporating a small ,  (10. toJ:OC?-ml) volume,of-jwater .to. dryness and counting on 
a low-backgn>und:.gq. . . . .  prppo@onal.systtm.-;r:Mkent :sensitivities of 1 pCi/l 

..... are . . . . I  .. obtainable ..- -n;,,* .Because _ _ _ . _  -. of;;.$e I~~SQqtia&~amp!ej~ckness which may occur, 
s e l f ~ a b ~ ~ t i o n ; , m a y ~ : ~ . , , ~ g ~ . ~ t ~ .  &di ~ ~ O n ~ : - ~ w i U i t x  ...... -. .. nquired. Samples 

. . containing m o ~ i ~ ~ ~ ~ ~ 5 ~ ~ ~ ~ ~ . ~ ~ ~ i ~ ~ ~ o r ~ ~ S O ~ ~ ~ ~ ~ ~  beta should be 
analyzed for specific radionuclides. C a r c ~ , m t g t ~ b c , ~ ~  when the water may 
contain tritium, technetium, or other volatile radionuclides. 'In such 

. ~ ~ . ~ . , : ~ i r c u . m s " ~ - ~ , . ~ ~ ~ ~ t . ~  @y-ssq; by, Gq$&&g&tillafio&.,,;+ rCI.I;L., .-., cornbimicjn 0 f -w et 

. ., chemistry-and..4iquid,~.jUation :may .&c;rpqui.ral:-~ -qpalysu for"other specific 

. .  ' : , .  .: . .i. 

. . . .  . .  
. .  

. .  
. . .  . .  . .  kdionucl id&'k.  _..: . . .  - .conducted,in!Ia - ....... .- ...mannq similar to that:for soil/sediment. 

. . . . . . . .  -~.,! , ...... <: ;;' .... . .  ........ -. . _ \ . .  #:G i ._ , i . -  .. 

. . . . . . . .  . . . . . .  . . .  . . . . . . .  . .  .-. 
2 '  . . . I . .  

........ : .. I.. ::'* : :. . .-. . .  
. . '  . .  . : . .  

I .  

... 

-. 
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8.0 INTERPRETATION OF SURVEY RESULTS 

- This Section describes methods for converting survey data to appropriate units for comparison 
with guideline values and evaluating data, relative to conditions, established for termination of 
the license. A flow diagram (Figure 8-1) and checklist arc provided at the end of this Section __ 

to ~ assist -* the user,in _ I  thes+opeqtims. ... ." ..? . .I , I  

8.1 Data Conversion 

Radiological survey data:is usually obtained in units, such as counts per unit time, which 
have no intrinsic meaning relative to the,guideline values. Therefore, the suwey data 
from field and laboratory measurements arc converted to units which wil l  enable 
comparisons. Standard units used for expressing final status survey findings are: 

e Surface Contamination dpm (disintegrations per minute per 100 cm? 
100 cm2 

e Soil Radionuclide pCi/g (picocuries per gram) 
Concentration 

e Exposure Rate pwh (microroentgens per hour) 

In performing the conversions it is neceSSary to h o w  several factors; these are: 

c 
d m  
t 
B 

B/m 
E 
A 
M 
2.22 

total integrated counts recorded by the measurement 
total countrate from an analog (rate) instrument 
time period ( k u t e s )  over which the count was recorded 
count during recording period, due only to background levels of 
radiation 
background count rate on an analog instrument 
detection efficiency of instrument in counts per disintegration 
active surface area of the detector in cd 
mass of sample analyzed in grams 
factor to convert a disintegration rate to activity units of picocunes, Le. 
dpm/pCi. 
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These factors arc used in the equations in the remainder of Section 8.1. 

8.1.1 Surface Activity 

A measurement for surface activity is performed over an area, represented by the 
sensitive surface area of the detector. If the instrument display is in a u n t  rate, 
Le. counts per minute, the conversion to dpd100 cm2 is performed by: 

. . .  

The level of removable activity collected'by:a'smear is calculated in the m e  

manner, except, the detector area correction factor, - loo , is dropped from the 

equation because the smear is performed over a- 100 cm2 area and the detector 
area correction is usually considered when detennuzln g the efficiency, leaving: 

A 

. .  

8.1.2 Soil Radionuclide Concentration 

To determine the radionuclide cuncuatration in soil in uniu of pCi/g the 
calculation performed is: 

- 
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If the analytical procedure includes a wet chemistry separation, it will also be 
neceSSary to correct for the fractional recovery (R), determined by a spike or 
tracer added to the sample. 

pCiJg = (c -4 
t . E . 2 . 2 2  * M . R  (8-5) 

8.1.3 Exposure Rate 

If an instrument, such as a pressurized ionhation chamber or a "micro-R" meter 
is used for measuring exposure rate!, the instrument reading will be directly in the 
desired exposure rate units of pWh. A gamma scintillation or GM detector with 
a count rate! or digital scaling instrument provides data in units of counts per 
minute or per some preset time, respectively. 
accomplished, using calibration factors developed for the specific instrument and 
survey site. The background exposure rate is then subtracted from the total to 
dey+e.$e netJeve1, attributed toqsidual activity from licenysed operations. 
This net l e v a  is com*$ked with the guideline value. 

- 

Conversion to rJUh is _ _  

- - 

. . .  

*Site specific calibration factof for detector. 

8.2 Measurement Uncertainty 

It is recommended (EPA 1980) that each reported value include an assessment of its 
uncertainty. The rate of radioactive decay is not amstant with time and is therefore 
described by a P o h  probability distribution. Rnpnl on such a distribution, the best 
estimate of the standarti deviation (s) on a number of counts (c) is the quare root of the 
wunts, i.e. 

, '. 
, : :  

I . .: 

s = f i  

and the standard deviation in a wunt rate over time (t) is therefore: 
- 

I 8.3 
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The ratio of the standard deviation to the total count (dc) obviously decreases with the 
'total count; in other words, the greater the number of counts recorded, the less the 
relative uncertainty in the measurement. 

. 

. 

For the majority of measurements conducted during a final status survey, the number of 
counts due only to background will be a significant portion of the total count. The 
background also has an uncertainty associated with it which is taken into consideration 
by: 

. 
. .  . . 

I .  

. where . ' 

Y -  

- -  .- 

The standard deviation or uncertainty in the count or count rate is converted to the same 
standard units used-to express the measurement value, by use of the equations pmvided 
in Section 8.1. For Sumey and laborato~ analytical data the uncertainty is usually given 
at the 95% Wnfiden&ievel which requires multiplying the standard deviation value by 
a factor of 1.96. 

Unfortunately the uncertainty described above, commonly referred to as the "counting 
error," is only that due to the uncertainty in the decay process. Other sources of 
uncertainty will be present in the measurtment and in other parameters used in the 
conversion calculations. Examples include the counting time, distance and area 
measurements, instrument efficiency, laboratory weights and physical measurements (e+ 
pippetting), and chemical recovery factors. Thc total uncertainty associated with a 
particular type of measurement can be determined empirically by performing repeat (6 
to lO,.recommendcd) measurements of s c v d  sel- locations and detmnining the 
avera& and standard deviation of the data. This wil l  provide an estimate of the upper 
bound on the magnitude of systematic uncertainties. Additimal guidance on identifying 
sources of uncertainty and estimating their magnitude is provided in (EPA 1980). 

a: t i  is the time period over which the background count was determined. 
- 

8.3 Minimum Detectable Activity 

The concept of detection sensitivities was introduced and discussed in Section 5 .  For the 
purposes of thorough data presentation the minimum detectable aktivity (MDA) for each 
measurement procedure (and each instrument if more than one instrument is used for a 
given p d u r c )  is calculated. Data from linal status surveys will often be near 
background levels andor below the detection sa~sitivity O A )  of the pmadurc. 
Therefore negative data will be a frtqucnt result of calculations. Use of the MDA for 
data that has  a value less than the M D A  is a common practice accepted by EPA --- 
(EPA 1989). This approach enables the surveyor to significantly reduce the number of 
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calculations; however, use of the MDA, in place of actual data when calculating 
averages, wi l l  bias the results on the high side and the true conditions of the site will not 
be described. Substituting MDA's for actual data will also result in overestimates of 
source inventory and dose assessments, possibly leading to decisions for further actions 
that may not be justified. Finally, when evaluating data distributions, i.e. in a normalcy 
test, use of MDA's will result in a skewed distribution and may lead to an incorrect 
conclusion regarding the distribution. To avoid the pitfalls associated with use of 
MDA's, it is recommended that actual data be presented and used for calculational 
purposes. One exception to this approach might be the use of MDA's for averaging site 
activity levels, when the MDA is small in comparison to the applicable guideline; for the 
purposes of this manual, smaU may be considered as less than 1096 of the guideline 
value. - 

_ _  
I .  Format for Data Presen I .' 

All data from final status surveys 

uncertainty at the 95% 'confidence level for that value; and .(3) the estimated MDA for 
the measurement (EPA -1980). An example of 

or,s* 

d k : . ,  .- 
. .. . .. 'i .: 

I 001 I 6.1 

I -1.0 

003 I 0.1 

zlide Concentration wig) 

1.5 I 0.6 
I 0.5 

0.2 I 0.2 

In expressing survey results, the number of significant figum is also of importance. The 
reason is that data should be reasonable and not mislead or imply a false level of 
accuracy in reportal valuu. The appropriate number of digits in a value depends upon 
the magnitude of the uncertainty attached to that value. In general, final survey data, 
which arc usualfy in the range of environmental dab, seldom justify more than two or 
three significant figures for the value and one or two significant figures for the 
uncertainty (EPA 1980). The number of significant fig- in the uncertainty is first 
determined and the value is stated to the last plaa affected by the uncertainty term. For 
example, if two significant figures are considered appropriate for the uncertainty, values 
might be reported as: 

8.5 
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93 f 12 
1060 f 130 . 

0.33 :-.f 0.17. 
. . .  

If one significant figure'is considered appropriate the same data wou1d.k reported a: 
. . . .  , .  

. .  ;, '..:'90 .: .: f.. ':.r21();',: . . .  
- ' '1100:: ' *.*' .lo0 : 

' Or3 f.' ' 0.2" 
. .  . .  

To avoid truncation during calculations, all figures should be rctainddwing arithmetic 
operations and the final results rounded. to the desired number of significant figure. .... 

Rounding is done by increasing the last digit by 1, if the value to bedropped is qual 
to.or greater than %; if the value is.ks-than3!h *. ..\. .,--,.L -.the,w;digit:is . ..... left.-- is. 

-: 

. _- 

..... . . . .  . . . . . . .  , .. ..-, ...(, . ; ;_/ ..-,....*,,:-: -..- . . .  . i .  . .  ., - ,  ... I. ,:;I . .  , . . .  ..._.... .... ....!. . . . . .  

,' 3;i;-.:i;{.;.'.. :; ';I,'j?:,:. .:. 
8.5.1 Removable Activity 

. . . .  ............ ;,.:.~*-&*< ,,.._. ' ~ - ~ ~ ~ ; * . ~ ~ ~ ' ~ ~ - ~ ~ ~ ~ ~ , ,  2-:.: ;..%:-.:-.-I,*.=-.*" 

I)ata.formmovable;&tivity levels art compared directly to the guideline values. 
20,%"Of'ae 'guidjirie~value for total surface 

exceeded; gmcdiation' and nsubcy is necessary.. 
, . ._ ._..- . .... . . . . . . . . .  ..-. .:--, 

8.5.2 Elevated Areas of Activity 

Levels of residual activity, Le. e le+qi  argas, -which .exceed -the guideline value 
are initially cbmpared'directly with the guideline. 

or S- 

The limit for activity on a building or structure surface is three times the 
guideline value, when averaged over an area of 100 td. Residual activity 
exceeding this limit should be rcmediated and follow-up surveys 
perflormed.-r heas of elevated activity between one and three times the 
 pic^^ value & then tested to assure thatbe average activity 
level within a contiguous 1 m2 area containing the elevated area is less 
than the guideline value. 

To evaluate whether this averaging condition is satisfied, additional 
measurements are performed, and the activity level anbard extent of the 
elevated area are determined. The average (weighted average) in the 1 rn2 
area is then calculated, taking into consideration the relative fraction of the 
1 m2 occupied by the elevated area(s), using the relationship: 
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(8-10) 

- where 
x, = weighted mean including elevated area(s) 
xi = systematic and m d o m  measurements at point i 
n, = number of systematic and random measurements 
yk = elevated area activityin arCa k - 

A, = 
n, = number of elevated areas. 

fraction of 1 d occupied by elevated area k 
- _  

..-e -.._-.. . .  
.. 

. .  . ._ . .  . :. -. - .. -.... 

:area+ of .surface- g an average level of 
7000,dpm/1.00.cmz~and~~~upying am 06 measuremeats in the 
con,tiguow&m$; ou.tside the,elevatcdarea,arcmch :lcs4un the guideline valw 
of 5000 dpd100 cm2 and .a~erage;2300 dpm&100 cm2: The weighted mean for 
the 1 mz area containing the elevated area is: 

= 2116 + 560 

= 2676 dpd100 cm2 

The limit for soil activity at any location is thrce times the average 
guideline value, Residual activity exceeding this level should be 
remediated and follow-up survey performed. Areas of elevated activity 
between one and three times the guideline value an then tested to assure 
that. the averaga concontration is less than (100/A)* t i m u  the guideline 
value, where A is the area of the elevated activity in d. Levels 
exceeding this limit should be nmediated. If this condition is satisfied, 
the average activity in the 100 m' contiguous area containing the region - -- 
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of elevated is then determined to assure that it is within the guideline 
value. Equation 8-10 is also used for this dculation, substituting 
100 m2 for the 1 rn2, used when calculating average surface activity. 

le C&ulatior\ 

Five systematic soil samples from a 100 m2 grid block have the following 
concentrations of a specific radionuclide for which the guideline level is 10 pCi/g: 

= 2.32 + 3.10 

= 5.42 pCi/g 

8.5.3 Exposure Rates 

Exposure rate levels are compartd directly with the guideline value. The 
maximum exposure rate may not exceed two times the guideline value, above 
background. If the level is above that value, the area should be remediated and 
rCsurveyed. 
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8.5.4 Calculating Average h v e b  
I 

General surface activity, soil activity, and exposure rate guideline values are 
average values, above background, established for a r a  of survey unit surfaces 
(surface activity), 100 m2 (soil activity and open land exposure rates), and 10 mz 
(indoor exposure rates). To enable comparison of the survey data with those 
guidelines, the mean (i) of measurements in each of the survey units is calculated 
using all measurements (nt) within that area: 

. .  . . .  . .  . , , .  ... _ _ . . .  

8.5.5 'Comparisons.. . . ,. , 

(8-11) -.: 

u -  

_ _  
Average levels, calculated following the procedures in Section 8.5.4; are 

conditions.. If the averages exceed the 
remediation is required and 

:the effectiveness of the actions. 
;conditions, the results are 

further evaluated to determine whether the data for each survey unit (i.e. group 
of contiguous grids or regions with the,'pne classification of contamination 
potential), provides a 9596 confidtna level that the true mean activity level meets 
the guidelines. 

The test is performed by calculating the average (equation 8-1 1) and standard 
deviation of the data for a particular radiological parameter in each survey unit 
using all measurement locations; the standard deviation is calculated by: 

I n  

(8-12) 

If there are arws of elevated activity in the survey unit, the weighted mean< 
(quation 8-10) for each 1 m2 of building surfaa or 100 d of land, containing 
an elevated area, is used as one of the q ' s  in equations 8-11 and 8-12. 

The Environmental Protection Agency (EPA 1989) has recommended the 
following equation for testing data, relative to a guideline value, at a desired level 
of confidence. 



. . . . . . . .  
' _ .  , '  . . . . . . .  
. . . . .  . . . . . .  .. _. ..., - -  .* . . .  
. . . . . . . . . . .  . . . . . . . . . . .  J . 

(8- 13) 

where . .  

t,, dl is the 9596 confidence level obtained from. Appendix B, 
Table El: df (degrees of freedom) is n-1. a is the false 
positive probability, Le. the probability that p, is less than 
the guideline value if. the true mean activity level is equal to -1 

is the calculated mean from equation 8-1 1. 
is the standard deviation from equation.8-12. 

. 

- the guideline value. 
X 

s, 
. __ 

..-, ' n .  is the of i n d i v i d ~ : f ~ ~ ~ - p & ' ~  .to determine -; ..... 

. -u .. .a 
and s,. .. 

. . . . . .  
cc, is less than the 

pau *e test; when 95% confidence level. 

, : .,<.'* ' ' . . .  . .  .... 
. .  

... . . . . . . . . . .  . . . . .  . .  -- . . . . . .  . .  . . . .  

Surface activity levels (dpd100 c d  ) at 35 systematic locations in an affected 
area are: 

4100 
,3250 
2 120 
2600 
4750 
2000 
3 140 
1790 
2000 
3630 

2 190 
1430 
4370 
2390 
3710 
1220 
1250 
4390 

< 460 
4130 

<460 
1380 
1840 
2160 
4020 
2030 
1700 
1510 
2420 
3430 

4Ooo 
<480 
2060 
1970 
2350 

Instrument background has already been subtracted for this surface activity 
measurement. 
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The mean and standard deviation arc: 
- 
X = 2478 dpd100 cm2 (from equation 8-1 1)* 
s, = 1196 dpd100 cm2 (from equation 8-12) 

t,, ,,, 
Pa 

= 

= 

1.692 for 34 degrees of freedom (Table B- 1) 

2478 + 1.692 - 1196 =2820dpm/100cm2 
J?3- 

*Only minimum detectable activity (EtaDA) values were available for 
some measurement locations in this example; the M D A  values were 
therefore used tiyity,. levels for the,purpose of performing this -. . 

..: , . c . . + > :  

: : . ,  .. . . : .  
_ . I  ,. . . . .  .. 

. . .  . . .  
T,,.,. ..; y?.'i,.* . . t  a,..+ 

"Concentrabons-;of' . .  2'O'random soil sampling 
locationsare: ' 

1.2 pcug 
2.3 pCVg 
4.4 pCVg 
2.3 pCig 
3.4 pci/g 
1.6 pCiilg 
0.9 pci/g 
1.6 pCVg 
3.3 pcug 
2.4 s i / g  

1.5 
2.7 
5.0 
1.6 
3.5 
3.1 
1.7 
1.1 
1.4 
2.2 

ahe guideline d u e  for the site is 4 pWg, above background. 

Although two of the samples contain activity levels above the guideline value, 
they satisfy the condition of the maximum concentration being less than three 
times the guideline value. For the purpose of this example it is assumed that the 
elevated areas have been tested (Section 8.5.2) and satisfy the conditions for 
accepting elevated areas. 
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* 

The mean and standard deviation for this group of data are: 

- 
X = 2.36 pCilg (from equation 8-11) 
s, = 1.12 pCi/g (from equation 8-12) 

t,, = 1.729 for 19 degrees of freedom (Table El) 

.. . .. . . . . .  . .  
-. . . I .  , .:?. . - ,. . ., . _  : ...~ ._- 

a. '. -3; , 
Comparison of p,' (2.79 @Ci/g) ikliih 'the guidehe value (4 pCi/g) indicates that 
the guideline has been satisfied at the d&%d.'l&cl of confidence. 

is required. If the mean value is - less. .-ai.+ than.the; 4g~-~.L-.s~4t;t .y. . .< guide-he:.value, but the test of 
confidence is inconclusive, i.e. x < gmdeline value <pa, either (1) -further 

.. ... ?*-., . .% .,< , . . '..I.!.* . cleanup, ..... _ .  .s*..-i; . .. Mth. ...: ~$oUow-upIrsj ..,.*>,,.<.: _.__,, ,~measumnentsllsampling~~ n*-y- ;  ...- ' .  - 4 i.L,....,L. ..a. I .or (2) additional 
_,_ .. .,.i...!.: .i . . .  . :' """measufements/s;aimjlmg may 'be conducted. ,.. . .<.,." . I '  

The technique describth above provides a c ~ h t i v e  approach, because it gives 
equal weight to syste&c and random m&urcm& and to the weighted means 
of areas of elevated activity, which may be associated with much smaller surface 
areas than arc the systkmatic and random miasurcments. An alternate approach 
to provide a less basid estimate of the mtati activity level is as follows. 

Calculate the sample mean, E, and sample variance, s i ,  for elevated level, k, 
of area, 4. 

8.12 

(8-14) 

(8- 15) 



and the estimated variance of < is: 

The value, pa, for testing the weighted average is calculated by: , 

- 
P, -- + t,-,.cy, . 3, 

x W 

(8-16) 

u -  

(8-18) - - -  

The value of t,, dl is obtained from Appendix B, Table B-1; the degrca of freedom axe 
determined by: 

and 

(8-19) 

(8-20) 
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. ,  

8.6 Identifying Additional Measurement/Sampling Needs 
. .  .. . . .  

If pa calculated in the previous section is greater than Co (NRC guideline value), there 
are two possibilities. If x 2 Co, a cleanup is required. However, if < Co, a larger 
sample might be able to demonstrate compliance. The sample mean(i)and standard 
deviation(s) for a given sample size were calculated in the previous Section using - 

equations 8-11 and 8-12. Using these parameters, the total number of data points (n,) 
which would be required to demonstrate that the activity level satisfies the guideline 
value at the desired level of confidence, is determined by: - 

*< . , :.. , , .. ... . I .  .,,:.4: . I .  ,:., 

(8-21) 

,- I .  . 
= 
= guideline value 

= sample standard deviation 
= 

number of data points required 

mean 

standardanormal variables: a is the false positive probability, i.e. 
that pa < Co, if the true mean activity is equal to Co, and B is the 
false negative probability, i.e. that p,, > Co, if the true mean 
activity is equal to Co. 

- - 

Table B-2 (Appendix B) has been provided for ease of estimating the total number of 
data-points required to demonstrate meeting guidelines at a false positive level of 5% and 
a false negative level of 10%. Subtracting the number of data points already collected 
(n) from this total calculated number (n,), determines the number of additional 
measurements or samples which will be required to demonstrate the desired confidence 
of the dafa. If this calculation indicates that additional data arc needed from a survey 
unit to demonstrate meeting the guideline, it is recommended that they be collected 
uniformly over the area, using the same sampling methodology as that used for the first 
&.mplcs. To demonstrate compliance, pa is b a d  on all data points; thus additional data 
are combined with the original data and the acccptance testing repeated. The process of 
determining additional samples to try to meet the guideline can only be done one time. 
If the additional samples do not bring p, below the guideline, additional remediation wi l l  
be required. 
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Ten measurements have a mean of 7.0 pCUg with a standard deviation of 2.8 pCi/g. 
The guideline value is 8.0 pCi/g. 

2 8  pa = 7.0 + 1.833 - = 8.6 pCi /g  
Im 

. .  

'Although the m'& is less than the guidehe value, the test for significance is not 
satisfied at the 95.96 confidcnfr- .:.e..; _. level. The total number of., measurements (n,) required 
to achieve'accep.&~'is,deeqnined from.~Table B-2,.,for the value of -. 

-!. ' ' -. . . _  . . . _ . '  . 

. , / , _ . .  . .  . . .._ . . . 
- 

. : .  .- . * . ...~ :. . ~. , .-,. . :. , 
. __ 

: . ._ . ' .. ~ (.:.,' ;. . ':- . ' ' :  ,,. ' 
.; . . , . .:<. ....' 1 . ... - . , . , , , 

of 
.: .. '. 

As -6.5 from an initial 
6-10 measurements or samples is adequate for use ih &haling radiological conditions, 
relative to a specific guideline value, when that average background is insignificant 
relative to the guideline. For the purpbses of this Man& the background has been 
considered insignificant if it is 10% of the guideline, although the licensee may use 
such background levels in determmn g net residual activity, following the methodology 
described below. When the background 1,wd is significant relative to the guideline 
value, i.e. > 10% of the guideline, how&&, it is neceSSary that the average background 
determined is representative of the true background levd to assure correct decisions in 
the final d g  site conditions. The objective for background deterrmna ' tion is that 
the average level should accwatdy the true,background average to within f 
20% at the 9S% cafidcna level. 
accuracyfor+4F-d- 'ons is arbitrary, b a d  on the natural variations (of 
background levels) occurring .in the environment and the necd to keep the effort and cost 
devoted to backgrouicl determination reaso,pble. 

. 

of this Crikia for d*g an acceptable 

I 

The total number of background measurements needed to satisfy the objective is 
calculated by: 

(8-22) 

-- 
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w h e n  

n B  = number of background measurements required - = 

- - 
mean of initial background measurements 

t statistic for 95.5% confidence at df=n-1 degrees of freedom, 
where n is the number of initial background data points 

xE 
s* = '. standard deviation of initial background measurements 
t9J.JI .  df 

, . :: . , ,,..., . . -  , . . . .  . .  
, ._. . I .:, . .  . .  

Table El .(Appendix B) contains a lisf'of valu&for t l ic '~~~.stat ist ic  . yafious i. degrees 
of freedom;, Subtracting the;numbu .o.r&.$&&+& ..:wy-. & ~.(bj"from t h i s . t o d  -: 

calculated number (nd ,  .determines the n u m b q ~ o ~ ~ ~ t i 6 n a l  m k u r e m e n t s  or samples- 
which will be required to d e r n o n s ~ ~ " t h e . d ~ ~ " ~ n f i a ~ ' o f  the data. If this 
calculation indicates that additional background data arc ncui&,.,jt is recommended that 
they be collected. uniformly over the area;+usurg':the m e  sampling rnedhology as that 

.thm using all data used :for the initial 

7;. ..,. . 
. __ :$.*A 

WP.$aW'C)~ifl (L3 : 

- ._- 

:. .' ~ .. . :. ., : j:, ' ..___. ....' . .  

The mean (equation 8-11) and standard deviation (equation 8-12) for these data are 
calculated to be 1.39 pCUg and 0.50 pCi/g, e v c i y ;  the t Statistic (Table El, 
column 2) is 2.447 for 6 degTcts of freedom. The total n u m b  of determm ' tions 
required to establish the average background to within f 20% of the truc average at the 
95% d d c n c t  level is calculated by: 

I [2*u7 = 19.4 
0.2 1.39 

This calculation indicates a need for a total of 20 data points, or 13 a t i o n a l ( 2 O r 7 )  data 
points to sat is fy  the statistical objective for this case. 

I 

n * I  



8.7 Cdcuiating site Inventory 

The total residual activity is calculated for each radionuclide by determining the mean 
level for each survey unit, multiplying that average by the surface area or soil volume 
of the unit, and then summing all survey unit activities. The inventory will allow 
comparison of total residual activity at the site with established limits and development 
of a source term for estimating potential future impacts on public health and safety and 
on the environment. 

Ie C- 

A site contains 3 interior building rooms and one land area which have been determined 
to have residual activity:from the licensed operations. The three moms have mean 
residual surface activity. levels of 4100 dpd100 c d ,  2700 dpd100 cm2, and 
3000dpd100 cm2; the affected surface areas in these thra moms are 900 m2, 
1100 m2, and 750 m2, respectively. 

The land area has a mean concentration of 7.3 pCVg in the top IS cm over 300 mi and 
one deeper region of residual activity occupying a volume of 10 d and having a mean 
concentration of 30 pCi/g. 

- 
- 

-- 

w -  

_ -  

The total activity is calculated as follows: 

10'cm2 1 p ~ i  4100&m/100cm2 900m2 

= 1.66. 1O'pCi 

m2 2.22 dpm 

Using the same method, Building Area 2 and Building Area 3 contain total activity levels 
of 1.34 lo' pCi and 1.01 lo' pCi, respeCtively. Total residual activity in the three 
Building areas is 4.01 lo' pCi. 
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surface: 

7.3 pCVg 0.15 m 300 m2 lob- cm' 1 . 6 1  
m3 cm3 

= 5.26 lo' pCi 

Subsurface Region: 
. . . . . . .  . .  .... . . .  

,:;,, m-Ki/g .lo m3.0 1@=-:: 3 .. 1 - 6 1 .  
. . . .  . . .  ..... . . .  cm3:. . ._: m3 , : I - _  . . .  

l.. . . . .  . . . . . .  : .  

. . . . . . .  t -:  . .  

-. .\ ' ....... ..:I. 

'.I ' L : '  . ._ .  5.. 1 

. -. = 4.800 lO'pCi 
. .  

, ., . 
, . , - ; , r ;  -;:: ', :-, -.$< 

.... ....... ..,..I.;.-:, . . ' 
I .  

.;.,, 
, . .;. _. . i  . , l  '.'\ .:..;:; ' *.'<:',;' ..,. :.. l ' . .  . ,:: ' .. 8 .. _. . 

4.01 lo'pCi 
5.26 lo' pCi 

+ 4.80 lo' pCi 

... ... 

. .  . .  
' 1. . 
. _. 

14.07 lo' pCi 
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1. 

2. 

3. 

4. 

CHECKLIST FOR -G SURVEY RESULTS 

Convert survey results to same units as guidelines. 

Compare elevated areas with guideline conditions; if conditions arc not satisfied, 
remediate and resurvey. 

Calculate mean and standard deviation of all mtasurcments within survey unit. 

Calculate the upper confidence limit (p3 for the data set. 
- 

._ 

5 .  Compare pa with guideline value; if acceptance criteria is not achieved, detcrmine 
number of additional measurements required. 

.: Decide whether to perform additional measurements or to conduct further cleanup 
and follow-up surveys to demonstrate acceptance. 

- -  
- .-- 

6. - - _- - - .-- --  -.. 

7. Conduct additional remediation anhror measurcmcnts; repeat checklist for new or 
additional data. 

8. Calculate total site inventory. 



'Implies choice of acrions 

t 

- -- 
FIGURE 8-1 : flow Diagram for Interpreting and Comparing 

Survey Data with Guideline Value 

8.19 
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SAMPLE 

TABLE F-1 

SUMMARY OF BUILDING SURFACE ACTIVITY RESULTS 
REFERENCE URANIUM FUEL FABRICATION PLANT 

W-Gamma Building/ 
Area and 
SurCaCe - 

ConvetaiQ0 
floor urd 

l o w  walls 

ceiling 

upper wlls 
I 

Wn 

Guidelined 
Conditions 

SeliSfied - 
X 

2940 

480 

\ 

no) 

44s 

30 

35 - 

5 n 

445 

30 

35 

1280 

I 3 0  

190 

620 

100 

95 

820 

200 
i' .. 

230 

41200 

5900 

6309 

280+ 

24' 

19* 

= number of mcasusementa 

= avenge 

:. 1 

. .  
i 

('Is = standard deviation 

'4bn 

(J) 

+ 

= number of data p i n t s  to demonstrate 95% confidence level 

= based on beta-gamma level 

= numbers are hypothetical (not actual calculations) 



SAMPLE 

TABLE F-2 

SUMMARY OF SOIL SAMPLING RESULTS 
REFERENCE URANIUM FUEL FABRICATION PLANT 

Gui&ineslConditions 

II 

- 
b) x = average 

@ n, = total Y of sunplea for 95% confideoce level (hypohetical) 

i 
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SAMPLE 

TABLE F-3 
SUMMARY OF EXPOSURE RATE MEASUREMENTS 

REFERENCE URANIUM FUEL FABRICATION PLANT 

GuidelineslConditions 

Former B u d  S i b  
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Manual for Conducting Radiological Surveys in Support 
of License Tefmination 

Draft Report for Comment 
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10. Nons 

This document describes a process for conducting radiological surveys during decommissioning, to 
demonstrate that residual radioactive material satisfies criteria established by the US. Nuclear Regulatory 
Commission (NRC) for termination of a license. . The manual describes procedures for design and 
conduct of surveys in a manner which will provide a higb degree of assurance that NRC guidelines and 
conditions have been satisfied. The manual also descri’bes metbods for documenting the survey findings 
in a final report to the NRC. This manuai updates information contained in NUREGICR-2082, 
Monitorfngfor Compliance WW DccammLtsfonfng Termhation Swwy c)itcrlo, (ORNL 1981). It 
incorporates statistical approaches to survey design and data interpretation used by the Environmental 
Protection Agency for evaluation of hazardous materials sites under Superfund (CERCLA). Quality 
assurance is emphasized throughout. 

Decommissioning 
Radiological Survey 
License Termination 

NUREG/CR-5849 

ia AV*LC~LCTY STATEMLNI 
Unl i m i  ted 

~~ 

14. dKxllcN -m 
crur M) 

m@ .ram) 

Unclassified 

Uncl assi f i ed 
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-- I 

, - - - - -  ( W i n  85.4 
and 8.5.5) 

. . .  . . -- _..-... 

'Implies choice of aaionr 

FIGURE 8-1 : Flow Diagram for interpreting and Comparing 
Survey-Data with Guideline Value 
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. .  . : , 
. . . .  ... 

1 .  Convert survey results to’same units as guidelines. - 
2. Compare elevated areas with guid+e conditions; if conditions arc not satisfied, 

remediate and resurvey. 

Calculate mean and standard deviation of all mcanrremmts within survey unit. 

r- 

3. . -  
. . . . .  I .. __ 

4. Calculate the upper confid&a. li@it’(pJ for the dah set. 
..C 

‘..>. . _ _ _ * ‘  

8.20 
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9.0 SURVEY DOCUMENTATION AND REPORTS 

-. 
Documentation for final s 
the radiological status ‘of ,~qtablished.~guid&es _... . . *  . . for the license . 
termination. In addition, 

e a complete .,and :unambiguous record of 

d ‘data should be p&dd to enable an 

thebasic content 

uire some modification, this . .  

and/or final project report. For convenience, -,the ~ . A ’ .  licc&cc m8y also inaxpoxate this information 
into the final status survey report. 

9.1 



F d  Status Survey Report for Decommissioning 
Facility Name] 

BACKGROUND 

REASON FOR DECOMMISSIONING 

. _ . _  . .  . . . _ . .  
,. . . . , . '. I. .: . 

. . .  . -  _ ,  !,i. , -: . . . . .  

-..$. : <' . ... .:!... .?.'\.'. : 

rIkpE AND  ATI ION OF FACIUIY 

(ldemfi who OWN the fociliq ami how the ownership is stnrcnucd; that is, state 
or national gowmment owned, p r i m e  corporation, parem company, academic 
institution, etc. If then hnw been multiple owners, provitk a history of [he 
ownership. J 
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/mcludc injioimarion on buildings, growdr ,  and any r e k w  ~opgmphical 
injionnation that may haw been a frrcor in the went of contamination. Submit 
avaikbk drawings orphotas that are relevant to the survey*/ 

BUILDINGS 

LICENSING AND OperunONS 

[Specin e w y  rypc (chemical and physical fonn) of rodjo11L(cIidc used and indicate 
the quantity nquind for e& operrrtion inwlved o w  the lifc of the fm'lw. Be 
specific about the processes pe#onncd, the speccipc (curd relcvunt) chunicals 
and/or radionrrclides involved, the km*ons of each ptoccr~ p;Cfonncd our the 
lift of zhe p l m ,  rehed  activities, etc. Also, discuxt the containment practices 
for all radiarion soutcc~. J 
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/Discus any disposal p r a c t i c ~  that may haw impacted thc contaminasion s m  
of the frzciliry. Iml& a q  inci&nt repom and signijcant spilLt.] 

DECOMMI~~IONP~G AC~MTXES 

pisw any relevant political, philosophical, or envimnnumal conriderations rhru m4y 
h o v ~  influenced the method of decommisJioning setcad. I&mB (ury agencies whose 
philosophy vr mcrhodologies (rurd/orpnmduru)- wrt &sen for modeling and spcci i  
why those w m  seteaed.] - 

- 

1 . ; .  . . 

DECOKTAMINATION PROCEDURES 

piscurs the specflc p m t d u m  used to decorumnirrcru thc fkilily. Iduull), the 
organidon w#wpe@onncd the dewntamination and dism their cmientials and 

-related experrise. Gner i@iomuuion on dunofition and dismantling, inctrdfng 
shipping, stonage, OISd dsposal of m e W  at a st@ swmge fmWy or lczndpU 
appmvcdfbr mdim*w w t e .  Dbcuss any sccuiry pncautiom and sa$e@ 
tlrcrr may haw been taken.] 

FINAL SURVEY PRoaDuREs 

/Dkcws gencml apprvach and list philosophy of (or nasom for seleaing) hat 
approach. Refer to any unique conditiom rAor may have been discownd in earlier 
surveys which relatc to the written survcy plan.] 
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[Swnmariu i@omaation concerning grid placement, specific areas scanned, 
accessibiliry restrictions, sampling criteria, &fining parameters, types of samples 
taken (soil, w e r ,  etc.) and any special precaun*om taken to ensure readings am 
accurate.' Include pmedures ued for detenninipg sample analysis. I&nnfi t h  
areas that had low, mediwn, 'and high potential for contamiw'on. Discuss how 
sMtp1e.s were taken at efluent systems (air handling systems, draim, sumps, CUI(I 
sewen. See Sectiom 2.0 - 7.0 for injiowptorion to includc in this pom*on of thc 
swyey rep0rr.J 

BACKGROUND/BASUNE LEVELS IDENTIFIED 
- 

piscuss the backgmund and. baseline levels e s ~ ~ f o r  the sue. IdUrtifL how 
these levels were & t e m ' d .  (See Sections 2.0 and.6.0)] 

W O R  CONTAMINANTS IDENnFlED 

piscuss the major c o n t m .  
of each radionucli& of interest. 
h w n .  J 

 GUIDELINE^ mABLISHED 

._ 

-- - -  
_. Include the wncentration levels d l0Ccrrion.i 

Refir to the s o m a  j b m  the plant history if 

piscuss cach agency whose guidelines had to be mer before the fmVQ wJd be 
reltased Idcntifjt a l l p m u & u ~  and regulotiont and-&@? rhe relearc criteria 
that had to be ma. &e Section 3.0 for addihnal i@oimation.]* 

EQUIPMENT AND PROCEDURES SELECTED 

/Discus rirc philosophy behind the sclccrion of inst- and p m e d u m .  Cite 

Dejbe d i c h  mdionuelida were prcruu and cxploin how i m t m n t q i o n  WYLS 
selead to bat &tcu their pamkk-emitzing ChcrtlcterisriCS. Additional 
iMonnation is available in Sections 3.0 - 7.0. J 

My S,VCCid W-ON mqY haW ?VqUid d&atiIlg,)km I U ) d  praCtiC&L 

I m u M E N T s  AND EQUIPMENT 

[Spec&icdy idenrifL all equipment and irrsrnunenrtltion used in the survey 
p m e d u r a .  rfthe criteria upon which each instrument war selected wpt 

not included in the previous subhcoding, elobomtc on the radionuclides 
of interest and the msociated detecting instnunens chosen. Discurs 
calibration pmedures uwd as well as instrwnenf sensitivities and 
detection limits. J 
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INSTR- USE TECHNIQUES 

pisass the procedures and techniques used in operating the inrtnunents 
or equipmem used in the survey.] 

PROCEDURES FOLLOWED 

piscurs the pm&es usid in the survey pmess, including statistical - 

rnethodologiu used to dcrcnn'ne the number of samples required, W Q C  
pmedures, field and laboratory techniques, and- methods of sampling and 
&posing of comaminuted r ? u u e M  wed M n g  the swycy. See Sccrions 4.0 - 
7.0, for.t&itional ir@omation that should be d i s c ~ e d  in this subsecnon of the 

- 

finalstanKswvcy.repon.J:,~ - < -  **- ' .  
_ _  

. .  . . .. . . .  . .*. . 
. - -  

._. . SURVEYING ORGANIZATION . .  .. 
..: : ;.., .".>'.'" . .. . . . . . . ,  _ . _ . . : .  . ' . ... 

.- . .orga&ztion.mnd.~. include-: any..panicular apcrtisc or 
cre&ntia& thcrt establishes their cndibiliry..] . . - .  ,:._ 

piscurs the*geneml- wndition.ofthesite ~Cictcnnincd-by the survey. Evaluate rea.rons 
for any signijkam, & ~ e ~ e i $ o u n d ~ : ~  .the fincr.smus ~swycy and any previous 
sunqs. t?tvpam ondliiefcrma (I) tabWof jumy &ua and (2) gmphic nprcscntcrrons 
offlndings to be inclauiui in this seaion. Rcfrence techniques for reducing and 
evaluating the &a in the f o l l ~ ~ i n g  subsections. J 

TECHNIQUES FOR RFBUCINGxVALUATING DATA 

P ~ ~ c r i b e  the compauational metnodt to conwn m &a into conwnn*onal 
units and to d u a t e  mmge  &or 'hot spot' aaiviq lmh. Inclu& fonnJar 
andlor examples when appmpriate.] 

mvidc an crplanation of the st&tical methodology used to evaluate the survcy 
findings. l3at is, show how the stcI f istd mcthod used provides a true 
repmemation of the data in relrtion to the applicable guideline valuer.] 



. .  . .  

COMPAKISON OF RNDINGS WITH GUIDELINE VALUES AND CONDITIONS 

mvidc a table and any suppomhg. tm that is needed to compare the findings 
wih the release criteria established by the regulatory agencies. lnclrrdc criteria 
f h r n  any state, local, or other federal agencies who, in &ition to ARC, may 
how jurisdiction. Reiterate how QMQC procedures, survey pme&res, 
documentation procedwes, etc. comply with guidelines established by the ARC or 
other regukuory agency. Use procedures listed in ibis Bocmem (Sections 2.0 - 
8.0) as a resource.] 

SUMMARY 

[Pmvi& an ovem'ew of the entire pmgram. One or two sentence summaries of each 
section and/or subsecrion should provide the injomuuion that should be included in the 
summary. The concluding paragraph should state that according to the findings of the 
final s t w  survey, the release cntwia haw been mu and the liceme &applying for 
license termim'on. J 

- .  

. 
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12.0 GLOSSARY 

Activity: A measure of the rate at which radioactive material is undergoing radioactive decay, 
usually given in t a m s  of the number of nuclear disintegrations occurring in a given quantity of 

over a unit of time. The unit of activity is the curie (Ci) Also, known as Radioactivity. 

A ) P ~  M d e :  A positively charged particle emitted by some radioactive materials undergoing 
radioactive decay. Alpha particles are the least pene-g of the thne common forms of 
radiation (alpha, beta, gamma); they can be stopped by a sheet of paper and cannot penetrate 
Skin. 

- 

Background Radiation: Naturally Occwring radiation in the human environmmt. It includes 
cosmic rays, radiation from the naturally radioactive elements, and man-made radiation from 
global fallout. 

- 

_ _  
Beta Particle: 
arc easily stopped by a thin sheet of metal or plastic. 

Byproduct Material: Radioactive materials resulting from the production or pnxxssing of 
nuclear materials. 

electron emitted from the nucleus during radioactive decay. Beta particles . 
u - -  

- _. 

. .  

Characterization Survey: Facility of site sampling, monitoring, and analysis ;rctivitie~ to 
determine the extent and nature of contamhation. Chammzm * '  'on provides the basis for 
acquiring the neceSSary technical information to develop, anal@, and select appropriate cleanup 
techniques. 

cleanup: Actions taken to remove a hazardous substance that could aff't humans and/or the 
environment. The term "cleanup" is sometimes used interchangeably &th the terms Remedial 
Action, Remediation, and Decontamination. 

Confirmatory Sumy: limited independent (third-party) measurements, sampling, and analysts 
to verify the findings of a final status survey. 

Contamination: The presence of residual radioactivity, in excess of levels which arc acceptable 
for &aSC Ob a si& O t  baciliq bot U d C M  WC. 

Criteria (dease criteria): Combination of numerical activity guideline levels and conditions 
for their application. If criteria arc satisfied, the site may be released without restrictions. 

Curie: A measure of the rate of radioactive decay. One curie (Ci) is equal to 37 billion 
disintegrations per second (3.7 x l 0 ' O  disk), which is approximately equal to the decay of one 
gram of radium-226. Fractions of a curie, e.g. picocurie @Ci) or l@I2 Ci and microcurie kCi) 
or 106 Ci, an levels typically encountered in the decommissioning process. 

Decay: The spontaneous radioactive transformation of one nuclide into a different nuclide or 
into a lower energy state of the same nuclide. Also, known as Radioactive Decay. I-. 

I 12.1 



Demnmisioning: The process of removing a facility from operation, followed by 
decontamhhon, and license termination. 

Decontamination: The removal of unwanted radioactive material from facilities, soils, or 
equipment. Also, known as Remediation, Remedial Action, and Cleanup. 

Derived Guideline: Levels of radioactivity pres~nted in terms of ambient radiation, surface 
activity levels, and soil activity concentrations; thesc levels are derived from activity/dose 
relationships through various uposurt pathway scenarios. Also known as Guidelines. 

Detestion Sensitivity: The ability to identi@ the presence of radiation or radioactivity. Also see 
Minimum Detedable Activity. -. 

__ Direct Measurement: Radioactivity measurement obtained by placing the detector against the 
surface or in the media being surveyed. The resulting radioactivity level is readout dircctly. 

Dose Commitment: The dos that an organ or tissue would receive during a'$ec%ed period 
of time (e.g., 50 or 70 years) as a result of intake (as by ingestion or inhalation) of one or more 
radionuclides from a given release. 

Dose EquivaIent (Dose): A term used to express the amount of effective radiation when 
modifying factors have been considered. It is the product of absorbed dose (rads) multiplied by 
a quality factor and any other modifying factors. It is measured in rem (roentgen equivalent 
man). 

_ _  

Exposure Rab: The amount of ionization produced per unit time in air by X-rays or gamma 
rays. The unit of exposure rate is m t g e n d h o u r  (R/h); for decommissioning activities the 
typical units are microrotntgcns p a  hour (pR/h), i.e. 106 Wh. 

Final Status Sumey: Measurements and sampling to describe the radiological conditions of a 
site, following completion of decontamination activities (if any) and in prepamlion for 
unrestricted release. 

Gamma Radiation: Penetrating high-awgy , short-wavelmgth, electromagnetic radiation 
(similar to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and 
rtquirc d a w  matcrhls (such as lead or uranium) for shielding. 

Grid: System of coordinates established on a site for purposes of referencing survey locations. 
Also, known as Reference Grid System. 

Grid Block: Standardized averaging (1 m2 for building interion and 100 m2 for soil 
areas). - 

Ground Penetrating Radar (GPR): Electromagnetic radiation, used to identify electrically 
reflective targets, voids, and differences in moisture content of subsurface soil. GPR is used to 
identify buried objects and materials for guiding subsoil sampling. -- 
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Half-Life: The time it takes for half the atoms of a quantity of a &cular radioactive element 
10 decay into another form. Half-lives of differcnt isotopes vary from millionths of a second or 
less to billions of years. 

Hot Spot: Small, isolated location where radiation or radioactivity level is higher than the 
guideline level but satisfies other conditions (see Sections 2.2 and 8.6.2). 

.- I 

Inventory: Total residual quantity OP Pomerly licensed radioactive mattrial at site. 

License: ~uthorizaoion by NRC to possess, use, transfer, e&- mdioactive mter ia ls  for specified 
applications and under established conditions. 

Qp@ity~Assurand.Quality Control= A system of proccdures;-chccks; audits, and cortecbv ' e  
d o n s  to ~ ~ r t h a t - d t s i g n Y ~ o ~ ~ ~ ; ~ r n o n i t o r i d ~  and 
reporting activities are of the highestachievable qualiiy.,' 

Radionuclide: An unstable nuclide that undergoes radioactive decay. 

Release Criteria: Numerical guidehe far direct radiation levels and livefs' of radioactivity in 
soil on surfaces which are considered to be acceptable within a given set of conditions and 
applications. 

REM ~oentgen Equivalent Man): A quantity used in radiation protection to express the 
effective dose equivaht for all forms of iunizing radiation. It is the product of the absorbed 
dose in rads and k to rs  related to relative biological cffcctivenas (sa also Dose Equivalent). 

Remediation: The removal of contamination from a site. Also known as Remedial Action and 
decontamination. 

Remediation Control Survey: Monitofing the progress of remedial action by rtal time 
measurement of artas being decontaminate to determine whether efforts arc bdng effective and 
to guide further decontamination activities. 

Removable Activity: Surface activity that can be removed and collected for measurement by 
wiping the surface with m&eratc pressure. 

Restoration: Actions to return a remediated area to a usable state, following decontamination. 
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Roentgen (R): Unit of exposure. One roentgen is the amount of gamma rays or X-rays requid 
to produce one electrostatic unit (esu) of charge of one sign (either positive or negative) in one 
cubit centimeter of dry air under standard conditions. 

-: An evaluation technique performed by moving a detection device over the surface at 
some consistent speed and distance above the surface to detect elevated levels of radiation. 
Scanning provides qualitative or semiquantitative, rather than quantitative, data. 

Scoping . . . .  Survey: A s w c y  that. is conducted to... identify :which .radionuclides are.present as 
con taminants; relative ratios in which they 'occut, and the 'general .levels. and extent'.of the 

ts. -. con- 

Soil Activity' (Soil Concentration): The level of radioactivity present in soil.mdiexpressed in 

i.$9;,~i;?&f;~p;~, "I:,L., .a. ?.:&<z:y 
ndron,ibuildingior.quipmuit ~~MICCS~ and expressed ,in';units 

- .  . . . . .  . .  . .  ..- :... .... . . . . . . . . . . .  ..:,-. . :  * ,  . I '  i X . . ! .  .......... - .. - 
- 1 . .  ..:.:. .... ..e ; .. i .-. .._, ii .i - .,:., '. 

cally picocu.ries per gram @Ci/g) ] .  . 

* ' $ '  ::I:... .i-. i': ..-;< ... 

i m l 1 ~ ; d i s i n t e ~ t i o n s ~ ~ ~ ~ m i n u ~ p u  .:IO0 ' c d :  (dpd  lod'tm~ 1; ... 

Source Material: Uranium and/or Thorium other than that classified as spccial nuclear 
material. 

Special Nuclear Miterial: Plutonium, U-233, and Uranium enriched in U-235. Special nuclear 
material is generally considered material capable of undergoing a fission reaction. 

UlW&IlCM ' Use: Use of a former radioactive materials site without requiE.ments for future 
radiological controls. Also, known as Unrestricted Release. 
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Appendix A 
Determining' Site-Specific Guidelines 

-. 

When multiple radionuclides afe .  p.mnt, the . . . . . .  sum . . A i  of.:qtios.. -.. ~ of...,he2+xycentration of each 
radionuclide-to its respktive' guideline must not exceed .l. ... mt , i s : ' ,  

.... 

-_..,.. ..... ",. . .  . . . . . . . . .  

. . . . . . . . .  . . . . .  . .  . . I _  .....';... i... . . .  (A-1) . . . . .  .._ . . .  
. . .  ... . . . . . .  ....... ..... - ..- . . . . . . . .  ,, _; ,~ .*, :.,: : i ..;. ... . .  

n - .. 
+... - 5 1 =* ct 

G, ' e 2  . . GI ,: ,,?> . ,. . : I ' . .  : 

- + -  

where 

C,,2..m is the concentration of radionuclide 1,2,. . .n 
G1,2...n is the guideline value for radionuclide 1.2 .... n 

The presence of multiple radionuclides may require the development of site-specific guidelines 
based on relative ratios of their contributions to the total activity level. These site specific 
guidelines would provide the basis for comparisons with field measurements and for acceptance 
testing of survey results. The Manual user should consider that different radionuclides or 
radionuclide combinations may exist on different portions of the site and more than one set of 
guidelines may therefore be required. 

For sites with multiple radionuclides, only those radionuclides remaining at the time of license 
termination, which would contribute greater than 10% of the total radiation dose from all 
contaminants or which are present at. concentrations which ex& 10% of their respective 
guideline values, need be considered as significant contaminants. 
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Surface Activity Guidelines 

For simplicity in application,' radionuclides with comparable guidelines may be grouped, so that 
one guideline can be used for more than one radionuclide. If all significant contaminants are 
from the Same group, the guideline level for that group may be used. For situations where 
radionuclides from several different groups. with;..different guideline levels are present, a site- 
specific guideline+ I._. .. lev@ *... can. be developed.:: T h i s . q p m h .  . : 3.. . . . ... enables, field measurement of gross 
activity, rathefthh-detkirriinatidn of hdividual radionuclide actidty for comparison to a release - 

guideline. The gross activity guideline for surfxes with radionuclides from different groupings 
is calculated as follows: 

-. . .  ~ .... : ..,_ . . ' .  1;. '. ... iDek-6 thi!.f&i&ve!'fractibn :'(fj'?of th i  total &tivi'iy, contributed ,'by each 
. .  . . . , . .,!.. ,. , ..-...,..-., i. : I .; r . .  . . . I . .  . .  . .  . ._ .  radionuclid&'-'&,p.. >.  _. +...'. ... :. . .  :.,... i .  . 

. 

2. Obtain the guideline level (G) for each of the radionuclide group present from the 

Substitute the values of f and G in the equation. 

NRC guideline tables., -&I . - 
- - 

3. 

(A-2) 

Sample calculation: 

Assume that 40% of the total surface activity was contributed by a radionuclide with a 
guideline level of 5000 dpd100 cm'; 40% by a radionuclide with a guideline level of 
lodo dpd100 cm2; and 20% by a radionuclide with a guideline level of 
500 dpd100 cm'. 

1 
0.40 0.40 0.20 

Grasp Activity GuiciCline = 
- + - + -  
5000 1000 500 

= 2100* dpd100 cm' 
* rounded to 2 significant figures 
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Soii Concentration Guidelines 

Concentrations of specific radionuclides, rather than gross activity, are measured for soil. The 
combinahon of all Significant radionuclides must satisfy equation A-1. For a mixturt of 
radionuclides present in known, relative fractions of the total activity, the site-specific guidelines 
for each radionuclide arc calculated by first determining the gross activity guideline &g 
equation A-2 and then multiplying that gross guideline by the respective fractional contribution 
of each radionuclide. For example, if three radionuclides with guideline levels of 50 pCi/g, 25 
pCi/g, and 10 pCi/g are present in activity ratios of 4096, 4096, and 2046, respectively, the 
gross activity guideline: 

* -  

i 

Grass Activity Guideline = 1 
0.40 0.40 0.20 - + - + -  
so 25 lo 

- - -  
= 22.PpCilg - 
* rounded to 3 significant figures 

-. 

.... 

. 

The site-specific guideline levels for each of the conmbutory radionuclides, when present in the 
given activity ratios, would then be 9.1 pCi/g (0.40 22.7), 9.1 pCi/g (0.40 22.7) and 
4.5 pCi/g (0.20 22.7). 

-_ 

Determinin g such site-specific guidelines enables an evaluation of site conditions based on 
analysis for only one of the contributory contaminants, provided the relative ratios of the 
contaminants does not change. 

Exposure Rate Guideline 

The exposure rate guideline is independent of the radionuclide source. A sitospecific guideline 
level does not, therefore, have to be developed to account for multiple radionuclides at the site. 

-- 
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APPENDIX B 

Statistical Tables 
for 

Guideline Com par ison 
and 

Sampling Frequency Estimation 

-. . 

... 

..._- 
. .. 



TABLE B-1 

Factors for Comparison of Survey Data 
with Guidelines and Determining Additional Data Needs 

15 1.753 2.131 

16 1.746 2.120 

17 1.740 2.110 

18 1.734 2.101 

19 1.729 2.093 

20 1.725 2.086 

21 1.721 2.080 

22 1.717 2.074 

H 23 I 1.714 I 2.069 

I I 24 1.71 1 2.064 
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TABLE B-1 (continued) 

Factors for Comparkon.of Survey Data 
with Guidelines and Determining Additional Data Needs 

._  

, . _ .  . 

‘Degree of freedom is the number of items of data minus 1; for values of degrees of 
freedom not in table, interpolate between values listed. 

Reference (Gilbert 1987) 
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TABLE B-2 

S 

Factors for Estimating the Number of 
Sampling Locations for Guideline Comparison 

0.05 

0.10 

I I 

3,422 

856 

ll 

0.15 

0.20 

0.25 

c, -x 

380 

214 

137 

n 

. .  ;..,:, . . ' i ~ . " . rS  . 

0.35,:'; . . . . . . . . . .  . . . .  +;, .. 
0.45: 7.: ..... . .  . . . . .  : . .  

0.40 
. . . . . .  ..- 

... 
. . . .  . . . . . . . . .  % 

0.50 

0.55 

e .  

. _- -_-. 
.>~".':'. +:.- 70 - 

53 

42 

34 

28 

..'(.$' :; ,:.: 
...<-..- .-- . 

. . .  

0.60 

0.65 

24 

20 

1 

95 
I -  . -  It 0.30 

0.70 

0.75 

' 17 

15 
~~ ~~ ~ ~ ~~~~ 

0.80 

0.85 

0.90 

0.95 

1 .oo 

~~ 

13 

12 

11 

9 

9 
~~~ ~ 

Cx = Concentration or activity guideline authorized by NRC 
X 

= Mean concentration or activity determined for the survey unit.- 
= standard deviation of the concentration for the survey unit. s 

n 

Reference (EPA 1989) 

= number of samples to demonstrate meeting the cleanup guideline, assuming a 
desired false positive rate of 5% and a false negative rate of lo%, Le. [Z,95 Z.,]. 

-. 

.... 

. -- 

I.- 
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preface 

An example of a final Status survey plan for a reference uranium fuel fabrication plant is 
provided in this Appendix. 

The major features used in the site description, such as plant design, radionuclides used, 
operations conducted, wastedisposal practices, levels of radionuclides remaining, etc., were 
taken from reports prepared for the NRC for the purpose of evaluating the technology, safety, 
and costs of decommissioning. The specific source documents were: MIREGKR-1266, 
Technology, SaJev, and Cosrs of Decommissioning a Reference Uranium Fuel Fabiicm-OPP Ham, 
and NuREG/CR-2241, Technobgy and Cosr of Tennination Surveys Associored with 
Decommissioning of Nxlear Facilities. 

Some alterations of and/or additions to information from these documents have been made, 
however, to demonstrate principles and procedures given in this manual. Care has been taken 
to ensure that these additions represent typical conditions that could be expected at the reference 
facility. To enhance readability, the tarm "reference" has been used as though itGe&he name 
of the facility; e.g., Reference Uranium Fuel Fabrication (RFF) Plant. Also, a fictitious 
company, e.g., General Nuclear Corporation, has been named as the owner and operator of the 
plant, and fictitious personal names have been included to present a more realistic example of 
a termination survey plan. Fictitious names and titles are shown in italics. 

-. 

.... 

. ._ 
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1.0 . Background Information 

The Reference Uraniwt Fuel Fabncan'on Plant (RFF) in Yorktown, Pennsylvania was 
built between 1960 and 1964 and was operated from 1964 until mid 1985 by the Genet& 
Nuc leu  Coprufion. operating under NRC License XXX-100, Docket No. 00-000, the 
plant converted nahrral and enriched uranium hexafluoride (UFd to uranium oxide (vq), 
formed the UO, into pellets, and incorporated pellets into fuel rods and bundla. 
Auxiliary facilities were used to recover uranium h m  scrap and waste materials. The 
primary method involved the hydrolysis of u F 6  to ammonium diuranate (mu), which 
was then reduced and calbed ts pmduce dry UO, powder; the secondary process was 
the conversion of u& to U,O, in a flame conversion reactor, followed by reduction to 
UQ provider in a reduction-calciner. Two processes were used for the m6 10 U Q  
conversion. 

In 1985 the plant was shut down and nuclear materials were removed and shipped to 
Department of Energyifacilities in Idaho Falls, Idaho. The plant remained in the shut- - 
down state until 1986, when decommissioning'efforts were initiated. Pmeess-equipment, 
fixtures, piping, etc., were removed and disposdd of as radioactive waste. Buildingsand 
adjacent grounds were~characterized and those ar;#s exceeding NRC guidelines for 
liceqse-texmina tion-w taminated; these efforts wtre completed in late 1990. This 
document describes th for conducting the final s& survey of the site. Supporting 

ted in the Site Decommissioning Plan, prepared and submitted to 
1986, ahd in the CharactuiZation Survey Report, submitted in February 

- 

-- 

_ -  

. .: <.:: , > '  
:-, . . , .. , .. 

2.0 Site Inforination 

2.1 Site Description 

The Refeturcc Uranium &l Fabrication P h  is located on a total land area of 
approximately 470 hectares (1160 acres); there is a moderate size stream 
(Wandering River) running through one corner of the Site (Figure 1). Actual 
plant p d g  -tics are on a much smaller, restricted, faced-in area of 
approximately 30,OOO m2 (3 hectarcs). The plant area occupies a low bluff that 
forms a bank of the river9 and several flat alluvial turaces comprise the anaisa 
topographical fcatures'of the property. These tenaces lie at average dcvations 
of 280 to 284 m above sea level and slope away from the river at grades of 2 to 
3 percent. The river is used for disposal of acceptable liquid effluents from the 
on-site liquid waste systems. 



t 
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The major structures in the restricted processing area include the main building 
(With intcramected chemiWmetal laboratory and uranium scrap ncovery and 
powder warehouse rooms), an incinerator building, a maintenan& building, and 
a filter house (Figures 2A & 2B). 

- house, a fluoride and nit&c waste 
_ -  - ._ Auxiliary fadities are located outside the fenced area. These include a boiler 

d e a  boons, liquid 
yaitc treatment lagoons, a sew a t  p h t  and sanitary lagoon, 
te uranium storage pads. The fkcilitics were used to r e c ~ v u  

uranium kern scrap and waste anakxid~ and to recover valuable chemicals from 
gaseous and liquid wastes. 

- 

of 0.2 Ci of - 

d subsequently deposited on the 

,?.in accordance with - 
disposed of at an authorid ~ 

_ _  an estikted W-activity of 

AlthOu&'the site has been 
ty would,change-vcry- little 

In the opinion of the licensee tl: Ih been decontaminated t u a  level 
which satisfies the current NRC guidelinis and is ready for a terminati on survey. 
As part of the decommissiOning acti~tik, proces3 equipment and supporting 
fixtures were removed fiom radioactive mataials areas and clcar~rrl and A d  

have been stripped of coatings by grit blasting or use of chemical agents. 
Contaminated surfaces identified by the c- * 'on survey have been cleaned 
or removed. 

or disposed of as radioactive Potdally con- siructural sudaccs 

The on-site shallow land burial was excavated. Facilities used for processing of 
potentially contaminated efflucnes such as the lagoons and sewage treatment plant 
have bear chvacttslzed , and, where ncctssary, decontamination has been 
p&ormal.- S& contamination in the vicinity of process building was identified 
and removed to depths ranging from 5 cm to 1.5 m. 
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3.0 Final 

3.1 

Details regardingy&c - I  i. decontamination actions will be presented in the Final-Site 
Decommissioning Report, currently in preparation. 

Status Survey Overview 
v i  ’ .... ..I..> . ... . . . . . . . .  

Survey ObjectivG” 

The . . . . . . . . .  purpose of the final status survey is to demonstrate that the radiologid 
ciinditions.at thi-Refemtce Uranium Fuel Fabricasion P h  satisfy the NRC 
guidelines .and that .the plant .Site can, therefore,. be .released... from licensing 
restrictions for future use without radiological contrpls. The.spex5fic objedves 

-. 
... 

.*,: 4..4..- 

of the survey are to show that: 
.. ... .+ ..-:-&-’ 

. .  . .  
. .  . Y’.< .. . . :. 2. 

. .  
. . .  ........ A. Surface A c t i ~ ; i t y ~ o f ! f , B u i l d g s ~ ~ d . - S ~ ~ ~  . 1 . .  * .  .....-....+. :. :,,. ..._ ;:. . 

; ...:- 
. a .  

. . .  ... 

..... 1. i sukace -. . con&ina.tion leirels for each . .  survey. -u , _._- unit. arc 
.. _. - 

,.. 

e autho+ Valus-.,;! f: -++ 7 “I, 

. 
..... . .\_.. 

. * ,  . I  
. .  

2. 

. -  

3. R&nable .efforts have. be!en’ .\..., . madil. .........I .. to clean up .removable activity 
and acti~;ity removable Gd&G*d activity ......................... does not’&&& _. . ..__^.._.. 2096.of . . . . . . . . . .  the average surface 

... 
. . .  . .  , . ..--.”.>.:_.;,..- . . . . . . .  

B. Volume Activity of Soil and Building Materials 

1. Avcrage radionuclide concentrations an within the authorized 
value. ‘Averaging is based on a 100 m2 grid area. 

2. Reasonable efforts have .been made to identify and remove 
hot-spots that may exceed the average guideline by greater than a 
factor of (IOWA)* , when A is the area (in rn? of the hot spot. 

C-6 



3. Exposure rates do not exceed 5 pR/h above background at 1 m 
above the surface. Exposure rates may be averaged over a 100 m2 
grid areas. Maximum exposure rates over any discrete area of 
e 100 m2 may not exceed 10 pR/h above background. 

The above conditions will be demonstrated at a 95% confidence level for each 
survey unit as a whole. 

Finally, the survey data will be used to calculate the total inventory of residual 
xtbity h m  licensed site operations. 

3.2 Identity of Contaminants - 

urn is enriched in - 
U-234 and U-235 

. . ,  . .  

. .  . .  . .  :.: ' u-234. . . *  . , , . .  

U-238 ;'-' ' 

- U-235 
I >' 

. .  
i ,  ' .. 

: On ' the basis of this cbmbination-of contaminants .the' surface contamination 
guidelines for the site are: 

dpd100 cm', average over 1 m2 
dpm/100 cm', maximum over 100 cm2 
dpd200 cm', movable - 

The soil contamination guidelines are pCi/g, average total uranium. 

In addition to the radiological contaminants the site contains soil areas of nitrate 
and fluoride contamination. These areas will beaddressed in accordance with 
aequifemcnts of the Commonwealth of Pennsylvania and the U.S. Environmental 
Protection Agency. 
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3.3 Organization and R&ponsibilities 

The survey will be performed by a team composed of qualified personnel 
currently employed by the RFF Planr and General Nuclear Corporation. This is 
the same organizational. structure which conducted the characterization survey 
activities. Figure 3 is an organizational chart for the survey activities. 

The team will operate under the supemision, of Dr. Allen Bakock,  Nuclear 
~ngineer for General Nuclear Corpomn'on. Dr. Babcock will have the authority 
to malre appmpriatc changes to the survey plan (subject to the established QMQC 
program) as deemed ntceSSary asthe,survey p r o g e .  

..._ collection will be 
. __ . .  . 

__. . - .. -. 

activities':for C - : P .  2.. both in-hou+ianalyses . and the contractor laboratory services of 

QA/QC'.rcsponsib~ties whii be handled by a .QA ,officer whose work 
.rtsponsib@g~~%.iQth from:thosq:on,@mmination swvey team. 
Mr. John Perkim from the ty'ksuqncc~~'&ty'~ontrol office will 
m e  as the QA officer and will, h that'.ca@ty, coordinate all interface 
requj rcments ,d~g the.suxyey process and name members of the QMQC team 
as.needd::..QA/QC . ::.,.: _.... < %  proccdu& willbe adopted.from the ANSYASiU NQA-1, 
Qual@ .mgF Reqdremem for Nuclear Facilities (ANSI 1989) and 
wherc applicable, Reg. Guide" 4.15, Quality Assurance for Rodiotogical 
Monitoring, P m g m m s - E m n t  Stwams and the En~yunent (NRC- 1979). Any 
changes or alterations to these procedures will be handled in the same manner as 
changes to survey procedures, except .that approval: wil l  be required at a higher 
level of management.'. All changes from procedures will be documented and wi l l  
become a part of the final rcport submitted to NRC. 

 AM&&^. ,OpemriOnr, I ~ c ,  +:: .. .. . .: . . ......+ 
I. .. ..3 i : ..- . 

- .  . . .  

Mr. A1 Hillmun will provide expertise on Health and Safety issues for the survey 
process. Mr. H i Z h  currently serves as a Health and Safety officer in &nerol 
Nuclear's Envimnme~d Safety Division. Health and safety considerations for 
workers and for the general public arc incorporated into the survey plan. The 
General Nuclear Corporation Health and Safety Pmedures Manual will be used 
as procedural guidelines, since this manual is both based on industry standard and 
already encompasses specific plant areas and conditions. 

-- 
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. ,->-  - -2 . .- - 
Qualifications of each key team member were presented in Attachment 1 of the 
decommissioning plan and the characterization survey report, previously provided 
to the NRC. 

3.4 Training 

The Reference Uranium Fuel Fabrication P h  provides continuing training for 
its health physics personnel and-other workers who may be exposed to radioactive 
materials. Training varies according to potential exposure and the M~UR of the 
employee's job duties. In addition to the regular training, spa5al training will 
be provided on equipment, special *-qucs, and practices relative to the survey 
activities for those e r n p l o y ~ ~ y h o ~  W i l l  be involved ,in taking radiologid 
measurements and samples. 2Ul~memM of the final status survey team will 
attend an in-house t r a i n i n g ~ o n - - ~ e w i n g  radiation protection, survey 
procedures, and quality asskance-actibitie. Doqmentation of training 
participation and results of tesfKniFidi?rdo~~-~owledge and skills wi l l  be 
retain& in the General Nude& Corporadon trainiig fil?. u -  

... .. . ,  
*I 

-. 

.. . 

.. 

. .  

standard Plant 
procedures G 

will be conducted.by a contract laboratory, AnuZydcul 
programs for both in-house, and-.con.tractor .labo$tory services will be moiitored 
by the QA'coordinatcjrof the termination survey..team. .! ., 

3.6 General Survey Plan 

This survey plan consists systematic procescs and procedures that have been 
deemd acceptable by industry standards and the NRC. Activities (organized 
units of work needed to complete a function) have been defined and task3 
(specific work assignments within a specific activity) have been delegated to the 
appropriate team members.. Table 1 provides a breakdown of activities and tasks 
that arc cunrntly a part of the termination survey plan. 

-- 
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TABLE 1 

OVERVIEW OF MAJOR ACTIVITIES AND'TASKS 

I 

Evaluate contamination potential 

Establish grid reference system 

Determine background levels 

Perform direct measurements 

Collect Samples 

analyze samples 

Interpret data 

Prepare report 

1. 

2. 

3. 

4. 

1. 
2. 

1. 

2. 
3. 

1. 
2. 

3. 
4. 

1. 

2. 

3. 

1. 
2. 

1. 
2. 
3. 
4. 

1. 
2. 
3. 
4. 

Review operating history with respect to facility 
use, spills, releases etc. 
Review radiological data from scoping and 
characterization surveys. 
Identify radionuclides of concern and determine 
guidelines. 
Classify areas as to "affected" and "unaffected". 

Install-grids. 
R e b e  facility survey maps. 

, _ . .  . . . . . 
' ... . . . .. . . . , , . . .'I . .. '. . ' 

Measure rndoor exposure rates and ambient beta-' 

Collkt backgeurid , . .. . .siiil. .. h p l e s .  

. . . . . . .  
.. . .. , gamma levels, .. ,. : < ' /  . 

' ' M k u k  outd&r.exposure . .;<:, . ., rates. '. . 

..,, .. . .  

Conduct surface scans. 
Determine frequency and locations of measurements 
to meet criteria. 
Conduct surface activity measurements. 
Measure exposure rates. 

Determine frequency and locations of sampling to 
meet criteria. 
Conduct electromagnetic scans of subsurface 
sampling areas. 
Collect systematic and special samples. 

Couqt smears and swabs. 
Analyze soil, paint, residue and other solid samples 
for uranium activity. 

Convert data to standard units. 
Calculate average levels. 
Compare data with criteria. 
Compute total residue activity inventory. 

Construct da4 4bles. 
Develop graphics. 
Prepare text. 
'Submit report to NRC. 

c-11 
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Tasks will be performed in accordance with guidelines stated in the Manuolfor 
conducn'ng Radiological Survey in suppon of License Ternhadon. NUREGICR- 
5849. 

Section 4.0 - Planning and Designing the Final Status Survey 

0 Section 5.0 - Radiological Instrumentation 

Section 6.0 - Survey Techniques 

-. 
Section 7.0 - Sarriples Analysis 

Section 8.0 -'lnkrpktation of Survey R&ulk' 
. ',;.!'" . _... . ~ . .: .. .. . . .. . 

. 

: .. . . i  - 3.7 Tentative Sch 
. -- -.- 

~ l e d  to begin in February 1991 and, cornpletba-by 
A milestone chart showing tentative' dates for 

on survey activities is shown in Figure 4. 

., 

,, . . . .  . A * .  . . _  . . .  
. .  ., . . .._- 

3.8. : Survey . _ . .  Ep0i-t'"'' ..... , -.. . ..: . ,::. 

A report, describing the survey procedures and findings, wi l l  be prepared and 
submitted to the a C  ... - Report format and content will follow the 
recommendations contained in M& for conducrng Radiological Swveys in 
Supporr of U c m e  Tenninclrion, NUREG/CR-5849. 

4.0 Survey Plan and Procedures 

4.1 General 

Due to the nahrre of the operations and the estimated extent of airborne 
con taminatiOn, both main plant and auxiliary facilities must be surveyed as well 
as any potentially contaminated surrounding land areas. The number of sample 
takm per area in thl total Mlity will be stratified based on the potential for 
ruidual radioactivity. Contamination potential has bcen based on a . .  review of site 
history and the results of the preliminary assessment and chammzab on survey. 
Additional information on classifications is provided in Section 4.3.1 of this plan. 
To the extent that locations of measurements or sampling in support of 
characterization, remedial action control, or other previous surveys have not been 
disturbed since those earlier surveys and the radiological SMMS would therefore 
unchanged, that data will be utilized in support of the termination survey. 

I -  
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ACTIVITY / 
MONTH 1991 

Evaluate 
Contamination 
Potential 

Establish Grid 

Determine 
Background 

-Perform Direct 
Measurements 

Collect Samples 

Analyze 
Samples 

Interpret Data 

APRIL 

I : ..* . .  

..'. JULY 

. .  

< ---- 

FIGURE 4. MILESTONE CHART FOR T ~ R ~ I N A T I O N  SURVEY ACTIVITIES 

i 
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4.2 Instrumentation 

Table 2 lists the instrumentation to be used for the survey activities, along with 
typical parameters -and. detection sensitivities for the instrumenpaion and survey 
technique. The combination of instrumentation and technique were chosen to 
provide a detection sensitivity of 25% or less of the guideline levels. 

The basic equation for determining field instrument detection limits is: 

2.71 + 4.65 ,/Bac&owui MDA. - 
probe area 

100 
cowuing time eficiency e 

.... : .. . 

. __ . .  
., . 1 

. .  .! 

;.a 

. . and backgroaqd checks will be:, pcrformedr at least once each: 4 hours oi. 
.. .. ... . . .  insmimat .use: _ _  -_ .:... ' . . . . .._ .. . . . 

4.3 Survey Plan 

4.3.1 A n a  Classification 

For purposes of establishing the sampling and measurement frequency and 
pattan, the site has been divided into and unaffected arms. The bases 
for thesc classifications are: 

0 affected am: Areas that have potential radioactive contamination (based 
on plant operating history) or known radioactive contamination (based on 
past of 'preliminary radiological surveillance). This includes areas w h m  
radioactive makrials werc used and stored, wherc records indicate spills 
or other unusual occumnces that could have resulkd in spread of 
contamination, and where radioactive materials were buried. Areas 
immediately surrounding or adjacent to locations where radioactive 

. . .  
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- . .  .- . 
t. .. 
e .  . 

mateas  were used or stored, spilled, or buried were included in this 
classification because of the potential for inadvertent spread of 
contamination. 

e unaffected areas: All areas not classified as affected. These areas are 
contain residual radioactivity, based on a knowledge of not expectkd 

site history and previous survey information. 

Table 3 lists the various site areas in each classification category. 
_. . 

. . . . . . .... . 

.. .. 
4.3.2 Refennce Grids - . - : :  ._.. ... 

_ _  
ferepcing l&tions of 
-&ma and other ' ' - fo~ -  site features. +zdual - 

. (See Table 3). All affected 
2 m) su&<will be gridded at 

f;af!fW &e!as wiu.& be 
r&ve ofthe giiii&e. 

n a f f i c ~ ~ &  or those 
areas that kve' not:bein Cbnta;minated a s a  

will.not be &ridded; m e m e n t s  wih be 
referen@ to, other grid systems or to prominent building: feahrres. 
Affezted''outsideareas will be gridded at 10 m intervals; unaffected areas 
will not be-gridded. This grid system is ideirtical to the one ued during 
the characterization survey and the -remedial. action activitikq where 
necessary the earlier grid will be reestablished, exparided, or subdivided. 

The fhcility will be divided into "survey units" having common history, 
contamination potential, or that are naturally distinguishable from other 
sites areas. These survey units will be sired to assure a minimum of 30 
measurcmcnt locations each for floors and lower walls, other vertical 
surfaces, and other horizontal surfaces. 

Areas identified by scans or direct measurements or as exceeding 
guidelines wil l  be reclassified as affected areas and will be gridded and 
resurveyed accordingly. 

. .  . .  
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TABLE 2 

INSTRUMENTATION FOR RADIOMGICAL SURVEl S 

Surface scans - alpha 

Surface scans - beta 

Surface activity - alpha 

'Nominal Values. 
-Monitoring audible signal. 

4 minute integrated count. 1 I 
I I 



....... . . . . . .  

Plant Area Bldg. or Facility 

TABLE 3 

CLASSIFICATION OF RFF PLANT5SURFACES 
AND AREAS ACCORDING TO CONTAMINATION POTENTIAL 

Restricted Process Bldg. 

I* i- 

Room or Area Classification of Remarks 
Contam!mitton 

Pote;i'tial 

Powder Warehouse I Affected : I  II 
. .  . . .  A;&ed 

uF6 Cyl. Storage 

UF6 Vapor. Rm. Affected . . 

. . . . . . . .  

. . .  ." . , . .  

Hydrolysis Affect@ 

Precip. & Digestion ' Affected 
. . . .  . . . . .  . .  . . . . .  . I '  

. . .  , . :.. ' i ' , : !. . .  : <  ., .,> . 'I 7 ,; 

2nd stage Centrifuge Affected 
. . .  . . .  .. ........... , 

Reduction Cal;cu'lation Affected. 
1 Slug Pressing . Affected 

FIame.Conv;.Reaction i -Aff&$ ! 

.Uranium Furif. System ! 

Pelletizing. Room Aff.& i -  

'. 

.' 
! '  . . . . . . .  

' i ' 
. .  ,Aff&*@ ::-... 

. . .  
. I  . 

Blending . ' .$AR,$& j 
. .  . . . . . . . . . . . . .  



.TABLE 3 (Cont'd)''-' ......... . . . . . . . .  " 

. .  "f :.: f , 4  i \;; 

CLASSIFICATION OF RFF.PLAN~SU~FACES; 
AND AREAS ACCORDING TO CONTAhhINAfiON POTENTIAL 

. . . . . . . . . . . . . .  
" -" ; . y  

.r.l:..+,,9..:-,.,~...,. . . . .  

n 
c 
00 

. ! .  * 

' j  

i ! t 
1 I 
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TABLy 3 (Cont’d) ’ 

CLASSIFICATION OF RFF PLANT SURFACES 
AND AREAS ACCORDING To CONTAMINATION POTENTIAL 
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TABLE 3 (Conl'd) 

Plan1 Area 

Restricted 

u NeS t t ic ted 

CLASSIFICATION OF RFF PLANT SURFACES 
AND AREAS ACCORDING TO CONTAMINATION POTENTIAL 

Bldg. or Faality 

Filter House 

Former Waste 
Burial Site 

Grounds Adj. to 
hoc. Areas 

Liquid Waste 
Transfer Line 

Other Buildings 

ROO& 

Sewage Trmt. 
Plant 

Grounds 

. Classification of Remarks Room or Area 
Contamination 

Potential 

Entire interior Affected 

Roof Affected 

- Affected 

- Affected 

- Affected 

Soil ' I  Affected I upper surfaces not affected. 

Paved Areas Affected Upper surfaces not affected. 

Entire Interior unaffected Upper surfaces not affected. 

Unaffected Upper surfaces not affected. 

Entire interior Affected Upper surfaces not affexted. 

Roof 

Entire Unrestricted 
Plant Area - Upper surfaces not affected. 

0 

i 

! 

i ! I 
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4.3.3 Surface Scans . .. 

Scanning of surfaces to identify locations of residual surface and near- 
surface activity will bepiformed according to the following schedule: 

Affected Area Surfaces - 100% of surface 

Noncontaminated upper surfauk in affected areas - scans in immediate. ii..ty of m&u&me.nt 
1. . . .  

_. 
Unaffected Area Surfaces - lO%"ofiower surface 

Building ~ inmot ,. sm 

for k&5-dFg&ma,+z.& 
ducted for alpha, beta; and 

and.paved surfaces will be 
will be scanned for'gamma 

.--. 

. __ gamma radiations. Scans 

radiations only. 

Instrumentation for scanni . The instruments having '. 

. -- ...- .- 
._ .. 

'fof'he scans, wherever 

etector width per second for 

will be used to identify 

radiation, All Scanning results will be-noted on standard field m r d  
forms; locations of elevated -radiation.'-'will be identified for later 
investigation. 

-nd for gamma , 

. .  

4.3.4 Surface Activity Measurements 

Direct measurements of alpha, beta, and/or beta-gamma surface activity 
will be performed at selected locations using instrumentation described in 
Table 2. Unless precluded by surface conditions or physical parameters, 
the most sensitive of the instruments listed for surface measurements 
(Table 2) will be used. Measurements will be conducted by integrating 
counts over a 1 minute period. 

Because scanning techniques are capable of detecting-residual uranium 
activity at <25% of the guideline level, direct surface activity 
measurements will be systematically performed at 2 m intervals on floors 
and lower walls of affected areas and at the same intervals on upper 
surfaces that may have residual activities in excess of 25% of the 
guidelines. 

-e 
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On upper surfaces of affected -..which.= not inspected of residual 
activity, meaiurements will be performed at a minimum of 30 locations 

vertical. . . . . .  and horizontal surfaces. These locations will include . 

whm radioactive nqterial would likely settle, and sufficient 
additional I h t i o n s  16 provide'coverage at a min imum'aveqe  of 1' 
10~3tion per 20 .m2 .of. SW acta. 

,.a, minimum of 30 random measurements 

be performed for each survey unit. These 

, 

.> . ., . , ~ ' .  . . . . . . . . . . . . .  

. . :. >. .' 

6tlof .... 1 .per. 50 m2 of building surface area, 

. . . . . . . .  :. .......... . . . . . .  . .  
-. 

locations wi&.Snclude all, b@@ng,,surfaccs:- 

be performed at each . __ 

. _- __- 
_. .. 

. .  . . .  . .  >.. .j . :'&+%~;J?-{.G&: ijnr 
Gamma expos '-at 1 m above ground or floor 

iZ.: ;.enrichment uranium energies. 
- . i  : ..;r.-.i.. +~~~ .... ;+..s< + g . a . . p ~ ~ + w  .... :, i@+ion:chamber or a g a m 6  scintillation 

::spaced:acCording to the following 
, .  

- L  . . .'I . . 
Buildinghterio~.. . . .  . .  

Affected Areas: 1 measurement per 4 m2. 
Unaffected Areas: 1 measurement per 200 m2. 

Grounds 

Affected Areas: 5 measurements per lo0 m2 grid block. 
Unaffected Arcas: 
locations. 

50 measurements at randomly selected 

-- I 
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1.3.6 SoiYSediment Sampling 

surface 

Samples (about 500 grams each) of surface soil (0-15 cm) will be 
systematically. collected from. be center and 4 points midway between the 
center and the bldck corners for'-e&h' 10 m x'10 m grid in affected areas. 
Fifty samples will be obtained frpm , F d o m  .locations in unaffected areas, 
outside the restricted plant Sit&'- 'SainP1eS'''will .be collected at 10 m 

.former waste proussing 
natural surface drainage 

- 

, contact gamma ' -: 

to determine whether .... 

. -- 

nedat theoutfallof - ' H- m..-npstream 
_- - 

theRivercenter. .- 

locations of the former 
y excavated underground 

ponds. These locations 

objects remain and to 
. Subsurface samples 

an) and at 1 m intervals 
to a depth of 7 m at the form& burial-site and liquid waste lagoon areas; 
along the path of the previously excavated liquid wastc transfer piping, 
sampling will be at 1 m intends to a depth of 3 m. Ten, uniformly 
spaced sampling locations w(iu be selected in the former burial site and 
twenty uniformly spaced locations will be selected in the area of the 
lagoons. In addition, two sampling locations wil l  be selected on each side 
around the perimeter of these facilities, to confirm absence of subsurface 
migration. Subsurface samples will be obtained at approximately 6 
locations along the former waste transfer piping system. 

magnetic sensors 

, using the split-barrel 

Following sampling, a gamma scintillation probe will be inserted into the 
borehole and relative count rates determined at appreximately 50 cm 
intends between the surface and the hole bottom. This data will assist 

I -  
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in evaluating the presence of residual radioactive material in vicinity of 
the sampling location. If results arc positive, additional subsurface 
sampling will be conducted to define the area of residual contamination. 

, 

..< . - . 

4.3.7 Special.Mhwents .-  . ..<,'. . _  . . ahd ... . .  Samples .. . 

, ..'. . :..>;> ... : . .. 

on lower walls in 
paint fl&(jhmh&d sample per 10 m2 -. 

. .  ty measurements suggest 
. __ 

.excavated @-the.&lalytical . 
ge Room. facilities wiU 

'besam on and at approximately 
,,, - - 

3 m intervals along the ~ 5 %  %onsT-(C&v&on, powder handling. and 
-s other product proccssing facilities d i ~ f i o ~ ~ e 1 s i b f l o o r  piping.) -&er 

reniaining drains and piping in.  affected. areas will be accessed, direct 
n k t a t  a~ - 
, using a plumbers 

t: . .  

other interior surfaces in 
d contamination, w i ~  be 

and removable activity 
des of wall and floor 

. .  . .  or expansion joints. 

Ftoor bru will'be removed from 10 locations in the artas where 
c o n v d o n  was'performed; gamma scans of subfloor soil will be 
perfonncd'axui soil 'bnples from the flckdwil' htaface and 0.5 m below 
the iriterface will be co~ccted it each coring location. .~dditional floor 
Coring'& subfloor .sampling will be conducted, if surfact scans and 
measurements suggk subfloor containination. 

Measurements of direct and removable activity will be performed on 
exterior and interior surfaces of air exhaust equipment and at 
representative locations on roof drains. Samples of roofing material will 
be obtained where direct measurements suggest possible entrained 
contamination. 
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Cores will be removed at 6 locations on the uranium storage pads and 
samples of subpad soil collected., Coring and soil sampling will also be 
performed on other paved outside surfaces, where scans or direct 
meas&ments suggest possible contamination beneath the paving. The 
number and location of these cores will be determined on the basis of 
findings as the survey progresses. 

4.4 Background Level Determinations 

Background exposure rates will be determined for the builqin’g interior by taking 
a minimum of-8-10 pressurized io&tion clkhiber mek&Gm&6& locations of 
similar construction but withou 

within a 0.5 to1.10 km radius2co 
performed using a pressurized- 
will be collected Erom each location of external background measurement. 
Results of background exposure rate and uranium soil concentrations wi l l  be 
evaluated to assure that the averages determined are representative of the true 
averages, using p r o d u n s  described in NUREGICR-5849. Additional sampling 
or measurements will be performed if neceSSary to satisj, criteria. 

-_ 

10 locations for area background measuremen selected - -  

4.5 Sample Analysis 

Smears and swabs for removable contamination will be analyzed for gross alpha, 
gross beta activity. Soil, sediment, gravel, roofing material, and other large 
volume samples will be analyzed for U-235 and U-238 by gamma spectrometry; 
total uranium will be calculated on the basis of previously determined 
(Section 3.2) isotopic activity ratios for this site. Samples of paint, residue, and 
other samples of small volume will be analyzed for uranium by wet chemical 
separation and alpha spectroscopy. 

Laboratory chain-of-custody procedures (GNCIRFF-HP 3.6-1988) wil l  be 
observed for all sample analyses. 

5.0 Data Interpretation 

Measurement data will be converted to units of dpd100 cm2 (surface activity), pR/h 
(exposure rates) and pCUg (soil concentrations) for comparison with guidelines. Values 
will be adjusted for contributions from natural background. Individual measurements 
and soil levels will be compared with “hot-spot” criteria. Average values for survey 
units will be determined and compared with guideline levels. Data for each survey unit 
wil l  be tested against the confidence level objective, using guidance and procedures 
described in NUREGKR-5849. ~ 

-- 
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Additional remediation and/or further sampling and meaSurtments will be performed 
where guidelines art not met or cannot be demonstrated to .the specified level of 
confidence. Computations and comparisons will be repeated, as necessary. 

The average levels wil l  be used to estimate the total midual inventory of uranium at the 
site. 

6.0 Report 

C-26 



preface 

An example of a final status survey report for a reference uranium fuel fabrication plant is 
provided in this Appendix. This sample report duplicates some of the background, site 
description, and other general information presented in the survey plan for this Same reference 
facility (see Appendix C); it is repeated here for thoroughness and to provide the Manual user 
with a more complete pattern to follow during report preparation. 

The major features used in the site description, such as plant design, radionuclides used, 
operations conducted, wastedisposal practices, levels of radionuclides remaining, etc., were 
taken from reports prepared for the NRC for the purpose of evaluating the technology, safety, 
and costs of decommissioning. The specific source documents were: NuREG/cR-1266, 
Technology, SNety, and Costs of Decommissioning a Reference Uranium -1 Fabricasion Plant, 
and NUREG/c1P-224ln Techtogy and Cost of Tennim'on Surveys Associated with 

Some alterations of and/or additions to information from these documents b v e  been made, 
however, to demonstrate principles and procedures given in this manual. Care has been taken 
to ensure that these additions represent typical conditions that could be expected at the ref- 
facility. To enhance readability, the term "reference" has been used as though it were the name 
of the facility; e.g., Reference Uranium Fuel Fabrication (RFF) Plant. Also, a fictitious 
company, e.g., General Nuclear Corporation, has been named as the ownet and operator of the 

- 

- 

Decommissioning of Nuclear Facilities. u - -  - 

plant. 

-- I 
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APPENDIX D 

Final Radiological Status Report 
for 

The Reference Uranium Fuel 
Fabrication Plant 

. ... 

. __  



, 

1.0. Background Information 

The Reference Uranium Fuel Fabricarion P l m  (RFF) in Yorktown, Pennsylvania wx 
built between 1960 and 1964 and was operated from 1964 until mid 1985 by the General 
Nuclear Colporarion. Operating under NRC License ]cXx-lOO, Docket No. 00-000, the 
plant converted natural and enriched uranium hexafluoride (UFd to uranium oxide (VW, 
formed the UO, htp pellets, and ~corp~rated Nets into fuel rods and bundles. 
Awriliary faditits were used to recover Uran.iUm from Scrap and waste materials. Two 
processes were used for the u F 6  to U Q  conversion. The primary method involved the 
hydrolysis of uF6 to ammonium diuranate (ADU), which was then reduced and calcined 
to produce dry U& powder; the secondary prcxess was the w n v d o n  of u3?6 to U,08 
in a flame conversion reactor, - followed by reduction to U Q  powder in a reduction- 
CalCiner. 

In 1985 the-plant was shut down and nuclear matcrials weft removed and shipped to 
Department 'of Energy'facilities in Idaho Falls, Idaho. The plant remained in the shut- 
down state until 1986, whtk decommissioning efforts were initiated. procesS equipment, - 
fixtures, piping, etc., werk removed and disposed of 'as radioactive wa&- Bddings and - - 

and those arcas?exceeding NRC guidelines for 
; these efforts wi+completed in latt 1990.  his 

adjacent grounds were c v  
license termination-wemdecontammtui 
document describes the for conducting the final status survey of the site. Supporting 
in formati the Site D c c o ~ o n i n g  Plan,:'prepartd and submitted to 
the NRC Gale c- ' '. ssurVey'Rcp6rt, submitted in Febnrary 
1988. 

- 

- 

' 
' .  

the final radiological status was Beginning in April 1991, a survey to dctmune 
performed. The survey was performed in accordance with a survey plan, reviewed and 
approved by the NRC. This 'rcprt describes the results of that survey and demonstrates 
that the facility now satisfies the NRC guidelines, established for release of formerly 
licensed sites to UNestriCtcd use. Supporting information is p-ted in the Site 
Decommissioning Plan, prcpared and submitted to the NRC in May 1986, the 
Characterization Survey Rcpmt, submitted in February and the Final Site 
Decommissioning Report, submitted in January 1992. 

. .  

2.0 Site Information 

2.1 Site Description 

The Reference Uranium Fuel Fabrication Plant is located on a total land area of 
approximately 470 hectares (1160 acres); there is a moderate Size stream 
(Wandering River) running through one comer of the site (Figure l).: Actual 
plant proceSsing facilities were on a much smaller, restricted, faced-in arca of 
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approximately 30,000 m2 (3 hectares). The plant afea occupies a low bluff that 
forms a bank of the river, and s e v d  flat alluvial terraces comprise the main 
topographical features of the property. These terraces lie at ave.rage elevations 
of 280 to 284 m above sealevel and dope away from the river at grades of 2 to 
3 percent. The river was used for disposal of acceptable liquid effluents from the 
on-site liquid waste systems. 

The major structures in the-fOmerly restricted procesSing area include the main 
building (with int$-connectcd chemicaVmetal laboratory and uranium scrap 
recovery and .rooms), an incinerator building, a m a i n w e  
building, and a I3 2A & 2B). - 

burial site as part of the decommissioning proctss. 

Site Conditions at Time of Final Survey 

As part of the decommissioning activities, p& equipment and supporting 
fixtures werc removed from radioactive mamiah ateas and dcand and released 

,I or disposed of as radioactive waste. potentially Contaminated structural surfaces 
- were strim of coatings by grit blasting or use of chemical agents. 

Contaminated surfaces i d a t i f i d  by the characterua - tion survey were cleaned or 
removed. 

2.2 

The on-site shallow land burial was excavated. Facilities used for processing of 
potentially contaminated effluents such as the lagoons and sewage treatment plant 
were characterized, and, where necessary, decontamination was performed. Soil 
contamination in the vicinity of process building was identified and removed to 
depths ranging from 5 cm to 1.5 m. 

Details regarding the decontamination actions arc presented in the Final Site 
Decommissioning Report. 

-- 
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2.3 Identity of Potential Contaminants and Release Guidelines 

Based on the knowledge of site operations and the results of the preliminary 
assessment and characterization survey the significant radiological contaminants 
were determined to be isotopes of uranium. The uranium is enriched in U-234 
and U-235 above naturally occurring levels; the average activity ratios of the 
uranium isotopes is: 

u-234 81.4% 
. U-238 15.5% 

3.1 96 U-235 
-. . .  . . .. , .  ~ _. . . . _ j l _  . . .  .. ... . .  . .  . 

On the basis of this combination. of contaminants the’ surface, contamination ... 

guideline: 
. __ . . .  . 

,_ . .... 

. .- ~ ...- . 

. .. 

onstrating survey design and 
. .  

, . . . .  

The soil contamination.guideline val& is’30’pCi/g, total d u m .  
. . .  . .  

3.0 Final Status Survey Overview 

3.1 Survey Objectives 

The purpose of the final status survey was to demonstrate that the radiological 
conditions at the Rcfeerena Uranium W Fubriaion Plant satisfy the NRC 
guidelines and that the plant site can, therefore, be released from licensing 
restrictions for future use without radiological controls. The specific objectives 
of the survey were to show that: 

A. Surface Activity of Buildings and Structures 

Average surface activity lev& (total of fixed and removable 
activity) are at or M o w  guidetine values established as acceptable 
by NRC. 

Reasonable efforts have been made to identi&, evaluate, and 
remove, if necessary, areas of residual activity exceeding the 
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B. 

. _. . 

..- . . ... 

C. 

0 Exposure rates do not exceed 5 rJuh abdve b&kground at 1 m 
above the surface. Exposure rates may be averaged over a 100 m2 
grid area. Maximum -urc rates over any discrete area may 
not exceed 10 pIUh above background. 

T h e  objective of the suryey was to demonstrate at a 95% minimum level of 
confidence, that the above conditions have been met. For the purpose of this 
demonstration, each survey unit independently evaluated. 

.* - - 

3.2 Organization and Responsibilities 

The survey was performed by a team composed of qualified personnel of the RFF 
P l m  and &nerol Nuclear Cbrporadon. This is the same organizational structure 
which conducted the charactenza e tion survey activities; the Suivey Plan contains 
further details on this organization. 
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Analytical services foc;gross,alpha/beta levels on smears, air, and water samples 
were performed by the Plant Analytical Services Laboratory in accordance with 
standard Plant procedures, "Laboratory Analyses of Environmental Samples' 
procedures GNC/RFF-HP 3.1, 3.2, 3.4, and 3.7 (1988). Samples of soil and 
other special samples, requiring gamma spectrometry or wet chemistry analyses 
were conducted by a contract laboratory, Analytical Operotiom, Inc. QNQC 
programs for both in-house and contractor laboratory services were monitored by 
the QA coordinator of the final status survey team. 

, 

3.3 Instrumentation 
- 

Table 1 lists the instrumentation used for the survey activities, along with 
parameters and detection sensitivities for the instrumentation and survey 
technique. The combination of instrumentation and technique were chosen to 
provide a detection sensitivity of 25% or less of the guideline levels. All 
instruments were calibrated a minimum of once every 3 Gonihi, using 
NIST-tractxible standards. Calibration was for the specific uranium radiation 
energies expected to be present at the site. Operational and background checks 
were performed at least once each 4 hours of instrument use. 

- 

- 

* 

_ _  

3.4 Survey Procedures 

Survey planning and procedures were in accordance with the MumaZfor 
Conducting Radiological Surveys in Support of Liceme Tenninazion, NUREGKR- 
5849. Procedures are briefly described in this section; further detail on 
procedures is presented in Appendix A. 

3.4.1 Area Classitication 

For purposes of establishing the sampling and measurement frequency and 
pattern, the site was divided into affected and unaffected areas. The bases for 
these classifications are: 

0 af'fected areas: -Areas that have potential radioactive contamination (based 
on plant operating history) or known radioactive contamination (based on 
past or preliminary radiological surveillance). This includes areas where 
radioactive materials were used and stored, where records indicate spills 
or other unusual Occurrences that could have resulted in spread of 
contamination, and where radioactive materials were buried. Areas 
immediately surrounding or adjacent to l&tions where radioactive 
materials were used or stored, spilled, or buried were included in this 
classification because of the potential for inadvertent spread of 
contamination. 

m -  

D-9 



unaffected areas: All areas not classified a~ i t k t d .  These areas are 
not eJrpected to contain residual radioactiv@, based on a knowledge of 
site history and previous survey information. 

Table 2 lists the various site a m 3  in each classification category. 

D- 10 
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. .  . . .  -~ . . . .. , . . ... , . . , ..._. . . . . - . I .. . - .  

3.4.2 Reference Grids 

Grids were established for the purpose of referencing locations of samples 
and measurements, "relative to buildings and.:other: site features. The 
gridding inteeals were based on-,the potential-for residual contamination 
in the various':plant &as. (See Table 2). All affected building area floor 
and lower.,wall (up..to 2..m~...surfaces ,were gridded at 1.m intervals; upper 
walls and ceilings of affected !areas were also gridded at 1 m *tervals, if 
residual activity above 25 96 of the" guideline was known or: suspected. 

- 

were established. . .  _ .  . . .  
Y 

I 
During the-ymey!, two small Gil areas on the unrestricted plant site and 
one office area, adjacent' t6 the- p-ing facility, were found to contain 
residual actiirity exceeding 75% of the guideline levels. These akas were 
reclassified from unaffected to affected areas and surveyed by a more 
intensive procedure than ihitially planned. 

3.4.3 Surface Scans 

Scanning of surfaces to identiQ locations of residual surface and near- 
surface activity was performed according to the following schedule: 

Affected Area Surfaces - 100% of surface 

Noncontaminated upper surfaces in affected &as - in immediate 
vicinity of measurement 

Unaffected Area Surfaces - 10% of lower surface e- 
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TABLE 2 8 

CLASSIFICATION OF RFF'PLANT SURFACES 
AND AREAS ACCORDING TO CONTAMINATION POTENTIAL 

1 Plant Area [ Bldg. or Facility I Room or Area I 'Classificalion of 

U 
c 
w 

I , ' I '  

Remarks 

. .  .. .. . 

- 

._ 

I 
t 

I 



Plant Arm Bldg. or h d l i t y  

TABLE, 2 (Conl'd) ' _ .  ._ . . 
. ,  . .  .. , ;;.:.\,-.. 

CLAsslFICATION OF.RFP:..PLA;4$SaURFAC@ 
AND AREAS'ACCORDING 'TQ CONTAMINATION P~TENTIAL . 3 -  , : ...... ,.. . __*__. ~ .. .... . .. ' .  I . . 

Restricted Process Bldg. 

. I , ,  , 
''?, ',.:: ':j+ +!,: Afi&&' 1st Stage Centri. .,. ... . 

Hammer Milling . Affected' . 
. .  , 

I : .  . 

i ... \ .. ' ! ,  

I 

Remarks 
! 
f 

! 



TABLE 2 (Con1 J) 

CLASSIFICATION OF RFF PLANT SURFACES 
AND AREAS ACCORDING To CONTAMINATION POTENTIAL 

. .  . . . . . . . . . . . . . . . . . . .  
Room w Arta . I 'Classifidon'of ... .. Remarks 

Gran. & Bucket Fill Affeged 

Flame Conv. Reaction Affeqted 

Powd. Storage & Feed Affected 

Vent. Hepn Filt. Rm. Affeded 

Laundry Room Affected 

Rod Storage Affected Upper surfaces not affected. 

Rod Enrichment Scan Affected Upper surfaces not affected. 

Bundle Assembly Affected Upper surfaces not affected. 

. 3 

BundleLeakTest& I Affected I upper surfaces not affected. 
Inspedion 

~ u m i ~ l  Storage .. Aff&&. , Upper surfaces not affected. 
. ;i: !L y,: .. .? i 
.Affedd' Upper surfaces not affected. . . . . . . . . . .  " . y : '  .. . . . . . . . .  ..; . . . . . .  Bundle Packaging & 

. . . .  . . . .  Shipping , .  . 

Wice and Admin. 
Areas 

Unaffected I 0 
Upper surfaces not affected. :I 

. . :  . . . .  . . .  . l .  . .  .,:. . ' } .;". :. , . _  .:. ..... . . . .  ._ ... I . . '  . ' K . '  +'.!. ..: . . .  ; .  
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TABLE 2 (Cont'd) 

CLASSIFICATION OF RFF PLANT SURFACES 
AND AReAs ACCORDING Tp CONTAMlNATlON POTENTlAL 

I I 

- 
9 .  

Grounds Adj. to 
Proc. Areas 

Liquid Waste - 
Transfer Line 

. .  
Soil ,  . . . .  . . . .  

Paved ,A@ . ..:,, .: 
. .  

. .  

Unrestricted Chher Buildings Entir* k i r ;  ' ',, ' , 

. . .  
.: . .  . . .  . ? . .  .,.s. 

. .  
Roofs 

Sewage Trmt. Entire hterior 
Plant . .  

I I Roof 

. . . . . . . . . . . . . . . . . .  Affe;ct'ed!,, 
i 

_.. . : .  . . .  . 
. I. ,.. 
..... 

! .  . . . .  . . .  .... 
' '!- . " 



Building interior surface scans were conducted for alpha, beta, and 
gamma radiations. Scans of exmior building and paved surfaces were for 
beta and gamma radiations. Soil surfaces were scanned for gamma 
radiations only. 

Instrumentation for Scanning is listed in Table 1. The instruments having 
the lowest detection sensitivity were used for the scans,; wherever physical 
surface conditions and measurement locations permitted. 

Scanning speeds were 1 detector width per second for alpha and beta 
detection inmumats and 0.5 m per sacond for gamma instxumen~. 
Audible indicators (headphones) were used to identify locations, having 
elevated (> 1.5 to 3 times ambient) levels. of direct radiation. These 
locations were noted for further invcstigatih. 

Mcamcnmt spaCings/fiequencies were as follows: 

Floors and lower walls 
- 

AffectcdAreas- 2mintcrvals 
Unaffected Artas - 1 50 d of surface 

ma S h  
Afkcttd Areas - 

2 m intenrals if residual activity expected to 
exceed 25% of guideline; otherwise 1 per 
20 m2 of surface. 

UnaffWtedAreaS- lper5Om'ofsurfact 

A smear for removable contamination was performed at each direct 
measurcmcnt location. 

I -  
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3.4.5 Exposure Rate Measurements 

Gamma exposure rates were measured at 1 m above ground or floor 
surfaces, using a pressurized ionization chamber or a gamma scintillation 
instrument, calibrated for low enrichment uranium energies. 
Me%urements were uniformly spaced according to the following pattern: 

Building Interiors 

Affected Areas: 1 measurement per 4 m2. 
Unqffected &!as: 1 m+wement per 200 m2. 

... I ;;:-: ..': . . .  .. . . .  
GrOmds. . . . . . . . . . . . . . .  ..,.:,:; . ..:.. I :  . ..: . . . .  .. . .  - . . . _  . . . .  . . . . .  

. 

Affected Areas: 5 measurements per 100 m2 grid block. 

locabons. 
' Unaffected. .,~, ...,.. -*;;: .Areas: .. .i:- ........ .. ,SO. measurements.,. ..', . at .  randomly selected 

_ _  _. ._ -- . - 

3.4.6 SoiYSediment Sampling 
. .  . . .  

. . .  .- 
. .  

soil (0-15 cm) were 
ts midivay between the 
grid in affected areas. 
s in unaffected areas, 
ted at 10 m intewals 

the River. At each surface sampling location, contact gamma levels 
before and after sampling were'. monitored to determine whether 
subsurface contamination may be present. 

Sediment (about 500 grams) samples were obtained at the outfall of 
drainage ditches to the W&ring Riwr and from 25 to 50 m upstream 
and downstream of the outfill. Sampling was from the River center and 
near both banks. Locations of surface soil sampling are indicated on 
facility drawings in Appendix B. 

Subsurfact investigations were performed at the locations of the former 
burial site, liquid waste lagoons, and previously excavated underground 
piping between the pnxxssing areas and the waste ponds. These locations 
were scanned by a commercial contractor wing electromagnetic Sensors 
(ground penetrating radar) to verify that no buried objects remain and to 
guide placement of subsurface sampling locations. Results of that survey 

I -  
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are included as Appendix C of this report. Subsurface samples were 
obtained by a commercial contractor, using the split-barrel method. 
Sampling was at the surface (0-15 cm) and at 1 m intervals to a depth of 
10 m at the former burial site and liquid waste lagoon areas; along the 
path of the previously excavated liquid waste transfer piping, sampling 
was at 1 m intervals to a depth of 3 m. Fifteen, uniformly spaced 
sampling locations were selected in the former burial site and twenty-five 

ected in the area of the lagoons. In 
re selected on each side around the 

perimeter of these facilities,'to confirm absence of subsurface migration. 
t app,kximately 5 locations dong the Subsurface samples wefe ob 

former w&te &sfer piping system. 

. -  . 
_.,I*. - 

1 ' .  

Following sampling, a gamma scintillatio%n,probe was inserted into the 
borehole and relative count rates determined at approximately .50 cm 

nducted to &fine 'the m. 

..;i;2*, *.&:,. 

mn. If results were - 
. .  . 

.. . ;, . I i . , , .: . . . ? '  

. , .. indicated on drawings in 
. .*: > . . . ... . . 

I .  -0rg 

Samples of paint were obtained from 100 cm' areas on lower walls in 
former liquid and powdek pro&shg rooms. One paint sample per 10 m2 
was obtained from tIi& surfkks. Paint &ples'were also collected from 
surfaces where direct and removable activity measurements suggested 
contamination may have been painted over. 

Trenches where contaminated drain piping was excavated in the Analytical 
Eaboratory, Rad Waste Decontamination, and Change Room facilities 
were sampled at locations of elevated direct radiation and ae 
approximately 3 m intervals along the excavations. Other remaining 
drains and piping in affected areas were a&, direct alpha and beta- 
gamma scans and measurements performed at all access points, and a 
large-area swab obtained from the piping, using a plumbers "snake" and 
piece of cloth. 

Remaining ducts, electrical boxes, conduit, or other interior surfaces in 
affected areas, which may contained residual contamination, were 
accessed at random and measurements of direct and removable activity 
performed. Swabs were obtained from insides of wall and floor 
penetrations, anchor bolt holes, and floor cracks or expansion joints. 

-- 
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s in the areas where 
oar soil were.perfom& 
and 0.5 m below the 

. ., , 

were performed on - 

equipment and at 
roofing material were 

possible entrained -: 

. 

uranium .stqage pads and . .  

3.5 

3.6 

.e: ;<iixrx.yG: Locations of special samples are shown on Figures in Appendix B. 
- 

Background exposure rates were determined.for the building interior by taking 
of 8 pressurized ionization chamber measurements at locations of similar 

use. Also, 8 locations 
be selected within a 0.5 to 
ts were performed using a 

ple was collected from 
each location of.external baclc&xmd measurement. Results of background 
exposure rate and uranium soil concentrations kre evaluated to assure that the 
averages determined, were representative of the me averages, using procedures 
described in NUREG/CR-5849. Based on this ataluation, an additional 6 
samples were obtained for detemmn g the uranium average background 
concentrations in mil. Figures E97 and B-98 in Appendix B indicate the 
locations of background measurements and samples. 

,ais2.-,A.d-.As.&> : 

. .  

Sample Analysis 

Smears and swabs for removable contamination were analyzed for gross alpha, 
gross beta activity. Soil, sediment, gravel, roofing material, and other large 
volume samples were analyzed for U-235 and U-238 by gamma spectrometry; 
total uranium was calculated on the basis of previously determined isotopic 
activity ratios for this site. Samples of paint, residue, and other samples of I _  
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small volume were analyzed for uranium by wet chemical separation and alpha 
spec trOscopY - 

3.7 Data Interpretation 

Data conv&ions and evaluations were performed, following the guidance in 
NUREGKR-5849. rational methods and sample calculations are provided 
in Appendix B. : ment,data-were converted to units of d p d 1 0 0  c d  
(surface activity), pR/h,.(eqosure rates) and.pWg (soil concentrations) for 
comparison with guidelines. Values were adjusted for contributions from natural 
background. Individual measurements and soil radionuclide concentration levels 
were compared with " h o t - ~ ~ ~ ; , ~ ~ . - _ A ~ ~ e - ~ u ~  for survey units were - 

determined and compared with guideline levels. 
tested> ~- * against ,. . the confidence level ,objective.- 

- 

each survey unit were __ 

. .- . . .  , . . . .  
. .  

.:measurements wexe 
demonstrated to the 

specified level of confidence. Computations and em@sons were repeated, as 
necessary. 

.The .avepge.actiy&yhvels-were used .to estimate. the total :residual inventory of 
u m u m  at the..site. . ' . .  . . 

,. . <  
1.2; , \  .. . . .  

.-. . . .. : 

. .  . . . .  . 

3.8 Records 

All samples and original survey data have been archived at the General Nuclear 
Corporation main offices and will be held until such time as authorized by the 
NRC for disposal. 

4.0 Survey Findings and Results 

Appendix E contains tables of data, affected during the survey. Data are s u m m a r i d  
in tables of Appendix F; Appendix IF also contains results of data hteqretations and 
comparisons with guidelines and conditions established as survey objectives. 

4.1 Background Levels flable El) 

Background exposure rates for interior and exterior areas averaged 9.3 and 10.1 
pWh respectively. Concentrations of uranium in area soil averaged 1.1 f 0.3 
pCi/g, U-234; 0.1 f 0.1 pCi/g, U-235; and 1.2 f 0.3 pCi/g, U-238. 
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4.2 Building Surveys 

scans 
Scans of surfaces (Table E-2) identified approximately 50 small isolated areas 
of residual 'contamination and 1 larger area, adjacent to the lower conversion 

' operation. . The areajadjacent'to the conversion.opeiation was reclassified from 
"unaffected" to "affected" :for.p'urpbses-of Surfa~e'activity surveys ... AU other 

. locations . identified byi'scans were'"evaluated'. to .dete&e status relative to 
guidelines and, ifnecessaq, .remediated and &urveyed (refer to.Tables E4 and 
E-5). _ .  '' ,: :. I . :  . , .. 

. 

. . .  _ .  
-. . . . . . .  . . . . .  . . . . . . . .  . . .  . . . . . . . . .  I .  . .  . I. :i .. ,' . . . . .  

. . .  .;,-.> ;::' ti::., .. -:,.,>..'.:A .... . .  
. .  . . . . .  

... . . . .  . ...*.. 
.-: ,. 

... 
. . . . . .  Table E-3 p-t;,ad;;*bl& & f T a . d a - .  &i~ty:*fi-~ments. All individual 

measurements were within guideline levels, with many of the measurement -..a being - . 
. . . . .  .. . 

si~vity;"l&els~of;h-e pdure4;; :!:.,:.-' . .  . I  >;!;;.:;.': ". '" 
. . . . . . . . . .  . . ,_ - , ' . . .  --i : , c . ~ : ~ . . -  . - .  . : . r  . . . . . . .  . . .  

. . .  . : ....... ;.. . . . . . .  :I. . : ; .. ,,;.:::.:. ::", . . . . . . . .  

. .- 

Table E-6 and E-7 contain results of paint samples from building interior 

evidence of sample activity exceeding. guidelink. d'noted. Gamma scans at 
subfloor sampling locations did not indicate potential.residual activity. 

E.zmu&m 

Exposure rates inside structures ranged from 8 to 12 pR/h (Table E-8). These 
rates were within the guideline levels of 5 pwh above background. 

. . . . . .  
. . .  .:-! :surfaces and,soil:mples from b&w~fl~f i 'of  *-d.f,h= p m  areas, No . . .  

. .  

4.3 Grounds Surveys 

scans 
Scans identified 11. locations of elevated contact gamma radiation, suggesting 
residual soil activity (See Table E-9). Two of these locations were reclassified 
as affected areas for further survey; the remainder of the locations were 
remediated by removal of small areas of surface soil. 

Exposure rate measurements are presented in Table E-10. Rates ranged between 
9 and 13 pR/h; all locations satisfied the guidelines. 
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Uranium Co ncentra tions in Soil 

Tables E-10 and E-11 summarize the results of surface and subsurface soil 
sampling. Fifteen individual surfam soil samples exceeded the guideline level; 
the maximum was approximately 5 times the guideline. Further sampling at the 
locations of the hot-spots indicated that in each case the area of residual activity 
was 1 m2 or less in a& and avenging conditions for the grid containing these 
sampling locations were satisfied. NO subsurface samples contained in ex- 
of the uranium guideline. Borthole'gamma logging did not identify any 
locations of elevated subsurface gamma radiation. 

-. , .  
. ,  . 
. .  ' .  . 

. .  . 
4.4 Data Evaluation 

Tables F- 1, F-2, and.. F-3 '' sum-: the average, levels 'in the d i f f m t  survey ... 

Cbmparisons of averages with 
Nts,athe95% 

units. for , building ..'md'-'-punds . i&ey$. 
.* . 

guidelines indicated .the.guidclines w&!satisficd'for all iikv 
confidence level conditions. . ' .  .. 

. :... 
..- -..- 

. .  . .  . .  
I . .  , 

. . .  . .  . 
.. . .  

'. -. .-  : 

. .. . .  . . .  . .  . .  . .  
... , 

. 

4.5 : Residual Activity In 
, .. ~. ., . . . , _. : ." 4 

.': Calcdatio ns...indicate'-that.. residual activity abo& the av&ge, background on 
building surfaces and' in mil .iS approximately 4.3 x., lo' h d  fi and .2.7 'x lob, 

, .. 
respectively. 

5.0 Summary 

Between April and S ptember 1991, sweys of the Reference Urahim Fuc Fabrication 
Plant were conductc I. Results of the s w e y  demonstrate that the decontamination 
actions were effective in reducing residual activity at the site m#t the NRC limits for 
releast for unrestricted use. 
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. .  .,..'*..: .. . 

SAMPLE 

... , 
I 

TABLE E 2  

RESULTS OF SURFACE SCANS 
REFERENCE URANIUM FUEL FABRICATION PLANT 

Areas of Residual 

Identified ' 

I I . .  

*Refer to Table 1 for instrument type. 

. , .  . . .  . .  . .  : 



SAMPLE 

TABLE E 3  

Fiiurt 

- 
7 
7 
7 
7 
9 
9 

.9 
9 

SURFACE ACTIVITY MEASUREMENTS 
BULLDING INTERIORS 

REFERENCE URANIUM FUEL FABRICATION PLANT 

Activity (dpmll 

Total 

- 
Ad. 

E 

050 
2100 
-50 

Alpha 

UnC&." 

220 
430 
120 

MDA 

150 
150 

: 150 

____I_ 

. ... ;;i. 

1-3 
Rmrovrbk 

Alpha 

UOCat. 

4 
5 .  : 
3 '  

. 

- 
MDA 

7 
7 
7 

BCt8 

Cod. 
Ler . 
- 

a 

5 
4 
5 

MDA 

- 
9 
9 
9 

. :  
i ! .  

i ! 
I 



.(.”... 
! 

SAMPLE 

TABLE E 4  

LOCATION OF ELEVATED DIRECT RADIATION IDENTIFLED BY SCANS 
REFERENCE URANIUM FUEL FABRICATION PLANT 

. .  

. .  
i 

1 

I ! 
I 



SAMPLE 

TABLE E5 

Building/ 
A r a  

and Surface 

Measurement 
h t h l  

D + 5 ,  3.7 
(IH) 

UKATIONS OF RESIDUAL CONTAMINATION IQJZNTIFIED BY 
SCANS AND ACTIVITY MEASUREMENTS 

M)LU)WING REMEDIATION 
REFERENCE URANIUM FUEL FABRICATION PLANT 

F i u n  

- 
7 

Activity (dpd100 cm3 

! 

. . . . .  i i: _ . .  . .  .. ..c .;,?: . .  1. .: ;,:; .. : _, . .  
. ,  . ( I . .  . .  . . . .  . . . . . . . . . .  . .  .:. . . .  . . . .  -, 

: i  

I 

i 

! 

i j 
1 .  ! 

. .  



..... . .. 

SAMPLE 

TABLE E 6  

ACTIVITY IN PLANT AND RESIDUE SAMPLES 
REFERENCE URANIUM FUEL FABRICATION PLANT 

P 
N 
W 

. .  

i 



. .- .. :. i .  . .  

.. . _ I  . .... 

. . - - ..- _ .  
'. . 
.. . 

. .  
. .  _ .  

D-30 



! 

:. . .,.. ;' 



SAMPLE 

TABLE E 9  

AREAS OF ELEVATED GAMMA RADIATION IDENTIFIED BY SCANS 
REFERENCE URANIUM FUEL FABRICATION PLANT 

Maximum Contact Gamma Level 

remedialed 
remedialed 

area reclassified 

. . . . . . . . . . .. . .- - 

! 

i ! 
I 

.,-. 
' ,A 

. I  . ,, . . .  . 
. .  . 

i .. 
4 
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SAMPLE 

TABLE E10 
. .' * 

t, 
G w 

EXPOSURE RATES AND 
SURFACE SOIL CONCENTRATIONS 

REFERENCE URANIUM FUEL FABRICATION PLANT 

: .  1 

' i  

! 



SAMPLE 
TABLE E l l  

SUBSURFACE SOIL CONCENTRATIONS 
REFERENCE URANIUM FUEL FABRICATION PLANT 

I 

. . .  - . ,  

. . I .  . 

' !  
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NOTICE 

This document is a draft manual being released for broad public review as well as technical peer 
review and comment. It has not been approved for use in part or in whole and should not be 
used, cited, or quoted except for the purposes of providing comments as requested by the 
agencies participating in its development. 

This draft manual was prepared by a multi-agency technical working group composed of 
representatives from the Department of Defense @OD), Department of Energy (DOE), 
Environmental Protection Agency (EPA), and Nuclear Regulatory Commission (NRC). 
Contractors to the NRC, EPA, and DOE, and members of the public have been present during the 
open meetings of the MARSSIM work group. 

- 

Although Federal agency personnel are involved in the preparation of this documen< themanual 
does not represent the official position of any participating agency at this time. This present 
review is a necessary step in the development of a multi-agency consensus document. 

References within this manual to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government. 

Members of the public are invited to submit written comments to EITHER the U.S. 
Environmental Protection Agency, AlTN: Air and Radiation Docket, Mail Stop 6 102, Air 
Docket No. A-96-44, Room M1500, First Floor Waterside Mall, 401 M Street, S.W., 
Washington D.C. 20460 OR the Chief, Rules Review and Directives Branch, Division of 
Freedom of Information and Publications Services, U. S .  Nuclear Regulatory Commission, 
Washington DC 20555-0001. Comments received by the date published in the Federal Register 
Notice announcing the notice of availability with request for public comment will be considered. 
Comments received after that date will be considered if it is practical to do so, but no assurance 
can be given for consideration of late comments. 

Comments may be submitted as proposed modified text, or as a discussion. Comments should be 
accompanied by supporting bases, rationale, or data. To ensure efficient and complete comment 
resolution, commenters are requested to reference the page number and the line number of the 
MARSSIM to which the comxhent applies (enter only the beginning page and line number, even 
if your comment applies to a number of pages or lines to follow). 

t 

Reviewers are requested to focus on technical accuracy, and understandability.. Reviewers are 
also requested to address five questions while reviewing the MARSSIM: 
1) Does the MARSSIM provide a practical and implementable approach to performing radiation 
surveys and site investigations? Are there any major drawbacks to the proposed methods? 
2) Is the MARSSIM technically accurate? 
3)  Does the MARSSIM provide benefie that are not available using current methods? What is 
the value of the MARSSIM in comparison with other currently available alternatives? 

-- 



4) What are the costs associated with the MARSSIM in comparison with other currently 
available al tematives? 
5 )  Is the information in the MARSSIM understandable and presented in a logical sequence? 
How can the presentation of material be modified to improve the understandability of the 
manual? 

Comments corresponding to an entire chapter, an entire section, 6; an entire table should be 
referenced to the line number for the title of the chapter (always line number l),  section, or table. 
Comments on footnotes should be referenced to the line in t4e text where the footnote appears 

which the figure appears (figures do not have line numbers). The figure number should be 
included in the text of the comment. Comments on the entire manual should be referenced to the 
title page. 

- (footnotes do not have line numbers). Comments on figures should be referenced to the page on - 

. .  I .  .... 
I 

. .  . I  
. . .  

. . . . . .  ... . . . . . .  _. . .  - .  
. . . .  

. . . . .  .,. . . .  . . .  . . . . .  
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ABSTRACT 

The MARSSIMprovides information on planning, conducting, evaluating, and documenting 
environmental radiological surveys for demonstrating compliance with dose-based regulations. 
The MARSSIM, when finalized, will be a multi-agency consensus document. MARSSIM was 
developed collaboratively over the past three years by four Federal agencies having authority for 
control of radioactive materials; EPA, DOD, DOE, and NRC (60 FR 12555). MARSSIM’s 
objective is to describe standardized and consistent approaches for surveys, which provide a high 
degree of assurance that established dose-based release criteria, limits, guidelines, and conditions 
of the regulatory agencies are satisfied at all stages of the process, while at the same time 
encouraging an effective use of resources. The techniques, methodologies, and philosophies that 
form the bases of this manual were developed to be consistent with current Federal limits, 
guidelines, and procedures. The draft manual was prepared by a multi-agency technical working 
group composed of representatives from DOD, DOE, EPA, and NRC. Contractors to the-NRC, 
EPA, and DOE, and members of the public have been present during the open meeGgs of the - 
MARSSIM work group. 

- 
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CONVERSION FACTORS 

To Convert From To Multiply By 

acre hectare 0.40468564 

sq. meter (m’) 4046.8564 

sq. feet (p) 43560 
~~ ~ ~ ~ _ _ _  

becquerel (Bq) 1 curie (Ci) I 2 .7~10“  1 pCi 

Bqfl<g PCik 0.027 

Bq/rnz dpd100  cm’ 0.60 
~~ 

B4rn’ B q 5  0.00 1 

pca 0.027 

centimeter (an) inch 0.39370079 

Ci Bq 3.700~10’~ 

. - .  pCi 1x10“ 

dPS dPm 0.0 167 

2.22 

hectare acre 2.4710538 

liter (L) 

0.00 1 

MARSSIM 
DRAFT FOR PUBLIC COMMENT 

To Convert From I To I Multiply By 

meter (m) inch 39.370079 

mile O.OOO62137119 

sq. meter (m’) acre 0.000247 10538 

hectare 0.000 1 

sq. feet (e) 10.763910 

sq. mile 3 4 6  1 x 10.’ 
- 

m’ liter 1000 

rnrem mSv 0.0 1 

m r e d y  mSvfy 0.0 1 

rnSviy mredy 100 

ounce (02) liter (L) 0.039572702 

pCi Bq 0.037 

PCi/g Bqfl<g 37 

p c a  Bq/m’ 37 

rad GY 0.0 1 

rem mrem 1000 

mSv 10 

s v  . 0.0 1 
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1 INTRODUCTION 

1.1 Purpose and Scope of MARSSIM 

Radioactive materials have been produced, processed, used, and stored at thousands of sites 
throughout the United States. Many of these sites-ranging in size from Federal weapons- 
production facilities covering hundreds of square kilometers to the nuclear medicine departments 
of small hospitals-were at one time or are now contaminated with radioactivity. 

The owners and managers of a number of sites would like to determine if these sites are 
contaminated, clean them up, and release them for public use. The Environmental Protection 
Agency (EPA), the Nuclear Regulatory Commission (NRC), and the Department of Energy 
(DOE) are preparing regulations for the release of certain categories of radioactively . - 
contaminated sites following such cleanup. These regulations will apply to facilities under the - 
control of Federal agencies, such as the DOE and Department of Defense @OD), and to sites 
licensed by the NRC and its Agreement States. Some states are preparing similar rules that will 
apply to sites under their control. 

. - 

The primary objective of the EPA, NRC, and DOE regulations is to ensure that human health and 
the environment are protected from radioactive contamination at sites that are to be released to 
the public. As such, they contain a specific limit, called the release criterion, that pertains to the 
annual radiation dose to "any reasonably maximally exposed member of the public" (EPA) or to 
"the average member of the critical'Ipopulation] group" (NRC). There are also limits on the 
concentrati6n of contaminants in accessible ground water which could be used as a source of 
drinking water. 

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) addresses the 
need to have a nationally consistent approach to conducting radiation surveys and investigations 
of potentially contaminated sites. This approach should be both scientifically rigorous and flexible 
enough to be applied to a diversity of site cleanup conditions. 

The decommissioning that follows remediation will normdly require a demonstration to the 
responsible Federal or state agency that the cleanup effort was successfbl, and that the release 
criterion was met. This manual assists site personnel or others in performing or assessing such a 
demonstration. (Generally, MARSSIM may serve to guide remediation efforts whether or not a 
release criterion is applied.) 

As illustrated in Figure 1.1, the demonstration of compliance is comprised of t i e e  interrelated 
parts: 

.- 
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I. 

II. 

III : 

Translate: Translating the cleanuplrelease criterion (e.g., mSv/y or mredy) into a 
corresponding derived contaminant concentration level (e.g., Bqkg or pCi/g in soil) 
througkthe use of environmental pathway modeling. 

Measure: Acquiring scientifically sound and legally defensible site-specific data on the 
levels and distribution of residual contamination by employing suitable field andor 
laboratory measurement techniques. 

Decide: Determining that the data obtained from sampling does support the assertion that 
the site meets the release criterion, within an acceptable degree of uncertainty, through 
application of a statistically-based decision rule. -a - - 

- .  .. 

MARSSIM' presents comprehensive guidanespecifically for II and III above-for 
contaminated soil and buildings. :This guidance provides a performance-based approach for 
demonstrating compliance with a dose- or risk-based regulation. This performance-based 
approach is a set of processes that identie the data quality needs, mandates, or limitations of a 
survey. The data quality needs, or objectives, serve as criteria for selecting appropriate methods 
to meet those needs. 

Because of the large variability in the types ation sites, it is impossible to provide criteria 
that apply to every situation. Data quality objectives must be developed on a sitespecific basis. 
As an examfle,MARSSIM presents a method for planning, implementing, assessingand making 
decisions about regulatory compliance at-sites with radioactive contamination of surface soil and 
building surfaces. In particular, MARSSIM describes generally acceptable approaches for: . 

a planning and designing scoping, characterization, remediation-support, and final status 
surveys for sites with surface soil and building surface contamination 

a historical site assessment 
0 QAJQC in data acquisition and analysis 
a conducting surveys 
0 field and laboratory methods and instrumentation, and interfacing with radiation 

laboratories 
0 statistical hypothesis testing, and the interpretation of statistical data 
a documentation 

.. . 

.. . 

' And its future companion document, the Multi-Agency Radiation Laboratory Analytical Protocols manual 
(MARLAP. under development). 
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Thus, MARSSIM provides standardized and consistent approaches for planning, conducting, 
evaluating, and documenting environmental radiological surveys that are carried out to 
demonstrate compliance with cleanup regulations. These approaches may not meet the data 
quality objectives at every site, so available alternative methods may-be used providing an 
equivalent level of performance can be demonstrated. 

There are several areas beyond the scope of MARSSIM. These areas include translation of dose 
or risk standards into radionuclide specific concentrations, or demonstrating compliance with 
ground water or surface water regulations. MARSSIM does not address management of vicinity 
properties not under government or licensee control. Other contaminated media (e.g., sub- 
surface soil, building materials, ground water, etc.) and the release of contaminated components 
and equipment are also not addressed by MARSSIM. Finally, MARSSIM recogniF @t there 
may be other factors, such as cost or stakeholder concerns, that have an impact on designing - - 

surveys. Guidance on how to address these specific concerns is outside the scope of MARSSIM. 
The process of planning,.implementing, assessing, and making decisions about a site described in 
MARSSIM is applicable to all sites, even if the examples in this manual do not meet a site's 
specific objectives. 

Of MARSSIM's many topics, EPA's Data Quality Objective @QO) approach to data acquisition 
and analysis and EPA's Data Quality Assessment @QA) for determining that data meet stated 
objectives are two elements that provide a Consistent theme throughout the manual. The DQO 
Process and DQA approach, described in Chapter 2, present a metfiod for building common sense 
. and ilie scientific method into all aspects .of designing and conducting surveys; and making best 
use of the obtainable infomation. This provides a formal framework for systematizing the 
planning of data acquisition surveys so that the data sought yield the kind of infomation actually 
needed for making important decisions-such as whether or not to release a particular site 
following remediation. - -- 

87 1.2 Structure of the Manual 

88 
89 
90 
91 
92 
93 
-94 
95 
96 

MARSSIM begins with the overview of the Radiation Survey and Site Investigation Process in 
Chapter 2-Figures 2.4 through 2.9 are flowcharts that summarize the steps and decisions taken 
in the radiological assessment and remediation process. Chapter 3 provides instructions for 
performing an Historical Site Assessment (HSA), a detailed investigation to collect existing 
information on the site or facility, and to develop a conceptual site model. 
are used to plan surveys to perform measurements and collect additional information at the site. 
Chapter 4 covers issues that arise in all types of surveydetailed information on performing 
specific types of surveys is included in Chapter 5 .  Guidance on selecting the appropriate 
instruments and measurement techniques for each type of measurement are provided in 
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Chapters 6 and 7 Chapter 6 discusses direct measurements and scanning surveys while Chapter 7 
provides information on sampling and sample preparation for laboratory measurements. The 
interpretation of survey results is described in Chapter 8. Chapter 9 provides guidance on data 
management, quality assurance, and quality control. Information on specific subjects related to 
radiation site investigation can be found in the appendices. 

MARSSIM includes several appendices to provide additional guidance on specific topics. 
Appendix A includes an example of how to apply the MARSSIM guidance to a specific site. 
Appendix B describes a simplified procedure for compliance demonstration that may be applicable 
at certain types of sites. Appendix C provides a summary of the regulations and requirements 
associated with radiation surveys and site investigations for each of the agencies involved in the 
development of MARSSIM. Detailed guidance on the Data Quality Objectives Progxs is 
provided in Appendix D, while Appendix E provides guidance on Data Quality Assessment. - 

Appendix F describes the relationship between MARSSIM, the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), and the Resource Conservation and 
Recovery Act (RCRA). Sources of information used during site assessment are listed in 
Appendix G. Appendix H describes field survey and laboratory analysis equipment that may be 
used for radiation surveys and site investigations. Appendix I provides tables of statistical data 
and supporting information for the interpretation of survey results described in Chapter 8. The 
derivation of the alpha scanning detection limit calculations used in Chapter 6 is described in 
Appendix J. Comparison tables for Quality Assurance documents are provided &Appendix K. 
Appendix L lists the regional radiation program managers for each of the agencies participating in 
the development of MARSSIM. 

MARSSIM is presented in a modular format, with each module containing guidance on 
conducting specific aspects of, or activities related to, the survey process. Followed in order, 
each module leads to the generation of a complete survey plan. While this approach may involve 
some overlap and redundancy in information, it also allows many users to concentrate only on 
those portions of the manual that apply to their own particular needs or responsibilities. The 
procedures within each module are listed in order of performance and options are provided to 
guide a user past portions of the manual that may not be specifically applicable to his or her area 
of interest. Where appropriate, checklists are provided to condense and summarize major points 
in the process. The checklists may be used to verify that every suggested step is followed or to 
flag a condition where specific documentation should explain why a step was not needed. 

At the end of the manual is a section titled ‘MARSSIM Road Map.’ The road map is designed to 
be used with MARSSIM as a quick reference for users already familiar with he  process of 
planning and performing radiation surveys. The road map provides the user with basic guidance 
h m  MARSSIM combined with ‘rules of thumb’ and references to sections in the manual 
providing detailed guidance. 

-. 

. 

-. . 
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MARSSIM contains, in Appendix B, a simplified procedure that many users of radioactive 
materials may-with the approval of the responsible regulatory agency-be able to employ to 
demonstrate compliance with the release criterion. Sites that may qualify for simplified release 
procedures are those where the radioactive materials used were: of relatively short half-life (e.g., 
t , i ’s  120 days), and have since decayed to insignificant quantities; kept only in small enough 
quantities so as to be exempted or not requiring a specific license from a regulatory authority; 
used or stored only in the form of non-leaking sealed sources; or combinations of the above. 

1.3 . Use of the Manual 

Potential users of this manual include Federal, State, and local government agencies having 
authority for control of radioactive environmental contamination; their contractors; and other 
parties, such as organizations with licensed authority to possess and use radioactivematerials. - 
The manual is intended for a technical audience having a basic knowledge of health physics 
principles and of elementary statistics, and a familiarity with their practical applications to 
radiation protection. While expertise in performing surveys of environmental levels of radioactive 
material is not necessary, an understanding of the basic instrumentation and methodologies is to 
the user‘s advantage. In most situations, individuals responsible for planning, approving, and 
implementing radiological w e y s ,  as well as the surveyor who may have only minimal 
experience, will be able to understand and apply the guidance provided here. Complex situations 
and sites, however, may require consultation with more experienced persorkel. 

MARSSMprovides guidance for conducting radiation s u ~ ~ e y s  and site investigations. 
MARSSIM uses the word ‘should’ as a recommendation, and it ought not be interpreted as a 
requirement. It is not realistic to expect that every recommendation in this manual will be taken 
literally and applied at every site. Rather, it is expected that the survey planning documentation 

. 

will address how the guidance will be applied on a site-specific basis. ,. 
As previously stated, MARSSIM has been developed to support implementation of dose-based 
regulations. The translation of the regulatory dose limit to a corresponding concentration level is 
not addressed in MARSSIM, so the guidank provided in this manual is applicable to a broad 
range of regulations, including risk- or concentration-based regulations. The terms dose and 
dose-based regulation are used throughout the manual, but these terms are not intended to limit 
the use of the manual. The user may replace the word ‘dose”with ‘risk’ when necessary. 

Note that Federal or State agencies that serve to approve a demonstration of compliance may 
support requirements that differ from what is presented in this version of this document. It is 
essential, therefore, that the persons carrying out the surveys described herein, whether they be 
in accordance with the simplified approach of Appendix B or the full MARSSIM process, remain 
in close communication with the proper Federal or State authorities throughout the compliance 
demonstration process. 
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Introduction 

1.4 Missions of the Federal Agencies Producing MARSSIM 

W S l M  is the product of a multi-agency workgroup with representatives from EPA, NRC, 
DOE, and DOD. This section briefly describes the missions of the participating agencies. 
Regulations and requirements govemhg site investigations for each ofthe agencies associated 
with radiation surveys and site investigations are presented in Appendix C. 

1.4.1 Environmental Protection Agency 

The mission o f h e  U.S. Environmental Protection Agency (EPA) is to improve and preserve the 
quality of the environment, on both national and global levels. The EPA's scope of-cesponsibility 
includes implementing and enforcing environmental laws, setting guidelines, monitoring pollution, 
performing research, and promoting pollution prevention. EPA Headquarters maintains overall 
planning, coordination, and control of EPA programs, and =A's ten regional offices are 
responsible for the execution of EPA's programs within the boundaries of each region. EPA also 
coordinates with and supports research and development of pollution control activities carried out 
by State and local governments. 

1.4.2 Nuclear Regulatory Commission 

The mission of the U.S. Nuclear Regulatory Commission (NRC) is to ensure adequate protection 
of public health and safety, the common defense and security, and the environment in the use of 
nuclear materials in the United States. The NRC's scope of responsibility includes regulation of 
commercial nuclear power reactors; non-power research, test, and training reactors; fuel cycle 
facilities; medical, academic, and industrial uses of nuclear materials; and the transport, storage, 
and disposal'of nuclear materials and waste. The Energy Reorganization Act of 1974 and the 
Atomic Energy Act of 1954, as amended, provide the foundation for regulation of the nation's 
commercial use of radioactive materials. 

1.4.3 Department of Energy 
I 

The mission of the Department of Energy (DOE) is to develop and implement a coordinated 
national energy policy to ensure the availability of adequate energy supplies and to develop new 
energy sources for domestic and commercial use. In addition, DOE is responsible for the 
development, construction and testing of nuclear weapons for the U.S. Mil iw.  DOE is also 
responsible for managing the low- and high-level radioactive wastes generated by past nuclear 
weapons and research programs and for constructing and maintaining a repository for civilian 
radioactive wastes generated by the commercial nuclear reactors. DOE has the lead in 
decontaminating facilities and sites previously used in atomic energy programs. 
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202 1.4.4 Department of Defense 
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204 
205 
206 
207 
208 discussed in Appendix C. 

The global mission of the Department of Defense @OD) is to provide for the defense of the 
United States: In doing so DOD is committed to protecting the environment. Each military 
service has specific regulations addressing the use of radioactive sources and the development of 
occupational health programs axid radiation protection programs. The documents describing these 
regulations are used as guidance in developing environmental radiological surveys within DOD, as -- 
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INVESTIGATION PROCESS 
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2.1 Introduction 

This chapter provides a brief overview of the Radiation Survey and Site Investigation Process, 
several important aspects of this Process, and its underlying principles. The concepts introduced 
here are discussed in detail throughout the manual. 
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As stated in Chapter 1, the purpose of MARSSIM is to provide a standardized approach to 
demonstrating compliance with a dose-based regulation. Since most of the manual is based on 
general technical and statistical concepts, much of the guidance can stili be applied to other types 
of regulations or standards. The purpose of this chapter is to provide the overviewdinformation 
required to understand the rest of this manual. - 

Section 2.2 introduces and defines key terms used throughout the manual. Some of these terms 
may be familiar to the MARSSIM user, while others are new terns developed specifically for this 
manual. 

Section 2.3 describes the flow of information used to decide whether or not a site or facility 
complies with a regulation. The section describes the fiamework &at is used to demonstrate 
compliance with a regulation, and is the basis for all guidance presented in this manual. The 
decision making process is broken down into four phases: 1) planning, 2) implementation, 
3) ayxsm&t, andu4) decisionmaking. 

Section 2.4 introduces the Radiation Survey and Site Investigation Process, which can be used for 
compliance demonstkion atmany sites. The section describes a series of surveys that combine 
to form the core of this process. Each survey has specified goals and objectives to support a final 
decision on whether or not a site or facility.comp1ies with the appropriate regulations. Flow 
diagrams showing how the different surveys support the overall process are provided, along with 
descriptions of the information provided by each type of survey. 

. .  .:.. .,: .. . .  . .  !;' i i  ' .  . . . . .  . '. ._.._:. . . . . . , . . . .. 

Section . . 2.5:presents . .  . major .considerations that relate,to the'decision making and survey design 
processes. This section, as well as the examples discussed in detail throughout the manual, 
focuses on residual radioactive contamination in surface soils and on building surfaces. 
Recommended survey designs for demonstrating compliance are presented along with the 
rationale for selecting these designs. 

Section 2.6 recognizes that the methods presented in MARSSIM may not represent the optimd 
,survey' design at ail sites. Some alternative methods for applying the Radiation Survey and Site 
'Investigation process are discussed. Different methods for demonstrating compliance that are 
technically defensible may be developed with the approval of the responsible regulatory agency. - -- 
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35 
36 
37 
38 

MARSSIM provides an approach that is technically defensible and flexible enough to be applied 
to a variety of site-specific conditions. The approach based on a dose- or risk-based regulation 
provides a consistent approach to protecting human health and the enyironmenc while the 
performance-based approach to decision making provides the flexibility needed to address 

, 39 compliance demonstration at individual sites. 

-. 
40 2.2 Understanding Key MARSSIM Terminology 

41 
42 
43 
44 
45 

The first step in understanding the Radiation Survey and Site Investigation Process is to 
understand the scope of this manual, the terminology, and the concepts set forth. .Some of the 
terms used in MARSSIM were developed for the purposes of this manual, while otb~rs. We 
commonly used tenns that have been adopted for MARSSIM. This section explains some of the - 

t e q s  used in MARSSIM roughly in the order of concept presentation. 
- 

46 
47 
48 

The process described in MARSSIM begins with the premise that a release criterion has already 
been provided in tenns of a measurement quantity. The methods presented in MARSSIM are 
generally applicable, and are not dependent on the value of the release criterion. 

49 
50 
51 
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53 
54 
55 
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A releaseaiterion is a regulatory limit expressed in terns of dose (mSv/y or mrem/y)-or risk . . 

(cancer incidence or cancer mortality).. The terns &lease'limit.or d&upstandard have also been 
used to describe this term. . Adease aiterion is typically based on totahr~kommitted &ktive 
dose equivalent (TEDEijr CEDE) and generally cannot b e : r n e a s u r e d ~ d i ~ y Y ~ s i i ? e ~ & q  
modering is used to calculate a radionuclide-specific predicted concentration or surface area 
concentration:bf specifiCmclides3hat codd result in-a a o s e ' ~ D E ' o r : ~ E D ~ ) ~ ~ u a l  to'the' ' .. . 
release criterion: In this manual such a concentration-is.teeiined 'the d t r a t i b  
guideline. level (DCGL).;. Exposure:pathway:modeling.is- in'analysis..of variok exposure pathways 
and ,enios :used .to:&nvm :dose. cfik."&ncentration; , :.uh&y.+- ;DCGfi-;&s%e . _  ::from, iie'spnsible ,-guidance bGed'on.defdrmaeling _e,. . in-*t.ppar;unetersj,while o , , ~ h d .  

other users may elect to take into"account Sitespecific.'p&eteri'to deie&ine.DCGLs. l.n 
general, the units for the DCGL are the Same as the units for m'easmments performed to 
demonstrate"cdmpliance:(e.g., Bqkg or. pCig, Bq/m2 or dpd100 cm2, etc.). This allows direct 
compaiisons betweeti'the resultsind the DCGL. . .  . .  

63 
64 
65 
66 
67 
68 

There are several areas beyond the scope of MARSSIM. These areas include translation of dose 
or risk standards into radionuclide specific concentrations, or demonstrating cqmpliance with 
ground water or surface water regulations. MARSSIM does not address management of vicinity 
properties not under government or licensee control. Other contaminated media (e.g., sub- 
surface soil, building materials, ground water, etc.) and the release of contaminated components 
and equipment are also not addressed by MARSSIM. 
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An investigation level is a radionuclide-specific level based on the release criterion that triggers 
some response, such as M e r  investigation or cleanup, if it is exceeded. An investigation level 
may be used early in decommissioning to identifj. areas requinng M e r  investigation, and may 
also be used as a screening tool during compliance demonstration to identify potential problem 
areas. A DCGL is an example of a specific investigation level. 

While the derivation of DCGLs is outside the scope of MARSSIM, it is important to understand 
the assumptions that underlie this derivation. The derivation assumptions must be consistent with 
the assumptions used for planning a compliance demonstration survey. One of the most important 
assumptions used for converting a dose limit into a media-specific concentration is the modeled 
area of contamination. MARSSIM defines two potential DCGLs based on the area of 
contamination. - .  

-. 

- 

4 - -  

If the residual radioactivity is evenly distributed over a large area, MARSSIM looks at the 
average activity over the entire area. The DCGL, (the DCGL used for the statistical tests, 
Section 2.5) is derived based on an average concentration over a large area. 

If the residual radioactivity appears as small axeas of elevated activity' within a larger area, 
typically. smaller than the area between measurement locations, MARSSIM considers the 
results ofindividnal measurements. The DCGL,, (the DCGL used for the elevated 
measurement comparison (EMC), Section 2.5) is derived separately for these small areas, 
generally based on different exposure assumptions than those used for larger area. 

A site is any installation, facility, or discrete, physically separate parcel of land, or any building or 
structure or portion thereof, that is being considered for survey and investigation. 

Area is a very general term that refers to any portion of a site, up to and including the entire site. 

Decommissioning is the process of removing a site safely from service, reducing residual 
radioactivity through remediation to a level that permits release of the property, and termination 

' of the license or other authorization for site operation. Although it is only part of the process, the 
term decommissioning is used in this sense for the Radiation Survey and Site Investigation 
Process, and is used this way throughout MARSSIM. 

' A small area of elevated activity, or maximum point estimate of contamination, might also be r e f d  to as a "hot 
spot." This t a m  hi& been purposefully omitted from MARSSM because the term often has different meanings based on 
operational or local program concems. As a result, there may be problems associated with defining the term and 
reeducating MARSSIM users in the proper use of the term. Because these implications are inconsistent with 
MARSSIM concepts, the term was not used. ' 

e- 
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A survey unit i: a physical area, consisting of structures andor land areas, of specified size and 
shape for which a separate decision will be made as to whether or not that area exceeds the 
release criterion. This decision is made as a result of thefinal starus m e y ,  the survey in the 
Radiation Survey and Site Investigation Process used to demonstrate compliance with the 
regulation or standard. The size and shape of the survey unit are based on factors such as the 
potential for contamination, the expected distribution of contamination, and any physical 
boundaries (e.g., buildings, fences, soil type, surface water body, etc.) at the site. - 

For the purpose of MARSSIM, measurement is used interchangeably to mean: 1) the act of using 
a detector to determine the level or quantity of radioactivity on a surface or in a sample of 
material removed from a,media being.evaluated,. or 2) the quantity obtained by the.act of 
measuring. Direct measurements are obdned by placing a detector near the rnedia-behg 
surveyed and inferring the radioactivity level directly from the detector response. SCanning is a 
measurement technique performed by m0ving.a portable radiation detector at a constant speed 
above a sulf8ce to d q w t i t a t i v e l y  detect areas of elevated activity. Sampling is the process 
of collecting a portionof an ea&gnental . . . . . . .  medium as being representative of the locally 
remaining medium. The coilected portion, or aliquot, of the medium is then analyzed to identi@ 
the Concaminant and.determine the concentration.. The word sample.may also refer to a set of 

. individual , .............. m&urem&@-dr&xi , ........ h m  a popula&on whose p&perties.are,studied to gain 
irfonmtion aboytthe en& - .  population. This second definition . . .  of s k p l e  is primarily used for 
s t a t i S t i c a l d i S . ~ O ~ .  : .  , , . ( .  

To make the best use ssioning,.MARSSIM places greater survey efforts 
, . .  .on areasthat 2.. . have,.orhad, . . . . . . .  the; highest;poteptial,for cqntamination: Thisis . . .  rderred to as agraded 
approach: ' The fink. ... ._.. status . . . . . . . . . . . . .  syvey.$ks., !.. statistical. tests to support,decision making. These 

I statistical tests are performed using survey hata from areas with'common characteristics, such as 
. - ~ n ~ n a t i o n . p o t ~ t i a l , ; ) Y h i ~ ~ ~ d i s t i n ~ s h a b l e , f r o m  ,. . . . . .  :*, . . . .  other areas with difFerent:chmctenstics. 
Classifmtion is the process by .which an area or sufv'ey &t is described according to radiological 
chmcteristics.,,The ,i:.: :::. ..: . . . . . .  :__,. significance, . . . . . . . . . . . .  .of survey .:... . . . . . .  +it. classi@:@on, is-.that this.process determines the 
. . . . .  final ,status . . . . .  &ey. ..,:.. deqiga . . .  and .the .procedures, ........ used to .develop :this design. Preliminary area 
classifications . . . . . .  made . . . . . . .  'earlier in'the ..-i.I . h4ARSSIM,Pr& . .  areuseful . .  for pianning subsequent surveys. 

Ar& that have no reasonable potential for residual &tamination are classified as non-impacted 
ureas. These areas have no radiological impact from Site operations and are typically identified 
d y  .in decommissioning. Areas with some potential for residual contamination are classified as 
impacted areas. 

- _ _  
, 

. .  . .  . . . . .  . . . . .  . . .  . . .  
................ . . . . . . . . . . .  .._ ... . . . . .  _._.  ..:. ... .: ... 2' I .. . . . . . . .  

, 

. . .  . . .  . .  . . . . . .  . . .  : .  . . . .  . . . . .  

. . -  
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Impacted areas are hrther divided into one of three classifications: 

0 Ciass I Areas: Areas that have, or had, a potential for radioactive contamination (based 
on site operating history) or known contamination (based on previous radiation surveys) 
above the D C G b .  Exaxt~ples of Class 1 areas include: 1) site areas previously subjected 
to remedial actions2, 2) locations where leaks or spills are known to have O C C U I T ~ ,  
3) former burial or disposal sites, 4) waste storage sites, and 5 )  areas with contaminants in 
discrete solid pieces of material and high specific activity. 
Ch.s 2 Areas: Areas that have, or had, a potential for radioactive contamination or 
known contamination, but are not expected to exceed the DCGL. To justify changing 
the clas~fication &om Class 1 to Class 2, there should be measurement data thatprovides 
a high degree of confidence that no individual measurement would exceed t‘e DCGL, 
Other justifications for reclasslfLing an area as Class 2 may be appropriate, based on site- 
specific considerations. Examples of areas that might be classified as Class 2 for the final 
status survey include: 1) locations where radioactive materials were present in an 
unsealed form, 2) potentially contaminated transport routes, 3) areas downwind from 
stack release points, 4) upper walls and ceilings of buildings or rooms subjected to 
airborne radioactivity, 5 )  areas handling low concentrations of radioactive materials, and 
6)  areas on the perimeter of former contamination control areas. 
Chss 3 Areas: Any impacted areas that are not expected to contain any residual 
radioactivity, or are expected to contain levels of residual radioactivity at a very small 
&action of the DCGL,,,, based-on site operating history and previous’radiation surveys. 
Examples of areas that might be classified as Class 3 include buffer zones around Class 1 
or Class 2 areas, and areas with very low potential for residual contamination but 
insufficient information to just@ a non-impacted classification. 

Class 1 areas have the greatest potential for contamination and therefore receive the highest 
degree of survey effort for the final status survey using a graded approach, followed by Class 2, 
and then by Class 3. Non-impacted areas do not rweive any level of survey coverage because 
they have no potential for residual contamination. Non-impacted areas are determined on a site- 
specific basis. Examples of areas that would be non-impacted rather than impacted would usually 
include residential or other buildings which had smoke detectors or exit signs with sealed 
radioactive sources. 

’ .Remediated areas are ident&d as Class I areas because the remediation process often results in less than 1ooO/o 
removal of the contamination. even though the goal of remediation is to comply with regulatory standards and protect 
human health and the environment. The contamination that remains on the site after remediation is often associated with 
relatively small areas with elevated levels of residual radioactivity. This results in a non-uniform distribution of the 
radionuclide and a Class 1 classification. If an.area is expected to have no potential to exceed the DCGL, and was 
remediated for purposes of AL.ARA, the remediated area might be classified as Class 2 for the final status sun’ey. 
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The process of planning the survey, implementing the survey plan, md assessing the survey results 
prior to making a decision is called the Data Life Cycle. Survey planning uses the Data Quality 
Objectives (DQO) Process to ensure that the survey results are of suf€icient quality and quantity 
to support the final decision. Quality Assurance and Quality Control (QMQC) procedures are 
performed during implementation of the survey plan to collect information necessary to evaluate 
the survey results. Data Quality Assessment @QA) is the process of assessing the survey results, 

survey results as they apply to the decision being made. 
determining that the quality of the data satisfies the objectives of the survey, and interpreting the - 

A systematic process and structure for quality should be established to provide confidence in the 
quality and quantity of data collected to support decision making. The data used in decision 
making should be supported by a Quality Assurance Project P h  (QAPP)3 whichBocuments 
how quality assurance and quality control are applied to obtain results that are of the type and- 
quality needed and expected. 

2.3 MakingDecisions Based on Survey Results 

Compliance demonstration is simply a decisionas to whether or not a survey Unit meets the 
release Criterion. For most sites this decision is based on the results of one or more surveys. 
Whm survey results are used to support adecision, the decision m a k d  needs to ensure that the 
data will support that decision with satisfactory confidence. Usually a decision maker will make a 
correct decision after evaluating the data. *However, since uncercaiflty in the survey results is 
unavoidable, the possibilityaf emrs in decisions supported by survey results is unavoidable. For 
this reason, positive actions must be taken to manage the uncertainty in the survey results so that 
sound, defensible decisions may be made. These actions include proper survey planning to 
control known causes o€uncertainty,,proper application.of quality control (QC);procedures 
during implementation of the survey plan.so that signifcant sources of error can be detected and 
controlled, and carefid analysis of uncertainty in the results before the data are used to support 
decision making. These actions describe the flow of data throughout each type of survey, and are 
combined in the Data Life Cycle as shown in Figure 2.1. 

’ The QAPP may be referred to using a Merent name h4ARSSIM encourages the use of this term to promote 
~ 

consistency. 

‘ The term decision maker is used throughout this section to describe the pason. team. board. or committee 
responsible for the final decision regarding disposition of the survey unit. - -- 
MARSSIM 2-6 12/6/96 

DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



Ovaview of the Radiation Survey and Site Investigation Process 

P L A N N I N G  P H A S E  

D a t a  Qua l i ty  O b j e c t i v e s  Process  
Q u a l i t y  A s s u r a n c e  P r o j e c t  P l a n  D e v e l o p m e n t  

-4 ~ 

IM P L E M E N TAT I O  N P H A S E 

. .  

. .  _ . .  

D E C I S I O N  M A K I N G  P H A S E  

Figure 2.1 The Data Life Cycle 
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There are four phases of the Data Life Cycle: 

0 

0 

0 

.... - . .  

a 

Phnning Phase. The sumey design is developed and documented using the Data Quality 
Objectives (DQO) Process. Quality assuranck and quality control (QMQC) procedures 
are developed and documented in the Quality Assurance Projed Plan (QAPP). The QAET 
is the principal product of the planning process incorporating the DQOs as it integrates all 
technical and quality aspects for the life cycle of the project, including planning, 
implementation, and assessment. The purpose of the QAPP is to document planning 
results for survey operations and to provide a specific format for obtaining the type and 
quality of data needed for decision making. The QAPP elements are presented in an order 
correspanding to the Data Life Cycle by grouping them into four types of elements: 
(1) project management; (2) measurement and data acquisition; (3) assessment-and 
oversighG and (4) data validation and usability. The DQO process is described in 
Appendix D, and applied in Chapters 3,4, and 5 of this manual. Development of the 
QAPP is described in Chapter 9 and applied throughout decommissioning. 

Implementation Phaae. A Field-Sampling Plan (FSP) or Sampling and Analysis Plan 
(SAP) is developed, incorporating the objectives outlined in the QAPP into Standard 
Operating Procedures (SOPs).' The survey design is carried out in accordance with the 
SOPs and QAPP, resulting in the generation of raw data. Chapter 6, Chapter -7, and 
Appendix H provide -- ._ information - - - on the selection of data collection techniques. The QA 
and QC procedures discussed in Chapter 9 also generate data and other important 
information that willybe used during.the Assessment Phase. 

Assessment Phase. The data .generated . I . :.. during,the Implementation Phase are first 
validated to ensure the szqnpling and analysis protocolsspecified in the QAPP were 

.- actually .... 'CF" ... .~~~~~~. .~~-- -~~,~. ,~~. - . , . ,~ . . .  followed kd'that the r.,.::..-*.. m.&urementiystems ..,.,..., &?*?. * ..,, *:..: .:.., performed .-....,- .-.--.i in -..,.. accordance.with ......- :-z-:- -.-.. . .'.. the 
cnteiia specified in the QAPP. The data quality assessment @QA) process is then applied 
using the validated data to determine if the quality of the data satisfies the data user's 
needs. The DQA process is describeh in A:pendix E and is applied in Chapter 8. 

. .  

Decision Makrng Phase. A decision is made, in coordination with the responsible 
regulatory agency, based on the conclusions drawn from the assessment process. The 
ultimate objective is to make technically defensible decisions with a specified level of 
confidence (Chapter 8). 

' The FSP. SAP. and SOPs may be refen-ed to using different terms. MARSSIM encourages the use of these 
terms to promote consistency. 
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Overview of the Radiation Survey and Site Investigation Process 

2.3.1 Planning Effective Surveys-Planning Phase - 

The first step in designing effective surveys is planning. The DQO P&s is a series of planing 
steps based on the scientific method for establishing criteria for data quality and developing survey 
designs @PA 1994% 1987b, 1987~). Planning radiation surveys using the DQO Process can 
improve the survey effectiveness and efficiency, and thereby the defensibility of decisions. It also 

overly precise data. Using the DQO Process assures that the type, quantity, and quality of 
environmental data used in decision making will be appropriate for the intended application. 
MARSSIM supports the use of the DQO Process to design surveys for input to both evaluation 
techniques (elevated measurement comparison and the statistical test). It provides systematic 
procedures for defining the criteria that the survey design should satis&, including-whartype of 
measurements to perform, when and where to perform measurements, the level of decision errors 
for the survey, and how many measurements to perform. 

can minimize expenditures related to data collection by eliminating unnecessary, duplicative, or -- 

The level of effort associated with planning a survey is based on the complexity of the survey. 
Large, complicated sites generally receive a significant amount of effort during the planning 
phase, while smaller sites may not require as much planning effort. This graded approach defines 
data quality requirements according to the type of survey being designed, the risk of making a 
decision error based on the data collected, and the consequences of making a such an error. This 
approach provides a more effective survey design combined with a basis for judging the usability 
of the data collected. - 

DQOs are qualitative and quantitative statements derived from the outputs of the DQO Process 
that: 

0 clarify the study objective 
e 

e 

define the most appropriate type of data to collect 
determine the most appropriate conditions for collecting the data 
specie limits on decision errors which will be used as the basis for establishing the 
quantity and quality of data needed to support the decision 

The DQO Process consists of seven steps, as shown in Figure 2.2. Each of these steps are 
discussed in detail in Appendix D. While all of the outputs of the DQO Process are important for 
designing efficient surveys, there are some that are referred to throughout the manual. These 
DQOs are mentioned briefly here, and are discussed in detail throughout MARSSIM and in 
Appendix D. 
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252 
253 
254 
255 
256 
257 
258 
259 

- 
STEP 1: STATE THE PROBLEM 

.. 
_.. .. - . .  

. . . .  * .  

I 1 

I STEP 2 IDENTIFY THE DECISION I 

STEP 3: IDENTIFY INPUTS TO THE DECISION 

-1 ~~ 

I STEP 4 DEFINE THE STUDY BOUNDARIES 

r 1 

I STEP 5: DEVELOP A DECISION RULE I 
I I 

. .  . 
. .. 

. .  
1 

STEP 6: SPECIFY-UMTTS ON DECISION ERRORS -- 

-~ 

I ‘STEP7: 

Figure 2.2 The Data Quality Objectives Process 

The minimum information (outputs) required from the DQO Process in order to proceed with the 
methods described in MARSSIM are: 

c. 

classify and’s@& boundaries of survey units (this can be accomplished at any time, but 
must be f i n a l i d  d&ng h a l  stam survey planning) 
state the null hypothesis (HJ: “The residual radioactivity in the survey unit exceeds the 
release criterion” 
specifi a gray region where the consequences of decision errors are relatively minor. “The 
upper bound of the gray region is defined as the DCGL, and the lower. bound of the gray 
region (LBGR) is a site-specific variable generally initially selected to equal one half the 
DCGL,,,, and adjusted to provide an acceptable value for the relative shift” 
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260 
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272 
273 
274 
275 

276 
277 
278 
279 
280 

28 1 

282 
283 
284 
285 
286 
287 
288 
289 

define Type I and Type LI decision errors and assign probability limits for the occurrence 
of these errors: “The probability of making a Type I decision error (a)  or a Type I1 
decision error (9) are site-specific variables” 
estimate the standard deviation of the measurements in the survey unit: “The standard 
deviation (a) is a site-specific variable typically estimated from preliminary survey data” 
specify the relative shift: “The shift (A) is equal to the width of the gray region 
(DCGL, - LBGR), and the relative shift is defined as A h ,  which is generally designed to 
have a value between one and three” 
specifL the detection limit for dl measurement techniques (scanning, direct measurement, 
and sample analysis) specified in the QAPP: “The minimum detectable concentration 
(MDC) is unique for each measurement system” 

0 

0 

- 

0 

- 

._ ~ 

2.3.2 Estimating the Uncertainty in Shrvey Results-Implementation Phase - 

To encourage flexibility and the use of optimal measurement techniques for a specific site, 
MARSSIM does not provide detailed guidance on specific techniques. Instead, MARSSIM 
encourages the decision maker to evaluate available techniques based on the suwey objectives. 
Guidance on evaluating these objectives, such as detection limit, is provided. 

As discussed previously, QC data are collected during implementation to provide an estimate of 
the uncertainty associated with the survey results. QC measurements (scans, direct 
measurements, and samples) are technical activities performed to measure the attributes and 
performance of the survey. During any survey, a certain percentage of measurements should be 
taken for QC purposes. 

23.3 Interpreting Survey Results-Assessment Phase 

The assessment phase of the Data Life Cycle includes validation of the survey data and assessment 
of quality of the data. Data validation is simply comparing the survey results to the QAPP to 
ensure that the survey design was,followed and that the measurement systems performed in 
accordance With the specified criteria Data quality assessment (DQA) is the scientific and 
statistical evaluation of data to determine if the data are of the right type, quality, and quantity to 
support their intended use (EPA 1996a). DQA helps complete the Data Life Cycle by providing 
the assessment needed to determine that the planning objectives are achieved. Figure 2.3 
illustrates where data validation and DQA fit into the Assessment Phase of the Data Life Cycle. 

, 
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DATA VALIDATION AND VERIFICATION 
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0 Verify Measurement Performance 
Verify Measurement Procedures and Reporting_ . - 

I 
- 

OUTPUT + 
VALIDATED AND VERIFIED DATA 

. - .  I 

CONCLUSIONS DRAWN FROM DATA 
f / 

Figure 2.3 The Assessment Phase of the Data Life Cycle 
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Overview of the Radiation Survey and Site Investigation P m  

There are five steps in the DQA Process: 

0 

e Select the Statistical Test 
e 
0 

Review the DQOs and Survey Design 
Conduct a Preliminary Data Review 

V e w  the Assumptions of the Statistical Test 
Draw Conclusions fiom the Data 

The strength of DQA is that it is designed to promote an understanding of how well the data will 
meet their intended use by progressing in a logical and efficient manner. The Assessment Phase is 
described in more detail in Appendix E. 

23.4 Uncertainty in Survey Results 

Uncertainty' in survey results arises primarily from two sources: survey design emrs and 
measurement errors.- Survey-design errors occur when the survey design is unable to capture the 
complete eitent of variability that exists for the radionuclide distribution in a survey unit. Since it 
is impossible in every situation to measute the midual radioactivity at evw point in space and 
time, the survey results will be incomplete to some degree. It is also impossible to know with 
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2.3.5 Reporting Survey Results 

The process of reporting survey results is an important consideration in planning the survey 
Again, the level of effort for reporting should be based on the complexity of the survey. A simple 
survey with relatively few results may specifL a single report, while a more complicated survey 
may provide several reports to meet the objectives of the survey. Reporting requirements for 
individual surveys should be developed during planning and clearly documented in the QAPP. 
These requirements should be developed with cooperation from the people performing the 
analyses (e.g., the analytical laboratory should be consulted on reporting results for samples) 
The Health Physics Society has developed several suggestions for reporting survey results 
(EPA 1980~). These suggestions include: 

0 

- 
Report the actual result of the analysis. Do not report data as “less than the-detection - 
limit” Even negative results and results with very large uncertainties can be used in the 
statistical tests to demonstrate compliance. Results reported only as “<MDC“ cannot be 
M y  used and, for example, complicate even such simple analyses as calculating an 
average While the non-parametric tests described in Chapter 8 can accommodate as 
much as 40% of the results as nondetects, it is better to report the actual results and 
avoid the possibility of exceeding this limit 

Report ’ksults using the wrrect units and the comxt number of significant digits. -.The 
choi? of.reporting results, using SI units (e.g., Bqflrg, Bq/mp or Cgnventiohl units . 

-.(e.g., pCi/g, dp-NlOO cm’) is made on a si te-spec basis.. Generallys itJs -mended 

. ._ 

. .. . 
. .  . .  

0 .  

.. - , 

i t  

. - .  

that all results be reported in the same units .as the DCGI;s. :.Sometimes thegsults may be 
more convenient to work with as counts directly from the detektor, and it is necessary to 

..dEide.Lwhat:we the appropriate..units.for.a . ,:.. _ .  . .  specific:survey .based..on.the survey: objectives. 
It i s  r?so-n~~,toreport.the.correct number of.significant.digits.as described-in I 

. . . . .  , _ _  . . . . _ .  ,.. . . ,  . , :  . . . .  . .  . .  . .  

... - ’ .  . . >. ..: : !. .. . .- .i... . . : ._ -. 

for evey .: apalytiqal. . .  _._ result.or. series of.results, such as 
a measurement system. This uncertainty, while not directly used for demonstrating 

-.comp$eF.with-.the @e+e+riterion,.is -.._. . . used.for.survey :planning and data,assessment 
:throughout the. . -. Radiation.Supey: .. . . and Site Investigation-Pns. . .  ..In addition, the 
+certainty .is usexi for evaluating -the. pe&o.mance of measurement systems using QC 
.measu&neatresults as,described in.Section 9.4. ‘It is also used for comparing individual 
:.measurements .to the .action level, which .is espe@illy important in the early stages of 
decomrqissioning (&ping, characterization, and remedial action suppokt surveys 
described .. . . in Section 2.4).when decisions are made based on a limited number of . 

...m easurements, Section 5.5. discusses methods for. calculating the measurement 
uncertainty. 
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0 Report the minimum detectable concentration (MDC) for the measurement system. The 
MDC is an apriori estimate of the capability for detecting an activity concentration with a 
specific measurement system (EPA 1980~). As such it is valuable for planning and 
designing radiation surveys. Optimistic estimates of the MDC (calculated using ideal 
conditions that may not apply to actual measurements) overestimate the ability of a 
technique to detect residual radioactivity, especially when scanning for alpha or low- 
energy beta radiations. This can invalidate survey results, especially for scanning surveys. 
Using a more realistic MDC, as described in Section 6.4, during scoping and 
characterization surveys helps in the proper classification of survey units for final status 
surveys and minimizes the possibility of designing and performing subsequent surveys 
because of errors in classification. It is better to overestimate MDCs than-to . - 
underestimate them. 

. 

- 

Reporting requirements for individual surveys should be developed during planning and clearly 
documented in the QAPP. 

i 

374 2.4 Radiation Survey and Site Investigation Process 

375 
376 
377 
378 
379 
380 contamination. 

381 

The Data Life Cycle discussed in Ststion 2.3 is the basis for the performancebased guidance in 
MARSSIM. As a framework for collecting the information required for demonstrating 
compliance identified using the DQO Process, MARSSIM recommends using a series of surveys. 
The Radiation Survey and Site Investigation Process is an example of a series of surveys designed 
to demonstrate compliance with a dose- or risk-based regulation for sites with radioactive 

There are six principal steps in the Radiation Survey and Site Investigation Process: 

3 82 0 Site Identification 
383 a Historical Site Assessment ' 

385 Characterization Survey 
386 Remedial Action Support Survey 
387 Final Status Survey 

3 84 scopingsurvey 

388 
389 
390 
391 
392 
393 

The flowchart illustrated in Figure 2.4 is a simplified overview of the principal steps in the process 
and how the Data Life Cycle can be used in the process. Each of these steps is briefly described 
in the following sections, and described in more detail in Chapter 3 and Chapter 5 .  In addition, 
there is a brief description of regulatory agency confirmation and verification. These surveys have 
additional objectives that are not r l l y  discussed in MARSSIM (e.g., health and safety of workers, 
supporting selection of values for exposure pathway model parameters, etc.). -- 
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Figure 2.5 illustrates the Radiation Survey and Site Investigation Process in terms of area 
classification, and lists the major decision to be made for each type of survey. The flowchan 
demonstrates one method for quickly estimating the survey unit classification early in the 
MARSSM Process b&ed on limited information. While this figure shows the relationship 
between area classification and survey unit classification along with the major decision points that 
determine classification, it is not designed to comprehensively consider every possibility that may 
occur at individual survey units. As such it is a useful tool for visualizing the classification 
process, but there are site-specific characteristics that may cause variation from this scheme. 

The flowchart illustrated in Figures 2.6 through 2.9 presents the principal steps and decisions in 
the site investigation process and shows the relationship of the survey types to the overall 
assessment process. As shown in these figures, there are several sequential steps in -2 the . site 
investigation process and each step builds on information provided by its predecessor. Proper4y 
applying each sequential step in the Radiation Survey and Site Investigation Process should 
provide a high degree of assurance that the regulations have been satisfied. 

- 

2.4.1 Site Identification 

The identification of known, likely, or potential sites is generally easily accomplished, and is 
typically performed before beginning decommissioning. Any facility preparing to terminate an 
NRC or agreement state license would be identified as a site. Portions of military bases or DOE 
facilities may be identified as sites based on records of authorization to possess or handle 
radioactive materials. Information on site identification is provided in Section 3.3. 

2.4.2 Historical Site Assessment 

The primary purpose of the Historical Site Assessment (HSA) is to collect existing information 
concerning the site and its surroundings. 

The primary objectives of the HSA are to: 

0 

0 

0 

0 

0 

identi@ potential sources of contamination 
identify sites that pose little or no threat to human health and the environment 
differentiate impacted from non-impacted areas 
provide input to scoping and characterization survey designs 
provide an assessment of the likelihood of contaminant migration 

The HSA typically consists of three phases: identification of a candidate site, preliminary 
investigation of the facility or site, and site visits or inspections. The HSA is followed by an 
evaluation of the site based on information collected during the HSA. 

-- 
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Figure 2.5 The Radiation Survey and Site Investigation Process 
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Figure 2.6 The Historical Site Assessment Portion of the 
Radiation Survey and Site Investigation Process 
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Figure 2.7 The Scoping Survey Portion of the 
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Figure 2.8 TheCharacterization and Remedial Action Support Survey Portion 
of the Radiation Survey and Site Investigation Process 

MARsslM 2-2 1 
DRAFT FOR PUBLIC COMMENT 

- -- 
12/6/96 

DO NOT USE, CITE OR QUOTE 



Overview of the Radiation S w q  and Site Investigation Prrx;ess 

2.7 and 

' . .:.:::.ym. 

D o h  
Fhal.St@B survey 

R;qsrdb,De-b No 
.. .cOmdia&.rn 

.;.,, .v 

._ . 

I 
No 

' I  
Yes 

I 

To Figure Donrmscrt Res- h the Fbml 

* Connects with the Rcmedifi Adim Support !hm& portion of the proces m F i p  2 8  

Figure 2.9 The Final Status Survey Portion of the 
Radiation Survey and Site Investigation Process 

MARSSIM 
. DRAFT FOR PUBLICCOMMENT 

2-22 12/6/96 

DO NOT USE, CITE OR QUOTE 



Overview of the Radiation S W ~  and Site Investigation P m s  

426 

42 7 
428 

429 

430 
43 1 
432 
433 
434 
435 
436 

43 7 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 

45 1 

452 
453 
454 
455 

. . _ .  . ._  . . .... _. ._.  
- .  . .  .. , . . ? J  

2.4.3 Scopiig 'Survey 

If the data collected during the HSA indicate an area is impacted, a scoping survey should be 
performed. Scoping surveys provide site-specific information based on limited measurements. 

The primary objectives of a scoping survey are: 

0 

0 

0 

perform a preliminary hazard assessment 
support classification of all or part of the site as a Class 3 area 
evaluate whether the survey plan can be optimized for use in the characterization 
or final status surveys 
provide data to complete the site prioritization scoring process (CERCLA and - 
RCRA sites only) 
provide input to the characterization survey design if necessary 

Scoping surveys are conducted after the HSA is completed and consist of judgement 
measurements based on the HSA data. Ifthe results of the HSA indicate that an area is Class 3 
and no contamination is found, the area may be classified as Class 3 and a Class 3 final status 
survey is performed. Ifthe scoping swvey locates contamination, the area may be considered as 
Class-l:(or Class 2) forthe fiaal status surveyand a characterization suryey is typically performed. 

; Sufficient informationshould.be-collected.to idenm situations that requite immediate radiological 
attention. .For-sites-.whm&eaomprehdve EnviromaMesponse;.CompWtion, and 

I LiabdityAct (GERCLA) rquirements are-applicable, the.scapingsurvey.sliould~call& sufficient 
data to complete the Hazaid RankingSystem (HRS) scoring process. For sites where the 
Resource Conservation and Recovery Act (RCRA) requirements are applicable, the scoping 
survey should collect sufficient data to complete the National Corrective Action Prioritization 
System (NCAPS) scoring process. Sites that meet the National Contingency PI 
for a.removal should be refbred tbdthe Superfund removal program. (EPA 1988 
of MARSSIM guidance to CERCLA and RCRA requirements is provided in Appendix F. 

2.4.4 Characterization Survey - 

L€ an area could be classified as Class 1 or Class 2 for the final status survey, based on the HSA 
and scopingmwey results, a characterization survey is warranted. The characterization survey is 
planned based on the HSA and scoping survey results. This type of survey is a detailed 
radiological environmental chc texk t ion  of the area. 
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456 The primary objectives of a characterization survey are: 

457 
458 
459 

460 
461 
462 
463 

0 

0 

0 

0 

determine the nature agd extent of the contamination 
evaluate remedial alternatives and technologies 
evaluate whether the survey plan can be optimized for use in the final status survey 
support Remedial Investigation/Feasibility Study requirements (CERCLA sites 
only) or Facility InvestigatiodCodve Measures Study requirements (RCRA 
sites only) 
provide input to the final status survey design 0 

464 
465 
466 
467 
468 

469 2.4.5 Remedial Action Support Survey . 

The characterization suxvey is the most comprehensive of all the survey types and generates the- 
most data. It includes preparing a reference grid, systematic as well as judgement measurements, 
and surveys of different media (e.g., d a c e  soils, interior and exterior surfaces of buildings). The 
decision as to which media will be surveyed is a site-specific decision addressed throughout the 
Radiation Survey and Site Investigation Process. 

470 
47 1 
472 
473 
474 

475 

476 
477 

. . . .  . . .  < I . . . . . . . . . .  

:If* areais adeqllntely&mctemd * '  Ad is umtaminated above the derived con&tion -. 

.guideline levels (DCGLs),.a decontaminatioaplau should.be prepared.. A remediakaction.support 
survey.is perfomed.while remediationis being:conducted,-and griidesthe'deanup in a &;time 
,mode;. .The.rernedial-!action:support survey:also assures that remediation wOrke&, :the pub1ic;:and 
the environment are adequately .pqtected .duridg remediationL;.: 

2.4.6 .:-Final Status Su'rvey 

.The.final.statussurvey-is.used.to.demonstrate compliance with regulations. This type of survey is 

. . I  . i .._ . . . . . .  . .  : 
. . . . .  . . . . . . .  . . . . . . . .  " . - !. ' 

. , , _  . . . .  . . . . . .  . . . . . . . . . . .  . .I. 
. . . . . .  . .  . . . . . . .  . .  ..:, . -  ... 

. . . . . .  . .  . .  
8: . :: _:. j:. , . . .. - . . . . . . . .  . . . . .  . .  . . . . .  : .  . .  . .  . _ _ -  - . .  , _  

. . . .  . .  . .  the major focus-of,this:manual.. . . . . . . .  :: .:: . . . . . .  .- . .  

I 

478 The primary objectives of the final status survey are: 

479 0 selecthrerify survey unit classification 
480 demonstrate that the potential dose from residual contamination is below the 
48 I release criterion forteach survey unit 
482 demonstrate that the potential dose from small areas of elevated activity is below 
483 the release criterion for each survey unit 

0 

0 
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484 
485 

486 
487 
488 
489 
490 

The final status survey provides data to demonstrate that all radiological parameters satisfy the 
established guideline values and conditions. 

Although the final status survey is discussed as if it were an activity performed at a single stage of 
the site investigation process, this does not have to be the case. Data fiom other surveys 
conducted during the Radiation Survey and Site Investigation Process-such as scoping 

planning a final status survey provided they are of sufficient quality. 
charactehtion, and remedial action support surveys--~an provide valuable information for - 

491 2.4.7 Regulatory Agency Confirmation and Verification 

492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 

The regulatory agency responsible for the site often confirms whether the site is acceptable for 
release. This confirmation may be accomplished by the agency or an impartial party. Although 
some actual measurements may be performed, much of the work required for confirmation and 
verification will involve evaluation and review of documentation and data from survey activities. 
The evaluation may include site visits to observe survey and measurement procedures or split- 
sample analyses by the regulatory agency's laboratory. Therefore, it isimportant to account for 
confixmation and verification activities during the planning stages €or each type of survey. In 
some cases, post-remedial sampling and analysis may be performed by an impartial party. The 
review of m e y  fesults should include verification that the data q d t y  ob~ectives are met, a 
review of the analytical data used to demonstrate compliance, and verification that the statistical 
test results support the decision to release the site. Confirmation and verification are generally 
ongoing processes throughout the Radiation Survey and Site Investigation Process.. 

504 2.5 Demonstrating Compliance With a Dose-Based Regulation 

505 
506 
507 
508 
509 

' .  

MARSSIM presents a process for-demonstiating'compliance with a dose-based regulation. The 
Radiation S w e y  and Site Investigation Process provides flexibility in planning and performing 
surveys based on sitespecific considerations. The use of a dose-based regulation takes into 
account radionuclide and site-specific differences while providing a more uniform level of 
protection of human health and the environment 

510 
5 1 1 
5 12 
5 13 
514 

The final status survey is designed to demonstrate compliance with the release criterion. The 
earlier surveys in the Radiation Survey and Site Investigation Process are performed to support 
decisions and assumptions used in the design of the final status survey. These.preliminary surveys 
may have other objectives in addition to compliance demonstration that need to be considered 
when designing the surveys which are not fblly discussed in this manual. 
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2.5.1 

The objective of compliance demonstration is to provide some level of confidence that the release 
criterion has not been exceeded. As previously stated, 100% confidence in a decision cannot be 
proven because there is always some uncertainty in the data. .In order to provide a quantitative 
estimate of the probability that the release criterion has not been exceeded, it is necessary to use 
statistical methods. Statistical methods provide for specifying (controlling) the probability of 
making decision errors and for extrapolating from a set of measurements to the entire site in a 

The Decision to Use Statistical Tests 

- 

I scientifically valid fashion (EPA 1994b). 

Before a statistical test can be performed it is necessary to clearly state the null hypothesis. The 
null hypothesis recommended for use in MARSSIM is: “The residual radioactivity in thesurvey 
unit exceeds the release criterion.” This statement of the null hypothesis directly addresses the 
issue of compliance demonstration and places the burden of proof for demonstrating compliance 
on the site owner or responsible party. 

The information needed to pdorm a statistical test is detennined by the assumptions used to 
develop the test = MARSSIM recommends the use of nonparametric statistical tests because these 
tests use fewer-assumptiow and CoILSequently require less information toverify these 
assumptions. =The nonparametric tests;described in MARSSIM are relatively easy to understand 
and implement, compared to other statistical tests. 

Site conditions can-also affectthe selection of statistical tests. Of particular concern at sites with 
residual radioactivity is the distribution of the contamination. Is the contamination distributed 
uniformly, or is it located in small areas of elevated activity? Is the residual radioactivity present 
as surface, volumetric,ror,~bsurface contamination? -To demonmtetthe use o f h e  Radiation 
Survey and Site Investigation manual at radiation sites, MARSSIM uses an example of surface 
sontqmination.for,soils-gmd buildings., This represents a situation that is expected tommmonly 
occuri& &@@thgadi&ve contamination,and.allows the;survey, design to take into account 
the abilily@ Clirectly-measure &ce radioactivity usingscanning techniques. Situations where 
scanning techniques may not be effective (e.g., volumetric or subsurface contamination) are 
discussed in existing guidance (EPA 1989a, EPA 1994b, EPA 19944). 

i.. * I .  ,,, --- 

2.5.1.1 Small Areas of Elevated Activity 

While the development of DCGLs is outside the scope of MARSSIM, it is assumed that DCGLs 
will be developed using exposure pathway models which in:- assume a relatively uniform 
distribution of contamination. While this represents an ideal situation, small areas of elevated 
activity are a concern at many sites. 

, .  
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The MARSSIM approach is to use a simple comparison to an investigation level as an alternative 
to statistical methods. Using the elevated measurement comparison (EMC) represents a 
conservative approach, in that every measurement needs to be below the action level. The 
investigation level for this comparison is called the D C G L C ,  which is the DCGL, modified to 
account for the smaller area. This area factor correction (discussed in Section 5.5.2.4) is 
considered to be a conservative modification because the exposure assumptions (e.g., exposure 
time and duration, etc.) are the same as those used to develop the DCGL.  In the case of 
multiple areas of elevated activity in a survey unit, a posting plot or similar representation of the 
distribution of activity in the survey unit is used to determine the spatial correlation of the areas. 

If residual radioactivity is found in an isolated elevated area, in addition to residual radioactivity 
distributed relatively uniformly across the survey unit, the unity rule (Section 4.3.3)kn 6e used to 
ensure that the total dose meets the release criterion. If there is more than one elevated arm a 
separate tern should be included in the calculation for each area of elevated activity. As an 
alternative to the unity rule, the dose or risk due to the actual residual radioactivity distribution 
can be calculated if there is an appropriate exposure pathway model available for doing so. Note 
that these considerations will generally only apply to Class 1 survey units, since areas of elevated 
activity should not be present in Class 2 or Class 3 survey units. 

2.5.1.2 Relatively Uniform Distribution of Contamination 

- 

As previously stated, DCGLs are assumed to be developed with the assumption of a relatively 
uniform distribution of contamination. Some variability in the measurements is expected. This 
variability is primarily due to a random spatial distribution of contamination and uncertainties in 
the measurement process. The arithmetic mean of the measurements taken from such a 
distribution would represent the parameter of interest for demonstrating compliance. 

The presence of the radionuclide of concern in background determines the form of the statistical 
test. The Wilcoxon Rank Sum (WRS) test is usedxor comparisons with background. When the 
radionuclide of concern is not present in background the Sign test is used. Instructions on 
performing these tests are provided in Chapter 8. 

The WRS test compares the distribution of the contaminant in the survey unit with the distribution 
in the reference area. Because the difference between the two distributions is being tested, the 
WRS test provides a test of the mean concentration of residual radioactivity above background, 
which is the parameter of interest. The Sign test provides a test of the median; not the mean. For 
symmetrical distributions the mean and the median are equal, so the Sign test actually does 
provide an indirect test of the mean. For skewed distributions, where the mean may be 
significantly different than the median, h4ARSSIM suggests using a graphical assessment of the 
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8 data to check for symmetry. In addition, MARSSIh4 recommends comparing the arithmetic m a  
of the'swey unit to the DCGL, as a first step in the data interpretation. 

584 2.5.2 Classification 
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The classification of a survey unit is a crucial step in the survey design because it determines the 

incorrectly, the potential for making decision errors increases. There is a minimal amount of 
information necessary to demonstrate compliance with the release criterion. The amount of this 
information that is available, and the level of confidence in this information, is reflected in the area 
classification. The initial assumption is that there is no information available necessary to 
demonstrate compliance, and this results in a default Class 1 classification. This cohponds with 
the statement of the null hypothesis that the survey unit is contaminated, and represents the most 
conservative w e .  For this reason, the recommendations for a Class 1 final status survey 
represent the minimal amount of information necessary to demonstrate compliance. 

Not all of the information available for an area will have been collected for purposes of 
compliance demonstration. This does not meap that the data do not meet the objectives of 
compliance demonstration, but may mean that statistical tests would be of little or no value 
because the data have not been collected using,appmpriate protocols or design. Rather than 
discard potentially valuable information, MARSSIM allows for a qualitative assessment of 
existing data (Chapter-3). Non+npactgdareas repment areas wherejall of the infirmation 
necessary to,demonstqte compliance is available fiom existing sources. For these'$reas, no 
statistical . <  # test$ q e  considered- necessary. .-A classifiqition as Class 2.or Class 3 indicates that some 
information on @e potentid for contamination is available for ,that survey. unit. The data 
collection recommendations are modified to account for the ieformation already available, and the 
statistical tests are perfo&ed on the data collected during the final status survey. 

level of survey effort based on the potential for contamination. If a survey unit is classified - 

- _ _ _  -_ , ._. - ,,&. y - -.- 
El-evated -Activity 

Scannhg surveys are typically used to identi@ small-areastof elevated activity. The size of the 
area of elevated activity that the swvey is designed to detect Sects the DCGk,-, and 
determines the ability of a scanning technique to detect these m. Larger areas have a lower 
D C G L e  and are more difficult to detect than smaller areas. 

. -  
61 1 
612 
6 13 
6 14 

The percentage of the s&ey unit to be covered by &.tu is also an important 'consideration. 
lo@! coverage means &at the entire surface area of the survey unit has been covered by the field 
of view of the scanning instrument. 100% scanning coverage provides a high level of confidence 
that all areas of elevated activity have been identified. If the available information concerning the 
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survey unit provides information demonstrating that areas of elevated activity may not be present, 
the survey unitmay be classified as Class 2 or Class 3. Because there is already some level of 
confidence that areas of elevated activity are not presenf 100% coverage may not be necessary to 
demonstrate compliance. The scanning survey coverage may be adjusted based on the level of 
confidence supplied by the existing data. If there is a significant amount of evidence providing a 
high level. of confidence that areas of elevated activity are not presenf 10% scanning coverage 
may meet the objectives of the survey. If the existing information provides a lower level of 
confidence, the scanning coverage may be adjusted between 10 and 100% based on the level of 
confidence and the objectives of the survey. A general recommendation is to always err on the 
conservative side. It is generally less expensive to scan the entire survey unit than to find an area 
of elevated activity later in the survey process and have to perform additional surveys because of 
misclassification. -4 - - 

Another consideration for scanning surveys is the selection of scanning locations. When 100% of 
the survey unit is scanned, this is not an issue. Whenever less than 1000/0 ofthe survey unit is 
scanned a decision must be made on what areas are scanned. The general recommendation is that 
when large amounts of the survey unit are scanned (e.g., >SO%) the scans should be 
systematically performed along transects of the survey unit. When smaller amounts of the survey 
unit are scanned, selecting areas based on professional judgement may be more appropriate and 
efficient for locating areas of elevated activity (e.g., drains, ducts, piping ditches, etc.). A 
combination of 1W?4 scanning in portions of the survey unit selected based on professional 
judgement and less coverage (e.g., 2040%) for all remaining areas may result in an efficient 
scanning survey design for some survey units. 

- 

2.5.4 Design Considerations for Relatively Uniform Distributions of Contamination 

The survey design for areas with relatively uniform distributions of contamination is primarily 
controlled by classification and the requirements of the statistical test. Again, the 
recommendations for Class 1 survey units represent the conservative defiidt. Recommendations 
for Class 2 or Class 3 surveys may be appropriate based on the existing information and the level 
of confidence associated with this information. - 

The first consideration is the identification of survey units. The identification of survey units may 
be accomplished early (e.g., scoping) or late (e.g., final status) in the survey process, but must be 
accomplished prior to performing a final status survey. Early identification of survey units can 
help plan and perform surveys throughout the Radiation Survey and Site Investigation Process. 
Late identification of survey units can prevent misconceptions and problems associated with 
reclassification of areas based on results of subsequent surveys. The area of individual survey 
units is determined based on the are classification and modeling assumptions used to develop the 
D C G k .  Identification of survey units is discussed in Section 4.6. 
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Another consideration is the estimated number of measurements to demonstrate compliance using 
the statistical tests. Section 5.5.2 describes the calculations used to estimate the number of 
measurements. These calculations use information that is assumed to be available from planning 
or from preliminary surveys (e.g., scoping, characterSation, erc.). The information used in these 
equations is acceptable values for the probabilities of making Type I (a) or Type II (P) decision 
emrs, the estimates of the measurement variability in the survey unit (a,) and the reference area 
(ar), if necessary, and the shift (A). MARSSlM does not recommend values for my of these 
parameters, although some guidelines are provided. A prospective power curve (see Appendix D) 
that considers the effects of these parameters can be very helpful in designing a survey and 
considering alternative values for these parameters, and is highly recommended. To ensure that 
the desired power is achieved with the statistical test and to account for uncertainties in the 
estimated values of the measurement variabilities, it is recommended that the estimated number of 
measurements be rounded up 20%. Insufficient numbers of measurements may result in failure to 
achieve the DQO for power and result in increased Type II decision errors, where survey units 
below the release criterion fail to demonstrate compliance. 

- 

Once the survey units have been identified and the number of measurements has been determined, 
measurement locations should be selected. The statistical tests assume that the measurements are 
taken from random locations within the survey unit. A random survey design is used for Class 3 
survey units, and a random starting point for the systematic grid is used for Class 2 and- Class 3 
survey units. 

2.5.5 Developing an Integrated Survey Design 

I 

To account for assumptions used to develop the DCGL, and the realistic possibility of small areas 
of elevated activity, an integrated survey design should be developed to include all of the design 
considerations. An integrated survey design combines a scanning survey for areai of elevated 
activity with random measurements for relatively uniform distributions of contamination. Table 
2.1 presents the recommended conditions for demonstrating compliance for a final status survey 
based on classification. 

Random measurement patterns are used for Class 3 survey units to ensure that the measurements 
are independent and meet the requirements of the statistical tests. Systematic grids are used for 
Class 2 survey units because there is an increased probability of small areas of elevated activity. 
The use of a systematic gxid allows the decision maker to draw conclusions about the size of any 
potential areas of elevated activity based on the area between measurement locations, while the 
random starting point of the grid provides an unbiased m e t h d  for determining measurement 
locations for the statistical tests. Class 1 survey units have the highest potential for small areas of 
elevated activity, so the areas between measurement locations are adjusted to ensure that these 
areas can be detected by the scanning survey. 

' 
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Table 2.1 Recommended Conditions for Demonstrating Compliance Based on 
Survey Unit Classification for a Final Status Survey 

689 
690 

69 1 

692 

693 
694 
695 

696 
697 
698 
699 
700 

70 1 
702 
703 
704 
705 
706 
707 
708 
709 
7 10 
71 1 
712 
713 
714 

The objectives of the scanning surveys are different. Scanning is used to identi@ locations within 
the survey unit that exceed the investigation level. These locations are marked and receive 
additional investigations to determine the concentration, area, and extent of the contamination. 

For Class 1 areas, scanning surveys are designed to detect small areas of elevated activity that are 
not detected by the measurements using the systematic grids. For this reason the measurement 
locations, and the number of measurements, may need to be adjusted based on the sensitivity of 
the scanning technique (see Section 5.5.2.4). This is also the reason for recommending 1000?4 
coverage for the scanning survey. -_ 

Scanning surveys in Class 2 areas are also primarily performed to find areas of elevated activity 
not detected by the measurements using the systematic pattern. However, the measurement 
locations are not adjusted based on sensitivity of the scanning technique and scanning is 
performed in portions of the survey unit. The level of scanning effort should be proportional to 
the potential for finding areas of elevated activity: in Class 2 survey units that have residual 
radioactivity 'close to the release criterion a larger portion of the survey unit would be scanned, 
but for survey units that are closer to background scanning a smller portion of the survey unit 
may be appropriate. Class 2 survey units have a lower probability for areas of elevated aktivity 
than Class 1 survey units, but some portions of the survey unit may have a higher potential than 
others. Judgmental scanning surveys would focus on the portions of the survey unit with the 
highest probability for areas of elevated activity. If the entire survey unit has an equal probability 
for areas of elevated activity, or the judgmental scans don't cover at least 10% of the area, 
systematic scans along transects of the survey unit or scanning surveys of randomly selected grid 
blocks are performed. 
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Class 3 areas have the lowest potential for areas of elevated activity. For this reason, it is 
recomrnendedthat scanning surveys be performed in areas of highest potential (e.g., comeis, 
ditches, drains, etc.) based on professional judgement This provides a qualitative level of 
confidence that no areas of elevated activity were missed by the random measurements or that 
there were no errors made in the classification of the area. 

2.6 Alternative Survey Designs . 

Section 2.5 describes an example of applying the performance-based guidance presented in 
Section 2.3 and Section 2.4 to design a survey for a site with specific characteristics (Le., surface 
soil and building surface contamination). Obvioudy this design cannot be dmly applied at 
every site wi&hdioactive bntamination, so flexibility has been provided in the form of - 
performance-based guidance. Performance-based guidance encourages the user to develop a site- 
specific survey design to account for.site-specific characteristics. It is expected that most users 
will adopt the portions.of the MARSSIM guidance that apply to their site. In addition, changes to 
the overall survey design that account for site-specific differences would be presented with the 
survey plan. Justification showing that the extrapolation from measurements to the entire site is 
performed in a technically defensible manner would also be included. 

The following &om pkent examples of situations where changes to the MARSSIM guidance 
may b e  desirable gndaccqtable. These examples briefly describe the 
modification, &d the justification for the change. - 

j .  -., - - -  I . -  . -  * - -  

on, the proposed 

2.6.1 , Alternate Stat&tical.Methods-; 
. .  . .  

n .at a .site..is normally distributed and wishes to 
to,dqonpate:wmpliance instead of using the nonparametric tests . 

&l. :The;dwision gnaker proposes a survey plan..that.includ,es calculations 
for , e s t ima~g-~e~n~ber~of  .measurementsusing.a. t-testmd a Shapiro-Wilk test for normality. 
In..additioq. the:DQAuiprovides;for plotting. the data-and:performing a visual reiiew to demonstrate 
the data-are. nor&lly-~distributed. . Included in.the survey planme references supporting the 
se&ti&&thiise . .  .tests:'. . .  , 

. 

The consequences of designing a survey using parametric statisitics include the possibility that 
additional surveys or measurements will be needed to demonstrate compliance with the statistical 
assumptions, in this -e the.assumption of normality. If the data are collectd and the 
assumption of normality &mot be justified, the entire data set may be invalidated. Nonparametric 
tests make fewer assumptions about the data distributions and reduce the possibility of these types 
of problems. 
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2.6.2 Alternate Null Hypothesis 

At another site, a set of stakeholders prefer to demonstrate the contamination at the site is 
indistinguishable from background rather than demonstrating compliance with the release criterion 
directly. The survey plan is designed based on the approach described in NRC draft 
NUREG-1505 (PTRC 199Sa). In addition, the survey plan describes a method for using 
confidence intervals to demonstrate compliance with the release criterion as well as being 
indistinguishable fiom background. Justification for the application of confidence intervals is 
provided in a supplement to the survey plan. 

Stating the nuH hypothesis in this way means that compliance with the release criterion is not 
directly addressed. Indirect methods of demonstrating compliance may be complicated-and 
difficult to justify to the regulatory agency. 

- 

- 

- 

2.6.3 Alternate Survey Design 

The number of measurements estimated for compliance demonstration in a Class 1 survey unit is 
adjusted to account for locating small areas of elevated activity, resulting in a significant increase 
in the estimated number of samples. The decision maker proposes that neighboring samples be 
composited to reduce the-total number of measurements. The survey plan specifies that each 
composite represents approximately the same portion of the survey unit, the number of composite 
measurements is equal to or greater than the number of measurements estimated for the statistical 
test (before accounting for areas of elevated activity), and the D C G L c  is divided by the number 
of samples included in each composite when performing the EMC against the composite 
measurement results. The justification for the modifed survey design is referenced and 
documented in a supplement to the survey plan. 

Generally, the number of measurements estimated to demonstrate compliance using the 
nonparametric statistical tests is quite modest, so compositing of samples should not be necessary 
If compositing is used, the standard deviation of th'e composite measurements will generally be 
lower than the standard deviation of the corresponding individual sample measurements. If a 
composite is flagged by the EMC, it may be necessary to re-analyze each sample included in that 
composite to determine which measurements, if any, actually exceed the D C G L c .  There may 
be other situations where cornpositing of samples is considered that are incompatible with the 
statistical tests described in MARSSIM. In these situations an alternative statistical test would 
also be specified in the survey plan, along with the justification demonstrating the survey design is 
technically defensible. 
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2.6.4 Combining Surveys 

The time constraints at a site do not allow sufficient time between remediation and the completion 
of the survey to complete the remedial action support survey, and plan and perform a final s t a u  
survey. The decision maker proposes to combine the remedial action support survey and the find 
status survey into a single survey. The DQO Process is used to develop a survey plan that 
includes the objectives of both types of surveys. The resulting survey design includes the 
measurements (scanning, direct measurements, sampling) for demonstrating compliance using the 
methods described in MARSSIM. In addition, measurements are included to address monitoring 
of the remediation process as well as d e t y  and health concerns during the remedial action. The 
outputs of the DQO Process are included as justification for the changes in the survey design. 

Combining survey types into a single survey can be accomplished using the DQO Process. The - 
level of risk associated with combining surveys increases significantly. Additional effort is needed 
for all steps in the survey process (planning, implementation, assessment, and decision making). 
Combining surveys is generally not recommended unless sufficient information concerning the 
survey unit is available to support decisions made for designing the combined survey. 

- 
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3 HISTORICAL SITE ASSESSM'ENT 

3.1 Introduction 

Historical Site Assessment (HSA) is the first step in the Radiation Survey and Site Investigation 
Process. ThelHSA is a detailed investigation to collect existing information (fiom the start of site 
activities related to radionuclides) for the site and its surroundings. The necessity for and amount 
of effort associated with an HSA depends on the type of site, the site's regulatory framework, and 
availability of documented information. For example, some facilities-such as NRC 

- 

licensees-that routinely maintain records throughout their operations already have HS A 
information in place, while other facilities-such as CERCLA or RCRA sites-may initiate a 
comprehensive search to gather HSA information. In the former case, the HSA is essentially 
complete and a review of the following sections assures that all information sources are' 
incorporated into the overall investigation. 

- 

The HSA: 

a 

a 

a 

0 

0 

identifies potential, likely, or known sources of radioactive material and radioactive 
contamination based on existing or derived information 

identifies sites that may need fiuther action ftom those that pose little or no threat 
to human health 

.- . 

provides an assessment. for the likelihood of contaminant migration' 

provides information useful to scoping and characterization surveys 

provides .initial .classification .ofthe. site(s)..or survey unit(s)'. as impacted or 

. . . .  . . .  . .  . .  . .  . 

. .  . . . .  .. . . .  . . .  

I. . non-impacted .. . . .  

. . . .  :.. . .  
.I_ , . '.... ' . ' . .  , , / .  . .  .. . . . . ... . .  

The HSA may provide information needed to calculate derived concentration guideline levels 
(DCGLs, initially described in Section 2.2) and firthennore provide information that reveals the 
magnjtude of a site's DCGLs.- This information is used-for comparing historical data to 
potential DCGLs-to determine the suitability of the existing data as part of the assessment of the 
site. The HSA also supports emergency response and removal activities within the context of 
Supefind, filfills public information needs, and hrnishes appropriate information about the site 
miy in the Site Investigation process. 

' Refer to Section 4.6 for a discussion of survey units. 
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The HSA typically consists of three phases: identification of a candidate site (Section 3.3), 
preliminary investigation of the facility or site (Section 3.4), and site reconnaissance (Section 3-51. 
The reconnaissance however is not a scoping survey. The HSA is followed by an evaluation of 
the site based on information collected during the HSA. 

- 

34 3.2 Data Quality Objectives - 
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37 

38 

The Data Quality Objectives @QO) Process assists in directing the planning of data collection 
activities performed during the HSA. Information gathered during the HSA supports other DQOs 
when this process is applied to subsequent surveys. 

Three HSA-DQO results are expected: 

-a - 
- 

39 
40 
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0 idenwng an individual or a list of planning team members-including the 
decision maker (DQO Step 1, Appendix D, Section D. 1) 

concisely describing the problem @QO Step 1, Appendix D, Section D. 1) 0 

42 
43 

44 
45 

46 
47 
48 
49 
50 

* 5 1 
52 
53 
54 
55 
56 
57 
58 

initially classifying site(s)-and survey unit@) as impacted or non-impacted @QO 
Step 4, Appendix D, Section D.4) 

- 
Other results may accompany the three above and this added information may be use l l  in 
supporting subsequent applications of the DQO process. 

The planning team clarifies and defines the DQOs for a site-specific survey. This multidisciplinary 
team of technical experts offers the greatest potential for solving problems.when identieing every 
important aspect of a survey. Including a stakeholder group representative(s) is an important 
consideration when assembling this team. The number of team members is directly related to the 

, size and complexity of&e problem: For a small site'or simplified situations, planning may be 
performed by ,the site owner:Jor other specific sites @.g., CERCLA) a regulatory agency 
representative may be included. -The representative's role facilitates survey planning-without 
direct participation in survey plan development-by offering comments and information based on 
past precedent, ament guidance, and potential pitfalls. For a large, complex facility, the team 
may include: technical project managers, site managers, scientists, engineers, community and local 
government representatives, health physicists, statisticians, and regulatory agency representatives. 
A reasonable effort should be made to include other individuals-ie., specific decision makers or 
data users-who may use the study findings sometime in the hture. 
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59 
60 
61 
62 

The planning team is generally led by a member who is referred to as the decision maker. This 
individual is often the person with the most authority over the study, and may be responsible for 
assigning the roles and responsibilities to planning team members. Overall, the decision-making 
process arrives at final decisions based on the planning team’s recommendations. 

- 

63 
64 
65 development: 

The problem description provides background information on the fundamental issue to be 
addressed by the assessment (see EPA 1994a). The following steps may be helpll during DQO _. -. 

66 0 describe the conditions or circumstances that are causing the problem and the ._ 

67 
68 
69 
70 
71 
72 

reason for undertaking the survey 
describe the problem as it is currently understood by briefly summarking-existing 
information 
conduct literature searches and interviews, and examine past or ongoing studies to 
ensure that the problem is correctly defined 
if the problem is complex, consider breaking it into more manageable pieces 0 

- 

73 
74 data. 

Section 3.4 provides guidance on gathering existing site data and determining the usability of this 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

The initial classification of the site involves developing a conceptual model based on the existing 
information collected during the preliminq investigation. Conceptual models describe a site or 
facility and its environs, and present hypotheses regarding the radionuclides for known and 
potential residual contamination @PA 198%’ 1987~). The classification ofthe site is discussed in 
Section 3.6, Evaluation of Historical Site Assessment Data. 

Several results of the DQO process may be addressed initidly during the HSA. This information 
or decision may be based on limited or incomplete data. As the site assessment progresses and as 
decisions become more difficult, the iterative nature of the DQO process allows for reevaluation 
of preliminary decisions. This is especially important for classification of sites and survey units, 
where the final classification isnot made until the final status suwey is planned. 

.. 

8s 3.3 Site Identification 

86 
87 

88 
89 

A site may already be known for its prior use and presence of radioactive materials. Elsewhere, 
potential radiation sites may be identified through: 

0 records of authorization to possess or handle radioactive materials f&., NRC or 
NRC Agreement State License, DOE facility records, Naval Radioactive Materials 
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. 90 
91 
92 

93 

94 
95 
96 

97 

98 

99 
100 

101 
102 

103 

Historical Site Assessment 

Permit, USAF Master Materials License, Army Radiation Authorization, State 
Authorization for Naturally Occurring and Accelerator Produced Radioactive 
Material 0, etc.) 

- 

0 notification to government Agencies of possible releases of radioactive substances 

citizens filing a petition under section 105(d) of the Supefind Amendments and 
Reauthorization Act of 1986 (SARA; U.S. EPA, Preliminary Assessment Petition, 
Publication 9200.5-301FS, Office of Emergency and Remedial Response) 

0 ground and aerial radiological surveys 
.A - 

0 contacts with knowledge of the site 

review of EPA's Environmental Radiation Ambient Monitoring System ( E M S )  
database (Appendix G) 

Once identified, the name, location, and current legal owner or custodian (where possible) of the 
site should be recorded. 

I 3.4,. PreQninary . . . . . . . .  HSAIInvestigation ,!<. . . . . . . . . .  - ..... .'.: . .  

105 
106 
107 
108 
I09 

I10 
1 1 1  
112 
113 
114 

115 
116 
117 
118 
119 

. . .  . . .  .,;. . :: .:: ;;; .. ..i-.:,.. . . . . . . . . . . . . .  
coll~'readily,available. . . . .  :infomation. concerning the 

inves@gation isdesigned ;to obtain':s&lcient information - .  . . . . . . . . .  
to provide initial classification of the'site(s) or survey unit(s)& impacted or nonimpacted. 

. .  on: , of.radioactive.contamination . . . . . . . .  . < . . . .  . . . . . . . .  may be used; for classifying 
Class. . ,  . 1 and . a ' . ; : - .  is.usefb1 . .  for.planning.scoping . .  1 ;  . .and . . . . .  

. . .  . . . . . . . .  ..'..?,.. ..... ._-. . .,. ; . .  
. - .: . .  .-... . . .  . .  

. . . . .  . . .  ..- r;': .:: L. . ....... 

.&.be'used to. . . . . . . . . . . . . . .  preliminary HSA . . . . .  .:.<.; .. 
&.g., NRC licensetk-this table focuses on 

characteristics that identify a previously unrecognized or known but undeclared sources of 
potential contamination. Furthermore, these questions may iden@@ . .  confounding factors for 
selecting reference sites. 

Appendix G ofthis d d e n i  proGdes a general i'isting &d cross-reference of information 
sources-each with a brief description of the infomiation contained'in each source. -'The Site 
Assessment Information Directory .@PA 1991 e), . . . . . .  ,contains a detailed compilation of data sources, 
including names, addresses, +nd telephone numbers of agencies .that can .provide HSA 

. .  . . . . . . . . . . . . .  . . . . . .  . .  . . .  

information. --- 
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121 
122 
123 
124 

125 
126 

127 

128 
129 

130 
131 
132 

133 
134 
135 
136 
137 

138 
139 

140 

141 
142 
I43 

144 
I45 

I46 
147 
148 
149 

150 
151 
I52 
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Table 3.1 Questions Useful for the Preliminary HSA Investigation 
T 

1. 

2. 

3 .  

4. 

5. 

5. 

7. 

8. 

9. 

10. 

11.  

Was the site ever licensed for the manufacm. use, or 
distribution of radioactive materials under Agreement 
State Regulations. NRC Liceoses, or Armed Services 
permits. or for the use of 9 1 B material? 

Did the site ever have permits to dispose of. or incinerate, 
radioactive material onsite? 

Indicates a higher probability that the area is 
impacted. 

Evidence of radioactive material disposal 
indicates a higher probability that the area is 
impacted. 

Is there evidence of such activities? 

Has the site ever had deep wells for injection or permits 
for such? 

Did the site ever have permits to perform research with 
radiation generating devices or radioactive materials 
except medical or &tal x-ray machines? 

As a part of the site's radioactive materials license w a e  
there ever any Soil Moisture Density Gauges 
(Americium-Beryllium or Plutonium-Beryllium somes), 
or Radioactive Thickness Monitoring Gauges stored or 
disposed of onsite? 

Was the site used to a t a t e  radioactive materia@) by 
activation? 

Were radioactive sources stored at the site? 
- 

Is there ewidmce that the site was involved in the 
Manhattan Project or any Manhattan Engineering District 
(MED) activities (1942-1946)? 

Was the site ever involved in the support of nuclear 
w e a p ~ n ~  testing (1 945-1 %2)? 

Were any facilities on the site used as a weapons storage 
w . ( w S A )  either for weapons in:transit or for 
pamaneat storage? Was weapons maintenance ever 
performed at the site? 

Was there ever any decontamination, maintenance. or 
storage of radioactively contaminated ships. vehicles, or 

Indicates a higher probability that the m a  IS 

Research that may have resulted in the release 
of radioactive materials indicates a higher 
probability that the area is impacted. 

Lesk test records of sealed so- may 
indicate whether or not a storage area is ' 

impacted. EvideMx of mdioactive material 
disposal indicates a higher probability that the 
area is impacted 

Indicates a highex probability that the area is 

Leak test records of sealed sources may 
indicate whether or not a storage area is 
impacted. 

Indicates a higher probability that the m a  is 

impacted. 2 -  

- 

impacted 

impacted. -. 

lndicates a highex probability that the area is 
impacted. 

Indicates a higher probability that the area is 
impacted. 

Indicates a higher probability that the area is 
impacted. 

planes performedonsite? - 
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153 

154 
155 
I56 

157 
158 

159 

160 
161 
162 

.I 63 
164 
165 
166 
167 
168 

169 

1 70 
171 

172 

173 
174 
175 

176 

177 
178 
179 

180 

181 
182 
183 
1 84 

H~storical Site Assessrqent 

Table 3.1 Questions Useful for the Preliminary HSA Investigation (continued) 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Is there a &rd of any 'akf@accident at or near the site 
(e.g., depleted uranium counterbalances, thonum alloys. 
rad~um dials, erc.)? 

Was there ever any radiopharmaceutical manufacturing, 
storage. transfer, or disposal onsite? 

Was animal research ever performed at the site? 

Were uranium, thorium, or radium compounds (NORM) 
used in manufacturing. mearch, or testing at the site, or 
were these compounds stored at the site? 

Has the Site ever been involved in the processing or 
production of Naturally Occurring Radioactive Material 
(e.g.. radium, fedhm,  phosphorus compounds, 
vanadium  compo^^^& &dory materials, or precious 
metals) or mining. milling, processing, or production of 
uranium? 

Were coal or coal products used onsite? . .  
If yes. did combustion of these substanws leave ash or 
ash midues onsite? 

Was there ever. any sandblastjng peaformed onsite usmg 
compounds knownib be high in naturally occurring 
radioactive materials (e.g., trade name "Black Beauty")? 

Did the si@ prpcess . . .  pipe from the oil and gas industries'? . .  - .  . 

Is there any Iyuon to expect that the site may be 
contaminated with radioa+ve mateaial (other than . .  
previousi list&)? 

Evidence radioactive materials were present 
ihd not recovered may indicate a higher 
probability that the a m  is impacted. 

Indicates a higha probability that the area is 
impacted. 

Evidence that radioactive materials were used 
for animal research indicates a higher 
probability that the area is impacted. 

Indicates a higher probabilitythat the area is 
impacted or d t s  in a potential increase irr. 
background variability. 

Indicates a higher probability that the area is 
impacted or results in a potential increase in 
background variability. 

Indicates higher background variability. 

Inlcates higher background variability 

Indicates higher background variability 

See Section 3.6.3. 

3.4.1 Existing Radiation Data 

Site files, monitoring data, former site evaluation data, Federal, State, or local investigations, or 
emergency actions may be sources of usehl site information. Existing site data may provide 
specific details about the identity, concentration, and areal distribution of contamination. 
However, these data should be'examined carefully, because: 
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1 
186 
187 

I88 
189 
190 
191 

I92 
I93 
194 

1 95 
I96 
197 

198 

199 
200 
20 1 
202 
203 

204 
205 
206 
207 

208 

209 
210 
21 1 
212 

. 213 
214 
215 
216 

Previous survey and sampling efforts may not have been compatible with HSA 
objectives or may not have been extensive enough to characterize the facility or 
site fblly. 

Measurement protocols and standards may not be known or compatible with HSA 
objectives (e.g., QNQC procedures, limited analysis rather than full-spectrum 
analysis) or may not have been extensive enough to characterize the facility or site - 

I l l y .  

0 Conditions may have changed since the site was last sampled @.e., substances may 
have been released, migration may have spread the contamination, additional waste 
disposal may have occurred, or decontamination may have been pe&om-ed). - 

Existing data can be evaluated using the Data Quality Assessment (DQA) process described in 
Appendix E. (Also see DOE 1987 and EPA 1980c, 1992a, 1992b, 1996a for additional guidance 
on evaluating data.) 

3.4.1.1 Licenses, Site Permits and Authorizations, and Other Authorhations 

The facility or site radioactive materials license and supporting or associated documents are 
potential sources of information for licensed facilities. These documents may specify the 
quantities of radioactive material authorized foruse at the site, the chemical and physical form of 
the materials, operations for which the materials are (or were) used, locations of these operations 
at the facility or site, and total quantities of material used at the site during its operating lifetime. 

EPA and State agencies maintain files on a variety of environmental programs. These files may 
contain permit applications and monitoring results with information on specific.waste types and 
quantities, sources, type of site operations, and operating status of the facility or site. Some of 
these information sources aie listed in Appendix G (e.g., CERCLIS, RCRIS, ODES, etc.). 

3.4.1.2 Operating Records 

Records useful for site evaluations include those describing onsite activities and past operations 
involving: demolition, emuent releases, production of residues, land filling, waste and material 
storage, pipe and tank leaks, spills and accidental releases, release of facilities or equipment from 
radiological controls, and onsite or offsite radioactive and hazardous waste disposal. Past 
operations should be summarized in chronological order along with information indicating the 
type of permits and approvals that authorized these operations. Estimates of the total activity 
disposed of or released at the site and the physical and chemical form of the radioactive matend 
should also be included. Records on waste disposal, environmental monitoring, site inspection 
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222 
223 
224 
225 
226 
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23 1 
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240 
24 1 
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Historical Site Assessment 

reports, license applications, operational permits, waste disposal material balance and inventory 
sheets, and purchase orders for radioactive materials are use!%li.e., for estimating total activity 
Wormation on accidents-such as fires, flooding, spills, unintentional releases, or leakag- 
should be collected as potential sources of contamination. Possible areas of localized 
contamination should be identified. 

_. . 
Site plats (plots), blueprints, drawings, and sketches .of structures are especially useful to illustrate 
the location and layout of buildings on the site. Site photographs, aerial surveys, and maps can 

. help verify the accuracy of these drawings or indicate changes following the time when the 
drawings were prepared. Processing locations-plus waste streams to and from the site as well as 
the presence ofstockpiles of raw materials and finished product-should be noted on these 
photographs and maps. This information facilitates planning the Site RwM~~ss&& and -. - 
subsequent surveys, developing a site conceptual model, and increasing the efficiency of the 
survey program. 

Corporate contract files may also provide useful information during subsequent stages of the 
Radiation Survey and SiteInvestigation Process. Older facilities may not have complete 
operational .records, especially for obsolete.or discontinued processes. Financial records may also 
provide infoxmation on purchasing and shipping which in turn help to reconstruct a site's 

. 

. . .  operational .history;. . , . . ' . .  

. . . .  . . .  . . . . . . . .  . . .  . . .  . .  

,&cords:can be usefbl-toels.during.the.HSA, the.investigator.should he carefid not 
... .... to.place toqmuch,emp.~s:on..this.type .ofddakrIThese records are,often:incomplete.and.lack 
..:information,onrsubstances pr&.ously not.,cgnsidered: hazardous.. -:Out-of-date ,blueprints. and 

ay not show modifications made during the lifetime of a facility. 

~cts,and,Intecviews _. ..,._ ;:.. . -  

. .  . . .  . . . . . .  . .  . . .  . . . . .  . . .  
. . .  . .  . . .  ... 

.... , .  
. I . . _ .  

. . . .  . . .  . . .  ._ 

. . .  .... ,.. . .  . .  . .. .... .... . . I  . .  .- . '. . _, . . .  . % .  , 
-,. . .  . .  .__ __ ~ _ _ _ _  L\," i.12. 5. :.: ..-.~.:.',.::.::L.- :.: ..:. 

Intemi.e-ws-y@; .current .or prMou,  .employees .we performed to ,~llect-first-hand.information 
about the site or facility and to verifl or clarify information gathered from existing rewrds. 
Interviews to collect first-hand information concerning the site or facility are generally conducted 
early in the. data-gathering process. Intewiews cover general topics-such as radioactive waste 
..handling procedures. Results of early intewiews are used to guide subsequent data collection 
activities. . .  

Interviews sch@uled late in the data gathering process may be especially usefd. This activity 
allows questions to be directed to.specific areas of the investigation that need additional 
information or+clarific&on. Photographs and sketches can be used to assist the interviewer and 
allow the interviewees to recall information of interest. Conducting interviews onsite where the 
employees performed their tasks often stimulates memories and facilitates information gathering. -- 
W S l M  3-8 12/6/96 - 
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In addition to interviewing managers, engineers, and facility workers, interviews may be 
conducted with laborers and truck drivers to obtain information from their perspective. The 
investigator should be cautious in the use of interview information. Whenever possible, anecdotal 
evidence should be assessed for accuracy and results of interviews should be backed up with 
supporting data. 

3.5 Site Reconnaissance 

The objective of the Site R e c o ~ a i ~ ~ a n c e  or Site Visit is to gather sufficient information to 
support a decision regarding firther action. Reconnaissance activity is not a risk assessment, a 
scoping survey, or a study of the fill extent of contamination at a facility or site. u -  

- 

To prepare for the Site Reconnaissance, begin by reviewing what is known about the facility or 
site and identitjl data gaps. Given the site-specific conditions, consider whether or not a Site 
Reconnaissance is necessary and practical. This type of effort may be deemed necessary if a site is 
abandoned, not easily observed fiom areas of public access, or discloses little information during 
file searches. These same circumstances may also make a Site Reconnaissance risky for health 
and safety reasonsin view of the many u n k n o w n A d  may m&e entry difficult. This 
investigative step may be practical, but less critical,-for.active facilitib whose.operators grant 
access and provide requested infoxmation. Remember to &ge for proper s$.e access and 
prepare an -appropriate health and safety plan, if requid, prior to initiating the Site 
Reconnaisskce - J *  , _  

Investigators should acquire signed consent forms from the site or equipment owner to gain 
access to the property to conduct the reconnaissance. Investigators &e to'determine if State and 
Federakofficials, and other appropriate individuals, should be notified of the reconnaissance 
schedule. Ifneeded, local officials should arrange fofpub1ic';lotification. Guidance on obtaining 
access to sites can be found in E n 5  and Contimed Access Under CERCLA (EPA 1 987d). 

A study-plan should be prepared prior to the Sitk R ~ C O M ~ ~ S S ~ C ~  to anticipate every 
reconnaissance activity and identifjl specific information to be gathered. This plan should 
incorporate a survey of the Site's surroundings and provide details for activities that verifjr or 
identi@ the location of: nearby residents, worker populations, drinking water or irrigation wells, 
foods, and other site environs information. 

Preparing for the Site Reconnaissance includes gathering necessary materials and equipment, such 
as a camera to document site conditions, health and 'skfety monitoring equipment, and extra 
copies of topographic maps to mark target locations, water distribution areas, and other important 
observations. It is important to keep a logbook while in the field. Investigators are encouraged 
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285 
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29 1 
292 
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296 

297 
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304 
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306 
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308 
309 
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31 1 
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313 
314 
315 
3 I6 
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to record activities'and observations as they occur rather than at the end of the day or back in &e 
ofice.' For documentation purposes it is recommended that the logbook be completed in 
waterproof ink, preferably by one individual. It is also recommended that each page of the 
logbook be si&ed and dated after the last entry on the page, and that each entry include the time 
of day. Corrections should be documented and approved. 

3.6 Evaluation of Historical Site Assessment Data 

The main purpose of the HSA is to determine the current status of the site or facility, but the data 
collected may also be used to differentiate sites that need fbrther action from those that pose little 
or no threat to human health and the environment. This screening process can serv"e to provide a 
site disposition recommendation or to recommend additional surveys. Because much of the data 
collected during HSA activities is qualitative or is analytical data of unknown quality, many 
decisions regarding a site are the result of professional judgement. 

There are'three possible. _.... . . _ .  &commend&ons . - .  , that follow the HSA: 

. . :  . _ , . . .  ..:*.. . _ . . .  '&.,reducethe i. ... risk,p human h4, th  and the environment. -ms aIterx@v~.,app~cable.to .. SupefUnd.reanoval . actions, which are.di&ssed in 
. .  detail,.by ,:, EPA ".. . . . - , . l ; : r L L !  (EE?A::1988c). . . _ .  . : , : .. '. 1 .  , . . .  

0 The &g.dng. &e,o '' ..impac@and - , I , .  _ I .  furtfie&nvestigationris:needed before a decision 

Class 3; and a scoping survey or a characterization survey should be performed. 
position &I be made. The area may'be Class l , ~ C l k . 2 ,  or 

ry. usefid in planning these 
. .  

. .  . _  .:. 

.. . , ..:. . 
sibility or an 'extremely low 

ng present at the site. The site can 
.. : ,. .. :. I. . .  

Any historical analytical data the presence of contamination in environmental media 
(surface soil, subsdace soil, 
support the hypothesis that radioactive material was released at the facility or site. A decision that 
the site is &ntaminated c8n be made regardless of the quality of the data, its attribution to site 
operations, or its relationship to background levels. In such cases, analytical indications are 
sufficient to support the hypothesis-it is not necessary to definitively demonstrate that a problem 
exists. Conversely, historical gnqlytical data can also be used to support the hypothesis that no 
releasehas occurred. However; these data should not be the sole basis for this hypothesis. Using 
historical analytical data as the-principal'reason for ruling out the occurrence of contamination 
forces the data to demonstrate that aproblem does not exist. 
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3 1 8  In most cases it is assumed there will be some level of process knowledge available i n  addition to 
3 19 historical analytical data. If process knowledge suggests that no residual conl.am$tr,i5on should be 
320 present and the historical analytical data also suggests that no residual eontamination is present, 
321 the process knowledge provides an additional level of confidence: and supporn ClBsifying the area 
322 as non-impacted. However, if process knowledge suggests no residual contamination should be 
323 present but the historical analytical data indicates the presence of residual contarflination, the area 
324 will probably be considered impacted. - 

- 

325 
326 
327 
328 
329 
330 

The following sections describe the information recommended for assessing the status of a site. 
This is needed to accurately and completely support a site disposition recommendation. If some 
of the information is not available, it should be identified as a data need for fbture surveys. Data 
needs are collected during Step 3 of the DQO process (Identifj Inputs to the Deckion) as 
described in Appendix D, Section D.3. Section 3.6.5 provides information on professional - 
judgement and how it may be applied to the decision making process. 

- -  

33 1 3.6.1 Identify Potential Contaminants 

332 
333 
334 

An efficient HSA gathers information sufficient to identifj the radionuclides used at the 
sitt+indudhg their chemical and physical form. The fbt step in evaluating HSA data is to 
estimate the potential for residual contamination by these radionuclides.- 

335 
336 
337 
338 
339 
340 
34 1 
342 
343 
344 

345 
346 
347 
348 
349 
350 
351 
352 

Site operations greatly influence the potential for residual contamination (Berger 1992). An 
operation which only handled encapsulated sources is expected to have a low potential for 
contamination-assuming that the integrity of the sources was not compromised. A review of 
leak-test records for such sources may be adequate to demonstrate the low probability of residual 
contamination. A chemical manufacturing process facility would likely have contaminated piping, 
ductwork, andaprocess areas, with a potential for soillland area contamination where spills, 
discharges, or leaks occurred. Sites using large quantities of radioactive ores-especially those 
with outside waste collection and treatment systems-are likely to have contaminated grounds. If 
loose dispersible materials were stored outside or process ventilation systems were poorly 
controlled, then windblown surface contamination may be possible. 

The amount of time since the site was in operation is an important consideration. If enough time 
has elapsed since the site discontinued operations to allow for radioactive decay, radionuclides 
with short half-lives may no longer be present in significant quantities. In this case, calculations 
demonstrating that residual activity could not exceed the DCGLs may be sufficient to evaluate the 
potential residual contaminants at the site. A similar consideration can be made based on 
knowledge of a contaminant’s chemical and physical fonn. Such a dekrmination relies on records 
of radionuclide inventories, chemical and physical forms, total amounts of activity in waste 
shipments, and purchasing records to document and support this decision. However, a number of 
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radionuclides experience significant daughter product ingrowth, which should be included when 
evaluating existing site information. 

3i6.2 . Identify Potentially Contaminated Areas 

Information gathered during the HSA should be used to provide an initial classification of the site 
areas as impacted or non-impacted. - 

Impacted areas have a potential for radioactive contamination (based on historical data) or contain 
known radioactive contamination (based on past or preliminq radiological surveillance). This 
includes areas where: 1) radioactive materials were used and stored, 2) records indicate spills, 
discharges or other unusual occurrences that could result in the spread of contamination;and 
3) radioactive materials were buried or disposed. Areas immediately surrounding or adjacent to 
these locations are included in this classification because of the potential for inadvertent spread of 
contamination. 

Non-impacted areas-identified through knowledge of site history or previous survey 
information-are those arq.where there is no reasonable possibility for residual .radioactive 
Contam&tion: The.,@tena used,for this,segre@ion .need not be as strict as those.used to 
demonstrate final comp&anceyith the pgulatio ns,. However, .the.&ning for: classifling .an area 
as non-impacted should be maintained as a Written record. Note that-hed on accumulated 
survey data-an .. ..:.. impactedarea's . . . . . . . . .  ._ ,-I ....... clgssificatig may change as the,&diation Survey. and Site :' 

. . .  . . . .  . . . . . . . .  . . _ . -  . . . .  . . . . .  . .  . I  . . . . .  I n v ~ t i g a t i o n . ~ r ~ ~ s ~ p r o ~ ~ s ~ .  i 1.: . .  

: .  AI: &egtid-sc&rqesaf oa&vity in. impacted .areasshould be identified, and their dimensions 
.:.recorded . .-_.. . . . . . . . . . . .  (in..2.,or 3 dimensi.ons-to the extent they. can be. measured or estimated)::2'iources can 

. .  inte&ws, with.howIedgqgble .peeonnel, .and,.istorical. information concerning dispqsal records, 

.................. . . . . . . .  . .I ? I . .  ,. . . .  . . . . . .  . . . .  . I  
. _ .  . .  r . .  -... . r .  

_,. * .  . - .  . 

be'delinw.,and ~hqac&nzed ,through:, visual:.inspection during the site .reconn@aice;! 

waste m@fe?s,:aqd y.ate sampling,data.. , ~ .  1 .  . . . . . . . . . .  

ally -Contaminated Media . . . . . . . . . .  

.. 
. . . .  . .  . . . .  . 2 .  . . . . . . .  

. I .  

The next step in evaluating the data gathered during the HSA is to identify Lpotentially 
contaminated media at the site. To identify media that may and media that do not contain residual 
contamin@on supports both preliminary area classification (Section 4.4) and planning subsequent 
survey activities: 

This section provides guidance on evaluating the likelihood for release-of radioactivity into the 
following environmental media: surface soil, subsurface soil, sediment, surface water, ground 
water, air, and buildings. The evaluation will result in either a finding of "Suspected - -- 
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Contamination" or "No Suspected Contamination"-which may be based on analytical data, 
professional judgment, or a combination of the two. 

Subsequent sections describe the environmental media and pose questions pertinent to each type. 
Carehlly consider the questions within the context of the site and the available data. Avoid 
spending excessive amounts of time answering each question because answem to every question 
are unlikely to be available at each site. Questions that cannot be answered based on existing data 
can be used to direct future surveys of the site. Also, keep in mind that there are numerous 
differences in site-specific circumstances and the questions do not identify every characteristic that 
might apply to a specific site. Additional questions or characteristics identified during a specific 
site assessment should be included in the HSA report (Section 3.8; EPA 19910. 

3.63.1 Surface Soil 

: 

-2 - 

Surface soil is the top layer of soil on a site that is available for direct exposure, growing plants, 
resuspension of particles for inhalation, and mixing fiom human disturbances. Surface soil may 
also be defined as the thickness of soil that can be measured using direct measurement or scanning 
techniques. Typically, this layer is represented as the top 15 cm (6 inches) of soil (40 CFR 192). 
Surface sources may include gravel fill, waste piles, conctete, or asphalt paving. For many sites 
where radioactive materials were used, one first assumes that d a c e  contamination exists and the 
evaluation is used to identie areas of high and low probability of contarnination (Class 1, Class 2 
or Class 3 m). -- 

A site where only encapsulated sources were used would be expected to have a low 
potential for contamination. A review of the leak-test records and documentation of 
enkapsulated source location may be adequate for a finding of "No Suspected 
Contamination." 

@ Were radiation sources only used in specific areas of the site? 
Evidence that radioactive materials were confined to certain areas of the site may be 
helpll in determining which areas are impacted and which are non-impacted. 

Were all radiation sources used at the site encapsulated sources? 

Was stdace soil regraded or moved elsewhere for fill or construction purposes? 

3.6.3.2 Subsurface Soil'and Media 

Subsurface soil and media are defined as any solid materials not considered to be surface soil. 
The purpose of these investigations is to locate and define the vertical extent of the potential 
contamination. Subsurface measurements can be expensive, especially for beta- or alphaemitting 

-c 
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radionuclides. Removing areas from consideration for subsurface measurements or defining areas 
as non-impacted for Subsurface sampling conserves limited resources and focuses the site 
assessment on areas of concern. 

0 

Surface soil contamination can migrate deeper into the soil. Surface soil sources should 
be evaluated based on radionuclide mobility, soil permeability, and infiltration rate to 
determine the potential for subsurface contamination. Computer modeling may be helpfbl 
for evaluating these types of situations. 

Are there areas of known or suspected surface soil contamination? 

0 

Contaminated ground water indicates that a source of contamination is present If no - 
source is identified during the HSA, subsurface contamination is a probable source. 

Is there a ground water plume without an identifiable source? 
. 

0 . Is . . . _ .  there evidence.that.the-surface has been disturbed? 
Recent or preYious . .. excavation activities are obvious sources of surface disturbance. Areas 
with'developed.plant life (forested or old growth areas) may indicate that the area 
rem-ained &--ed, during the operating. life of the facility. Areas where vegetation is 
removed..during, previous excavation-activity may be distinct fiom mature plant growth in 
adjiient 1.. _. ._ .  are& . . . .  Ei+e,is . . . . .  . not purposely replant4 vegetation may. appear in a sequence 

' starting . . .. with mse, which-ue later replaced by shrub's and trees... Typically, grasslands 
recover 4thin.a few years, sagebrush.or low ground cover appears over.decades,.while 
mature forests may take centuries to develop. 

... .. . .' . . ':.. . . ' .  . 
disturbance?.,. . . , . ._. . . .  

rement .techniques may; provide evidence of 
etom,etqstpeys .can;identi@ buiied metallic:objects.and 

ground-penetrating r a h .  can identifi subsurface anomalies such as trenches.oi dump 
sites. Techniques involving special equipment are discussed in Section 6.7. 

. .  - . . . _ ,  , 

. .  . . . .. .. . .  . Are surface, strpwres present? . . .  

Structures;comtructed at a site-during the operational history of that site-may cover 
below-ground contamination. Some conside.ration for contaminants that may exist 
beneath, prjcing lots, buildings, or other onsite structures may be warranted as part of the 
investigation. 

3.63.3 Surface Water 

Surface..waters.include.streams and rivers, lakes, coastal tidal waters, and oceans. Note that 
certain ditihes and intermittently-flowing streams qualify as surface water. The evaluation 
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determines whether radionuclides are likely to migrate to surface waters or their sediments. 
Where a previous release is not suspected, the potential for hture release depends on the distance 
to surface water and the flood potential at the site. 

0 Is surface water nearby? 
The proximity of a contaminant relative to local surface water is essentially determined by 
runoff and radionuclide migration through the soil. The definition for nearby depends on 
site-specific conditions. If the terrain is flat, precipitation is low, and soils are sandy, 
nearby may be several meters. If annual precipitation is high or occasional rainfall events 
are, high, 1,200 meters (314 mile) might be considered nearby. In general, sites need not 
include the surface water pathway where the overland flow distance to the nearest surface 
water is more than 3,200 meters (2 miles). . 

0 

Depending on the physical and chemical form of the waste and its location, farge is a 
relative term. A mull quantity of liquid waste may be of more importance-Le., greater 
risk or hazard-than a large quantity of solid wastes stored in water tight containers. 

2 -  

Is the waste quantity particularly large? 

The drainage area includes the area of the site itselfplus the upgradient area that produces 
runoff flowing over the site. Larger drainage areas generally produce more runoff and 
increase the potential for surface water contamination. 

Israinfdlheavy?. 
If the site and surrounding area are flat, a combination of heavy precipitation and low 
infiltration rate may cause rainwater to pool on the site. Otherwise, these characteristics 
may contribute to high runoff rates that carry radionuclides overland to surface water. 
Total annual rainfall exceeding one meter (40 inches), or a once in two-year-24-hour 
precipitation exceeding five cm (two inches) might be considered "heavy." 

Is the drainage area large? 
. 

- 

0 

Infiltration rates range from very high in gke l ly  and sandy soils to very low in fine silt 
and clay soils. Paved sites prevent infiltration and generate runoff. 

Is the infiltration rate low? 

0 

Proper containment which prevents radioactive material from migrating to surface water 
generally uses engineered structures such as dikes, berms, run-on and runoff control 
systems, and spill collection and removal systems. Sources prone to releases via runoff 
include leaks, spills, exposed storage piles, or intentional disposal on the ground surface. 
Sources not prone to runoff include underground tanks, above ground tanks, and 
containers stored in a building. 

Are sources of contamination poorly contained or prone to runoff! 

3 

-- 
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0 

A well defined runoff route-along a gully, trench, berm, wall,efc.--will more likely 
contribute to migration of surface water than a poorfy defined route. However, a poorly 
defined route may contribute to dispersion of contamination to a larger area of surface 
soil. 

Is a runoff route well defined? 

a Has deposition of waste into surface water been observed? -.. 

a 

0 

Any condition considered suspicious-and that indicates a potential contamination 
problem- be considered circumstantial evidence. 

Is ground water discharge to surface water likely? 

Does analytical or circumstantial evidence suggest d a c e  water contamination? 
- 

a 
The F-deral Emergency Management Agency (FEMA) publishes flood insurance rate 
maps that delineate 100-year and 500-year flood plains. Ten-year floodplain maps may 
also be available. Generally, a site on a 500-year floodplain is not considered prone to 

Is the site prone to flooding? 

flooding. 
. .  - L . _ .  , . : .  .- 

3.63.4 Ground Water 
. _. . 

. .-_ 

Proper evaluation of ground water includes a general understanding.of.the local geology and 
subsurface . I : .  conditions.srOf.particulq.inteiyt . . . . . . .  . .: . . . . . . .  is descriptive information relating to subsurface 
stratigraphy, . . . . . . . . . .  aquifers,,.and,ground:water . .  ,use. 

. . .  ... , , ~ : ~ .  _ _  . . .  ~. . . . . .  .; . .  . .  . . . . . . . . .  . . . . .  . .  . :  .. . . . . .  
. . .  . . . . .  . . .  __ . . . . .  . :... he . . .  .so~cesspoorly . . .  . .  qontained? . . .  . .  

0 

* .  
~ --,. I 

a 
Underground tanks, landfills: surface impoundments and lagoons are examples of sources 
that are likely to release contaminants that migrate to ground water. Above ground tanks, 
drummed soGd wastes, or sources inside buildings are less likely to contribute to ground 
water contamination. 

Is the source'likely to contaminate ground water'? 

. . . .  

a IS waste &antity-particu~y. large? 
. . . .  . -  . . . .  . . . . .  : . . . . . . .  

a IS pricipiiatio&&y? . .  

. .  

'Landflls can all'- the geology &d hydrogeology of a site and produce heterogeneous conditions. It may be necessary 
to consult an expert on landfiils and the conditions they generate. -- 
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512 e €s the infiltration rate high? 

513 
514 
515 

0 

In karst terrain, ground water moves rapidly through channels caused by dissolution of the 
rock material (usually limestone) which facilitates migration of contaminants. 

Is the site located in an area of karst terrain? 

516 Is the subsurface highly permeable? 
517 
518 
519 

Highly permeable soils favor downward movement of hater that may transport radioactive 
materials. Well logs, local geologic literature, or interviews with knowledgeable 
individuals may help answer this question. 

_ -  

-2 - 
520 0 What is the distance fiom the surface to an aquifer? - - 

52 1 
522 
523 
524 site. 

The shallower the source of ground water, the higher the threat of contamination It is 
dficult to determine whether an aquifer may be a potential source of drinking water in the 
hture (e.g., next 1,000 years). This generally applies to the shallowest aquifer below the 

525 0 Are suspected contaminants highly mobile in ground water? 
526 
527 
528 
529 
530 

53 1 

Mobility in ground water can be estimated based on the distribution coefficient (Io of the 
.. .... radionu~~de...;Elernents with a high &,.like thorium (I(d = 3;200 cm3/g), are not mobile 

..::while eierne&with a low 1(6 like'bcirogen (~(d = o cm3/g), 'are very mobie.'.The'NRC 
,: .. .,(Kennedy a d .  SWhge; 1992) .and DOE' &, &"dl., ,1993) p&& 3 'm.m&ti& df I(d 

. . . . . '  . . . .  . i . . . i .  . .  2 .  ..I . .  . .  . -.::.<.. .. 
'1. . L i j  . :' : ' .  .;, . ,... :.. 

. . . .  . .  . .  

e Does analytical or ci stantial evidence suggest ground water contamination? 
. . i  - .. 

. . . .  .- . . . .  . i . _ .  :, 
, _ .  ' .~., . .. . . .. . . .  . . .. . I S  

. .  . . .. 

. .  . .  . .  
., . .  ,, . ... ., . . ! :i5-, . 

.of.aii.is.~erent:than:~uation of other potentially contaminated.media. . .  Air is rarely 
534 . .. . the'source of cOntamixiatio& :;Air is'evaluated:isa pathway.€or:dispersing radioactive 
535 

. .  .. . . .  .. contamination as well as a contaminated media. .. : . . . 
.. 

536 ' 

537 
538 
539 
540 

0 

Direct observation of a release to the air might occur where radioactive materials are 
suspected to be present in particulate form (e.g., mine tailings, waste pile) or adsorbed to 
particulates (e.g., contaminated soil), and where site conditions favor air transport (e.g., 
dry, dusty, windy). 4 

Were there observations of contaminant releases into the air? 
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0 Does analytical or circumstantial evidence suggest a release to the air? 
Other evidence for releases to the air might include areas of surface soil contamination 
that do not appear to be caused by direct deposition or overland migration of radioactive 
material. 

For radon exposure only, are there large amounts of radium (%a) in the soil or 
water that could act as a source of radon in the air? 

. The source, p6Ra, decays to ?&I, which is radon gas. Once radon is produced, the gas 
needs a pathway to escape fiom its point of origin into the air. Radon is not particularly 
soluble in water, so this gas is readily released fiom water sources which are open to air. 
Soil, however, can retain radon gas until it has decayed (see Section 6.6). The rate that 
radon is emitted by a solid, i.e. radon flux, can be measured directly to evCuate3otential 
sources of radon. These measurements are discussed in Chapter 6. 

Is there a prevailing wind and a propensity for windblown transport of 
contamirkion? 

3.6.3.6 StNCtUItS 

~tnrctures used for storagqxkintenance, or processing ofradioactive materials are potentidy 
contaminated by these materials.. The questions presented in Table 3.1 help to determine ifa 
building might be potentially conphated. The questions listed in thissectionare directed at 
identifying potentially contaminated structures, or portions of structures, that might not be 
identified using Table 3.1. - 

e 

Adjacent is a relative term for this question. A processing facility with a potential for 
venting radioa&ve.material to the air could contaminate buildings downwind. A facility 
with-little potential for.relkase outside of the structures handling the material would be less 
likely to contaminate nearby structures. 

Were adjacent structures used for storage, maintenance, or processing of 
radioactive materials? 

e Is a building or its addition(s) a new structure@) that might be located on a former 
. radioactive waste burial site? 

Building materials such as concrete, brick-or cinder block may have been formed using 
contaminated material. 

Was the building constructed using contaminated material? 

MARSSIM 
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0 Does the potentially non-impacted portion of the building share a drainage system 
or ventilation system with a potentially contaminated area? 

0 Is there evidence that previously identified areas of contamination were remediated 
by painting or similar methods of immobilizing contaminants? 

Removable sources of contamination immobilized by painting may be more difficult to 
locate, and may need special consideration when planning subsequent surveys. - - 

3.6.4 Develop a Conceptual Model of the Site 

A conceptual model or site diagram should be developed showing locations of known 
contamination, areas of suspected contamination, types and concentrations of radidnuctides in 
impacted areas, potentially contaminated media, and locations of potential reference 
(background) areas. The diagram should include the general layout of the site including buildings 
and property boundaries. Theconceptual model of the'site will be upgraded and modified as 
additional information becomes available throughout the Radiation Survey and Site Investigation 
Process. When possible, diagrams should be in three dimensions. 

- 

~ 

d be classified or initially divided 
onal history ofthe site or observatio 

. After the-site is classified using current and past site characteristics, it may be 

similar areas. Classification may be based on 
ade'during the Site Reco&smce-(see 

useful to M e r  divide the-site or facility based.on anticipated future use. This classification can 
help to:-(a) assign-limited resoyas to a r e a  that.are anticipated to be released without 
restridions, and @) identifj - -  - . areas -_ with little or no possibility of unrestricted release. Figure 3 1 
shows example of how a si* might be classified in this manner. Further classification of a site 
may be-possible based on site disposition recommendations (unrestricted vs release with passive 
controls). 

3.6.5 Professional Judgement 
. .. 

In some cases, traditional sources of information, data, models, or scientific principles are 
unavdable, unreliable, conflicting, or too costly or time consuming to obtain.. In these instances 
pmf-onal judgement may'be the only practical tool ay-ailable to the invkaigator. Professional 
judgement is the expression of opinion, based on technical knowledge and professional 
experience, assumptions, algorithms, and definitions, 
tecl&kl problems (NRC 1996). For general applications, this type of judgement is a routine part 
of scientific investigation where knowledge is incomplete. Professional judgement can be used as 
an independent review of historical data to support decision making during the HSA. Professional 
judgement should only be used in situations where data are not reasonably obtainable by 
collection or experimentation. 

L -.:> c.,. - 

stated by an expert in response to 
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' .  . . .  . _  , .  €3. r a d  on..Historlc.a i..SI ta A.ss cr s men! . a .  *.: : : t: 
. . .  . .  

Area A: Area 8: Area C: 
impacted. Site history impacted. Sile history impacted. Poteniially Suba'rea (a):. 

shows areas restricted access. Non-impacted shows areas 

are not likely. , are likely. Management Unlt;.". ' Impacted 
. exceeding the OCGL exceeding the OCGL Radioactive Waste Subarea (b): 

I . - - - - - - - - - ,  . - - - - - - - - - ,  . - - - a * - - - - ,  . - - - - - - - - - ,  

Hypothetical 
Slte: 

1 Area A: 
' Production 

Area  8: 
Processing Y S l l e  Boundary  

: AreaC: Area D: 
, Storage 6 Disposal Ad  ministrailon . . 
I 

. 

. . .  . ._. .  . .  * - 0  

I 

I 

a 

. . . . . .  . .  , .. .:.* . . . .  . .  . 

Figure 3.1 Example Showing How a Site Might be Classified Prior to Cleanup 
Based on Historical Site Assessment 
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The process of recruiting professionals should be documented and be as unbiased as possible. 
The credentials of the selected individual or individuals enhance the credibility of the elicitation, 
and the ability to communicate their reasoning is a primary determinant of the quality of the 
results. Qualified professionals can be identified by different sources, including: the planning team, 
professional organizations, government agencies, universities, consulting firms, and public interest 
groups. The selection criteria for the professionals should include: potential conflict of interest 
(economic or personal), evidence of expertise in a required topic, objectiveness, and availability. 

. 

- .  

_ _  613 3.7 Determining - the Next Step in the Site Investigation Process 

614 
61 5 
616 
617 
618 
6 19 

As stated in Section 1.1, the purpose of this manual is to describe a process oriented approach for 
demonstrating compliance with the release criterion for residual radioactivity. The highest 
probability of demonstrating compliance can be obtained by sequentially following each step in the 
Radiation Survey and Site Investigation Process. In some cases, however, it is not practical or 
necessary to perform each step in the process. This section provides guidance on how the results 
of the HSA can be used to determine the next step in the process. 

620 
621 
622 
623 
624 
625 
626 

The best method for determining the next step is to review the purpose for each type of suwey 
described in Chapter 5. -For example, a scoping survey is performed to provide sufficient 
infomation for: 1) determining if the present contamination warrants firther evaluation, and 
2) initial estimates ofthe level of effort for decontamination and preparing a plan for a more 
detailed survey. If the HSA demonstrates that this information is already available, there is no 
need to perform a scoping survey. On the other hand, if the information obtained during the HSA 
is limited, a scoping survey may be necessary to narrow the scope of the characterization survey. 

627 
628 
629 
630 

The exception is using the results of the HSA to release a site. Generally the analytical data 
collected during the HSA are not adequate to statistically demonstrate compliance as described in 
Chapter 8. This means that the decision to release( the site will be based on professional 
judgement This detemination will ultimately be decided by the responsible regulatory agency. 

631 3.8 Historical Site Assessment Report 

632 
633 
634 
635 
636 
637 terminology. 

A narrative report is generally a useful product for an HSA. This document summarizes what is 
known about the site, what is assumed or inferred, the activities conducted during the HSA, and 
all researched information. Factual statements in the report should be keyed to a supporting 
reference. References not generally available to the public should be attached to the report. The 
narrative portion of the report should be written in plain English, avoiding the use of technical 

-- 
MARSSIM 3-21 12/6/96 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



Historical Site Ase%ment 

638 
639 
640 
64 I 

To encourage consistency in the content of HSA narratives, both the structure and content of 
each report should follow the outline shown in Figure 3.2. Additional information not identified 
in the outline may be requested by the regulatory agency at its discretion. The level of effort to 
produce the report should reflect the amount of information gathered during the HSA. 

642 3.9 ReviewoftheHSA 

6 4 3 .  
644 
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652 
653 
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658 
659 
660 
661 
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The planning team should ensure that someone (a first reviewer) conducts a detailed review of the 
HSA report for internal consistency and as a qualifycontrol mechanism. A second reviewer with 
considerable site assessment experience should then examine the package to assure consistency 
and to provide an independent evaluation of the HSA conclusions. The second redewer also- 
evaluates the package to determine if special circumstances exist where radioactivity may be 
present but not identified in the MSA. Both the first reviewer and a second independent reviewer 
should examine the HSA written products to assure internal consistency in the report's 
information, summarized data, and conclusions. The site review assures the HSA's 
recommendations are appropriate. 

An important quality-assurance objective is to find and correct errors. A sigtllficant inconsistency 
indicating either an <error or a flawed conclusion, ifundetected, could contribute to an 
inappropriate recommendation. Iden-g such a discrepancy directs the HSA investigator and 
site reviewers-to reexamine the evaluation and resolve the apparent conflict 

Under some circumstances; experienced investigators may have differing interpretations of site 
condikons and make differing conclusions or hypotheses regarding the likelihood of - 
contamination. Any such differences should be resolved during the review. If a reviewer's 
interpretations~contradict.those ofthe HSA investigator, the two should discuss the situation and 
reach-a consensus;; .This.aspect of the-reviewidentifies significant points about the site evaluation 
that may needdetailed explanation in the HSA narrative report to fblly support the conclusions. 
Throughout the review;.the HSA investigator agd site reviewers should keep in mind the need for 
conservative judgments in the absence of definitive proof to avoid underestimating the presence of 
contamination--which could lead to an inappropriate HSA recommendation. 

25 - . \ -  
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. .  . .  .- 

. :. . .  
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1 4 PRELIMINARY SURVEY CONSIDERATIONS 

2 4.1 Introduction 

3 
4 

5 
6 
7 

8 
9 questions, including: 

10 
11 
12 
13 guideline level? 
14 
15 level? 

This chapter assists the MARSSIM user in designing a survey plan by presenting areas of 
consideration common to radiation surveys and site investigations in support of decommissioning. 
The topics discussed here should be addressed during the planning stages of each survey. Figure 
4.1 illustrates the sequence of preliminary activities described in this chapter and their relationship 
to the survey design process. 

Conducting radiological surveys in support of decommissioning serves to answer several basic 

- 

2 -  

- 
Is there residual radioactive contamination present fiom previous uses? 
What is the character (qualitative and quantitative) of the residual activity? 
Is the average residual activity level below the established derived concentration 

Are there small localized a r e s  of residual activity in excess of the investigation 

16 
17 
18 
19 of the site. . 

The survey methods used to evaluate radiological conditions and develop answers to these 
questions depend on a number of factors including: contaminants, contamination pattern, 
acceptable levels established by the regulatory agency, future site use, and physical charactexistics 

20 4.2 Decommissicning Criteria 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

The decommissioning process assures that residual radioactivity will not result in individuals being 
exposed to unacceptable levels of radiation andor radioactive materials. Regulatow agencies 
establish radiation dose standards based on risk considerations and scientific data relating dose to 
risk. Residual levels of radioactive material that carrespond to allowable radiationdose standards 
are calculated (derived) by analysis of various pathways and scenarios (direct radiation, inhalation, 
ingestion, etc.) through which exposures could occur. These derived levels, known as derived 
concentration guideline levels (DCGLs), are presented in terms of surface or volume activity 
concentrations. DCGLs refer to average levels of radiation or radioactivity above appropriate 
background levels. DCGLs applicable to building or other structural and miscellaneous surfaces 
are expressed in units of activity per surface area (typically Bq/m’ or dpm/100 cm’). When 
applied to soil and induced activity from neutron irradiation DCGLs are expressed in units of 
activity per unit of mass (typically Bqkg or pCi/g). 
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Preliminary Survey Considerations 

The DCGL, based on pathway modeling, is the uniform residual radioactivity concentration level 
within a survey unit that corresponds to the release criterion (e.g., regulatory limit in t m s  of 
dose or risk). Note that for the majority of MARSSIM users, the DCGL will be simply obtained 
using regulatory agency guidance based on default parameten-other users may elect to perform 
sitespecific pathway modeling to determine DCGLs. In both cases, the DCGL is based on the 
spatial distribution of the contaminant, and each derivation can produce different values 
depending on the specific radionuclide distribution and pathway modeling. 

In addition to the numerical DCGLs, criteria include conditions for implementing those guideline 
levels. Conditions applicable to satisijmg decommissioning objectives described in Chapter 5 are 
as follows: - 

0 

._ 

- . -  
- 

The residual contamination above background is below the DCGL. 

Individual measurements or samples, representing small areas of residual 
radioactivity, do not exceed the D C G L  for areas of elevated residual 
radioactivity. These small ~ ~ e ( l s  of residual radioactivity may e x c e e d  the DCGL, 
established for avea-age residual radioactivity levels in a survey unit, provided these 
areas of residual radioactivity satisfy the aiteria of the responsible regulatory 
agency. 

The manner in which a DCGL is applied should be clearly documented in the m e y  plans and 
reports. 

4.3 

Some objectives of the scoping and characterization surveys, as discussed in Chapter 5, include 
identifying site contaminants, determining relative ratios among the contaminants, and establishing 
DCGLs and conditions for the contaminants which &is@ the requirements of the responsible 
agency. Identification of radionuclide contaminants at the site is generally performed through 
laboratory analyses, such as alpha and gmma spectrometq. These analyses are used to 
determine the relative ratios among the identified contaminants, as well as isotopic ratios for 
common contaminants like d u m  and thorium. This infonqation is essential in establishing the 
DCGLs for the site. DCGLs provide the basis for essentially all aspects of designing, 
implementing, and evaluating the final statiis survey. The DCGLs discussed in this manual are 
limited to structure surfaces and soil contarnination; the user should consult the responsible 
reqplatory agency if it is necessary to establish DCGLs for other environmental media (e.g., 
groundwater, and other water pathways). This section contains information regarding the 
selection and application of DCGLs. 

Identify Contaminants and Establish DCGLs 
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67 4.3.1 Direct Application of DCGLs 
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In the simplest case, the DCGLs may be applied directly to survey data to demonstrate 
compliance. This involves assessing the surface activity levels and volumetric concentrations of 
radionuclides and c o m p ~ n g  measured values to the appropriate DC.GL. For example, consider a 
site that used only one radionuclide (e.g., "Sr) throughout its operational lifetime. The default 
DCGL for %r on building surfaces and in soil may be obtained fiom the responsible agency. 
Survey measurements and samples are then compared to the surface and volume activity 
concentration DCGLs for 90Sr directly to demonstrate compliance. While seemingly 
straigh$orward, this approach is not always possible (e.g., when more than one radionuclide is 
present), and when possible, may not be the most effective method for demonstrating compliance 
(see surrogate measurements in Section 4.3.2). 

4.3.2 DCGLs and the Use of Surrogate Measurements 

- 

2 -  

For sites with multiple contaminants, it may be possible to measure just one of the contaminants 
and still demonstrate compliance far all of the contaminants present. Both time and costs can be 
saved if the analysis of one radionuclide is simpler than the analysis of the other. In using one 
radionuclide to measure the presence of others, a suflicient number of measurements, spatially 
separated throughout the t~vvqr unit,.should;be made to establish a consistent ratio. The number 
of measurements needed to determine the ratio is selected using the Data Quality Objectives 
(DQO) procesS based on the chemical, physical, and radiological characteristics of the nuclides 
and the&te:.Ifconsistent radionuclide ratioscannot bedetermined-ddiiring thbHistorical Site 
Assessment (HSA) based on existing information, it is recommended that one of the objectives of 
scoping or characterization be a determination of the ratios rather than attempting to determine 
ratios based on the final status survey. If the ratios are determined using final status survey data, 
it is recommended that at least 100/o,of the measurements (direct measurements-orsamples) 
include analyses for all radionuclides of concern to establish the ratios. 

. .  - ..*... ... - .:, y ;  ,, . .. ., ,.',':..,'-.. ... v::  ._ ;.:.. . 
. _ .  _. . . .. . , :: , . -.. " _  .. .,( . .,, - ,.:;:,;, . 1:'. ;{; :;y;.:-;:y*!: %: , '  .. .,..' 

:.. _The;potentid, . . 1C.Z ..__ _ _  _ .  for-shifts .. -..... '.*-\I..'.- or-variations 5 ... ._.... in . . .  the .. qdionuclide ratios.m& that the surrogate method 
. . . . . . - . . . 

should /. :a, be :... .used ..,; .::; .with .... C.,: , : . . ;  
&tion.~:Ph~s@l.~or. 'i. chemical dif€erexqs~between themdionuclides may 

produce _.__..,,_. diffmt ,...a .... .migration-rates, h r  ;.A:." .... .. -.. Gtqing-the .mdionuclides, toseparate and changing the ' ... . 

radionucIide,,fatios:.,Rem-x&tion:of aisite can produce..a.change in the ratios as well. Generally, 
the ratios should . .be~~~~shed. fo i lowing any remedial activities. :At sites with a large 
variability . . &.the .. ,.. radionuclide, ratios,:the surrogate method may still. be used by selecting a 
conservative .. estimate . ._  . .ofthe;.+ost This consemative. estimate is typically defined as .the ratio that 
provides . . ._, fof the greatest .qmcentration-of the estimated, contaminant, which' is the radionuclide 
that 'is not.bemg m&ed.$rectly.- 'This approach ensures that the ratios do not underestimate 
potential.exposures.Erorp.individual. radionuclides. The method 'can only be used with confidence 
when dealing.with the same media in the same surroundings-for example, soil samples from the 
same field:' ' _- 
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An example of the use of surrogates would be a site with 63Ni (low-energy beta) and 6oCo (high- 
energy gamma) contamination. Because it is difficult to measure 63Ni due to its hard-todetect , 
lowenergy beta emission, @Co serves as a surrogate for assessing the level of 63Ni surface 
contamination and provides an effective means for demonstrating compliance. Consider a surface 
for which a ratio of aCo to aNi has been determined--e.g., by collecting and analyzing a number 
of samples from the surface and determining the relative ratios of these contaminants during 
characterization. The resulting ratios of the two radionuclides will have some level of variation. 
The average ratio between the two contaminants may be considered to approximate a "fixed 
ratio" provided the level of variation is not too large. Alternatively, if the variance is large, the 
ratio that provides the greatest concentration of the estimated contaminant PNi)  may be used. In 
either instance, the MARSSIM user should consult the responsible agency for concurrence on the 
approach being considered. Once adjusted to account for the presence of aNi, a measurement of 
aCo alone provides a measure for both radionuclides and this may be used to demonstrate 
compliance with the d a c e  activity DCGLs. 

- - 

- 
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Compliance with surface activity DCGLs for donuclides of a decay series (e.g., thorium and 
uranium) that emit both alpha and beta radiation may be demonstrated by assessing alpha, beta, or 
both radiations. However, relying on the use of alpha surface contamination measurements often 
proves problematic due to the highly variable level of alpha attenuation by rough., porous, and ~ 

dusty surfaces. Beta measurements typically provide a more accurab assessment of thorium and 
uranium contamination on most building surfaces because surface conditions cause significantly 
less attenuation of beta particles than alpha particles. Beta measurements, therefore, may provide 
a more 8ccur~te determination of surface activity than can be achieved by alpha measurements. 

The relationship of beta and alpha emissions from decay chains should be considered when 
determining the surface activity for comparison with the DCGL, values. When the initial member 
of a decay chain has a long half-life, the radioactivity associated with the subsequent members of 
the series will i n c r e a t  a rate determined by the individual half-lives-until all members of the 
decay chain are present at activity levels equal to the activity of the parent. This condition is 
known as secular equilibrium. 

I32 
133 
134 
135 
136 
137 
138 
139 
I40 

Consider an example where the average surface activity DCGL, for natural thorium is 1,000 
Bs/m2 (600 dpd100 cm2), and that all of the progeny are in secular equilibrium-that is, for each 
disintegration of u2Th there are six alpha and four beta particles emitted in the thorium decay 
series. Note that in this example it is assumed that the surface activity DCGL,,, of 1,000 Bq/m2 
applies to the total activity fiom all members of the decay chain. In this situation, the 
corresponding alpha activity DCGL, should be adjusted to 600 Bq/m2 (360 dpd100 cm2) and 
the corresponding beta activity DCGL, to 400 Bq/m2 (240 dpm/100 cm2), in order to be 
equivalent to 1,000 Bq/m2 of natural thorium surface activity. For clarification, an example beta 
activity DCGL, is calculated by the following: 
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1 4P 
d i s  of Th-232 

10 Bq of cha in  m 2  
- 400 p Bq - 

I * (  
1,000 Bq of chain  

m 2  
( 

1 Bq of Th-232 

For decay chains that have not achieved secular equilibrium, the relative activities between the 
different members of the decay chain can be determined as previously discussed for surrogate 
ratios. 

Another example for the use of surrogates involves the measurement of exposure-rates-in place 
of surface or volume activity concentrations-for radionuclides that deliver the majority of their 
dose through the direct radiation pathway. That is, instead of demonstrating compliance with soil 
or surface contamination DCGLs (that are derived from the direct radiation pathway), compliance 
is demonstrated by direct measurement of exposure rates. To implement this surrogate method, 
HSA documentation should provide reasonable assurance that no radioactive materials are buried 
at the site and that radioactive materials have not seeped into the soil or groundwater. This 
surrogate approach may still be possible for sites that contain radionuclides that do nut deliver the 
majority of their dose through the direct radiation pathway, provided-that a consistent relative 
ratio to the radionuclides that do deliver the majority of heir dose through the direct-radiation 
pathway can be established. .The appropriate exposure rate limit in this case accounts for the 
radionuclide@) that do nut deliver the majority of their dose to the directradiation pathway by 
determining the hction of the total activity represented by radionuclide(s) that do deliver the 
majority ofttheir dose through.the direct radiation pathway, and weighting.the exposure rate limit 
by this hction. *Note thatsthe considerations for establishing consistent relative ratios discussed 
above apply to this surrogate approach as well. ..The responsible regulatory agency should be 
consulted prior to implementing this surrogate approach. 

43.3 Use of DCGLs for Sites with Multiple Radionuclides 

- 

162 
163 
164 
165 
166 
167 
168 

Typically, each radionuclide DCGL corresponds to the release criterion (e.&., regulatory limit in 
terms of dose or risk). However, in the presence of multiple radionuclides the DCGLs for each 
radionuclide would in sum total result in the release criterion being exceeded by these DCGLs. in 
this case, the individual DCGLs need to be adjusted to account for the presence of multiple . 
radionuclides contributing to the total dose. One method for adjusting the DCGLs is to modify 
the assumptions made during exposure pathway modeling to account for mhtiple radionuclides. 
A second method is to use the unity rule to adjust the individual DCGLs. 

-c 
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The unity rule, represented in the expression below, is satisfied when radionuclide mixtures 
represent a combined fractional concentration limit which is less than or equal to one: 

+ ... cn s.1 ca + ' b  

DCGLa DCGL, DCGLn 

where 
C - - concentration 
DCGL = . guideline value for each individual radionuclide 

2 -- 
For sites that have a number of radionuclides of significance, a higher sensitivity will be needed in 
the measurement methods as the values of C become smaller. ,Also, this is likely to sect 
statistical testing considerations-specifically by increasing the numbers of data points necessary 
for statistical tests. / 

43.4 Integrated Surface and Soil Contamination DCGLs 

- 

- / *  

Surface contamination DCGLs apply to the total of fixed.plus.removable-surface activity. For ': 

cases where .the surface.contamination is duemtirely.to one radionudide;the DCGL forthat. :. 
radionuclide is used. for .corn to'measurement data 

For situationsiwhere: multiple:radionuclidks, each with iE own DCGL, arepreSenf--a grossactivity 
'DCGL .can. beideveloped: ThiS:approach. enables:field.measureiment ofgoss 'activi@;'rather than 
: detenninationiof individual radionuclide activity forxomparison:to.the D 
DCGL. for, d a w s  .with multiple~dionuclides:is-calculated as.follows:': 

'. . 
~ ,.. .I... . .- . . . . .. . .. I . .: . . - .; ' . . .. ..... ,.i . .  . ,:> ., , .. . 

. .  ' 1: .I. . . . .  '-.Determine the-relative:fiaction'.(f) ofthe total':activity, contributed by:the ' 

:,.'. ~ , ,~dionucl ide~ :. ., - - . : ~; . -1.;. ,:? ' .  :. ;.y, '. ii :: . .  . " '  . 

' 

. . . . .  

2; : Obtain :the :DCGL for each radionuclide present. ' . . 

.. 3. . ..Substitute thevalues of$and DCGL in the:following equation; 
, .  . .  . .  . .:.. . .  

1 G r o s s  A c t i v i t y  DCGL = 
1. f ,  f, --- f" \ 
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Preliminary S w e y  Considerations 

Sample calculgion: 

Assume that 40% of the total surface activity was contributed by a radionuclide with.a DCGL of 
8,300 Bq/m2 (SO00 dpm/100 cm’); 40% by a radionuclide with a DCGL of 1,700 Bq/m’ (1000 
dpm/100 an’); and 20% by a radionuclide with a DCGL of 830 Bq/m2 (500 dpm/100 cm2). 

_ .  1 
0.40 
8,300 1,700 830 

Gross Act i v i t y  DCGL = 
0.20 + -  0 .40 + 

= 1,900 Bq/m2 

Note that the above equation may not work for sites that exhibit surface contamination from 
multiple radionuclides that have unknown or highly variable concentrations of radionuclides 
throughout the site. In these situations, the best approach may be to select the most conservative 
surface contamination DCGL from the mixture of radionuclides that are present. If the mixture 
contains radionuclides that cannot be measured using field survey equipment, laboratory analyses 
of surface materials may be necessary. 

Because gross d a c e  activity measuremem.are not-nuclide-specific, they should be evaluated by 
the twmample nonparametric tests described in Chapter 8 to determine if residual contamination 
meets the release criterion. Therefore, gross d a c e  activity measurements should be performed 

I for both the- survey.units being evaluated, and for baclcgrouad reference areas. I The background 
reference areas for surface activity typically involve building surfaces and:constructionfrnat&ials 
that 
due to residual contamination should not exceed the gross activity DCGL calculated above. 

copsidered to-be free of residual radioactivity (see Section 4.5). ,The total surface activity 

For soil <contamination, it is likely,that specific radionuclides, rather than gross activity, will be 
measured for demonstrating compliance. For radionuclides that are presentin natural 
background, the two-sample nonparametric tests described in Chapter 8 should be used to 
determine if residual soil contamination exceeds the release criterion. The soil contamination due 
to residual activity should not exceed the DCGL. To account for multiple radionuclides that are 
present in background, the DCGL should be adjusted in a manner similar to the gross activity 
DCGL described above. For a known mixture of these radionuclides, each having a fixed relative 
fi-adon of the total activity, the site-specific DCGLs for each radionuclide may be calculated by 
first determining the gross activity DCGL -and then multiplying that gross DCGL by the respective 
fractional contribution of each radionuclide. For example, if three radionuclides, uaU, %a, and 

Th, with DCGLs of 190 Bqkg (5.0 pCi/g), 93 Bqkg (2.5 pCi/g), and 37 Bqkg (1.0 pCi/g) are 
present in activity ratios of 40%, 40%. and 20%, respectively, then: 
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1 
0.40 0.40 0.20 
190 93 37 

Gross Act iv i ty  DCGL = 
- + - + -  

220 = 85Bqkg 

221 
222 
223 
224 
225 
226 

The adjusted DCGLs for each of the contributory radionuclides, when present in the given activity 
ratios, are then 34 Bqkg (0.40 85) for usU, 34 Bqkg (0.40 85) for =Ra, and 17 Bqkg (0.20 

85) for u2Th. Thus, the appropriate DCGL value used to demonstrate compliance is 85 Bqlkg. 
Determining such gross activity DCGLs enables an evaluation of site conditions based on analysis 
for only one of the contributory contaminants (surrogate approach), provided the relative ratios - of 
the contaminants do not change. 

227 
228 
229 
230 

For situations where the radionuclides occurring in background have unknown or variable relative 
concentrations throughout the site, it may be necessary to perform the two-sample nonparametric 
tests separately for each radionuclide present. The unity rule should be used to determine that the 
sum of each radionuclide concentration divided by its DCGL is less than or equal to one. 

23 1 Therefore, at each measurement location calculate the quantity: 

- 
CA + . . . +  

DCGL, DCGL,, 
c2 + 

DCGL, 

232 

233 
234 unit exceeds one. 

where C is the radionuclide concentration. 

These are the data to be used in the statistical tests to determine if the average over the survey 

235 
236 
237 
238 
239 demonstrate compliance. 

The same approach applies for radionuclides that are not present in background, with the 
exception that one-sample nonpammetric statistical tests are used in place of the two-sample 

approach or the unity r u l e i f  relative ratios are expected to change-should be used to 
. nonparametric tests (see Section 5.5.2.3). Again, for multiple radionuclides either the surrogate 
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4.4 

All areas of the site will not have the Same potential for residual contamination and, accordingiy, 
Will not need the same level of survey coverage to achieve the established release criteria The 
process will be more efficient if one designs the survey such that areas with higher potential for 
contamination (based in part on results of the HSA in Chapter 3) will receive a higher degree of 
survey effort 

Classification is a critical step in the survey design process. The working hypothesis of 
MARSSIM is that all areas being evaluated for release have a high potential for contamination. 
This initid assumption means that all areas are initially considered Class 1 areas unless some basis 

Classify Areas by Contamination Potential 
! 

- 
L 

for reclassification as non-impacted, Class 3, or Class 2 is provided. -a - 

Areas that have no reasonable potential for residual contamination do not need any level of survey 
coverage and are designated as non-impacted areas. These areas have no radiological impact 
from site opeSions and are typically identified during the HSA (Chapter 3). Background 
reference areas are normally selected h m  non-impacted areas (Section 4.5). 

Impacted areas--areas that have some potential for containing contaminated material-are hrther 
subdivided into one of three classifications: 

Class 1 areas: Areas that have, or had, a potential for radioactive contamination 
(based onsite-operating history)-or knom contamination (based on previous 
radiologid%veys). Examples of Class 1 aTe8s include: 1) site areas previously 
subjected to remedial actions, 2) locations where leaks or spills are known to have 
occurred, 3) former burial or disposal sites, 4) waste storage sites, and 5 )  areas 
with contaminants in discrete solid pieces of material highspecific activity. Note 
that areas containing contamination in excess of the DCGL, prior to remediation 
should be classified as Class 1 areas. 

Class 2 areas: These areas have, or had, a potential forradioactive contamination 
or known contamination, but are not expected to exceed the DCGb.  To justify 
changing an a m ' s  classification fiom Class 1 to Class 2, the existing data (fiom the 
HSA, scoping w e y s ,  or characterization surveys) should provide a high degree 
of confidence that no individual measurement would exceed the DCGL. Other 
justifications for this change in an area's classification may be appropriate based on 
the outcome of the DQO process. Examples of areas that might be classified as 
Class 2 for the final status survey include: 1) locations where radioactive materials 
were present in an unsealed form (e.g., process facilities), 2) potentially 
contaminated transport routes, 3) areas downwind from stack release points, - -- 

f: . 
p - j  
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I 

4) upper walls and ceilings of buildings or rooms subjected to airborne 
radioactivity, 5 )  areas where low concentrations of radioactive materials were 
handled, and 6) areas on the perimeter of former contamination control areas. 

Class 3 areas: Any impacted areas that are not expected to contain any residual 
radioactivity, or are expected to contain levels of residual radioactivity at a very 
small fiaction of the DCGk,  based on site operating history and previous 
radiological surveys. Examples of areas that might be classified as Class 3 include 
buffer zones around Class 1 or Class 2 areas, and areas with very low potential for 
residual contamination but insufficient information to justify a non-impacted 
classification. 

0 

- 

Class 1 areas have the greatest potential for contamination and therefore receive th; highest - -- 

degree of survey effort, followed by Class 2 and then Class 3. 
- 

The criteria used for designating areas as Class 1,2, or 3 should be described in the final status 
survey plan. Compliance with the classification criteria should be demonstrated in the final status 
survey report. A thorough analysis of HSA findings (Chapter 3) and the results of scoping and 
charactexhion m e y s  provide the basis for an area's classification. As a survey progresses, 
reevaluation of this classification may be indicated based on newiy acquired survey data For - 
example, if contamination is idmtified in a Class 3 area @e., results exceed the critical level-see 
Section 6.4), an investigation and reevaluation of that area should be performed to determine if 
the Class 3 area classification is appropriate. Typically, the inves@ation will result in part or all 
of the anxi being reclassified as Class 1 or Class 2. For a Class 2 area, if survey results identify 
the presence of residual contamination exceeding the DCGL or suggest that there may be a 
reasonable potential that contamination is present in excess of the DCGL, an investigation should 
be initiated to determine if all or part of the area should be reclassified to Class 1. More 
information on investigations and reclassifications is provided in Section 5.5.3. 

4.5 Select Background Reference Areas 

Compared to the DCGLs, d n  radionuclides may also occur at significant levels as part of 
background in the media of interest (soil, building material, eic.). Examples include members of 
the naturally occurring uranium, thorium, and actinium series; 'OK; "C; and tritium. '"Cs is also 
present in background as a result of nuclear weapons fallout (Wallo, et ai. 1994). Establishing 
background concentrations-describing a distribution of measurement data-is necessary to 
identify and evaluate contributions attributable to site operations. Determining background levels 
for comparison with the conditions determined in specific surveyed areas of the site entails 
conducting surveys in one or more reference areas to define the radiological conditions of the site 

MARSSIM 4-1 I 12/6/96 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



308 
309 
3 10 
31 1 
3 1.2 
313 
314 
3 15 

316 
317 
318 
319 
320 
32 1 
3 22 

323 
324 
325 
326 
3 27 
328 
329 
330 

. 331 
332 
333 

334 
335 
336 
337 
338 
339 
340 
34 1 
342 
343 

Relirmnary Considerations 

A site background reference area is defined as having similar physical, chemical, geological, 
radiological, and biological characteristics as the survey unit being evaluated. These areas are 
normally selected from non-impacted areas (refer to Section 4.4 on area classification). h some 
situations a reference area may be associated with the survey unit being evaluated, but is not 
potentially contaminated by site activities. For example, background measurements could be 
taken &om core samples of a building or structure surface, pavement, or asphalt. This option 
should be discussed with the responsible regulatory agency during w e y  planning. Generally, 
reference areas should not be part of a survey unit being evaluated. 

Reference areas provide a location for background measurements which are used for comparisons 
with survey unit data. The presence of radioactivity in a reference area is ideally the same.for a 
survey unit had it never been contaminated. If a site includes physical, chemical, geological, 
radiological, or biological variability that is not represented by a single reference b&kg&wnd area, 
selecting more than one reference area may be necessary (Sections 6.2.5 and 7.4.7 provide 
further description and considerations for background measurements and samples in reference 
areas). 

It may be difficult within an industrial complex to find a referetlce area for comparison to a survey 
unit if the radionuclides of potential concern are naturally Occurring. Background may vary 
greatly due to different construction activities which have occurred at the site. Examples of 
construction activities that change background include: leveling digging ditches or trenches; 
adding fill dirt; importing different kinds of rocks or gravel to stabilize soil or underlay asphalt; 
manufacturing asphalt with dif€erent.matrix rock; usingdifferent pours of asphalt or concrete in a 
single survey unit; layering asphalt over concrete; layering different thicknesses of asphalt, 
concrete, rock, or gravel; and covering or burying old features such as railroad beds or building 
footings. Background variability may also be increased by the concenttation of fallout in low 
areas of parking lots where runoff water cohcts and then evaporates. Variations in background 
of a factor of five or more can occur in the space of a few hectares. 

There are a number of possible actions to address these concerns. It may be necessary to review 
and reassess the selection of reference areas. Selecting additional and different reference areas to 
represent individual swvey units is another possibility. More attention may also be needed in 
selecting survey units and their b o u n h e s  with respect to different areas of potential or actual 
background variability. More detailed scoping or characterization surveys may be needed to 
obtain a better understanding of background variability. It may also be necessary to select 
radionuclide-specific measurement techniques instead of gross radioactivity measurement 
techniques. If one is unable to find a background reference area that satisfies the above 
recommendations, consultation and negotiation with the responsible regulatory agency is 
recommended. 
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If the radionuclide contaminants of interest do not occur in background or the background levels 
are known to be a small fraction of the D C G w . g . ,  <IO??-the survey unit radiological 
conditions may be compared directly to the specified DCGL and reference area background 
surveys are not necessary. Ifthe background is not well defined at a site, and the decision maker 
is willing to accept the increased probability of incorrectly failing to release a survey unit (Type II 
error), the reference area measurements can be eliminated and a one-sample statistical test 
performed as described in Chapter 8. 

4.6 Identify Survey Units 

To facilitate survey design and assure that the number of survey data points for a specific site are 
relatively uniformly distributed among areas of similar contamination potential, thcsite-is divided 
into survey units which have a common history or other characteristics, or are naturally 
distinguishable fiom other portions of the site. A site may be divided into survey units at any time 
before the final status survey. For example, HSA or scoping survey results may provide sufficient 
justification for partitioning the site into Class 1,2, or 3 areas. Note, however, that having the 
site divided into survey units is critical only for the final status survey-scoping, characterization, 
and remedial action support surveys may be performed without the site divided into survey units. 

A suntey unit may not include aieas that have different classifications. The survey unit 
characteristics should be generally consistent with exposure pathway modeling that is used to 
convert radionuclide concentrations into dose. For indoor areas, where rooms am classified as 
Class 1 areas, each room may be designated as a survey unit Indoor areas may also be 
subdivided into several survey units of different classification, such as separating floors and lower 
walls from upper walls and ceilings (and other upper horizontal surfaces) or subdividing a large 
warehouse based on floor area. 

Survey units are limited in size based on classification, exposure pathway modeling assumptions, 
and site-specific conditions. The suggested maximum areas for survey units are as follows: 

aYpical Ma ximum 

structures 100 m2 floor area 
Land areas 2,000 m2 

Structures 100 to 1,000 m2 
Land areas 

Structures no limit 
Land areas no limit 

Class 1 

Class 2 

2,000 to ~O,OOO m2 
Class 3 
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The limitation on survey unit size for Class 1 and Class 2 areas ensures that each area is assigned 
an adequate number of data points. The rationale for selecting a larger survey unit area should be 
developed using the DQO Process (Section 2.3) and fully documented. Because the number of 
data points (determined in Sections 5.5.2.2 or 5.5.2.3) is independent of the survey unit size, the 
survey coverage in an area is det&ined by dividing the fixed number of data points obtained 
fiom the statistical tests by the SufNey unit area. That is, if the statistical test estimates that 20 
data points may be necessary to demonstrate compliance, then the survey coverage is determined 
by the area over which the data points are distributed. 

Special considerations may be necessary for survey units with structure surface areas less than 
10 m2 or land areas less than 100 m2. In this case, the number of data points obtained from the 
statistical tests is unnecessarily large and not appropriate for smaller survey unit areas. Instead, 
some specified level of survey effort should be determined based on the DQO process and with 
the concurrence of the responsible regulatory agency. The data generated fiom these smaller - 
survey units should be obtained on the basis of judgement, rather than systematic or random 
design, and compared individually to the DCGLs. 

4.7 . Select Instruments and Survey Techniques 

Based on the potmtial radionuclide contaminants, their associated radiations, and the types of 
residual contamination categories (soil, structure surfaces, etc.) to be evaluated, the detection 
sensitivities of various instruments and technic~ues are determined and documented. Chapter 6 of 
this manual, wor,g.draft NRC report NUREG-1507 (NRC 1995c), and draft NRC report 
NUREG-1506 (NRC.1995b) discuss the concept of detection sensitivities and provide guidance 
on the determination of sensitivities and selection of appropriate measurement methods. 
AppendixHpfthis manual describes typical field and laboratory equipment plus associated cost 
findinstrument sensitivities. 
_ _ _ -  

Choose instruments that are reliable-suited to the physical and environmental conditions at the 
site-and capable of detecting the radiations of concern to the appropriate minimum detectable 
concentration (MDC). During survey design, it is generally considered good practice to select a 
measurement system with an MDC between 1040% of the DCGL. Sometimes this goal may not 
be achievable based on site-specific conditions (e.g., best available technology, cost restrictions, 
eic.). 

The MDC is calculated based on a hypothesis test for individual measurements(see Section 6.4). 
and results below the MDC are variable and lead to a large value for u of the measured values in 
the survey unit or reference area. This high value for u can be accounted for using the statistical 
tests described in Chapter 8 for the final status survey, but a large number of measurements are 
needed to account for the variability. 
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Early in decommissioning, during scoping and characterization, low h4DCs help in the 
identification of areas that can be classified as non-impacted or Class 3 areas. These decisions we 
usually based on fewer numbers of samples and each measurement is evaluated individually. 
Using an optimistic estimation of the MDC (see Section 2.3) for these surveys may result in 
niisclassification of a survey unit, resulting in cleaning up an uncontaminated area, or performing a 
final status survey in a contaminated area Selecting a measurement technique With a well defined 
MDC or a conservative estimate of the MDC also ensures the usehlness of the data for making 
decisions for planning the final status survey. For these reasons, it is recommended that a 
conservative estimate of the h4DC be used instead of an optimistic estimate. 

- 

._ 

' The instrument should be calibrated for the radiations and energies of interest at the site. This 
calibration should be traceable to an accepted standards organization such as NIS'P. Routine - 
operational checks of instrument performance are conducted to assure that the check source 
response is maintained within acceptable ranges and that any changes in instrument background 
are not attributable to contamination of the detector. If the radionuclide contaminants cannot be 
detected at desired levels by direct measurement (Section 6.4), the survey should be designed to 
rely primarily on sampling fo€lowed by laboratory analysis (Chapter 7). Assuming the 
contaminants can be detected, either directly or by measuring a surrogate radionuclide in the 
mixture, the next decision point depends on whether the radionuclide being measured is one that 
is present in background. Gross measurement methods will likely be more appropriate for 
measuring surface contamination in structures, scanning for locations of elevated activity, and 
determining exposure rates. Nuclidespecific measurements, such as gamma spectrometry, 
provide a marked increase in detection sensitivity over gross measurements because of their ability 
to screen out contributions from other sources. Figure 4.2 illustrates the sequence of steps in 
selecting survey instruments. Chapter 6 provides guidance on survey techniques. Appendix H 
provides information on instrument capabilities. The selection of appropriate instruments and 
techniques should be survey specific. 

- 

In practice, the DQO process is used to obtain a proper balance among the use of various 
measurement techniques. In general, there is an inverse correlation between the cost of a specific 
measurement technique and the detection levels being sought. Depending on the survey 
objectives, important considerations include survey costs and choosing the optimum 
instrumentation and measurement mix. 

A certain minimum number of measurements or samples will be needed to demonstrate 
compliance with the release criterion based on the nonparametric statistical tests. In some 
situations, the potential for areas of elevated contamination will have to be considered. This 
could affect the number of measurements; however, scanning with survey instruments should 
generally be sufficient to ensure that no areas with unusually high levels of radioactivity are left in 
place. Some measurements may also be used to'provide information of a qualitative nature - -- 
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Figure 4.2 Flow Diagram for Selection of Field Survey Instrumentation 
(Refer to Section 4.7) 
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preliminary Survey Considerations 

to supplement other measurements. An example of such an application is in situ gamma 
spectrometry to demonstrate the absence (or presence) of specific contaminants. 

Table 4.1 presents a list of common contaminants dong with recommended survey methods. 
These direct measurement techniques have proven to be effective based on past survey experience 
in the decommissioning industry. For example, consider the contamination of a surface with 
24rAm. Table 4.1 indicates that 241Am is detectable at 0.15 mSv/y (1 5 mredy) levels (column 2), 
and that viable direct measurement instruments include gas proportional (a mode) and alpha 
scintillation detectors. NRC draft report NUREG-1506 (NRC 1995b) provides hrther 

- 

information on factors that may affect survey instrumentation selection. ._ 

2 

4.8 Site Preparation 

Site preparation involves obtaining consent for performing the survey, establishing the property 
boundaries, evaluating the physical characteristics of the site, accessing surfaces and land areas of 
interm and establishing a reference coordinate system. For example, site preparation may 
include removing equipment and materials which restrict access to surfaces. The presence of 
fiunishings or equipment will restrict access to building surfaces and add additional items that the 
Survey should ad&& 

4.8.1 Consent for Survey -- 

When facilities-or sites are not owned by the organization performing the surveys, the site or 
equipment .owner should be notified to gain the owners consent before accessing the property to 
conductthe surveys. All appropriate local, State, and Federal officials as well as the site owner 
and other affected parties should be notified of the survey schedule. Section 3.5 discusses consent 
for access, and additional guidance for CERCLA sites is available fiom EPA (EPA 1987d). 

_ -  I _  

4.8.2 Property Boundaries 

Property boundaries may be determined from property survey maps W s h e d  by the owners or 
from plat maps obtained fiom city or county tax maps. Large-area properties, and properties 
having obscure boundaries or missing survey markers, may require the services of a professional 
land surveyor. 

If the radiological survey is only performed inside buildings and grounds are excluded, a tax map 
with the buildings accurately located will usually suffice for sitehuilding location designation. 

I 

- -- 
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Table 411 Selection of Direct Measurement Techniques Based on Experience 

"C Y N GPD ND ND 
''Mn Y Y GPO*.GM YS.ISY PIC.YS.ISY 

zlpPu. ""Pu, and'"Pu Y w GPqaS ND m y )  ND 

Y Y GPa.aS YS,ISY PIC.yS.ISy 2 4 1 h  

I Based on default concentration values given in NRC draft report NUREG-1 500 (Daily et al., 1994). 
* GPa=Gas Proportional alpha 
GM=Geiger-Mueller 
GPO=Gas Proportional beta 
P I C = P r d  Ionization Chamber 
aS=alpha scintillation 
yS=gamma scintillation (gross) 
ISy- in si& gamma spsctrometry 

The notation "(c)" indicates the direct measurement techniques assume the presence of progeny in the chain. 
' For decay chains having hvo or more radionuclides of significant half-life that reach secular equilibrium. 

' Depleted, pn>cessed natural. and enriched. 
' N=no. Y=yes. 

' Not detectable. 
Possibly detectable at l i b  for arm of elevated activity. 

Bold indicates the preferred method where alternative methods are available. 
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4.8.3 Physical Characteristics of Site 

The physical characteristics of the site will have a significant impact on the complexity, schedule, 
and cost of a survey. These characteristics include the number and size of stni’ctures, type of 
building construction, wall and floor penetrations, pipes, building condition, total area of grounds, 
topography, soil type, and ground cover. In particular, the accessibility of structures and land 
areas (Section 4.8.4) has a significant impact onthe survey effort. 

4.8.3.1 Structures 

Building design and condition will have a marked’influence on the surve] efforts. Th time 
involved in conducting a survey of building interior sulfaces is essentially directly proportional to 
the total surface area. For this reason the degree of survey coverage decreases as the potential for 
residual activity decreases. Judgement measurements and sampling, which are performed in 
addition to the measurements performed for the nonparametric tests, are recommended in areas 
likely to have accumulated deposits of residual activity. As discussed in Section 5.5.3.3 and 
Section 8.5, judgement measurements and samples are compared directly to the appropriate 
DCGL. 

- 

The condition of &aces after decontamination may affect the survey p~ocess; Removing 
contamination that has penetrated a surface usually involves removing the surface as well, As a 
result, the floors and walls of decontaminated facilities are frequently badly scarred or broken up 
and are often very uneven. Such a a c e s  are more dif€icult to survey, because it is not possible to 
maintain a fixed distance between the detector and the surface. In addition, scabbled or porous 
surfaces may significantly attenuzite radiations-particularly alpha and low-energy beta particles. 
Use of monitoring equipment on wheels is precluded by rough surfam, and such surfaces also 
pose an increased risk of damage to *le detector probe faces. These factors should be 
considered during the calibration of survey instruments; NRC draft report NUREG-1 507 (NRC 
1995c) provides additional information on how to address these surface conditions. 

Expansion joints, stress cracks, and penetrations into floors and walls for pipingj conduit, and 
anchor bolts, etc., are potential sites for accumulation of contamination and pathways for 
migration into subfloor soil and hollow wall spaces. WalYfloor interfaces are also likely locations 
for residual contamination. Coring, drilling, or other such methods may be necessary to gain 
access for survey. The conduct of intrusive surveying may require permitting by local regulatory 
authorities. 

Exterior building surfaces will typically have a low potential for residual contamination; however, 
there are several locations that should be considered during survey planning. If there were roof 
exhausts, roof accesses for radioactive material movement, or the facility is proximal to the air 

-- 
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effluent discharge points, the possibility of roof contamination should be considered. Because 
roofs are periodically resurfaced, contaminants may have been trapped in roofing material, and 
sampling of this material may be necessary. Roof drainage points such as driplines along 
overhangs, downspouts, and gutters.are also important kmey locations. Wall penetrations for 
process equipment, piping, and exhaust ventilation are potential locations for exterior 
contamination. Window ledges and outside exits (doors, doorways, landings, stairways, etc.) are 
also building exterior surfaces that should be addressed. 

4.8.3.2 Land Areas 

_. . 

Depending upon site processes and operating history, the radiological w e y  may include varying 
portions of the land areas. Potentially contaminated open land or paved areas to beconsidered 
include storage areas (e.g., equipment, product, waste, and raw material, etc.), liquid waste - 
collection lagoons and sumps, areas downwind (based on predominant wind directions on an 
average annual basis, if possible) of stack release points, and suxface drainage pathways. 
Additionally, roadways and railways that may have been used for transport of radioactive or 
contaminated materials that may not have been adequately contained could also be potentially 
contaminated. 

- 

Buried piping and underground a,. spill .areas, and septic leach fields which may have received 
.commmtexi liquids am locatians-of possib1e.mntamination that may result inwnpling of 
subsurface so&@zction. E4i2.2). .&fbrmationregarding soil-type (e.g.,.day, sad,?etc:) may 
.provide igsightintg..the. reteatiozor migration characteristics-of specific radionuclides: The. need 
fo~.special.,sampling.by:coring orsplit-spoon:.equipment. should be anticipated. . .  . .  

. .  . . .  . . . . . . . . . .  ..... . . . . . . .  . . . .  1 ,  ... ., . . i-. ..... I . .  . .  8 I- . I '  - . . . . . . .  . .  .._ . .;.: .. 

Ef radioactive ,waste:has :b . , s:.of excavated areas will be necessaybefore 
bacffiliingxIf such.material :is. to. he left in place;-subsurface sampling arourid:the'b;urial site 
perimeter- to.;assess.the,Qotential fixfUtture'miption-may tie necessary. 

biota, etc.) ,assdciatqd~with these areas; 

:. . . .  ' . ' . .  -: ' . . .  

!-:. ..;:+" . " .... . . . . . . . . .  . . . .  : . . . .  i . 

Additionally, potentially contaminated rivers, harbors, shorelines, and other outdoor .areas may 
reylt in supey-.activities~behg performed-including envirodkntal media (e.g.; sediment, marine 

4.8.4 Clearing.to'Provide Access 

In addition to the physical characteristics of the site, a major consideration is h.oW to address 
inaccessible areas that have a potential for residual radioactivity. inaccessible areas may need 
significant.effo0 and.re+wrces to adequately.survey. This section..provides a description of ' 

cornm.on.inau;essible arw.that.may have to be.considered. The level of effort expended to 
access.these:hif'€jcult-to-reach areas should be conimensurate with the potential for residual 

' '< ' " 

. . . . . .  : 

. . ;  

. . . .  . . . . . .  . . . .  . . .  . .  
. .  

. ' . !  : i _  

. . . . .  . . . .  ,:. . .  . ; . . . . .  ........ . .  
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activity. Thatk, the potential for the presence of residual activity behind walls should be 
established before significant effort is expended to remove drywall. 

4.8.4.1 Structures . 

Structures and indoor areas should be sufficiently cleared to permit completion of the survey 
Clearing includes providing a m s  to potentially contaminated interior surfaces (e.g., drains, 
ducting, tanks, pits, ceiling areas, and equipment) by removing covers, disassembly, or other 
means of producing adequate openings. 

Building features such as ceiling height, construction materials, and incorporation of ducts, pipes, 
and certain other services into the qonstruction will'determine the ease of accessibiliq of-various 
surfaces. Scaffolding, cranes, man lifts, or ladders may be necessary to reach some surfaces. 
Accessing some locations may actually include dismantling portions of the building. 

- .  

The presence of fiunishings and equipment will restrict access to building surfaces and add 
additional items that the survey should address. Equipment indirectly involved in the process that 
remiins may need to be dismantled in order to evaluate the radiological status, particularly of 
inaccessible parts of the equipment. It may also become necessary to remove or relocate certain 
furnishings, such as lab benches and hoods, to obtain ac'cess to potentially contamiikted floors 
and walls. The amount of effort and resources dedicated to such removal or relocation activities 
should be commensurate with the potential for contamination. Wheie the potential is low, a few 
spot-checks may be sufficient to provide confidence that covered areas are free of contamination. 
In other cases, complete removal may be warranted. 

Piping, drains, sewers, sumps, tanks and other components of liquid handling systems present 
special difficulties because of the inaccessibility of interior surfaces. Process information, 
operating history, and preliminary monitoring at available access points will assist in evaluating 
the extent of sampling and measurements included in the survey. 

Ifthe building is constructed of porous materials (e.g., wood, concrete) and the surfaces were not 
sealed, contamination may be found in the walls, floors, and other surfaces. It may be necessary 
to obtain cores of these surfaces for laboratory analysis. 

I .  

Another common difficulty is the presence of contamination beneath tile or other floor coverings. 
This often occurs because the covering was placed over contaminated surfaces, or the joints in tile 
were not sealed to prevent penetration. It has been the practice in some facilities to "fix" 
contamination (particularly alpha emitters) by painting over the surface of the contaminated area. 
Thus, actions to obtain access to potentially contaminated surfaces, such as removing wall and 
floor coverings-including paint, wax, or other sealer-and opening drains and ducts, may be 
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necessary to enable representative measurements of the contaminant. If alpha radiation or very 
low energy beta radiation is to be measured, the surface should be free of overlying material, such 
as dust and water, which may significantly attenuate the radiations. 

4.8.4.2 Land Areas 

If ground cover needs to be removed or if there are other obstacles that limit access by either 
survey personnel or necessary equipment (e.g., electromagnetic scanners and subsurface sampling 
rigs), the time and expense of making land areas accessible should be considered. In addition, 
precautionary procedures need to be developed to prevent spreading surface contamination during 
ground cover removal and/or the use of heavy equipment. 

Removal or relocation of equipment and materials that may entail special precautions to prevent 
damage or maintain inventory accountability should be performed by the property owner 
whenever possible. Clearing open land of brush and weeds will usually be performed by a 
professional landclearing organization under subcontract arrangements. However, survey 
~ ~ X S O M ~  may per fm limited minor land-ciearing activities as needed. 

2 

An important considdon,prior to.cleging includ&assessment of the possibility of bio-uptake 
and . . . . .  consequent radiological contanination. of@e material to. be. cleared.' .Special precautions to 
avoid . . . . .  exp&re of p q n n e l  involved in d , d g  activities may benecessary; Initial radiological 
screening:suqveys should..be performed to eng.ue.that.cleared.haterial .. --_ or equipmenth not 

. . .  .. . .  . . . >  . . .  . .  . ., . . . . .  . . i ._ .  ..: . _ (  . '  . .  . . . . . . . . . . . .  contaminated. - . ', , ,,;. . , . . :  

The extent of site clearing in specific areas depends primarily on the potential for radioactive 
contamination existing& those areas where: (1) the radiological history or results of previous 
surve& do not indicate potential.contamination of an area (it may-be suf€icient to perform only 
minimum clearing to-establish a referens coordinate system); (2) contamination is known to exist 
or that a high potential for contamination nwsitates completely clearingan area to provide 
access to all surfaces; and (3) new findings as the survey progresses may indicate that additional 
clearing be pedormed. 

Open land are& may be cleared by heavy machinery (e.g., bulldozers, bushhogs, and hydroaxes); 
however, care s h d d  be exercised to prevent relocation of surface contamination or damage to 
site features su&as drainage ditches, utilities, fences, and buildings. Minor land clearing may be 
performed using manually.operated equipment such as brkhhooks, power saws, knives, and 
string trimmers. Brush and weeds should be cut tche minimum praaical height necessary to 
facilitate measurement and sampling activities (approximately 15 cm). Care should be exercised 
to prevent u ~ e ~ e s ~ a r y  damage to or removal of mature trees or shrubs. 
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Potential ecological damage that might result from an extensive survey should be considered. ~f a 
survey is likely to result in significant or permanent damage to the environment, appropriate 
environmental analyses should be conducted prior to initiating the survey. 

4.8.5 Reference Coordhate System 

Reference coordinate systems are established at the site to: 

0 

0 

facilitate selection of measuremenVsampling locations 
provide a mechanism for referencing a measurement to a specific location so that 
the same survey point can be relocated 

2 -2 

A survey reference coordinate system consists of a grid of intersecting lines, referenced to a fMeb 
site location or benchmark. Typically, the l i e s  are arranged in a perpendicular pattern, dividing 
the survey location into squares or blocks of equal 
threedimensional, polar) have been used for survey reference purposes. 

Reference coordinate system patterns on horizontal surfaces are usually identified numerically on 
one axis and alphabetidy on the other axis or in distances in different compass directions fiom 
the grid origin. Examples of structure interior and land area grids are shown in Figures 4.3 
through 4.5. Grids on vertical surfaces may include a third designator, indicating position relative 
to floor or ground l ~ e l t , O y e ~ ~  m,wement /wpl ipg  l@qq-(e.g., ceiling and overhead 
beams) are referenced to wrresponding floor grids. 

For surveys of Class 1 and Class 2 areas, basic grid patterns at 1 to 2 meter intervals on structure 
surfaces and at 10 to 20 meter.intervals oCland a r k  may be sufficient-to enable identification of 
survey locations with a reasonable level of effort, while not being prohibitive in cost or difficulty 
of installation. 'Gridding of Class 3 areas may a h  b6 ne-sary to faditate ref*-ncing of survey 
locations to a common system or origin but, for practical purposes, may typically be at larger 
intervals--e.g., 5 to 10 m for large structural surfaces and 20 to 50 m for land areas. 

- 

however, other types of patterns (e.g. 

Reference coordinate systems on structure surfaces are usually marked by chalk line or paint, 
along the entire grid line or at line intersections. Land area reference coordinate systems are 
usually marked by wooden or metal stakes, driven into the surface at reference line intersections. 
The selection of an appropriate marker depends on the characteristics and routine uses of the 
surface. Where surfaces prevent installation of stakes, the reference line intersection can be 
marked by painting. 
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Figure 4 3  Indoor Grid Layout with Alphanumeric Grid Block Designation: 
Walls and Floors are Diagramed as Though They Lay 

Along the Same Horizontal Plane 
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Figure 4.4 Example of a Grid System for Survey of Site Grounds 
Using Compass Directions 
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Figure 4.5 Example of a Grid System for Survey of Site Grounds 
Using Distances Left or Right of the Baseline 
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Preliminary Survey Considerations 

Three basic coordinate systems are used for identifying points on a reference coordinate system 
The reference system shown in Figure 4.3 references grid locations using numbers on the vertical 
axis and letters on the horizontal axis. The reference system shown on Figure 4.4 references 
distances from the 0,O point using the compass directions N (north), S (south), E (east), and W 
(west). The reference system shown in Figure 4.5 references distances along and to the R (right) 
or L (left) of the baseline. In adc!ition, a less frequently used reference system is the polar 
coordinate system which measures distances along transects from a central point Polar 
coordinate systems are particularly usefirl for survey designs to evaluate effects of stack 
emissions, where it may be desirable to have a higher density of samples collected near the stack 
and fewer samples as the distance from the stack is increased. 

Figure 4.5 shows an example grid system for an outdoor land area The first digit OG sd-of digits 
includes an L or R (separated from the first set by a comma) to indicate the distance from the 
baseline in units (meters) and the direction ('left or right) fiom the baseline. The second digit or set 
of digits refers to the perpeadicular distance fiom the 0,O point on the baseline and is measured in 
hundreds of units. Point A in the example of a reference coordinate system for survey of site 
grounds, Figure 4.5, is identified 100& 2+00 (i.e., 200 m fiom the baseline and 100 m to the right 
of the baseline). Fractional distances between reference points are identified by adding the 
distance beyond the reference point and are expressed in the same units used for the reference 
coordinate system dimensions. Point B on Figure 4.5 is identified 25R, 1+30. 

- .  - 

Open land reference cootdinate systems should be referenced to a location on an existing State or 
local reference system or i0 a U.S; Geological Survey (USGS) bench mark (This may require the 
services of a professional land surveyor.) Global positioning systems (GPS) are capable of 
locating reference points in terms of latitude and longitude (Section 6.7.2 provides firther 
description of positioning systems). 

Following establishment of the reference coordinate system, a drawing is prepared by the survey 
team or the land surveyor. This drawing indicates the reference lines, site boundaries, and other 
pertinent site features and provides a legend showing the scale and a reference compass direction. 

It should be noted that the reference coordinate systems described in this section are intended 
primarily for refesence purposes and do not necessarily dictate the spacing or location of survey 
measurements or samples. Establishment of a measurement grid to demonstrate compliance with 
the DCGL is discussed in Chapter 5 and Chapter 8. 
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706 4.9 Quality Assurance 

707 
708 
709 
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712 

Because the purpose of the final status survey is to demonstrate that a facility satisfies pre- 
established r e l b e  criteria, .that survey should be performed in a manner that assures results are 
accurate and uncertainties have been adequately considered. In a similar manner, DQOs for the 
other survey types discussed in Chapter 5 should also be contemplated. A quality assurance 
project plan (QAPP) should be developed and implemented for all aspects of the survey. Chapter 
9 of this manual provides guidance on developing a QAPP. 

713 
714 
715 
716 
717 
718 
719 
720 

Surveys should be performed by trained individuals who are following standard, written 
procedures, and using properiy calibrated instruments which are sensitive to the suspected 
contaminant The custody of samples (Section 7.7) should be tmcked from collection toanalysis. 
Data should be recorded in an orderly and verifiable way and reviewed for accuracy and 
consistency. All survey-related activities, from training personnel to calculating and interpreting 
the data, should be documented in a way that lends itself to audit. These recommendations are 
achieved through a formal program of quality assurance. Failure to consider these factors may 
limit the usefihess of portions of the survey data. 

- 

721 4.10 Health and Safety .. . 
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729 
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Consistent with the approach for any operation, activities associated with the radiological surveys 
should be planned and monitored to &sure the health and safety of the worker and other 
personnel, both on- and off-site, are adequately protected. At the stage of determining the final 
status of the site, residual radioactivity is expected to be below the DCGL values; therefore, the 
final status survey should not include radiation protection controls. However, radiation 
protection controls may be considered during performance of scoping or characterization surveys 
as the potential for significant levels of residual radioactivity is increased. 

Significant health and safety concernS during any radiolo@d survey include the potential 
industrial hazards commonly found at a construction site, such as: exposed electrical circuitry; 
excavations; enclosed work spaces; hazardous atmospheres; insects; poisonous snakes, plants, and 
animals; unstable soil or other surFacei (e.g., wet or swamp soil); heat and cold; sharp objects or 
surfaces; falling objects; tripping hazards; and working at heights. The survey plan should 
incorporate objectives and procedures for eliminating, avoiding, or minimizing these potential 
safety hazards. 

I 
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5 SURVEY PLANNING AND DESIGN 

5.1 Introduction 

This chapter is intended to assist the user in planning a strategy for conducting a particular survey, 
with the ultimate objective being to demonstrate compliance with the derived concentration 
guideline levels (DCGLs). The survey types discussed include scoping, characterization, remedial 
action support, and final status surveys. Although the scoping, characterization, and remedial 
action support surveys have multiple objectives, this manual focuses on those aspects related to 
compliance with DCGLs. In general, each of these survey types expands upon the data collected 
during the previous survey (eg., the characterization survey is planned with information collected 
during the scoping survey) up through the final status survey. The purpose of the final status 
survey is to demonstrate that the release criterion established by the regulatory agency has been 
met. This final release objective should be kept in mind throughout the design and planning - 

phases for each of the other survey types. For example, scoping surveys may be designed to meet 
the objectives of the final status survey such that the scoping survey report is also the final status 
survey report. The actual survey and analytical procedures referenced in this chapter are 
described in Chapters 6 and 7. An example of a radiation site final status survey described in 
Section 5.5 is provided in Appendix A. 

5.2 Scoping Surveys 

5.2.1 General 

If the data collected during historical site assessment indicate that a site or area is impacted, a 
scoping survey could be performed. The objective of the scoping survey is to augment historical 
site assessment findings for sites with potential residual contamination. Specific scoping 
objectives may include: 1) performing a preliminary risk assessment and providing data to 
complete the site prioritization scoring process (CEPCLA and RCRA sites only), 2) providing 
input to the characterization survey design, if necessary, 3) supporting the classification of all or 
part of the site as a Class 3 area for planning the final status survey, 4) obtaining in estimate of 
the variability in the residual radioactivity concentration for the site, and 5 )  identiqing non- 
impacted areas that may be appropriate for reference areas and estimating the variability in 
radionuclide concentrations when the radionuclide of interest is present in background. 

As stated above, one of the primary objectives of the scoping survey is to provilde a preliminary 
assessment of the radiological hazards at the site. Survey information needed for this preliminary 
assessment includes the general radiation levels at the site and gross levels of residual . 
contamination on building surfaces and in environmental media. If during the course of 
performing the scoping survey unexpected conditions are identified that prevent the completion of 
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35 
36 
37 

the survey, the MAFCSSIM user should contact the responsible regulatory agency for firther 
guidance. Sites that meet the National Contingency ,Plan criteria for a removal should be referred 
to the Superfbnd Removal program @PA 1988~). 

38 
39 
40 
4 1 
42 
43 of the scoping survey. 

If the historical site assessment indicates that contamination is likely, a scoping w e y  could be 
performed to provide for initial estimates of the level of effort for remediation and preparing a 
plan for a more detailed survey @e., characterization survey). This scoping survey does not 
require that all radiological parameters be assessed when planning for additional characterization. 
That is, total surface activity or limited sample collection may be sufficient to meet the objectives 

- 
44 
45 
46 
47 
48 

Once a review of pertinent site history indicates that an area is impacted, the minimum survey 
coverage at the site will include a Class 3 area Anal status survey prior to the site being releasid 
'from M e r  consideration. For scoping surveys With this objective, it is necessary to identifjl 
radiological decision levels so that the instrumentation and procedures selected have the necessary 
detection sensitivities to demonstrate compliance with release criteria 

- 

49 
SO 

51 5.2.2 Survey Design 

This section describes a methodology for planning, conducting, and documenting scoping surveys 
to satisfy the objectives of the regulatory agencies. 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

Planning for the scoping survey involves a review of the Historical Site Assessment (HSA, 
Chapter 3). This review considers available information concerning locations of spitls or other 
releases of radioactive material. Review of the radioactive materials license or similar 
documentation will provide information on the identity, locations, and'general qu'antities of 2 

radioactive material used at the site. This infomation is used to determine whicli-iieas are likely 
to contain residual radioactivity, and-thus, areas in which scoping w e y  activities will be 
concentrlited. The information may also be used tokidenti@ one or more non-impacted areas as 
potential reference areas when radionuclidesof concern are present in background (Section 4.5). 
Following the review of the HSA, DCGLs are selected that are appropriate for the site. The 
DCGLs may be adjusted later based on findings as the Suivey progresses. 

62 
63 
64 
65 
66 
67 
68  

If residual radioactivity is identified during the scoping survey, the area may be classified as 
Class 1 or Class 2 for final status survey planning (refer to Section 4.4 for guidance on initial 
classification), and a characterization survey is subsequently performed. For scoping surveys that 
are designed to provide input for characterization surveys, the measurements k d  sampling may 
not be as comprehensive or performed to the same level of sensitivity neceSSary for final status 
surveys. The design of the scoping survey should be based on specific data quality objectives 
(DQOs; see Section 2.3 and Appendix D) for the information to be collected. 
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76 5.2.3 Conducting Surveys 

77 
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For scoping surveys that may potentially serve to release the site from hrther radiological 
consideration, the survey design should consist ofjudgement sampling based on the HSA data and 
professional judgement. E residual radioactivity is not identified during judgement sampling, it 
may be appropriate to classify'the area as Class 3 and a perform a final status survey for Class 3 
areas. Refer to Section 5.5 for a description of final status surveys. However, it may be 
necessary to collect additional information during subsequent surveys @.e., characterization) to 
make a final determination as to area classification. 

Scoping survey activities performed for preliminary risk assessment or to provide input for 
additional characterization include investigatory surface scanning, limited surface activity 2 

measurements, and limited sample collection (smears, soil, water, vegetation, paint, building - 

materials, subsurface materials). Scans-as well as direct measurements and samples-should be 
conducted in areas likely to contain residual radioactivity, based on HSA data and/or preliminary 
investigation surveys, as well as professional judgement. 

f 

83 
84 
85 
86 
87 

Background activity and radiation levels for the area should be determined; including direct 
radiation levels on building surfaces and radionuclide concentrations in media. Survey locations 
should be referenced to grid coordinates, if appropriate, or "fixed" site features. It may be 
considered appropriate to establish a reference coordinate system in the event that contamination 
is detected above the DCGLs (Section 4.8.5). 

1 

- 
88 
89 
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91 5.5.3). 

Scoping surveys that are expected to be used as Class 3 area final status surveys should be 
designed following the guidance in Section 5.5. These surveys should also include judgement 
measurements and sampling in areas likely to have accumulated residual radioactivity (Section 

92 5.2.4 Evaluating Survey Results 

93 
94 
95 
96 

97 
98 
99 

100 
101 

Survey data are converted to the same units as those in which DCGLs are expressed (Section 
6.2.7). Identification of potential radionuclide contaminants at the site is performed using direct 
measurements or laboratory analysis of samples. The data are compared to the appropriate 
regulatory DCGLs. 

For scoping survey activities that are performed to provide an initial assessment of the 
radiological hazards at the site, or to provide input for additional characterization, the survey data 
are used to identify locations and general extent of residual radioactivity. Scoping surveys that 
are expected to be used as Class 3 area final status surveys should follow the methodology 
presented in Chapter 8 to determine if the release criterion has been satisfied. 

-c 
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5.2.5 Docurnentation 

Documentation of the scoping survey depends on the specific objectives of the survey. For 
sco$ng surveys that provide additional information for characterization surveys, the 
documentation should provide general information on the radiological status of the site. 
Collected infomation should include identification of the potential contaminants (including the 
methods used for radionuclide identification), general extent of contamination (e.g., activity levels 
and contaminated ardvolume), and possibly even relative ratios of radionuclides to facilitate 
DCGL application. A letter rePo& as opposed to the more formal report recommended for other 
survey types, may suffice for scoping surveys used to provide input for characterization surveys. 
Sites that are being released fiom fiuther radiological consideration should provide a level of 
documentation consistent with final status survey reports. 

2 -  
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SCOPING SURVEY CHECKLIST 

SURVEY DESIGN 

Enumerate DQOs: State the objectives of the survey; survey instrumentation capabilities 
should be appropriate for the specified survey objectives. 

Review the Historical Site Assessment for: 
-1 . 

._ 
Operational history (e.g., any problems, spills, or releases) and available 
documentation (e.g., radioactive materials license). 

Other available resources-site personnel, former workers, residents, brc. - - .  

Types and quantities of materials that were handled and where radioactive 
materials were stored, handled, and disposed of. 

Release and mi&tion pathways. 

that are potentitjlly kfTected and are likely to contain residual contamination. 
Note: survey activities will be concentrated in these areas. 

Types and quantities of materials likely to remain onsite--consider radioactive 
decay. 

Select separate DCGLs for the site based on the HSA review. (It may be necessary to 
assume appropriate regulatory DCGLs in order to permit selection of survey methods and 
instrumentation for the expected contaminants and quantities.) 

CONDUCTING SURVEYS 

Select instrumentation based on the specific DQOs of the survey. Consider detection 
'capabilities for the expected contaminants and quantities. 

Determine background activity and radiation'levels for the a r q  include direct radiation 
levels on building surfaces, radionuclide concentrations in m@a, and exposure rates. 

Record measurement and sample locations referenced to grid coordinates or "fixed" site 
features. 

-- 
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138 
139 

For scoping surveys that are conducted as Class 3 area final status surveys, follow 
guidance for final status surveys. 

140 
141 HSA results: 
- Conduct scoping survey, which involves judgement measurements and sampling based on 

142 Perform investigafbry surface scanning. 

143 . -  Conduct limited surface activity measurements. 

144 
145 materials, subsurface materials). 

146 Maintain chain-ofGustody of samples. 

Pdorm limited sample collection (smears, soil, water, vegetation, paint, building 

2 -  

- 

147 EVALUATING SURVEY RESULTS 

148 

149 

150 

151 

152 

153 
154 

155 

Compare w e y  results with the DQOs. 

- -. D e t e d e  the need for additional action (e.g., none, remediate, more surveys) 

Identie radionuclides of concern. 

IdentifL impacted areas and general extent of contamination. 

Estimate the variability in the residual radioactivity levels for the site. 

Adjust DCGLs based on survey - .  findings (the DCGLs initially selected may not be 
appropriate for the site). 

Prepare report for regulatory agency (determine if letter report is sufficient). 
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157 

158 
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163 
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165 
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167 
168 
169 
170 
171 
172 
173 
174 
175 
176 

177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

5.3 Characterization Surveys 

53.1 General 

Radiological characterization surveys may be performed to s a t i e  a number of specific objectives. 
Examples of characterization suryey objectives include: 1) detennining the nature and extent of 

restricted use, onsite disposal, off-site disposal, etc.); 3) input to pathway analysiddose 
assessment models for determining site-specific DCGLs (Bqkg, Bq/m2); 4) estimating the 
occupational and public health and safety impacts during decommissioning; 5 )  evaluating 
remediation technologies; 6) input to final status suxvey design; and 7) Remedial 

InvestigatiodCorreaive Measures Study requirements (RCRA sites only). 

The limited scope of this manual precludes detailed characterization survey design discussions for 
each of these objectives, and therefore, the user should consult other references for specific 
characterization w e y  objectives not covered in this manual. For example, the Decommissioning 
Handbook (DOE 1994) is a good refmence for characterization objectives that are concerned 
with evaluating remediation technologies or unrestrictedlrestricted use alternatives. Other 
references (EPA 1988b, 1988c, 1994a; NRC 1994) should be consulted for planning 
decommissioning actions including: decontamination techniques; projected schedules, costs, and 
waste volumes; and health and safety considerations during decontamination. Also, the types of 
characterization data needed to support risk or dose modeling should be determined from the 
specific modeling code documentation. 

radiologi~al contamination; 2) ev&ating remediation alternatives (e.g., unrestricted use, - 

InvestigatiodFeasibility Study requirements (CERCLA sites only) or RCRA Facility 2 -  

- 

This manual will concentrate on providing information for the final status survey design, with 
limited coverage on determining the specific nature and extent of radionuclide contamination. 
The specific objectives for providing input to the final status survey design include: 1) estimating 
the projected radiological status at the time of the final status survey, in terms of radionuclides 
present, concentration ranges and vaxiances, spatial distribution, etc.; 2) evaluating potential 
reference areas to be used for background measurements, if necessary; 3) reevaluating the initial 
classification of survey units; 4) selecting instrumentation based on the necessary MDCs; and 
5 )  establishing acceptable Type I and Type II emors with the regulatory agency-Appendix D 
provides guidance on establishing acceptable decision error rates. Many of these objectives are 
satisfied by determining the specific nature and extent of contamination of structures, residues, 
and environmental media Additional detail on the performance of characterization surveys 
designed to determine the general extent of contamination can be found in the NRC's DrqY 
Branch Technical Position on Site Characterization for Decommissioning (NRC 1994) and 
EPA's RVFS guidance @PA 1988b). 

-- 
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Survey Planning and Design 

Results of the characterization survey should include: 1) the identification and distribution of 
contamination in buildings, structures, and other site facilities; 2) the concentration and 
distribution of contamination in surface and subsurface soils; and 3) the distribution and 
concentration of contaminants in surface water, ground water, and sediments. The 
characterization should include sufficient information on the physical characteristics of the site, 
including surface features, meteorology and climatology, surface water hydrology, geology, 
demography and land use, and hydrogeology. This survey should also address environmental 

depending on the extent of Contamination identified above. 
conditions that could affect the &'and directions of contaminant transport in the environment, , - - 

This section describes a methodology for planning, conducting, and documenting characterization 
surveys to satisfy the objectives of the regulatory agencies. Alternative methodologies may also 
be acceptable to the regulatory agencies. 

A -  

5.3.2 Survey Design 

The design of the site characterization survey is based on the specific DQOs for the information to 
be collected, and is planned based on the HSA and scoping survey resu4ts. The DQO Process 
ensures that an adequate amount of data with sufEcient quality are collected for the purpose of 
characterizatioxi The site characterization process typically begins with a reYiew of the HSA, 
which includes available idormation on site description, operational history, type and extent of 
contamination ( h m  the scoping survey, if performed), and location of potentially exposed 
populations. The site description, or conceptual site model as first developed in Section 3.6.4, 
consists of the general area, dimensions, and locations of contaminated areas on the site. A site 
map should show site boundaries, roads, hydrogeologic features, major structures, and other site 
features that could affect decommissioning activities. 

The operational history includes records on site conditions prior to operational activities, 
operational activities of the facility, effluents and on-site disposal, significant incidents-including 
spills or other unusual occurrences-involving the spread of contamination around the site and on 
areas previously released h m  radiological controls. This review should also include other 
available resources, such as site personnel, former workers, residents, etc. Historic aerial 
photographs and site location maps may be particularly usefbl.in ident@mg potential areas of 
contamination. 

The types and quantities of materials that were handled and the locations and disposition of 
radioactive materials should be reviewed from available documentation, such as the radioactive 
materials license. Contamination release and migration pathways, as well as -,that are 
potentially affected and are likely to contain residual contamination, should be identified. The 
types and quantities of materials likely to remain on-site, considering radioactive decay, should be 
determined. 

- -- 
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227 
228 
229 
230 

Information on exposed populations includes the general distribution and number of people near 
the site, current land use adjacent to the site, and anticipated hture land use(s) on and adjacent to 
the site. Where subsurface contamination or surface water contamination is probable (Section 
3.6.3), &rent and anticipated future uses of ground water and surface water should be included. 

23 1 
232 
23 3 
234 
235 
236 
237 
238 
23 9 

The characterization swvey should clearly identify those portions of the site (e.g., soil, structures, 
water) that have been affected b$ site activities and are potentially contaminated, and those 
portions of the site that have not been affected by site activities. In some cases, where no 
remediation is anticipated, results of the characterization survey may indicate compliance with 
DCGLs established by the regulatory agency. In planning for potential use of characterization 
survey data as part of the final status survey, the characterization data must be of sufficient quality 
and quantity, including location information, for that use (see Section 5.5). There are several 
processes that would be occurring in conjunction with characterization. These include 
considering and evaluating remediation alternatives, and calculating site specific DCGLs. 

_ I  

- 

240 
241 
242 
243 
244 

The characterization survey should also provide information on the variation of the contaminant 
distribution ia the survey area. The contaminant variation in each survey unit is used to determine 
the number of data points based on the statistical tests used during the final status survey (Section 
5.5.2). Additionally, characterization data may be used to justify reclassification for some survey 
units, e.g., from Class 1 to Class 2. 

245 
246 
247 
248 
249 
250 decisions. 

It should be noted that because of site-specific characteristics of site contamination, performing all 
types of measurements as presented in this section may not be relevant at every site. For example, 
detailed characterization data may not be needed for areas contaminated well above the DCGLs 
that clearly require remediation. Judgement should be used in determining the types of 
characterization information needed to provide an appropriate basis for decontamination 

251 53.3 Conducting Surveys 

252 
253 
254 
255 
256 
257 
258 
259 

Characterization survey activities often involve the detailed assessment of various types of 
building and environmental media, including building surfaces, surface and subsurface soil, surface 
water, and ground water. The HSA data should be used to identify the potentially contaminated 
media on-site (see Section 3.6.3). Identifying the media that may contain contamination is usehl 
for preliminary survey unit classification and for planning subsequent survey activities. Selection 
of survey instrumentation and analytical techniques are typically based on a knowledge of the 
appropriate DCGLs-because any remediation decisions are made based on the level of the 
residual contamination as compared to the DCGL. 
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262 
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267 
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272 
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274 
275 

276 
277 
278 
279 

280 
28 1 
282 
283 
284 
285 
286 

287 
288 
289 

,271 

Survey Planning and Design 

5.3.3.1 Structure Surveys 

Characterization surveys of building surfaces and structures include surfpe scanning, surface 
activity measurements, exposure rate measurements, and sample collection (e.g., smears, subfloor 
soil, water, paint,. building materials). Both field survey instrumentation (Chapter 6) and 
analytical laboratory equipment arid procedures (Chapter 7) are selected based on their detection 
capabilities for the expected conhiinants and quantities. Field and laboratory instruments are 
described in Appendix H. 

Background activity and radiation levels for the area should be determined fiom appropriate 
reference areas. These background assessments include surface activity measurements on building 
surfaces, exposure rates and radionuclide concentrations in various media (refer to Section 4.5). 

Measurement locations should be referenced to reference system coordinates, if appropriate, or 
prominent site features. A typical reference system spacing for building surfaces is 1 meter. This 
spacing is chosen to facilitate identiijring survey locations, evaluating small areas of elevated 
activity, and determining survey unit average activity levels. 

2 -  

- 

Scans should be conducted in areas likely to contain residual activity, based on the findings of the 
document review and/or preliminary investigation surveys. - . -  

Both, systematic and judgement surface activity measurementq are performed. Judgement direct 
measurements are performed at locations of elevated direct radiation, as identified by surface 
scans, to provide data on upper ranges of residual contamination levels. Each surface activity 
measurement location should be carefblly recorded on the appropriate survey form. 

Exposure rate measurements and media sampling are performed as necessary. For example, 
subfloor soil samples may provide information on the horizontal and vertical extent of 
contamination, and similarly, concrete core samples are necessary to evaluate the depth of 
activated concrete in a reactor facility. Note that one type of radiological measurement may be 
sufficient to determine the extent of contamination. For example, surface activity measurements 
alone may be all that is needed to demonstrate that decontamination of a particular area is 
necessary; exposure rate measurements would add little to this determination. 

Lastly, the measuring and sampling techniques should be commensurate with the intended use of 
the data, as characterization survey data may be used to supplement final status survey data, 
provided that the data meet the selected DQOs. 
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Survey Planning and Design 
1 

5.3.3.2 LandArea Surveys 

Characterization surveys for surface and subsurface soils and media involve employing techniques 
to determine the lateral and vertical extent and radionuclide concentrations in the soil. This may 
be performed using either soil and media sampling and laboratory analyses, andor in situ gamma 
spectrometry analyses, depending on the detection capabilities of each methodology for the 
expected contaminants and condritrations. It should be recognized that in situ gamma 
spectrometry analyses, or any direct surface measurement, cannot easily be used to determine 
vertical distributions of radionuclides. 

Radionuclide concentrations in background soil samples should be determined for a sufficient 
number of soil samples that are representative of the soil in tefms of soil type, soil depth, etc. It is 
important that the background samples have not been affected by the operations of &y Gality, 
Consideration should be given to spatial variations in the background radionuclide concentrations 
(refer to Section 4.5 and NRC draft report NLTREG-1501 (Huffert et al., 1994)). 

Sample locations should be referenced to reference system coordinates (see Section 4.8.5), if 
appropriate, or prominent site features. A typical reference system spacing for open land areas is 
10 meters. This spacing is chosen to facilitate determining survey unit locations and evaluating 
areas of elevated radioactivity. 

-. . 

. . _. 

307 
308 
309 
3 10 

Surface scans for gamma activity should be conducted in areas likely to contain residual activity. 
Beta scans may be appropriate if the contamination is near the surface and represents the 
prominent radiation emitted tiom the contamination. The sensitivity of the scanning technique 
should be appropriate to meet the DQOs,. 

3 I I 
3 12 
3 13 
3 14 
315 6.2.4 and Section 7.4.2.2. 

Both surface and subsurface soil and media samples may be necessary. Subsurface soil samples 
should be collected where surface contamination is present and where subsurface contamination is 
known or suspected. Boreholes should be constructed to provide samples representing 
subsurface deposits. Additional guidance on subsurface measurements is provided in Section 

3 16 
3 I 7 
3 I8 recorded. 

Exposure rate measurements at 1 meter above the sampling location may also be appropriate. 
Each surface and subsurface soil sampling and measurement location should be carefully 
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337 
338 
339 
340 

34 1 
342 
343 
344 
345 
346 
347 
348 

349 
3 50 
351 

5.33.3 Other Measurements/Sampling Locations 

A. Surface Water and Sediments 

Surface water and sediment sampling may be necessary depending on the potential for these 
media to be contaminated. The contamination potential depends on several factors, including the 
proximity of sudace water bodieto the site, size of the drainage area, total annual rainfall, and 
spatial and temporal variability in surface water flow rate and volume. Refer to Section 3.6.3.3 
for fbrther consideration of the necessity for surface water anh sediment sampling. 

Characterization surveys for surface water involve using techniques to determine the extent and 
distribution of contaminants. This may be performed by collecting grab samples from the banks 
of the sudace water in a well-mixed zone. It may be necessary at certain sites to coll&t &atifid 
water samples to provide information on the vertical distribution of contamination. Sediment 
sampling should also be performed to assess the relationship between the composition of the 
suspended sediment and the bedload sediment fractions. 

Radionuclide concentrations in background-water samples should be determined for a sufficient 
number of water samples that are upstream of the site or unafFected by site operations. 
Consideration should be given to any spatial or temporal variations in the background 
radionuclide concentrations. 

Sampling locations should be referenced to reference system coordinates, if appropriate, or to 
scale drawings of the surface water. bodies. Effects of variability of surface water flow rate should 
be considered. Surface scans for gamma activity may be conducted in areas likely to contain 
residual activity (e.g. , along the banks) based on the results of the document review and/or 
preliminary investigation surveys. . .. 

Surface water sampling should be performed in areas of runoff from active operations, at plant 
outfall locations, both upstream and downstream of the outfdl, and any other areas likely to 
contain residual activity (see Section 3.6.3.3). Measurements of radionuclide concentrations in 
water should include gross alpha and gross beta assessments, as well as any necessary 
radionuclide-specific analyses. Non-radiological parameters, such as specific conductance, pH, 
and total organic carbon may be used as surrogate indicators of potential contamination, provided 
that a specific relationship exists between the radionuclide concentration and the level of the 
indicator. 

Each surface water and sediment sampling location should be carefblly recorded on the 
appropriate survey form. Additionally, surface water flow models may be used to illustrate 
contaminant concentrations and migration rates. 

-. 
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352 B. Ground Water 

353 
354 
355 
356 3.6.3.4. 

Ground water sampling may be necessary depending on the local geology and potential for 
subsurface contamination. The responsible regulatory agency should be contacted if ground 
water contamination is expected. The necessity for ground-water sampling is described in Section 

-1  . 

357 If ground-water contamination is identified, the responsible regulatory agency should be contacted 
358 at once because: 1) ground water release criteria and DCGLs should be established by the 
359 appropriate agency (Section 4.3); and 2) the default DCGLs for soil may be inappropriate since 
360 they are usually based on initially uncontaminated ground water. 

361 Characterization of ground water contamination should determine the extent and distribution of 
362 contaminants, rates and direction(s) of contaminated ground water migration, and the assessment 
363 of potential effects of ground water withdrawal on the migration of ground water contaminants. 
364 ' This may be performed by designing a suitable monitoring well network. The actual number and 
365 location of monitoring wells depends on the Srze of the contaminated area, the type and extent of 
366 the contaminants, the hydrogeologic system, and the objectives of the monitoring program. 

- 

367 
368 
369 
370 
371 
372 

When ground water samples are taken, background ground water quality should be determined by 
sufficient sampling and analysis of ground water samples collected from the same aquifer up- 
gradient from the site. The background ground water samples should not be affected by site 
operations and should be representative of the quality of the ground water that would exist if the 
site had not been contaminated. Consideration should be given to any spatial or temporal 
vaiiations in the background radionuclide concentrations. 

373 
374 
375 
376 

Sampling locations should be referenced to grid coordinates, if appropriate, or to scale drawings 
of the ground water monitoring wells. Construction specifications on the monitoring wells should 
also be provided, including elevation, internal and external dimensions, types of casings, type of 
screen and its location, borehole diameter, and other necessary information on the wells. 

377 
378 
379 
380 
381 
382 
383 

Ground water sampling and analyses should include all significant radiological contaminants, in 
addition to organic and inorganic constituents. Measurements of radionuclide concentrations in 
potential sources of drinking water should include gross alpha and gross beta assessments, as well 
as any other radionuclide-specific analyses. Non-radiological parameters, such as specific 
conductance, pH, and total organic carbon may be used as surrogate indicators of potential 
contamination, provided that a specific relationship exists between the radionuclide concentration 
and the level of the indicator. 
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Survey Planning and Design 

Each ground water monitoring well location should be carefidly recorded on the appropriate 
survey form. Additionally, contaminant concentrations and soufces should be plotted on a map to 
illustrate the relationship among contamination, sources, hydrogeologic features and boundary 
conditions, and property boundaries (EPA 1993b). 

53.4 Evaluating Survey Results 
- 1  . 

Survey data are converted to the same units as those in which DCGLs are expressed (Section 
6.2.7). Identification of potential radionuclide contaminants at the site is performed through 
laboratory and in situ analyses. Appropriate regulatory DCGLs for the site are selected and the 
data compared to DCGLs. For characterization data that are used to supplement final status 
survey data, the statistical methodology in Chapter 8 should be followed to determine 2 -  if a survey 
unit satisfies the release criteria. - 

For characterization data that are used to help guide remediation efforts, the survey data are used 
to identie locations and general extent of residual activity. The survey results are compared with 
DCGLs, and surf'denvironmental media are differentiated as exceeding DCGLs, not exceeding 
DCGLs, or not contaminated, depending on the measurement results relative to the DCGL value. 
Direct measurements indicating areas of elevated activity are further evaluated and the need for 
additional measurements/samples is detemined. 

53.5 Documentation 

Documentation of the site characterization survey should provide a complete and unambiguous 
record of the radiological status of the site. In addition, sufficient information to characterize the 
extent of contamination, including all possible affected environmental media, should be provided 
in the report. This report should also provide sufficient information to support reasonable 
decontamination approaches or alternatives. 
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407 CHARACTERIZATION SURVEY CHECKLIST - 

-408 SURVEY DESIGN . . .  ... . ., . . 

409 
410 

41 1 

Enumerate DQOs: State objective of the survey; suntey instrumentation 
capabilities should be appropriate for the specific survey objective. 

Review the Historical Site Assessment for: 
-1  - 

412 
413 

414 
415 

416 
417 

418 

419 
420 
42 1 
422 

423 
424 

Operational history (e.g., any problems, spills, or releases) and 
available documentation (e.g., radioactive materials license). 

Other available resources-site personnel, former workers,-- 
residents, etc. 

- 

- 

- Types and quantities of materials that were handled and where 
radioactive materials were stored, handled, and disposed of. 

Release and migration pathways. 

Information on the potential for residual radioactivity that may be 
usedid during area classification for final status survey design. 
Note: survey activities will be concentrated in Class 1 and Class 2 
a r m .  

Types and quantities of materials likely to remain on-site- 
consider radioactive decay. 

425 CONDUCTING SURVEYS 
k 

426 
421 

Select instrumentation based on detection capabilities for the expected 
contaminants and quantities, and a knowledge of the appropriate DCGLs. 

428 
429 
430 media, and exposure rates. 

43 1 
432 

Determine background activity and radiation levels for the area; include surface 
activity levels on building surfaces, radionuclide concentrations in environmental 

Establish a reference coordinate system. Prepare scale drawings for surface water 
and ground-water monitoring well locations. 
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452 
453 

454 

455 
456 

457 
458 

459 

survey Planning and Design 

Perform thorough surface scans of all potentially contaminated areas, e.g., indoor 
areas include expansion joints, stress cracks, penetrations into floors and walls for 
piping, conduit, and anchor bolts, and WalYfloor interfaces; outdoor areas include 
radioactive material storage areas, areas downwind of stack release points, surface 
drainage pathways, and roadways that may have been used for transport of 
radioactive or contaminated materials. 

Perform systematic surface activity measurements. 

Perform systematic smear, surface and subsurface soil and media, sediment, 
surface water and groundwater sampling, if appropriate for the site. 

- I  . 

Perform judgment direct measurements and sampling of areas of eleWed3ctivity . 

of residual radioactivity to provide data on upper ranges of residual contamination 
levels. 

Document survey and sampling locations. 

Maintain chain-ofcustody of samples. 

Note: One category of radiological data (e.g., radionuclide concentration, direct radiation level, 
or surface contamination) may be sufficient to determine the extent of contamination; 
other measurements may not be necessary (e.g., removable surface contamination or 
exposure rate measurements). 

Note: Measuring and sampling techniques should be commensurate with the intended use of the 
data because characterization survey data may be used to supplement final status survey 
data. 

EVALUATING SURVEY RESULTS t 

Compare survey results with DCGLs, differentiate surfaces/areas as exceeding 
DCGLs, not exceeding DCGLs, or not contaminated. 

Evaluate all locations of elevated direct measurements and determine the need for 
additional measurements/samples. 

Prepare site characterization survey report. 
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482 
483 
484 
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486 
487 
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490 
49 1 

5.4 Remedial Action Support Surveys 

-. 5.4.1 General 

Remedial action support surveys are conducted to: 1) support remediation activities; and 
2) determine when a site or survey unit is ready for the final status survey. This manual does not 
discuss the routine operational s i t ~ e y s  (e.g., air sampling, dose rate measurements, environmental 
sampling, etc.) conducted to support remediation activities. 

The effectiveness of decontamination efforts in reducing residual radioactivity to acceptable levels 
is monitored as the decontamination'is in progress by a remedial action support survey. This type 
of survey guides the cleanup in a real-time mode. The remedial action support survey typically 
relies on a simple radiological parameter, such as direct radiation near the surface, as'an indicator 
of effectiveness. The investigation level (the level below which there is an acceptable level of 
assurance that the established DCGLs have been attained) is determined and used for immediate, 
in-field decisions (Section 8.2.5). Such a survey is intended for expediency and cost effectiveness 
and does not provide thorough or accurate data describing the radiological status of the site. It is 
important to note that this survey is an interim step in the process and that any areas which are 
determined to satisfy the DCGLs on the basis of the remedial action support survey will then be 
surveyed in detail by the final status k e y .  DCGLs may be recalculated based on the results of 
the remediation process. 

- 

5.4.2 Survey Design 

The objective of the remedial action support survey is to detect the presence of residual activity, 
at or below the DCGL criteria. Although the presence of small areas of elevated radioactivity 
may satisfy the elevated measurement criteria, it may be more efficient to design the remedial 
action support survey to identify residual radioactivity at the DCGL, (and to remediate small 
areas of elevated activity that may potentially satisfy the release criteria). Survey instrumentation 
and techniques are therefore selected based on the detection capabilities for the known or 
suspected contaminants and DCGLs to be achieved. 

- 

There will be radionuclides and media which cannot be evaluated at the DCGL, using field 
monitoring techniques. For these cases, it may be feasible to collect and analyze samples by 
methods which are quicker and less costly than radionuclide-specific laboratory procedures. Field 
laboratories and screening techniques may be options to more expensive analyses. It may also be 
appropriate to review the remediation plans in order to get an indication of the,location and 
amount of remaining contamination following remediation. 
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Survey P l d g  and Design 

,492 5.4.3. Conducting Surveys 

493 
494 
495 
4% 
497 efforts. - I  f 

Field survey instrumentation and procedures are selected based on their detection capabilities for 
the expected contaminants and quantities. Survey methods typically will include scans of surfaces 
to identify residual radioactivity, followed by direct measurements. The surface activity levels are 
compared to the DCGLs, and a determination is made on the need for fiuther decontamination 

498 
499 
500 
 SO^ 
502 

Survey activities for soil excavations will include surface scans using field instrumentation 
sensitive to beta and gamma activity. Because it is extremely difficult to correlate scanning results 
to radionuclide concentrations in soil, judgement should be carefully exercised when using scan 
results to guide the cleanup efforts. Sample screening techniques, using field laboratories, may 
provide a better approach for determining whether or not fbrther soil remediation imecessary. 

- .  

503 5.4.4 Evaluating Survey Results 

504 
505 
506 
507 
508 
509 DCGLs. 

Survey data, e.g., surface activity levels and radionuclide concentrations in various media, are 
converted to standard Units and compared to the DCGLs (Section 6.2.7). Ifresults of these 
survey activities indicate that remediation has been successfir1 in meeting the DCGLs, 
decontamination efforts are ceased and final status survey activitjes are initiated. Further 
remediation may be needed if results indicate the presence of residual activity in excess of the 

510 5.4.5 Documentation 

51 I 
512 
513 
514 
515 

The remedial action support survey is intended to guide the cleanup and alert those performing 
remedial action that additional remediation is indicated or that the site may be ready to initiate a 
final survey. Data that indicate an area has been successfblly remediated could be used to develop 
an estimate of the variance for the survey units in that area. Information identifying locations of 
areas of elevated activity that were remediated may be useful for planning final status surveys. 
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5.1 6 

517 SURVEY DESIGN 

REMEDIAL ACTION SUPPORT SURVEY CHECKLIST 

5 18 
519 

520 Review the remediation plans. 

Enumerate DQOs: State the objectives of the survey; survey instrumentation 
capabilities should,& able to detect residual contamination at the DCGL. 

- 
-. 

52 1 Determine applicability of monitoring surfaces/soils for the radionuclides of 
522 concern. Note: Remedial action support surveys may not be feasible for surfaces 
523 contaminated with very low energy beta emitters or for soils or media 
524 contaminated with pure alpha emitters. - 

2 -  

525 
526 

Select simple radiological parameters (e.g., surface activity) that can be used to 
make.immediate in-field decisions on the effectiveness of the remedial action. 

527 CONDUCTING SURVEYS 

528 
529 contaminants. 

Select instrumentation based on its detection capabilities for the expected 

530 
53 1 decontaminated. 

P d o m  scanning and surface activity measurements near the surface being 

532 
533 

534 EVALUATING SURVEY RESULTS 

Survey soil excavations and perform ,field evaluation of samples (e.g., gamma 
spectrometry of undridnon-homogenized soil) as remedial actions progress. 

535 
536 

537 

Compare survey results with DCGLS using survey data as a field decision tool to 
guide the remedial actions in a real-time mode. 

Prepare documentation of survey results. 
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559 
560 

562 
563 
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Survey Planning and Design 

5.5 Final Status Surveys 

5.5.1 General 

A final status survey is performed to demonstrate that residual radioactivity in each survey unit 
satisfies the predetermined criteria for release for unrestricted use or, where appropriate, for use 
with designated limitations. It is this survey that provides data to demonstrate that all radiological 
parameters satisfy the established DCGLs and conditions. For these reasons, more detailed 
guidance has been developed for this ,category of survey than for the other types of radiation 
surveys. Note that suvey units are the fimdamental elements for which the final status survey 
statistics are applied (see Section 4.6). The documentation specified also assures consistency 
among organizations and regulatory agencies and dlows for comparisons of survey results 
between sites or facilities. 

This section describes methods for planning and conducting final status surveys to satisfjl the 
objectives of the regulatoly agencies; alternative methods may also be acceptable to those 
agencies. Flow diagrams and a checklist to assist the user in planning for such a survey are 
included in this section. 

- - 

- 

5.5.2 Survey Design 

Planning for the final status survey should include early discussions with the replatory agency 
concerning logistics for confirmatory/verification surveys. A confirmatory survey (also known as 
an independent verification survey), may be performed by the responsible regulatory agency or by 
an independent third party (e.g., contracted by the regulatory agency) to provide data to 
substantiate results of the final status survey. Although some actual field measurements and 
sampling may be performed, the primary purpose of the confirmatory activities is to identi@ any 
deficiencies in the final status survey documentation based on a thorough review of suvey 
procedures and results. Independent Confirmatory survey activities are usually limited in scope to 
spot-checking conditions at selected locations, comparing findings with those of the final status 
survey, and performing independent statistical evduations of the data developed &om the 
confirmatory suvey and the final status survey. 

Figures 5.1 through 5.3 illustrate the process of designing a final status survey. This process 
begins with development of DQOs. On the basis of these objectives and the known or anticipated 
radiological conditions of the site, the numbers and locations of measurement and sampling points 
used to demonstrate compliance with the release criterion are then determined. Finally, survey 
techniques appropriate to develop adequate data (see Chapters 6 and 7) are selected and 
implemented. 

-- 
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Class 3 AREA cussincmorn I 

-1 . - Class 2 

DETERMlM NUMBEROF 
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1 .  

DETERMINE NUMBER OF DETERMIM NUMBER OF - 

DATA WMS NEEDED DATA WNTS NEEDED - I 

GENERATE A RANDOM 
sTmnNo wlw 

L 

I -  

2 

Wre 5.2 Figure5 2 
Figure 5 2  
Figure 5.3 

DENTIFY DATA POINT 
GFUD L0cATlor-s 

DETERMlM SPAClNQ FOR 
SURVEYUNlT - 

b 
WREC~NM~ONS 

IDENTIFIED L0cATIot-s. 

SELECTED LocAnoNs 

PREVPCT SURVEY OF 

SUPPLEMENTWTH 
ADOlTlONAL RANDOMLY 

GENERATE SETS OF 
RANDOM VALUES 

DETERMINE SPACING FOR 
SURVEY UNIT 

- L 

ManPLY SURVEY UNIT 
DIMENSIONS BY RANCOM 
NUMBERS TO DETERMINE 

COORDINATES 

nowe 5.3 noure 5.3 
Sectkn 552.4 SeC(l0n 5.52.4 

I CONTINUE UNTIL THE 
NECESSARY NUMBER OF 

DATA POlNlS ARE 
IDENTIFIED 

Figure 5.1 Flow Diagram Illustrating the Process for Identifying 
Measurement Locations (Refer to Section 5.5.2.5) 

-P  
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OBTAIN NUMBER OF W T A  POINTS 
MRSGNTEST. N. FROM 

I PRB'ARE SUMMARY OF W T A  
POVJTSFROM suRvEyAE4S 

scction 5.5.22 

Sedkn 552.3 Section 5.5.2.2 

, Figure 5.2 Flow Diagram for Identifying the Number of 
Data Points, N, for the Statistical Tests 
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I 
7, i 

1 

Examples tn Tables 5.6 and 5.7 

O m R M M T E R H X I R B ) S C X N  M E T O  

Figure 5.3 Flow Diagram for Identifying Data Needs for Assessment of Potential 
Areas of Elevated Activity in Class 1 Survey Units (Refer to Section 5.5.2.4) 
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Survey Planning and Design 

5.5.2.1 Application of Decommissioning Criteria 

The DQO process, as it may be applied to decommissioning surveys, is described in more detail in 
Appeiidix D.of this manual, and in guidance documents &om EPA @PA l994,1987b, l987c) and 
NRC (NRC'199Sa). As part of this process, the objective of the survey and the null and 
alternative hypotheses should be clearly stated. The objective of final status surveys is typically to 
demonstrate that residual radioactivity levels meet the release criterion. In demonstrating that this 
objective is met, the null hypothesis (H,,) tested is that residual contamination exceeds the release 
criterion; the alternative hypothesis (H,) is that residual contamination meets the release criterion. 

Two statistical tests are used to evaluate data fiom final status surveys. For contaminants that are 
present in background, the Wilcoxon Rank Sum (WRS) test is used; for contaminants that are not 
present in background, the Sign test is used. To determine data needs for these tests, h e  - 
acceptable probability of making Type I and Type II decision errors should be established. The 
acceptable decision error rates are a hc t ion  of the amount of residual radioactivity, and are 
determined during survey planning using the DQO Process. 

_, 

5.5.2.2 Contaminant Present in Background-Determining Numbers of Data Points for 
Statistical Tests 

This section introduces several terms and statistical parameters that will be used to determine the 
number of data points needed to apply the nonparametric tests. An example is provided to better 
illustrate the application of these statistical concepts. 

A. Calculate the Relative Shift 

The shift (A = DCGLw - LBGR) and the estimated standard deviation in the measurements of the 
contaminant (a, and a,) are used to calculate the relative shift, A h  (see Appendix D, Section 
D.6). The.standard deviations in the contaminant level will likely be available from previous 
survey data, e.g., scoping or characterization survey data. If they are not available, it may be 
necessary to: 1) perform some limited preliminary measuremqnts (about 5 to 20) to develop an 
estimate of the distributions; or 2) to make a reasonable estimate based on available site 
knowledge. If the first approach above is used, it is important to note that the scoping or 
characterization survey data and/or preliminary measurements used to estimate the standard 
deviation should use the same technique as that to be used during the final s ta t~~s  survey. When 
preliminary data are not obtained, it may be reasonable to assume a relative standard deviation on 
the order of 30%, based on experience. 
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602 
603 
604 
605 

The importance of choosing appropriate values for U, and u, must be emphasized. rjthe value is 
grossly underestimated, the number of data points will be too few to obtain the desired power 
level for the test and a resurvey may be recommended (refer to Chapter 8). If, on the other hand, 
the value is overestimated, the number of data points determined will be unnecessarily. large. 

606 
607 
608 
609 
610 
61 1 

Values for the relative shift that are less than one will result in a large number of measurements 
needed to demonstrate complian& The number of data points will also increase as B becomes 
smaller. Since the DCGL is fixed, this means that the lower bound of the gray region also has a 
significant effect on the estimated number of measurements needed to demonstrate compliance. 
When the estimated standard deviations in the reference area and survey units are different, the 

- 

larger value should be used to calculate the relative shift (Ah). _ _  

612 B: Determine P, 

613 
614 
615 
616 
617 
618 

619 
620 
62 1 

The probability that a measurement performed at a random location in the survey unit will result 
in a larger value than a measurement performed at a random location in the reference area is 
defined as P, P, is used in the formula for determining the number of measurements to be 
pHormed during the survey. Table 5.1 contains a listing of relative shift values and values for P,. 
Using the relative shift calculated in the preceding section, the value of P, can be obtained from 
Table 5.1. 

If the actual value of the relative shift is not listed in Table 5.1, always select the next lower value 
that appears in the table. For example, h l ~ l . 6 7  does not appear in Table 5.1. The next lower 
value is 1.6, so the value of P, would be 0.871014. 

622 C. Determine Decision Error Percentiles 

623 
624 

The next step in this process is'to determine the percentiles, Z,, and Z!.fi, represented by the 
selected decision error levels, a and 13, respectively (see Table 5.2). 

625 

626 
627 
628 

D. Calculate Number of Data Points for WRS Test 

The number of data points, N, to be obtained from each reference aredsuxvey unit pair for the 
WRS test is next calculated using: 

629 

_ .  
3(Pr-0.5)2 
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630 
63 1 

632 

633 

634 

635 

636 

637 

638 

639 
640 

641 

642 

643 

644 

645 
646 

647 

648 

649 

650 

65 1 

652 

653 

654 
655 
656 
657 
658 

- Table 5.1 Values of P, for a Given Relative Shift,A/u, 
When the Contaminant is Present in Background 

-. 

I f N o  > 4.0, use. P, = 1.000000 - 

Table 5.2 Percentiles Represented by Selected Values ofa and D 

P 0.005 2.576 0.10 1.282 

r 0.0 1 2.326 . 0.15 1.036 

0.015 2.24 1 0.20 0.842 

In any survey there will be some missing or unusable data. The rate of missing or unusable 
measurements, R, expected to occur in survey units or reference areas should be accounted for 
during survey planning. To assure suflicient'data points to attain the desired power level with the 
statistical tests and allow for possible lost or unusable data, it is recommended that the number of 
data points be increased by 20% @=0.2), and rounded up, over the values calculated above. 
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659 
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663 

664 
665 
666 
667 

668 

669 
670 
67 1 
672 
673 
674 
675 
676 
677 
678 
679 

680 
68 1 
682 

683 

684 

N is the total number of data points for each survey unidreference area combination. These N 
data points need to be divided between the survey unit, n, and the reference area, m. The simplest 
method for distributing the N data points is to assign half the data. points to the survey unit and 
half to the reference area, so n=m=N/2. 

E. Obtain Number of Data PobQ for WRS Tat f r ~ m  Table 53 

Table 5.3 provides a list of the number of data points used to demonstrate compliance using the 
WRS test for selected values of a, 9, and A h .  The values listed in Table 5.3 represent the 
number of measurements to be performed in each survey unit as well as in the corresponding 
reference area, already increased by 20% to account for missing or unusable data 

I - -  
Example: - 

A site has 14 survey units and 1 reference area, and the same type of instnunent 
and method is used to perform measurements in each mea. The contaminant has a 
DCGL, which when converted to cprn equals 160 cpm. The contaminant is 
present in background at a level of 45 f 7 (la) cpm. The standard deviation of the 
contaminant in the survey area is f 20 cpm, based on previous survey results. 
When the estimated standard deviation in the reference area and the survey units 
are different, the larger value, 20 cpm in this example, should be used to calculate 
the relative shift. The lower bound of the gray region is seleded to be onehalf the 
DCGL, (80 cpm), and Type I and Type II error values (a and p) of 0.05 have 
been selected. Determine the number of data points to be obtained fiom the 
reference area and from each of the survey units for the statistical tests. 

The value of the relative shift for the reference area, Ah, is (160-8O)lZO 4r.4; from Table 
5.1 the value of P, is 0.997658. Values of percentiles, represented by the selected decision 
error levels are obtained from Table 5.2. 

Z,-,(a = 0.05) = 1.645 

Z,_,(p = 0.05) = 1.645 

MARSSIM 5-27 
DRAFT FOR PUBLIC COMMENT 

-- 
12/6/96 

DO NOT USE, CITE OR QUOTE 



Table 513 ralues o r '2 for a Given Relative Shift ( u I ~ ) ,  a, ancl p when the Contaminant is  Present in Background 

1370 lla 998 

614 521 448 

350 297 2 5 5 ,  

161 ,137 117 

121 103 88 
95 81 69 

7 7 6 6 6 5 6  
64 55 47 

55 47 40 

48 41 35 

38 32 28 

3 5 3 0 2 5  
32 27 23 
3 0 2 5 2 2  
28 24 20 
26 22 1 9 .  

25 21 18 

22 19 16 

20 17 15 

19 16 14 

18 16 13 

3278 

824 

370 

21 1 

137 

97 

73 

57 
47 

39 
33 

29 

26 

23 

21 

19 

18 
17 

16 

15 

14 

13 

12 

12 

11 

22a 
570 
256 
146 

95 

67 

51 

40 

32 

27 
23 

20 
18 

18 

15 

14 
13 

12 
11 

11 

10 

9 

9 

8 
8 
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I163 973 823 665 
521 436 269 298 
297 248 210 170 

193 162 137 111 
137 114 97 78 

1 0 3 8 6 7 3 5 9  

81 68 57 48 

6 6 8 5 5 4 6 3 8  
5 5 4 6 3 9 3 2  

47 39 33 27 

41 34 29 24 
3 6 3 0 2 6 2 1  
3 2 2 7 2 3 1 9  

30 25 21 17 

27 23 19 16 

25 21 18 15 

24 20 17 14 
22 19 16 13 

21 18 15 12 

19 16 14 11 

18 15 13 10 

17 14 12 10 

16 14 12 10 

16 13 11 9 
15 13 11 9 
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39 

31 

25 

21 

18 

16 

14 

13 

11 
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6 
6 
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I972 3273 2726 2157 
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88 
69 

56 
47 

40 

35 

31 

28 

25 

23 
22 
20 

19 

18 

16 

15 
15 

14 

13 

13 
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1 37 
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114 
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11 

11 
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31 
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The number of data points, N, for the WRS test of each combination of reference area and 
survey units can be calculated using Equation 5-1: 

- 

- -, 

N= (1.645 +1.645)2 
3 (0.997658 -0. 5)2 

- I  - 
= 14.6 - 

Adding an additional 20% gives 17.5 which is then rounded up to the next even number, 
18. This yields 9 data points for the reference area and 9 for each survey unit. 

Alternatively, the number of data points can be obtained directly from Table 5-3. For 
~ 0 . 0 5 ,  p4.05, and A b 4 . 0  a value of 9 is obtained for N/2. The table value has already 
been increased by 20% to account for missing or unusable data. 

-- 

5.5.2.3 Contaminant Not Present in Background-Determining Numbers of Data Points 
for Statistical Tests 

For the situation where the contaminant is not present in background or is present at such a small 
fraction of the DCGL, as to be considered insignificant, a survey reference area is not necessary; 
instead the contaminant levels are compared directly With the DCGL value. The general approach 
closely parallels that used for the situation when the contaminant is present in background as 
described in Section 5.5.2.2. However, the statistical tests differ slightly. The one-sample Sign 
test replaces the two-sample Wilcoxon Rank Sum test described above. 

A. Calculate the Relative Shift 

The initial step in determining the number of data points in the one-sample case is to calculate the 
relative shift, Ah, = (DCGL-LBGR)/a, from the DCGL value, the lower bound of the gray 
region (LBGR), and the standard deviation of the contaminant in the survey unit, p,. As with the 
process in Section 5.5.2.2, the value of a, may be obtained from earlier surveys, limited 
preliminary measurements, or a 'reasonable estimate.' Values of the relative shift that are less than 
one will result in a large number of measurements needed to demonstrate compliance. 

B. Determine Sign p 

The probability that a random measurement fiom the survey unit will be less t h h  A for the Sign 
test is defined as Sign p. The Sign p is used to calculate the minimum number of data points 
necessary for the survey to meet the DQOs. The value of the relative shift calculated in the 
previous section is used to obtain the corresponding value of Sign p from Table 5.4. 
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Table 5.4 Values of Sign p for a Given Relative Shift, A h ,  

0.539828 1.2 0.884930 
0.579260 1 3  0.903 199 
Q.617911 1.4 0.9 19243 

1.5 0.933 193 0.655422 
0.69 1462 16 0.945201 
0.725747 17  0.955435 
0.758036 18 0.964070 
0.788145 1.9 0.91 1284 - 

0.815940 2.0 0.977250 - 
0.841345 2.5 0.993790 

,... 
t:,:..:i, 
_. . . .- . 

~ ~~~ 

When the Contaminant is Not Present in Background - 1  

C. Determine Decision Error Percentiles 

The next step in this process is to d e t e k e  the percentiles, Z,, and ZI4, represented by the 
selected decision error levels, a and 13, respectively (see Table 5.2). 

. .  

D. Calculate Number of Data Points for Sign Test 

The number of data points, N, to be obtained €or the Sign test is next calculated using: 

+ z*-p)2 
Sign Test: . N= (5-2) 

4(Sign*p - 0.5)' 

Finally, the number of anticipated data points should be increased by at least 20% (R4.2) to 
assure sufficient power of the tests and to allow for possible data losses. 

E. Obtain Number of Data Points for Sign Test from Table 5.5 

Table 5.5 provides a list of the number of data points used to demonstrate compliance using the 
Sign test for selected values of a, 9, and Ala. The values listed in Table 5.5 represent the number 
of measurements to be performed in each survey unit, already increased by 20% to account for 
missing or unusable data. 

-I 
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Table 5.5 Values of N for a Given Relativk Shift ( A h ) ,  a, and p when the Contaminant is Not Present in Background 

3476 

879 

398 

230 

1 52 
110 

83 
68 

57 

48 
42 

38 

35 

33 

30 

29 

28 

27 . 

26 
26 

23 

2984 2463 

754 623 
341 282 

197 162 
130 107 

9 4 7 7  
72 59 

5 8 4 8  
4 8 4 0  
41 34 
3 6 3 0  
33 27 

30' 26 

28 23 
27 22 

24 21 

24 20 
2 3 2 0  
22 18 

22 18 
21 17 

1 704 

431 

195 
113 

75 

54 
41 

34 

28 

24 
21 
20 

17 

16 

15 

15 ' 

14- 
14 

14 

12 

12 
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Example: 

A site has 1 survey unit. The contaminant has a DCGL level of 140 Bqkg (3.9 
pCi/g) in soil. The contaminant is not present in background; data from previous 
investigations indicate average residual contamination at the survey unit of 3.7 f 
3.7 (la) B o g .  The lower bound of the gray region was selected to be 110 
Bqkg. A value of 0.05 has been selected for the probability of Type I decision 
errors (a) and a value of 0.01 has been selected for the probability of Type II 
decision errors (p) based on the survey objectives. Determine the number of data 
points to be obkified from the survey unit for the statistical tests. 

The value of the shift parameter, Ah, is (140-1 10)/3.7 or 8; from Table 5.4, the value of 
Sign p is 1.0. Since A/a>3, the width of the gray region can be reduced. Ifthe LBGR is 
raised to 125, then A/u is (140-125)/3.7 or 4. The value of Sign p remains at 1.0. Thus, 
the number of data points calculated will not change. The probability of a Type 11 error is 
now specified at 125 Bqkg (3.4 pCi/g) rather than 110 Bqkg (3.0 pCi/g). As a 
consequence, the probability of a Type II error at 110 Bqkg will be even smaller. 

Values of percentiles, represented by the selected decision error levels are obtained from 
Table 5.2. 

Z,-,(a = 0.05) = 1.645 

Z,-,(p = 0.01) = 2.326 

- 

The number of data points, N, for the Sign test can be calculated using Equation 5-2: 

(1.645 +2.326)’ N =  
4(1.0-0.5)2 

f 1: 

= 15.85 

Adding an additional 20% gives 19.2 and rounding up yields 20 data points for the survey 
unit. 
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Alternatively, the number of data points can be obtained directly from Table 5.3. For 
a=0.05, p4.01, and A/u>3.0 a value of 20 is obtained for N. The table value has already 
been increased by 20% to account for missing or unusable.data.. . 

5.5.2.4 Determining Data Points for Small Areas of Elevated Activity 

The statistical tests discussed prehously and in Chapter 8 are designed to evaluate whether or not 
the residual radioactivity in an area satisfied the DCGL, for contamination conditions that are 
approximately uniform across the survey unit. In addition, there should be a reasonable level of 
assurance that any small areas of elevated residual radioactivity that could be significant relative to 
the D C G b c  are not missed during the final status survey. The statistical tests introduced in the 
previous sections may not successllly detect small areas of elevated contamination. Instead, 
systematic measurements and sampling, in conjunction with surface scanning, are us& to-obtain 
an adequate assurance level that small areas of elevated radioactivity will still satisfy the release 
criterion or the D C G h c .  The procedure is applicable for all radionuclides, regardless of 
whether or not they are present in background, and is implemented for survey units classified as 
Class 1. 

- 
- 

- 

- 

Initially, an acceptable probability of missing areas of elevated activity of a specified area and , 

radioactivity is established. Typically, the level is determined in close cooperation with the 
responsible regulatory agency during survey planning using the DQO Process. 

The number of sunrey data points needed for the statistical tests discussed in Section 5.5.2.2 or 
5.5.2.3 is identified (the appropriate section depends on whether the contaminant is present in 
background or not). These data points are then positioned throughout the survey unit by first 
randomly selecting a start point and establishing a systematic pattern. This systematic sampling 
grid may be either triangular or square. The triangular grid is generally more efficient for locating 
small areas of elevated activity. 

The number of calculated survey locations, n, is used to determine the grid spacing, L, of the 
systematic sampling pattern (see Section 5.5.2.5). -The grid area that is bounded by these survey 
locations is given by A = 0.866 L2 for a triangular grid and A = L2 for a square grid. The risk 
that a circular area of elevated activity of that size would not be sampled by the random-start grid 
pattern established for the statistical tests can be found in Appendix D, Figure D.7. 

One method for determining values for the DCGbMc is to modify the DCGL, using a correction 
factor that accounts for the difference in area and the resulting change in dose. (The magnitude 
(area factor) by which the concentration in this small area of elevated activity can exceed DCGL, 
while maintaining compliance with the release criterion is determined, based on specific regulatory 
agency guidance. 

-- 
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Tables 5.6 and 5.7 provide examples of area factors generated using exposure pathway models 
The outdoor area factors listed in Table 5.6 were calculated using RES- 5.6. For each 
radionuclide, all dose pathways were calculated assuming an initial concentration of 37 Bqkg 
(1 pCi/g). The area of contamination in RESRAD 5.6 defaults to 10,000 m2. Other than 
changing the area (ie., 1,3, 10,30, 100,300, 1000, or 3000 m2), the R E S W  default values 
were not changed. The area factors were then computed by taking the ratio of the dose per unit 

areas listed. If the DCGL for residual radioactivity distributed over 10,000 m2 is multiplied by 
this value, the resulting concentration distributed over the specified smaller area delivers the same 
calculated dose. The indoor area factors listed in Table 5.7 were calculated in a similar manner 
using RESRAD BUILD 1.5. For each radionuclide, all dose pathways were calculated assuming 
an initial concentration of 37 Bq/m2 (1 pCdm2). The area of contamination in RESRAD-BUTLD 
1.5 defaults to 36 m2. The other areas compared to this value were 1,-4,9, 16, or 25 m2. 
Removable surface contamination was assumed to be 100/0. No other changes to the default 
values were made. Note that the use of RESRAD to determine area factors is for illustration 
purposes only. The MARSSIM user should consult with the responsible regulatory agency for 
guidance on acceptable techniques to determine area factors. 

concentration generated b y ' R E S h  for the default 10,000 m2 to that generated for the other - 

- 

815 
816 

The minimum detectable concentration (MDC) of the scan procedure-needed to detect an area 
of elevated activity at the limit determined by the area factor-is calculated by: 

Scan MDC (required) = (DCGL,) * (Area Factor) 

8 I 7 
818 
819 
820 
821 
822 

The actual MDCs of scanning techniques are then determined for the available instrumentation 
(see Section 6.4). The actual MDC of the selected scanning technique is compared to the 
required scan MDC. If the actual scan MDC is less than the required scan MDC, no additional 
sampling points are necessary for assessment of small areas of elevated activity. In other words, 
the scanning technique exhibits adequate sensitivity to detect any small areas of elevated activity 
that may be of concern. 

823 
824 
825 

If the actual scan MDC is greater than the required scan MDC (i.e., the available scan sensitivity 
is not sufficient to detect small areas of elevated activity), then it is necessary to calculate the area 
factor that corresponds to the actual scan MDC: 

scan MDC (actual) 
DCGL 

Area Factor = 
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Table 5.6 Illustrative Examples of Outdoor Area Dose Factors" 

1175.2 463.7 154.8 54.2 16.6 5.6 1.7 1.5 1 .o 

to be used for compliance demonstration. 

Table 5.7 Illustrative Examples of Indoor Area Dose Factors" 

* The values listed in Table 5.5 am for illustrative purposes only. Consult regulatory g&dance to determine area factors 
to be used for compliance demonstration. 

The size of the area of elevated activity (in m2) that corresponds to this area factor is then 
obtained from specific regulatory agency guidance, and may be similar to those illustrated in $ble 
5.6 or Table 5.7. The data needs for assessing small areas of elevated activity can then be v 
determined by dividing the area of elevated activity acceptable to the regulatory agency into the 
survey unit area. For example, if the area of elevated activity is 100 m2 (from Table 5.6) and the 
survey unit area is 2,000 m2, then the calculated number of survey locations is 20. The calculzited 

9 
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854 
855 

number of survey locations, nu, is used to determine a revised spacing, L, of the systematic 
pattern (refer to Section 5.5.2.5). Specifically, the spacing, L, of the pattern (when driven by the 

. 856 ' areas of elevated activity) is given by: 
- 1  

857 

858 
859 

860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 

87 1 
872 
873 
874 
875 
876 
877 
878 
879 

. .  : . .  .. - .  

.- 
A for a triangular grid, 

0.866 nu 
t =  J 

7 ,  : 

L = A for a square grid 
nE4 

3 . -  
._ 

where A is the area of the survey unit. Grid spacings should generally be rounded down to the 
nearest distance that can be conveniently measured in the field. 

If the spacing for identifiing small areas of elevated activity is less than that for the statistical 
tests, that smaller spacing is used. The statistical tests are performed using this larger number of 
data points. Figure 5.2 provides a concise overview of the procedure used to identifjr data needs 
for the assessment of small areas of elevated activity. If residual radioactivity is found in an 
isolated are of elevated aCti.i&-in addition to residual radioactivity distributed relatively 
uniformly across the survey unit-the unity rule (Section 4.3.3) can be used to ensye that the 
total dose is within the release criterion. Ifthere is more than one elevated area, a separate term 
should be included for each. As an alternative to the unity rule, the dose or risk due to the actual 
residual radioactivity distribution can be calculated if there is an appropriate exposure pathway 
model available. Note that these considerations will generally apply only to Class 1 survey units, 
since areas of elevated activity should not exist in Class 2 or Class 3 sunrey units. 

When the detection limit of the scanning technique is very large relative to the D C G L c ,  the 
number of measurements estimated to demonstrate compliance using the statistic,al tests may 
become unreasonably large. In this situation an evaluation of the w e y  objectives and 
considerations be performed. These considerations may include the survey design and 
measurement methodology, exposure pathway modeling assumptions and parameter values used 
to determine the DCGLs, Historical Site Assessment conclusions conceming source terms and 
radionuclide distributions, and the results of scoping and characterization surveys. In most cases 
theresults of this evaluation is not expected to justiQ an unreasonably large nmber of 
measurements. 
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88 1 
882 
883 
884 ' 

885 
886 
887 
888 
889 
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A Class 1 land area survey unit of 1500 m2 is potentially contaminated with %o. The 
DCGL value for 6oCo is 110 Bqkg (3 pCi/g) and the scan sensitivity for this 
radionuclide has been determined to be 150 Bqkg (4 pCi/g). Calculations indicate the 
number of data points needed €or statistical testing is 27. The distance between data 
points for this number of dm points and land area is 8 m; the area encompassed by a 
triangular sampling pattern of 8 m is approximately 55.4 m2. From Table 5.6 an area 
factor of about 1.4 is determined by interpolation. The acceptable concentration in a 
55.4 m2 area is therefore 160 Bqkg (1.4 110 Bqkg). Since the scan sensitivity of 
the procedure to be used is less than the DCGL,,, times the area factor, no additional 
data points would be needed to demonstrate compliance with the elevated 
measurement comparison criteria. - 

. 

2 -  

892 Example 2: 

893 
894 
895 
8% 
897 
898 
899 
900 
90 1 
902 
903 
904 
905 
906 

A Class 1 land area survey unit of 1500 m2 is potentially contaminated with %o. The 
DCGL for '%o is 110 Bqkg (3 pCi/g). In contrast to Example 1, the scan sensitivity 
for this radionuclide has been determined to be 170 Bqkg (4.6 pCi/g). Calculations 
indicate the number of data points needed for statistical testing is 15. The distance 
between data points for this number of data points and land area is 10 m; the area 
encompassed by a triangular sampling pattern of 10 m is approximately 86.6 m2. From 
Table 5.6 an area factor of about 1.3 is determined by interpolation. The acceptable 
concentration in a 86.6 m2 area is therefore 140 Bqkg (1.3 110 Bqkg). Since the 
scan sensitivity of the procedure to be used is greater than the DCGL, times the area 
factor, the data points to be obtained for the statistical testing may not be sufficient to 
demonstrate compliance using the elevated measurement comparison. The area 
multiplier for elevated activity that would have to be achieved'is 1.5 (170/110 Bqkg). 
This is equivalent to an area of 30 m2 (Table 5.6) which would be obtained with a 
spacing of about 6 m. A triangular pattern of 6 m spacing includes 50 data points. 

907 5.5.2.5 Determining Survey Locations 

908 
909 
910 
91 1 are then determined. 

A scale drawing of the survey unit is prepared, along with the overlying planar reference 
coordinate system or grid system. Any location within the survey area is thus identifiable by a 
unique set of coordinates. The maximum length, X, and width, Y, dimensions of the survey unit 
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912 A. Land Areas 

913 
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915 
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918 
919 
920 
92 1 
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924 

Measurements and samples in Class 3 survey units and reference areas should be taken at random 
locations. These locations am determined by generating sets of random numbers (2 values, 
representing the X axis and Y axis distances). Random numbers can be generated by calculator or 
computer, or can be obtained from mathematical tables. Sufficient sets of numbers will be needed 
to identi@ the total number of &ey locations established for the survey unit. Each set of 
random numbers is multiplied by the appropriate survey unit dimension to provide coordinates, 
relative to the origin of the survey unit reference grid pattern. Coordinates identified in this 
manner, which do not fall within the survey until area or which cannot be surveyed, due to site 
conditions, are replaced with other survey points determined in the same manner. Figure 5.4 is an 
example of a random sampling pattern. In this example, 8 data points were assumed based on the 
statistical tests. The locations of these points were determined using the table of ra6dom numbers 
found in Appendix I, Table-1.6. 

- 

925 
926 
927 pattern by: 

Class 2 areas are surveyed on a random-start systematic pattern. The number of calculated survey 
locations, n, based on the statistical tests, is used to determine the spacing, L, of a systematic 

I 
. .  

L= J A for a triangular grid, 
0.866 n 

928 

L = J A for a square grid 
n 

929 where A is the area of the survey unit. 

930 
93 1 
932 

933 
934 
93 5 
936 
93 7 
938 

After L is determined, a random coordinate location is identified, as described previously, for a 
survey pattern starting location. Beginning at the random starting coordinate, a row of points is 
identified, parallel to the X axis, at intervals of L. 

For a triangular grid, a second row of points is then developed, parallel to the first row, at a 
distance of 0.866.L from the first row. Survey points along that second row are midway (on the 
X-axis) between the points on the first row. This process is repeated to identify a pattern of 
survey locations throughout the affected survey unit. If identified points fall outside the survey 
unit or at locations which cannot be surveyed, additional points are determined using the random 
process described above, until the desired total number of points is identified. 

MARSSIM 5-38 12/6/96 -- 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



SAMPLE 
COORDINATES 

# 1 :  52E, 24N 
.#2: 28E.2N 
#3: 45E. 83N 
#4: 47E,5N 
#5:  41E.22N 
#6: OE.44N. 
#7: 21E.56N 
#8: 35E.63N 

10 '. METERS 

#I SURFACE SOIL MEASUREMENTISAMPLING LOCATION 
SURVEY UNIT BOUNDARY 
ONSITE FENCE 

- - - - - - .  

Figure 5.4 Example of a Random Measurement Pattern 
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An example of such a survey pattern is shown in Figure 5.5.  In this example, the statistical test 
calculations estimate 20 samples (Table 5.5, a=O.Ol, p=O.OS, AIcP3.0). The random-start 
coordinate was 27E, 53N. The grid spacing was calculated by: 

Two points were identified on a row parallel to the X-axis, each 17 m from the starting point. 
The subsequent rows were positioned 0.866*L, or 15 m, from the initial row. This random-start 
triangular sampling process resulted in 21 Sanipling locations, one of which was inaccessible 
because of the building location, which yields the desired number of data points. -I - 

- 

For Class 1 areas a systematic pamrn, having dimensions determined in Section 5.5.2.4, is 
installed on the survey unit The starting point for this pattern is selected at random, as described 
above for Class 2 areas. The same process as described above for Class 2 areas applies to 
Class 1, only the estimated number of samples is different. 

B. Structure Surfaces 

All structure surfaces for a specific survey unit are included on a single reference grid system for 
purposes of identifjmg survey locations. The same methods as described above for land areas are 
then used to locate survey points for all classifications of areas. 

In addition to the survey locations identified for statistical evaluations and elevated measurement 
comparisons; it is likely that data will also be obtained from judgement locations, selected due to 
unusual appearance, location relative to contamination areas, high potential for residual activity, 
general supplemental information, etc. These data points selected based on professional 
judgement are not included with the data points from the random-start triangular grid for 
statistical evaluations; instead they are compared individually with the established DCGLs and 
conditions. Measurement locations selected based on professional judgement violate the 
assumption of unbiased measurements used to develop the statistical tests described in Chapter 8. 
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5 ON -.  
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. . . . METERS 

I SURFACE SOIL MEASUREMENT LOCATION 
0 MEASUREMENT LOCATION THAT IS NOT SAMPLED 

- - - - - - .  SURVEY UNIT BOUNDARY - ONSITE FENCE 
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~ 

Figure 5.5 Example of a Random-Start Triangular Grid Measurement Pattern 
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5.5.3 Developing an Integrated Survey Strategy 

The final step in survey design is to integrate the survey techniques (Chapter 6) with the number 
of measurements and measurement spacing determined earlier in this chapter and the guidance 
provided in other portions of this manual to produce an overall strategy for performing the 
survey. Table 5.8 provides a summary of the recommended survey coverage for structures and 
land areas. This survey coverage for different areas is the subject of this section. 

Table 5.8 Recommended Survey Coverage for S t r u c h k s  and Land Areas 

Class 1 

Class 2 

Class 3 

l W ?  

10 to IW? 
( 10 to 50% for upper 
walls and ceilings) 

Systematic and 
Judgmental 

Number of data points 
Eromstatistcaltests 
(Sections 5.5.2.2 and 
5.5.2.3); additional 
measuremeats may be 
necessary for small 
81w1s of elevated activity 
(Section 5.5.2.4) 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

IO to 100% 
Systematic and 

Judgmental 

Judgmental 

Numberofdatapoints 
fromstatisticaltests 
(Sections 5.5.2.2 and 
5.5.2.3); additiond 
measuranents may be 

. necessary for small 
areas of elevated 
activity (Section 
5.5.2.4) 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) ' 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 

Random measurement patterns are used for Class 3 survey units to ensure that the measurements 
are independent ihd support the assumptions of the statistical tests. Systematic grids are used for 
Class 2 survey units because there is an increased probability of small areas of.elevated activity. 
The use of a systematic grid allows the decision maker to draw conclusions about the size of the 
potential areas of elevated activity based on the area between measurement locations. The 
random starting point of the grid provides an unbiased method for obtaining measurement 
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locations to be used in the statistical tests. Class 1 survey units have the highest potential for 
small areas of elevated activity, so the areas between measurement locations are adjusted to 
ensure that these areas can be detected by scanning techniques. 

- 

The objectives of the scanning surveys are different. These surveys are typically used to identify 
locations for further investigation. For Class 1 areas, scanning surveys are designed to detect 
small areas of elevated activity &at are not detected by the measurements using the systematic 
pattern. For this reason the measurement locations, and the number of measurements, may need 
to be adjusted based on the sensitivity of the scanning technique (Section 5.5.2.4). This is also the 
reason for recommending 100% coverage for the scanning survey. 100% coverage means that 
the entire surface wea of the survey unit has been covered by the field of view of the scanning 
instrument. If the field of view is two meters wide, the survey instrument can be moved along 
parallel paths two meters apart to provide 100% coverage. If the field of view of th: defector is 5 
cm, the parallel paths should be 5 cm apart. 

- 

_ _  

- 

Scanning surveys in Class 2 areas are also primarily performed to find areas of elevated activity 
not detected by the measurements using the systematic pattern. However, the measurement 
locations are not adjusted based on sensitivity of the scanning technique and scanning is 
performed in portions of the survey unit. The level of scanning effort should be proportional to 
the potential for finding areas of elevated activity: in Class 2 survey units that have residual 
radioactivity close to the release criterion a larger portion of the survey unit would be scanned, 
but for survey units that are closer to background scanning a smaller portion of the survey unit 
may be appropriate. Class 2 survey units have a lower probability for areas of elevated activity 
than Class 1 survey units, but some portions of the survey unit may have a higher potential than 
others. Judgmental scanning surveys would focus on the portions of the survey unit with the 
highest probability for areas of elevated activity. If the entire survey unit has an equal probability 
for areas of elevated activity, or the judgmental scans don't cover at least 10% of the area, 
systematic scans along transects of the survey unit or scanning surveys of randomly selected grid 
blocks are performed. I 

Class 3 areas have the lowest potential for areas of elevated activity. For this d o n ,  it is 
recommended that scanning surveys be performed in areas of highest potential (e.g., comers, 
ditches, drains, e&.) based on professional judgement.. This provides a qualitative level of 
confidence that no areas of elevated activity were missed by the random measurements or that 
there were no errors made in the classification of the area. 

The sensitivity for scanning techniques used in Class 2 and Class 3 areas is not .tied to the area 
between measurement locations, as they are in a Class 1 area. The scanning techniques selected 
should represent the best reasonable effort based on the survey objectives. Stnrcture surfaces are 
generally scanned for alpha, beta, and gamma emitting radionuclides. Scanning for alpha emitters 

I -  
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or low-energy (<lo0 keV) beta emitters for land area survey units is generally not considered 
effective because of problems with attenuation and media interferences. If it is reasonable to 
expect that there is any possibility of finding any residual radioactivity, it is prudent to perform a 

.judgmental scanning survey. 

Iftheequipment and methodology used for scanning is capable of providing data of the same 
quality as direct measurements (e.g.,'detection limit, location of measurements, ability to record 
and document results, etc.), then scanning may be used in place of direct measurements. Results 
should be documented for at least the number of locations estimated for the statistical tests. The 
same logic can be applied for using direct measurements instead of sampling. In addition, some 
direct measurement systems may be able to provide scanning data. 

- 

- 

An important aspect of the final status survey is the design and implementation of inve&ig&on - - - 

levels. Investigation levels are radionuclidespecific levels of radioactivity used to indicate when 
additional investigations may be necessary. For example, a measurement that exceeds the 
investigation level may indicate that the survey unit has been improperly classified (see Section 
4.4). The first step is to confirm that the initial measurement/sample did exceed the particular 
investigation level. Depending on the results of the investigation actions, the survey unit may 
require reclassification, mediation, a d o r  resurvey. The results of all investigations should be 
documented in the final status w e y  report, including the results of scan surveys that may have 
potentially identified anas of elevated direct radiation. These investigation levels and followup 
actions are described in greater detail in Section 8.2.5. 

5.5.3.1 Structure Surveys 

A. Class 1 Areas 

Surface scans are performed over 100% of structure surfaces for all radiations which might be 
emitted from the potential radionuclide contaminanp. Locations of direct radiation, 
distinguishable above background radiation, are identified and evaluated. Results of initial and 
followup direct measurements and sampling at these locations are recorded and daaunented in 
the final status survey report. Measurements of total and removable contamination are performed 
at locations identified by scans and at previously determined locations (Section 5.5.2.5). Where 
gamma emitting radionuclides are contaminants, in situ gamma spectroscopy may be used to 
identifjl the presence of specific radionuclides or to demonstrate compliance with the release 
criterion. 

Direct measurement or sample investigation levels for Class 1 areas should establish a course of 
action for individual measurements that approach or exceed the DCGL. Because measurements 
above the DCGL,,, are not necessarily unexpected in a Class 1 survey unit, additional investigation 

-- 
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levels may be established to identi@ discrete measurements that are much higher than the other 
measurements. Any discrete measurement that is both above the DCGL, and exceeds three times 
the standard deviation (s) of the mean should be investigated further (Section 8.2.5). Any 
measurement (direct measurement, sample, or scan) that exceeds the D C G L C  should be flagged 
for fiuther investigation. The results of the investigation and any additional remediation that was 
performed should be included in$e final status survey report. Data are reviewed as described in 
Section 8.2.2, additional data are collected as necessary, and the final complete data set evaluated 
as described in Section 8.3. 

B. Class 2 Areas 

Surface scans are performed over 10 to 100% of structure surfaces. Generally, upper wall 
surfaces and ceilings should receive surface scans over 10 to 50% of these areas. L&ations of - 
scanning survey results above the investigation level are identified and investigated. If' small areas 
of elevated activity are confirmed by this investigation, all or part of the survey unit should be 
reclassified as Class 1 and the survey strategy for that survey unit redesigned accordingly. 

- 

Investigation levels for Class 2 areas should establish a course of action for individual 
measurements that exceed or approach the DCGL. The results of the investigation of the 
positive measurements and basis for reclassifying all or part of the survey unit as Class 1 should be 
included in the final status survey report Where gamma emitting radionuclides are contaminants, 
in situ gamma spectroscopy may be used to identifj, the presence of specific radionuclides or to 
demonstrate compliance with the release criterion. Data are reviewed as described in Section 
8.2.2, additional data are collected as necessary, and the final complete data set evaluated as 
described in Section 8.3. 

C. Class3Areas 

Scans of Class 3 area surf's should be performed for all radiations which might be emitted from 
the potential radionuclide contaminants. It is recommended that the surface area be scanned. 
Locations of Scanning sucvey results above the investigation level are identified ahd evaluated. 
Measurements of total and removable contamination are performed at the locations identified by 
the scans and at the randomly selected locations, chosen in accordance with Section 5.5 -2.5. 
Confirmation of contamination suggests that the area may have been incorrectly classified as to 
the contamination potential; reevaluation of the Class 3 area classification should be performed 
and, if appropriate, all or part of the survey unit should be resurveyed as a Class 1 or Class 2 area. 

Because there is a low expectation of any residual radioactivity in a Class 3 area, it may be 
prudent to investigate any measurement exceeding even a fraction of the DCGLw. The 
investigation level selected will depend on the site, the radionuclides of concern, and the 

m- 
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io85 
1086 

measurement and scanning methods chosen. This level should be determined using the DQO 
Process during survey planning. In some cases it may be prudent to follow this procedure for 

. . -  1087 Class 2 s w e y  units as well. -. 
1088 
1089 
1090 
1091 
1092 
1093 
1094 surface scans. 

The results of the investigation of the measurements that exceed the investigation level and the 
basis for reclassifjlng all or part of the w e y  unit as Class 1 or Class 2 should be included in the 
final status survey report. Data &e tested, relative to the preestablished criteria, and if additional 
data needs are indicated, they should be collected and the entire data set evaluated. Supplemental 
measurements by in situ gamma spectroscopy may be taken at a few locations in each structure in 

- 

a Class 3 area. A gamma spectroscopy system might even be an appropriate substitution for _ _  

. a  
..-. 

1095 5.53.2 Land Area Surveys - .. 

1096 'A. Class1 Areas 

1097 
1098 
1099 
1100 
I 101 
1102 
1103 ' compliance. 

As with structure surf', 100% scanning coverage of Class 1 land areas is recommended. 
Locations of scanning survey results above the investigation level are identified and evaluated. 
Results of initial and followup direct measurements and sampling at these locations are recorded. 
Soil sampling is performed at locations identified by scans and at previously determined locations 
(Section 5.5.2.5). Where gamma emitting radionuclides are contaminants, in situ gamma 
spectroscopy may be used to codinn the absence of specific radionuclides or to demonstrate 

1104 
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1106 
1107 
1108 
1109 
1110 
1 1 1 1  
1112 
1113 
1114 

Direct measurement or sample investigation levels for Class 1 areas should establish a course of 
action for individual measurements that approach or exceed the DCGb.  Because measurements 
above the DCGL, are not necessarily unexpected in a Class 1 survey unit, additional investigation 
levels may be established to identifl discrete measurements that are much higher than the other 
measurements. Any discrete measurement that is both above the DCGL, and exceeds three 
standard deviations above the mean should be investigated Mer (Section 8.2.5). Any 
measurement (direct measurement, sample, or scan) that exceeds the D C G L c  should be flagged 
for further investigation. The results of the investigation and any additional mediation that was 
performed should be included in the final status survey report Data are reviewed as described in 
Section 8.2.2, additional data are collected as necessary, and the find complete data set evaluated 
as described in Section 8.3. 
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B. Class 2 Areas - 

Surface scans are performed over 10 to 100% of open landspfiaces. Locations of direct radiation 
above the scanning survey investigation level are identified and evaluated. If small areas of 
elevated activity are identified, the survey unit should be reclassified as "Class 1" and the survey 
strategy for that survey unit designed accordingly. 

If small areas of elevated activity above DCGL values are not identified, direct measurement or 
soil sampling is performed at previously determined locations (Section 5.5.2.5). Where gamma 
emitting radionuclides are contaminants, in situ gamma spectroscopy may be used to confirm the 
absence of specitic radionuclides or to demonstrate compliance. Data are reviewed as described in 
Section 8.2.2, additional data are collected as necessary, and the final complete data set evaluated 
as described in Section 8.3. 

- -1  . 
- 

.- 

2 -  

- 

Investigation levels for Class 2 areas should establish levels for investigation of individual 
measurements close to but below the DCGL. The results of the investigation of the positive 
measurements and basis for reclassifLing all or part of the survey unit as Class 1 should be 
included in the hal status survey report. 

C. Class 3 Areas 

Class 3 areas may be uniformly scanned for radiations from the radionuclides of interest, or the 
scanning may be performed in areas with the greatest potential for residual contamination based 
on professional judgement and the objectives of the survey. In some cases a combination of these 
approaches may be the most appropriate. Locations exceeding the scanning survey investigation 
level are evaluated, and, if the presence of contamination not occumng in background is 
identified, reevaluation of the classification of contamination potential should be performed. 

Investigation levels for Class 3 areas should be established to identi@ areas of elevated activity 
that may indicate the presence of residual radioactivity. Scanning survey locations that exceed the 
investigation level should be flagged for fbrther investigation. The r d t s  of the investigation and 
basis for reclasstfying all or part of the survey unit as Class 1 or Class 2 should be included in the 
final status survey report. Data are tested, relative to the p&lished criteia and if additional 
data needs are indicated they should be collected and the entire data set evaluated. Soil sampling 
is performed at randomly selected locations (Section 5.5.2.5); if the contaminant can be measured 
at DCGL levels by in situ techniques, this method may be used to replace or supplement the 
sampling and laboratory analysis approach. For gamma emitting radionuc1ides:the above data 
should be supplemented by several exposure rate and/or in situ gamma spectrometry 
measurements. Survey results are tested for compliance with DCGLs and additional data 
collected and tested, as necessary. 

-- 
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5.5.3.3 Other Measurement/Sampling Locations - 

In addition to the building and land d a c e  areas described above, there are numerous other 
locations where measurements andor'sampling should be performed. Examples include items of 
equipment and fiunishings, building fixtures, drains, ducts, and piping. Many of these items or 
locations have both internal and external surfaces with potential residual radioactivity. Subsurface 
measurements andor sampling mhy also be necessary. - 

- 

Class 1 and Class 2 areas should be scanned, and individual measurements andor samples 
obtained at representative points. Class 3 areas can, as with the building and land surfaces in such 
areas, be surveyed at lower frequencies consistent with the DQOs for the survey, the potential for 
residual contamination, and the scan MDC. 

Special situations may be evaluated by judgement sampling and measurements. Data from such 
surveys should be compared directly with DCGLs. Areas of elevated direct radiation identified by 
surface scans are typically followed by direct measurements or samples. These direct 
measurements and samples axe not included in the nonparametric tests, but rather, should be 
compared directly with DCGLs. 

2 -  

- 

Quality control measurements are recommended for all surveys, as described in Section 9.3. 
Also, some regulatory programs require removable activity measurements (e.g., NRC Regulatory 
Guide 1.86). These additional measurements should be considered during survey planning. 

5.5.4 Evaluating Survey Results 

After data are converted to DCGL units, the process of comparing the results to the DCGLs, 
conditions, and objectives begins. Individual measurements and sample wncentrations are first 
compared to DCGL levels for evidence of small areas of elevated activitfand not to determine if 
reclassification is necessary. Additional data or additional remediation and resurvey may be 
necessary. Data are then evaluated using statistical methods to determine if release criteria have 
been satisfied. If criteria have not been met or if results indicate the need for additional data 
points, appropriate hrther actions will be determined by the site management and the responsible 
regulatory agency. The scope of m e r  actions should be agreed upon and developed as part of 
the DQO Process before the survey begins (Appendix D). Finally, the results of the survey are 
compared with the data quality objectives established during the planning phase of the project. 
Note that data quality objectives may require a report of the semiquantitative evaluation of 
removable contamination resulting from the analysis of smears. These results may be used to 
satis@ regulatory requirements or to evaluate the effectiveness of ALARA procedures. Chapter 8 
describes detailed procedures for evaluating survey results. 
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Documentation of the final status survey should provide a complete and unambiguous record of 
the radiological status of the survey unit, relative to the established DCGLs. In addition, 
sufficient data and infomation should be provided to enable an independent re-creation and 
evaluation at some htwe time. Much of the information in the final status report will be available 
from other decommissioning daments; however, to the extent practicable, this report should be 
a stand-alone document with minimum information incorporated by reference. The report should 
be independently reviewed (see Section 3.9) and the report should be approved by a designated 
person or persons who is capable of evaluating all aspects of the report prior to release, 
publication, or distribution. - 

- - 
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FINAL STATUS SURVEY CHECKLIST 

SURVEY PREPARATIONS 

Ensure that residual radioactivity limits have been determined for the radionuclides 
present at the site, typically performed during eadier surveys associated with the 
decommissioning prcicess. 

IdentifL the radionuclides of concern. Determine whether the radionuclides of 
concern exist in background. This will determine whether one-sample or two- 
sample tests are performed to demonstrate compliance. Two-sample tests are 
performed when radionuclides are present in the natural background; one-sample 
tests may be performed if the radionuclide is not present in backgroun& -' 

- -  

Segregate the site into Class 1, Class 2, and Class 3 areas, based on contamination 
potential. 

Identie survey units. 

Select representative reference (background) areas for both indoor and outdoor 
survey areas. Reference areas are selected from non-impacted areas and: 

are fiee of contamination from site operations, 

exhibit similar physical, chemical, and biological characteristics of the 
survey area, 

have similar construction, but have no history of radioactive operations. 

Select survey instrumentation and survey techniques. Determine MDCs (select 
instrumentation based on the radionuclides present) and match between 
instrumentation and DCGLs-the instrumentation selected should be capable of 
detecting the contamination at 1040% of the DCGLs. 

Prepare area if necessary-clear and provide access to areas to be surveyed. 

Establish reference coordinate systems (as appropriate). 
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1218 
1219 
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1230 
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1232 

1233 
1234 
1235 
1236 
1237 

1238 
1239 

1240 

1241 

1242 

1243 

Enumerate DQOs: State objective of survey, state the null and alternative 
hypotheses, and specify the acceptable decision emors (Type I (a) and Type II (9) 
emor rates). 

Specie sample coqe&on &d analysis procedures. 

Determine numbers of data points for statistical tests, depending on whether or not 
the radionuclide is present in background. 

Specifj, the number of sampledmeasurements to be obtained based on the 
statistical tests. 2 

Evaluate the power of the statistical tests to determine that the number of 
samples is appropriate. 

- .  

Ensure that the sample size is sufficient for detecting areas of elevated 
activity. 

Add additional sampledmeasurements for QC and to allow for possible 
loss. 

SpecifL sampling locations. 

Provide information on survey instrumentation and techniques. The decision to use 
portable survey instrumentation or in situ techniques, and/or a combination of both, 
depends on whether or not the radiation levels are elevated compared to natural 
background, and whether or not the residual radioactivity is present at some fraction 
of background levels. 

Specify methods of data reduction and comparison of survey units to reference 
areas. 

Provide quality control procedures for ensuring validity of survey data: 

properly calibrated instrumentation, 

necessary replicate, reference and blank measurements, 

comparison of field measurement results to laboratory sample analyses. 
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CONDUCTING SURVEYS 

Perform reference (background) area measurements and sampling. 

Conduct survey activities: 

Perform surfhce scans of the Class 1, Class 2, &d Class 3 areas. 

Conduct surface activity measurements and sampling at previously 
selected sampling locations. 

3 ,  . 

- 

- _. 
Conduct additional direct measurements and sampling at locations based 
on professional judgment. . 

_ .  
2 . .  

- -  
Perform and document any necessary investigation activities, including survey unit 
reclassification, remediation, and resurvey. 

Document measurement and sample locations; provide information on measurement 
system MDC and measurement errors. 

EVALUATING SURVEY RESULTS 

Review DQOs. 

Analyze samples. 

Perform data reduction on survey results. 

veri@ assUmptions of s t a t i k ~  tests. 

Compare survey results with regulatory DCGLs: 

Conduct elevated measurement comparison. 

Determine area-weighted average, if appropriate. 

Conduct WRS or Sign tests. 

Prepare final status survey report. 

Obtain an independent review of the report. 
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6 FIELD MEASUREMENT METHODS AND INSTRUMENTATION 

- 
6.1 Introduction 

There are three methods for collecting radiation data while performing a survey-direct 
.measurements, s d n g ,  and sampling. This chapter discusses scanning and direct mekrement 
methods and instrumentation. The collection and analysis of media samples are presented in 
Chapter 7. Information on the opZfration and use of individual field and laboratory instruments is 
provided in Appendix H. Quality assurance and quality control (QNQC) are discussed in 
Chapter 9. 

Radiological parameters that will typically be determined include total surface activities, 
removable surface activities and radionuclide concentrations in various environmental media (e.g., 
soil, water, air, etc.). Field measurements and laboratory analyses will be necessary tomake these 
determinations. Certain radionuclides or radionuclide mixtures may necessitate the measurement 
of alpha, beta, and gamma radiations. In addition to assessing each survey unit as a whole, small 
areas of elevated activity should be identified and their extent and activities determined. Due to 
numerous detector requirements, no single instrument (detector and readout combination) is 
generally capable of adequately measuring all of the parameters required to satisfjl the release 
criterion or meet all the objectives of a survey. 

- 

Selecting instrumentation requires evaluation of both site and radionuclide specific parameters and 
conditions. Instruments should be stable and reliable under the environmental and physical 
conditions where they are used, and their physical characteristics (size and weight) should be 
compatible with the intended application. The instrument should be able to detect the type of 
radiation of interest and should, in relation to the survey or analytical technique, be capable of 
measuring levels which are less than the DCGL. Numerous commercial firms offer a wide variety 
of instruments appropriate for the radiation measurements describ'ed in this manual. These firms 
can provide thorough information regarding capabilities, operating characteristics, limitations, 
etc., for specific equipment. 

Performance criteria for all instruments should allow for the detection of levels below DCGLs 
under field conditions. Ifthe instruments cannot detect radiation levels below the DCGLs, 
laboratory methods discussed in Chapter 7 are typically used. A discussion of detection limits and 
detection levels for some typical instruments are presented in Section 6.4. There are certain 
radionuclides which will be essentially impossible to measure at the DCGLs in situ using current 
state-of-the-art insmentation and techniques because of the types, energies, and abundances of 
their radiations. Examples of such radionuclides include very low energy, pure beta emitters such 
as 'H and 63Ni and low-energy photon emitters such as "Fe and '*'I. Pure alpha emitters 
dispersed in soil or covered with some absorbing layer will not be detectable because alpha 
radiation will not penetrate through the media or covering to reach the detector. A common 
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example of such a condition would be u ~ u  surface contamination, covered by paint, dust, oil, or 
moisture. NRC draft report NUREG-1507 (NRC 1995~) provides information on the extent to 
which these surface conditions may a f f ec t  detection sensitivity. In circumstances such as these, 
the survey can only rely on sampling and laboratory analysis to measure residual activity levels. 
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6.2 Measurement Methr);rls 

Radiological survey methods can be classified into two categories commonly known as scanning 
surveys and direct measurements (which are also known as surface activity measurements). 
Measurement techniques should employ the most sensitive instrumentation that is suitable for field 
use. The type of measurement, suitable portable instrumentation, and specific methods to perform 
the measurements are selected and designated in the survey plan as dictated by the type of 
radioactive contamination present, the instrumentation sensitivity requirements, andhe degreeof- 
surface coverage needed to meet the survey objectives. More detiiled information dealing with 
detector selection for survey applications is given in Section 6.3 and guidance for the calculation 
of detection sensiti6ties for both direct measurements and scanning m e y s  is provided in 
Section 6.4. 

6.2.1 Direct Measurements (Surface Activity Measurements) 

To conduct direct measurements of alpha, beta, low-energy X-ray, or gamma surface activity, 
instruments and techniques providing the required detection sensitivity are selected. The type of 
measurement, instrumentation, and method of performing the direct measurement are selected as 
dictated by the type of potential contamination present, the instrumentation sensitivity 
requirements, and the objectives of the radiological survey. Direct measurements are taken by 
placing the instrument at the appropriate distance' above the surface, taking a discrete 
measurement for a predetermined time interval (ie., instantaneous, 10 s, 60 s, etc.), and 
recording the reading. A one minute integrated count technique is a pmctical field survey 
procedure for most equipment and will provide detection sensitivities that are below most 
DCGLs, however longer or shorter integrating times may be warranted (see Section 6.4.1 for 
information dealing with the calculation of direct measurement detection sensitivities). Section 
5.5.3 discusses combining scans and direct measurements in an integrated survejl design. 

Direct measurements are usually collected at systematic locations to supplement scan surveys as 
discussed in Chapter 5. Systematic direct measurements are collected accordSng to a 

* Meesurements at sewed distances may be needed. Near-surface or d a c e  measurements provide the best 
indication of the Size of the contaminated region and are! useful for model knplemcntaticm. Gamma mcaSUranents at 1 m 
pmvide a good estimate of potential direct external exposure. 
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predetermined pattern without regard to the ddiation level. These measurements are used to 
detect contaminated areas that cannot be detected using scanning techniques. Refer to Section 
5.5.2.5 for information covering the planning of systematic measurement locations. 

Judgmental direct measurements may be collected at locations where anomalous radiation levels 
are observed or suspected during or following radiation scan surveys. Judgmental radiological 
measurements also may be taken (“judgmental” indicates that the locations are not chosen on a 
random or systematic basis) to fu‘rtber define the areal extent of potential contamination and to 
determine maximum radiation levels within an area. Judgmental measuements may include 
measurements for alpha, beta, lowenergy X, or gamma radiations. Smear samples are often 
taken at these locations when transferrable contamination is suspected. All direct measurement 
locations and results should be recorded. 

If the equipment and methodology used for scanning is capable of providing data of the same - 
quality required for direct measurement (e.g., detection limit, location of measurements, ability to 
record and document results, etc.), then scanning may be used in place of direct measurements. 
Results must be documented for at least the number of locations requirexi for the statistical tests. 
In addition, some direct measurement systems may be able to provide scanning data, provided 
they meet the objectives of the scanning survey. 

6.2.2 Scanning Surveys 

Scanning is the process by which the surveyor uses portable radiation detection instrumentation to 
detect the presence of radionuclides on a specific surface @e., ground, wall, floor, equipment, 
etc.). The term “scanning survey” is used to describe the process of moving portable radiaticn 
detectors across a suspect surface with the intent of locating radionuclide contamination. 

Scanning surveys provide data in real time, allowing the instrument operator to perform real time 
investigations based on the survey results. This means that Data Quality Assessment @QA! for 
scanning surveys is often performed in the field during the survey. Scanning survey planning 
should include DQA considerations as discussed in Section 8.2 and Appendix E. 

Scanning surveys are perfomed to locate radiation anomalies indicating residual gross activity 
that may require fbrther investigation or action. In other words, scanning is used to locate small 
areas of elevated activity that exceed the investigation level. Investigation levels are discussed in 
Section 8.2. 

. .... 

These small areas of elevated activity typically represent a small portion of the ‘site, and random or 
systematic measurements or sampling on the commonly used grid spacing may have a low 
probability of identdjhg such small areas. For this reason scanning surveys are typically 
performed before direct measurements or sampling. This way, time is not spent h l ly  evaluating 
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an area that may quickly prove to be contaminated above the investigation level during the 
scanning process. Scans are conducted for all radiations potentially present (alpha, beta, 
low-energy X, and gamma radiations) based on the operational history and surfaces to be 
surveyed. Documenting scanning results and observations from the field is very important. For 
example, a scan that identified relatively sharp increases in instrument response or identified the 
boundary of an area of increased instrument response should be documented. This information is 
useful when interpreting survey results. -, . 

-. The following sections discuss the most common detector types currently in use for performing 
scanning surveys for gamma, alpha and beta emitting radionuclides. n e  list is not intended to be 
complete, but it does provide examples of what types of detectors may be appropriate. ._ 

A. Gamma . 3 . 
- . .. - 

NaI(T1) detectors are normally used for scanning areas for gamma emitters because they are very 
sensitive to gamma radiation, easily portable and relatively inexpensive. The detector is held close 
to the ground surface (-6 cm) and moved in a serpentine (snake like, “S’ shaped) pattern while 
walking at a speed which allows the investigator to detect the desired investigation level (see 
above). A scan rate of approximately 0.5 m/s is typically used for distributed gamma emitting- 
contaminants in soil; however, this value must be adjusted depending on the expected detector 
response and the desired investigation level. Discussion of scanning rates versus detection 
sensitivity for gamma emitters is provided in Section 6.4.2.1 . 

B. Alpha 

Thin scintillator and thin window gas filled detectors are normally used for performing alpha 
surveys. Alpha radiation has a very limited range and, therefore, instrumentation must be kept 
close to the surfa-about 1 cm. For this reason, alpha scans are generally performed on 
relatively smooth, impermeable suxfaces (e.g., concrete, metal, drywall, etc.) and not for porous 
material or volumetric contamination (e.g., soil, water, etc.). In most cases porous and 
volumetric contamination cannot be scanned for alpha activity and meet the objectives of the 
survey. Under these circumstances samples of the material are collected and analyzed as 
discussed in Chapter 7. Determination of scan rates when surveying for alpha emitters is 
discussed in Section 6.4.2.2 and Appendix J. 

C. Beta 

Thin window gas filled detectors are normally used when surveying for beta emitters, although 
solid scintillators designed for this purpose are also available. Typically, the beta detector is held 
less thkn 2 cm. from the surface and moved at a rate such that the desired investigation level can 
be detected. Low-energy ( 4 0 0  keV) beta emitters are subject to the same interferences and self- 
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absorption problems found with alpha emitting radionuclides, and scans for these radionuclides 
are performed under similar circumstances. Determination of scan rates when surveying for beta 
emitters is discussed in Section 6.4.2.1. 

6.2.3 Exposure Rate Measurements 

- 

-. 

When required by the survey plm,.exposure rate measurements are made to evaluate external 
radiation exposure rates (see Section 4.3.2 for a discussion of surrogate measurements). 
Exposure rate measurements are normally not needed on sites contaminated with pure alpha, beta, 
or very low energy photon emitting radionuclides. Exposure‘rate measurements typically include 
one or more of - the following: .- 

_. 

0 Gamma radiation measurements at 1 meter above the ground surface at specified grid 
locations indoors and outdoors. Average and maximum measurements for both indoors 

PressuriM ionization chamber (PIC) measurements or equivalent at locations of differing 

- 

and outdoors can then be determined. 

gamma radiation spectra for correlation with data collected with NaI(Tl) detectors. The 
energy response of the PIC, as with all detectors, is not truly flat. In limited cases, the 
response of the PIC may need to be corrected based on manufacturer energy response 
data. 

NaI(Tl) detectors, a site-specific calibration conversion factor must be established by 
correlation of the NaI(Tl) response to that of a detector which is not considered to have 
such dependency on the energy spectra. Typically, a PIC is used for this purpose. 

0 

0 NaI(Tl) detectors are very energy dependent. As discussed in Section 6.3.4, when using 

6.2.4 Subsurface Measurements (Hole Logging) 

Logging of bore holes is performed to identify the presence of subsurface deposits of radionuc- 
lides. This information helps to guide sub-surface sampling efforts. Auger holes and bore holes 
are evaluated (logged) using a probe designed to etect  the radiation associated with the 
contaminant of interest Although the most common application is to measure the relative gamma 
fluence rate versus depth using a NaI(ll) detector, beta measurements with thin Gindow GM type 
detectors can be made if there is no water in the auger hole. For gamma measurements, a plastic 
pipe (e.g., PVC schedule 40) large enough to accommodate the detector can be placed in a bore 
hole to both prevent wall erosion and to displace water when present. A radiation detector is 
lowered inside the pipe and measurements are usually made at 15 or 30 cm intervals. The probe 
can be encased in a lead shield with a horizontal row of collimating slits on the side. This 
collimation allows measurement of gamma radiation intensities resulting from contamination 
within small fractions of hole depth. Unshielded NaI(Tl) detectors may also be used to detect the 
presence of elevated levels of gamma radiation, but the depth profile will not be as exact. 
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Logging techniques are not normally radionuclide specific. However, bore-hole logging data in 
conjunction with radionuclide-specific soil analysis data may be used to estimate regions of 
elevated radionuclide concentrations in auger holes when compared to background levels for the 
area. If radionuclide identification is desired, a portable multichannel analyzer (MCA) coupled to 
the detector may provide this information. 

6.2.5 Background Measurements 

Because many release criteria for residual radioactive materials are presented in terms of radiation 
levels or activity levels above background for an area or facility, background measurements are 
collected in reference areas to provide baseline data to compare with measurements and data 
collected at a site, Background measurements and samples should be site or area specific-or 
when surveying special material should be material specificiand for each type of measurement a 
comparable reference background radiation level should be known. In some instance:, - 
background radiation levels may be determined by consulting a document such as NUREG-1 50 1 
(Huffert, et al. 1994). Environmental baseline surveys may also be useful. Background 
measurements for substances or equipment may be based on an appropriate number of 
measurements as discussed in Chapter 5. 

' I  . 
L 

_-  

- 

Background levels are determined at locations in the vicinity of the site that are unaffected by 
effluent releases (upwind and.upstream) and other site operations (up gradient fiom disposal 
areas). Background reference locations to be avoided when possible include those that may have 
been afFected or disturbed by non-site commercial activities, particularly those that may have dealt 
with the same contaminant. It may be necessary to use areas such as these when other more 
acceptable locations are not available and it is certainly possible that an acceptable area off-site 
will not be available. This is particularly true for sites built long ago. Areas with a minimal 
probability of being impacted should be chosen at these sites for collection of background 
measurements. 

Backgrounds for direct measurement instrumentation may differ from those in open land areas 
because of the presence of naturally occurring radioactive substances in construction materials 
and the possible shielding &ect that construction materials can provide. Preferable locations for 
interior background determinations are within buildings of similar construction, but having no 
history of involvement with radioactive materials. 

DCGLs for residual activity are typically stated in units of net activity @e., above the level 
occurring in background). Since the amount of naturally occurring radioactivity varies with 
material type, the background levels for specific materials being surveyed should be evaluated 
when necessary. Masonry brick, for example, often contains elevated levels of naturally occurring 
232Th, =*U and 'OK. The presence of naturally occurring radioactive materials will cause an 
increase in the count rate fiom most beta and gamma detectors thereby requiring slower scanning 
rates and possibly even making it impossible to detect a contaminant at the DCGL. 

-c 
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Section 5.5.2.2 provides instructions for estimating the required number of background 
measurements. Localized geologic formations, different types of soil, and construction materials 
at the background measurement locations may result in background values that have greater 
variability. Consequently, the number of measurements required to ensure a representative 
average value is dependent on specific site conditions. Large sites with a complex geology may 
require separate background determinations for selected areas of like geology and soil type. Soil 
moisture, for example, can account for 30% of the soil mass during wet periods and can 
sigdcantly affect results when m&ng gamma fluence rate measurements. 

The levels of many radionuclides Occuning naturally in the environment are insufficient to be 
quantifiable using standard measurement techniques. Those naturally occurring concentrations 
may also be insignificant relative to the DCGLs. On the other hand, levels of direct radiation 
(exposure rates) and some naturally occurring (uranium and thorium decay series, 'OK) or man- 
made (13'Cs, ua-24"Pu) radionuclides are typically present in the environment at levels thatare - 

easily quantifiable and may have background levels that are significant relative to the DCGLs 
(Wallo, et a!. 1994). As background levels approach, or even exceed, the DCGLs, the number of 
measurements estimated to demonstrate compliance using the statistical tests may increase. Refer 
to Section 5.5.2.2, Chapter 2, and Appendix D for additional discussions on factors influencing 
the estimated number of measurements. The radionuclide content of soil is influenced by the kind 
of rock underlying the anxi of concern. For example, an underlying layer of "Chattanooga" shale 
containing elevated concentrations of natural uranium may enhance both the soil concentrations 
and the surface exposure rate. Igneous rock contributes less radionuclide content to soils than 
does sedimentary rock because, although it is high in radioactive content, it weathers more slowly 
than the softer sedimentary rock (Eisenbud 1980). 

- 

._ 
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Radiation or radioactivity levels measured in each survey unit will be compared to background 
values obtained. Therefore, the background levels should be determined with an accuracy at least 
equivalent of the data to which it will be compared. This can be achieved by using the same 
instruments and techniques for background surveys that are used in assessing site conditions. The 
background radiation measurements should be presented in the survey report and should be 

236 6.2.6 I n  Situ Gamma Spectrometry 
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Gamma spectrometric techniques to assess radioactivity can provide an increase in detection 
sensitivity and, when the parameters are known and the conditions favorable, can be used to 
estimate in situ gammaemitting radionuclide concentrations. As such, this method can be used to 
help guide the selection of measurement locations and possibly even reduce the number of direct 
measurements or samples required. As with laboratory-based gamma spectrometry, in situ 
gamma spectrometry provides the means to discriminate among various radionuclides on the basis 
of characteristic gamma and x-ray energies and thus constitutes a nuclide-specific measurement. 
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NRC draft report NUREG-1506 (NRC 1995b) provides a detailed discussion on the 
implementation of in situ gamma spectrometry during decommissioning surveys. The following 
discussion is a brief, summarized excerpt fiom NUREG-1 506. It should be stressed that in si& 
gamma spectrometry is considered to be a useful tool for certain scenarios but it should not be 
given any more or less credence than any other measurement method described in this manual. 

6.2.6.1 Description of Technique 

I 

Traditionally, gamma-ray s p d m e t r y  performed in the field for low-level contamination w a  
limited to relatively strong gamma emitters. Recent availability of large highefficiency 
germanium detectors means that in some wes rather low intensity gamma emitters can be 
measured-i.e., those with emission intensities of a fraction to a few percent Thus, a 
radionuclide such as is measured using its short-lived progeny that build into equilibrium in 
just a few months. Using arrays of detectors to increase sensitivity, even highly attenuated low- 
energy emitters such as z(lAm (60 kev) are measurable (Reiman 1994). Using other'typceS of - - 

detectors, such as large area proportional counters, it is also possible to measure the x-rays 
associated with certain alpha emitters, such as u8Pu, ="Pu, and 2'opu. Photon spectrometry is not 
possible-for pure beta emitters such as ?3r. 

- 

- 

- 

In the case of in situ spectrometric measurements, a calibrated detector provides a measure of the 
fluence rate of primary photons at specific energies that are characteristic of a particular 
radionuclide. This fluence rate c& then be converted to units of concentration. Although this 
conversion is generally made, the fluence rate should be considered the fundamental parameter for 
assessing the level of radiation at a measurement site in that it is a directly measurable physical 
quantity. 

6.2.6.2 In Situ Spectrometry: Outdoor Measurements 

For radiological surveys where the contkinant is believed to be distributed within the surface 
soil, the assumption of a uniform depth profile may provide a good approximation to the true 
distribution of the contaminant Where deposited material is actually concentrated near the soil 
surface, the count rate will be higher and a higher concentration will be i n f e d  relative to that 
measured in a 15 cm (6 in) soil core. Only in cases of overburden of dean soil (several 
centimeters) will this model fail to yield a reasonable assessment of the soil concentrations. 
Plowing or other repeated overturning of the soil creates a somewhat homogenous distribution 
within the top layer of soil and therefore the above mentioned model should work well for this 
circumstance. Even for fallout products that were deposited on the ground many years ago, a 
rough uniformity is not unusual in the first few centimeters fiom the surface due to infiltration. It 
should be noted that the assumed geometry is a critical consideration when performing in si& soil 
analyses. If a large area measurement is assumed, say 25 m2, but the activity is contained within 
an area of only 10 m2, then a significant underestimate of the concentration within the small area 
will result. 
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6.2.6.3 In Situ Spectrometry: Indoor Measurements 

Uncollimated spectrometer measurements can possibly provide usefid information in the indoor 
environment, but this method will not easily allow the location of localized small areas of elevated 
activity. When faced with the prospect of evaluating a low level average activity across an entire 
room, in situ gamma spectrometry measurements may deserve favorable consideration. 
As in the case of outdoor measurements, analysis of peaks in the spectrum are a measure of the 
uncollided fluence of photons Erom sources present. Using simple numerical integration 
techniques, one can calculate the fluence per unit source strength for surface activity in rooms of 
specific dimensions based on the inverse square law and air attenuation. It can be demonstrated 
that increasing a room size with uniform surface contamination will necessarily increase the 
amount of fluence (due to the larger source term). However, the position of a measurement in a 
room is not critical for the case of a uniform deposition if the contaminant is not pre,sent_in the 
building materials. Thus, a measurement of peak count rate can be converted to fluence rate, - 
which in'turn can be related to the average surface activity. This measurement could provide 
usehl additional information and would serve as a check for any hand scanning with swvey 
meters for a photon-emitting radionuclide. The absence of a discernible peak would mean that 
residual activity could not exceed a certain average level. This minimum detectable concentration 
would be based on surface to detector spacing and the counting statistics in the energy region of 
interest. For the situation of non-uniform distributions of the radionuclides, both depth 
distributions and surface distributions, a series of measurements across a grid in the room will 
allow one to identifj general areas of elevated contamination. 

- 

- - 

_ _  

- _ _  

6.2.7 Data Conversion 

This section describes methods for converting survey data to appropriate units for comparison to 
radiological criteria. As stated in Chapter 4, conditions applicable to satisfying decommissioning 
requirements include determining that any residual contamination will not result in individuals 
being exposed to unacceptable levels of radiation and/or radioactive materials. 

Radiation survey data are usually obtained in units, such as the number of counts per unit time, 
that have no intrinsic meaning relative to DCGLs. For comparison of survey data to DCGLs, the 
survey data from field and laboratory measurements should be converted to DCGL units. 

6.2.7.1 Surface Activity 

When measuring surface activity it is important to account for the physical surface area assessed 
by the detector in order to make probe area corrections and report data in the'proper units (z.e., 
Bq/m2, dpm/100'cm2). This'is termed thephysicalprobe area. A common misuse is to make 
probe area corrections using the eflective probe area which accounts for the amount of the 
physical probe area covered by a protective screen. Figure 6.1 illustrates the difference between 
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the physical probe area and the effective probe area. The physical probe area is used because the 
reduced detector response due to the screen is accounted for during instrument calibration. 

Physical Probe Area = 112 x 112 = 

Area of Protecdhre Screen = 26 cm' 

Effective Robe Area = 100 cm' 

--A. --I 

126 cm2 

._ 

Gas Flow Pmportional Detector with Physical Probe Area of 126 cm - 

Figure 6.1 The Physical Probe Area of a Detector 

The conversion of instrument display in counts to surface activity DCGL units (dpd100 an2) is 
obtained by: 

' s + b  ' 6  

Tb 

- -  - e m  - 
100 cm2 - ' Ti+b'.  

(€,) (AI100) .- 

. .  
. .  .. 

gross integrated counts recorded by the measurement in the survey unit 
integrated background counts recorded by the measurement in the 
reference area 
time period over which both the gross plus background counts were 
recorded 
time period over which the background counts were recoked 
-total efficiency of the instrument, effectively the product of the instrument 
&ciency (E,) and the source efficiency (E,) 
physical probe area in cm2 
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The use of surrogates in the assessment of surface activity adds complexity to the above equa~on 
(see Section 4.3.2). It is necessary to incorporate a correction factor that increases the surface 
activity for the radionuclide that is being inferred from the measurement of another radionuclide. 
For example, assume that the measured radionuclide is '%o and the inferred radionuclide is 'H, 
and the ratio of 6oCo to total activity is 60% CH accounts for the other 40%). In this case, each 
count due to @'Co must be corrected to account for 'H. This may be done by dividing the surface 
activity obtained in' the above equation by 0.6, because the measured activity ("Co) is only 60% 

long as the measured surface activity is divided by the detectable fraction and that a relatively 
fixed ratio can be established (see Section 4.3.2). 

of the total activity. The surrogate' approach may be applied to several radionuclides-just as - 
- 

._ 

The level of removable activity collected by a smear is calculated in the same manner, except that 
the probe area correction goes to unity because the smear is performed over a 100 cm2 area. 

6.2.7.2 Soil Radionuclide Concentration and Exposure Rates 

2 -  

- - 

Analytical procedures, such as alpha and gamma spectrometry, are typically used to determine the 
radionuclide concentration in soil in Units of Bqkg. Net counts are converted to soil DCGL units 
by dividing by the time, detector or counter efficiency, mass or volume of the sample, and by the 
hctional recovery or yield of the chemistry procedure (if applicable). Refer to Chapter 7 for 
examples of analytical procedures. 

Instruments such as a PIC or micro-R meter used to measure exposure rate typically read out 
directly in mSv/h. A gamma scintillation detector (e.g., NaI(T1)) provides data in counts per 
minute and conversion to mSvh is accomplished by using site-specific calibration factors 
developed for the specific instrument (Section 6.3.4). 

In situ gamma spectrometry data may require special analysis routines before the spectral data can 
be converted to soil concentration units or exposure rates. , .* 

6.3 Radiation Detection Instrumentation 

Radiation instruments consist of two components: 1) a radiation detector and 2) electronic 
equipment to provide power to the detector and to display or record radiation events. This 
section identifies and very briefly describes the types of radiation detectors and associated display 
or recording equipment that are applicable to survey activities in support of environmental 
assessment or remedial action. Each survey usually requires performing direct field measurements 
using portable instrumentation and collection of samples for laboratory analysis. The selection 
and proper use of appropriate instruments for both direct measurements and laboratory analyses 
will likely be the most critical factors in assuring that the survey accurately determines the 
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radiological status of a site and meets the survey objectives. Chapter 7 provides specific 
information on laboratory analysis of collected samples. Appendix H contains instrument specific 
information for various types of field survey and laboratory analysis equipment which are 

- - .- currently in use. . -, 

63.1 Radiation Detectors 

The particular capabilities of a radiation detector will establish its potential applications in 
conducting a specific type of survey. Radiation detectors can be divided into three general 
categories based on the detector material with which radiation interacts to produce a measurable 
event. These categories are: (1) gas filled detectors, (2) scintillation detectors, and (3) solid-state 
detectors. 

- 

- 

2 -. 
6.3.1.1 Gas-Filled Detectors _. .. 

Radiation interacts with the fill gas, producing ion-pairs that are collected by charged electrodes. 
Commonly used gas-filled detectors are categorized as ionization, proportional, or Geiger- 
Mueller (GM), r e f e g  to the region of gas amplification in which they are operated. The fill gas 
varies, but the most common are: (1) air, (2) argon with a small amount of organic 
rnethane+udly 10% methane by mass (P-10 gas); and (3) argon or helium with a small amount 
of a halogen such as chlorine or bromine added as a quenching agent. 

6.3.1.2 Scintillation Detectors 

Radiation interacts with a solid or liquid medium resulting in a small flash of light (known as a 
scintillation). The resulting light is converted to an electrical signal by means of a 
phototransducer such as a photomultiplier tube. The most common scintillant materials are 
NaI(Tl), ZnS(Ag), Cd(Te), and CsI(T1). 

6.3.1.3 Solid-state Detectors 

Radiation interacting with a semiconductor material creates free electrons that are-collected by a 
charged electrode. The design and operating conditions of a specific solid-state detector 
determines the types of radiations (alpha, beta, andor gamma) that can be measured, the 
detection level of the measurements, and the ability of the detector to resolve the energies of the 
interacting radiations. The semiconductor materials currently being used are germanium and 
silicon which are available in both n and p types in various configurations. 
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6.3.2 Display and Recording Equipment 

Radiation detectors are connected to electronic devices to: (1) provide a source of power for 
detector operation, and (2) enable measurement of the quantity andor quality of the radiation 
interactions that are Occurring in the detector. The most common recording or display device 
used for portable radiation measurement systems is a ratemeter. This device provides a display on 
an analog meter representing the number of events occurring over some time period (e.g., counts 
per minute). Digital ratemeters are also commercially available. - 

The number of events can also be accumulated over a preset time period using a digital scaling 
device. The resulting information fiom a scaling device is the total number of events that 
occurred over a fixed period of time, where a ratemeter display varies with time and represents a 
short term average of the event rate. Determining the average level on a ratemeter Mill require 
judgment by the user, especially when a low frequency of events results in significant variationgin 
the meter reading. 

- 

- 

Pulse height analyzers are specialized electronic devices designed to measure and record the 
number of pulses or events that OCCUT at different pulse height levels. These types of devices are 
usefbl only when used with detectors which produce output pulses that are proportional in height 
to the energy deposited within them by the interacting radiation. They can be used to record only 
those events occurring in a d 6 r  within a single band of enerjy or can simultaneously record 
the events in multiple energy ranges. In the former case, the equipment is known as a single- 
channel analym, the latter application is referred to as a multichannel analyzer. 

6.3.3 Detector Applications 

As described in Section 6.3.1, there are generally three classes of commonly used detectors: 
1) gas filled, 2) scintillation, and 3) solid state. Depending on the specific design and operating 
criteria of a given detector type, the potential application can vary sijpificantly. For example, a 
NaI(T1) scintillator can be designed to be very thin with a low atomic number entrance window 
(e.g., beryllium) such that the effective detection capability for low energy photons is optimized. 
Conversely, the same scintillant material can be fabricated as a thick cylinder in order to optimize 
the detection probability for higher energy photons. On the recording end of a detection system, 
the output could -be a ratemeter, scaler or multichannel analyzer as described in Section 6.3.2. 

The number of possible design and operating schemes for each of the different types of detectors 
is too large to discuss in detail within the context of this document. For a general overview, lists 
of common radiation detectors along with their usual applications during surveys are provided in 
Tables 6.1 through 6.3. Appendix H contains specific information for various types of field 
survey and laboratory analysis equipment which are currently in use. Continual development of 
new technology will result in changes to these listings. 
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Table 6.1 Radiation Detectors with Applications to Alpha Surveys 

water, air, and smear samples 

measurements. smears 

water, air. and smear samples 

silicon surface barrier detector 

-. 

. ._ 

_. . 

6.3.4 Instrument Calibration 

Each measurement system (detector/readout combination) should be calibrated annually and 
response checked with a source following calibration (ANSI 1978). Recalibration of field 
instruments is also required following maintenance that could Sect the validity of the calibration. 

The calibration interval may be longer if the manufacturer can document that the mended 
frequency adequately ensures the validity of the data obtained with the equipment. Calibrations 
should be traceable to the National Institute of Standards and Technology (NIST). Where NIST 
traceable standards are not available, standards obtained from an industry recognized organization 
(e.g., the New Brunswick Laboratory for various uranium standards) may be used. 

The user may decide to perform calibrations following industry'rmgnized prddures  (ANSI 
1978, DOE Order 5484.1, NCRP 1978, NCRP 1985) or can choose to obtain calibration by an 
outside service, such as a major instrument manufacturer or a health physics services organization 

-- 
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Table 6.2 Radiation Detectors with Applications to Beta Surveys 

Gas Proportional 

Ionization 

Geiger-Mueller 

Scintillation 

4 mg/ana window; probe am 
5oto1000cm2 

4 . 1  mg/cin2 win-dow; . I  . probe area 
10 to 20 cma 

No window (iitemal proportion- 
4 

1-7 m g / d  window 

-3 mglcm' window; probe ania 
10 to 100 an2 

Various window thickness; few 
ma probe face 

Liquid scintillation cocktail 
containing sample 

Plastic scintillator 

Surface scanning surface 
contamination measurement 

Laboratory measurement of water, 
air, smear, and other samples 

Laboratory measuremeat of water, 
air, smear, and other samples 

Contamination measurements; 
skin dose rate estimates 

Surface scanning contamination 
measurements; laboratory 
allalySeS 

Special scanning applications 

Laboratory analysis; spectrometry 
capabilities 

Contamination measurements 

Requks a supply 
of appropriate gas 

Can be used for 
measuring very 
lowenergy betas 

- I -  

Calibration for surface activity should be performed such that a direct instrument response can be 
accurately converted to the 4.r~ (total) emission rate from the source, and should account for the 
following factors (where necessary): 

0 Calibrations for point and large area source geometries may differ, and both may be 
necessary if areas of activity smaller than the probe area and regions of activity larger than 
the probe area are present. 
Calibration should either be performed with the radionuclide of concern, or appropriate 
correction factors developed for the radionuclide(s) present based on calibrations with 
nuclides emitting radiations similar to the radionuclide of concern. 
For portable instrumentation, calibrations should account for the substrate of concern (Le., 
concrete, steel, etc.) or appropriate correction factors developed for the,substrates relative 
to the actual calibration standard substrate. Conversion factors developed during the 
calibration process should be for the same counting geometry to be used during the actual 

0 

0 

' use of the detector. 

. -. 

-. 

-. 

.- 

_. . 
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Table 63 Radiation Detectors with .Applications to Gamma Surveys 

Scintillation 

Solid State 

Pnsmizd ionization 

io'nization chamber 

Pancake(Q mglan;'.'' 

5-30 mg/un7 

NaIm) scintillator, up to 
5 X 5 a n  

~hk, N m - m  

window)Or&idCwindoW 

NaI(Tl) scintillator, large 
volume and %ell'' 
COdligurations 

thinaystal 
CsI or NaIQ scintillatoc 

organic tissue equivalent 
(plastics) 

Germanium semiconductor 

Exposure rate measurements 

Surface scanning exposure 
rate conelation (side window 
in closed position) 

s~acescanning,exposure 
rate correlation 

lowu~ergy gamma 
and X-VS 

Dose equivalent rate 

Laboratory and field gamma 
mectrometrv and s~ectrosco~v 

Low relative sensitivity to 
gammaradiation 

cross calibrate! with PIC (or 
@valest) or for specific site 

Highsensitivity 

gammaenergy mixture for 
exposure rate m m e a t s .  

Detecticmoflow-energy - 
radiation 

. .  
,. . .. .. 

-. 

_. . 

For energydependent gamma scintillation instruments such as NaI(TI) detkctors, calibration for 
the gamma energy spectrum at a specific site may be accomplished by comparing the instrument 
response to that of a pressurized ionization chamber, or equivalent detector, at different locations 
on the site. If the energy spectrum is not homogeneous, multiple calibration fac@rs may be 
required for the site. 

Periodic checks of instrument response are necessary to ensure that the calibration and 
background have not changed. Following calibration, the background and response to a check 
source is determined and an acceptable response range is established. For analog readout (count 
rate) instruments, a variation off 20% is usually considered acceptable. Optionally, 
instrumentation that integrates events and displays the total on a digital readout typically provides 
an acceptable average response range of 2 or 3 standard deviations. This is achieved by 
performing a series (10 or more is suggested) of repetitive measurements of background and 
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520 

check source response and determining the average and standard deviation of those 
measurements. From a practical standpoint, a maximum deviation off 20% is usually adequate 
when compared with other uncertainties associated with the use of the equipment. The amount of 
uncertainty allowed in the-responsezhecks should be consistent with the level of uncertainty 
allowed in the final data It is ultimately up to the site investigator to determine what level of 
uncertainty is acceptable. 

Instrument response, meaning both.'the background and check source response of the instrument, 
is tested and recorded at a frequency which ensures that the data collected with the equipment is 
reliable. For most portable radiation survey equipment, it is recommended a response check be 
performed twice daily-typically prior to beginning the day's measurements and again following 
the conclusion of measurements on that same day. Ifthe instrument response does not fall within 
the established range, the instrument is removed from use until the reason for the deviation can be 
resolved and acceptable response again demonstrated. If the instrument fails the post survey - 
source check, then all data collected during that time period must be carefully reviewed and 
possibly adjusted or discarded, depending on the cause of the failure. Ultimately, the frequency of 
response checks must be balanced with the stability of the equipment being used under field 
conditions and the quantity of data being collected. For example, if the instrument experiences a 
sudden failure during the-course of the day's work due to physical harm, such as a punctured 
probe, then the data collected up until that point most probably may be kept even though a post- 
use perfomance check cannot be performed. Likewise, if no obvious failure occuired but the 
instrument failed the post-use response check, then the data collected with that instrument since 
the last response check should be viewed with great skepticism and possibly re-collected or 
randomly checked with a different instrument. Additional corrective action alternatives are 
presented in Section 9.4.6. If re-calibration is necessary, acceptable response ranges must be 
reestablished and documented. 

- 

._ 

6.4 Detection Sensitivity 

The detection sensitivity of a measurement system refers to a radiation level or quantity of 
radioactive material that can be measured or detected with some know or estimated level of 
confidence. This quantity is a factor of both the instrumentation and the techniwe or procedure 
being used. 

The primary parameters that affect the detection capability of a radiation detector are the 
background count rate, the detection efficiency of the detector and the counting time interval. It 
is important to use actual background count rate values and detection efficiendies when 
determining counting and scanning parameters, particularly during final status and verification 
surveys. When making field measurements, the detection sensitivity will usually be less than what 
can be achieved in a laboratory due to increased background and, often times, a significantly 
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lower detection efficiency. It is often impossible to g u m t e e  that pure alpha emitters can be 
detected in situ since the weathering of aged surfaces Will often completely absorb the alpha 
emissions. NRC draft report NUREG-1507 (NRC 1995c) contains data on many of the 
parameters that sec t  detection efficiencies in situ such as absorption, surface smoothness, and 
particulate-radiafion energy. 

6.4.1 Direct Measurement Sensitivity 

Prior to performinglfield measurements, an investigator must evaluate the detection sensitivity of 
the equipment being used to ensure that levels below the DCGL can be detected (see Section 
4.3). After a direct measurement has been made, it is then necessary to determine whether or not 
the result can be distinguished from the background response of the measurement system. The 
terms that are used in this manual to define detection sensitivity for fixed point counts and sample 
analyses are: - 

Ti' : 

._ 

2 -  

Critical level &) 
.Detection limit (LD) 
Minimum detectable concentration (MDC) 

The critical level (La is the level, in counts, at which there is a statistical probability (with a - 

predetermined confidence) of incorrectly identifying a background value as "greater than 
background." Any response above this level is considered to be greater than background. The 
detection limit (I,,) is an apriori estimate of the detection capability of a measurement system, 
and is also reported in units of counts. The minimum detectable concentration (MDC) is the 
detection limit (counts) multiplied by an appropriate conversion factor to give units consistent 
with a site guideline such as Bqkg. 

The following discussion provides an overview of the derivation contained in the well known 
publication by Currie (Cume, 1968) followed by a description of how the resulting formulae 
should be used. Publications by Currie (1968) and Altshuler and Pastemack (1963) provide 
details of the derivations involved for those who are interested. 

The two parameters of interest for a detector system with a background response greater than 
zero are: .. 

\ 

MARSSIM 

the net response level, in counts, at which the detector output can be considered 
"above background" 
the net response level, in counts, that can be expected to be sees with a detector 
with a fixed level of certainty 
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Assuming that a system has a background response and that random uncertainties and systematic 
uncertainties are acpmted for separately, these parameters can be calculated using Poisson 
statistics. For these calculations, two types of statistical counting uncertainties should be 
considered. A Type I error (or "false positive") occurs when a detector response is considered to 
be above background when, in fact, only background radiation is present. A 'Qpe 11 error (or 
"false negative") occurs when a detector response is considered to be background when in fact 
radiation is present at levels above background. The probability of a n p e  1 error is referred to as 
Q (alpha) and is associated with the probability of a Type 11 mor is referred to as D (beta) and 
is d a t e d  With b. Figm 6.2 graphically illustrates the relationship of these terms with 
respect to each other and to a normal background distribution. 

- 

- 
f 

- 
B = Background counts (mean) 

0 

\ 

\ r ! -  

\ 
\ 

.._ \ 
' !. 

! 
, 

i 84 

_ _  L, 
b 
a 
P 

= Critical detection lee1 (net counts, 
= Detection limit (net counts) 
= Probability of Type I error 
= Probability of Type II error 

'\ 

\ 
\ 

\ 
! 

\ 
', 
\ 

\ 

~~ ~~ ~~ 

Figure 6.2 Graphically Represented Probabilities for Type I and Type II Errors 
in Detection Sensitivity for Instrumentation with-a Background Response 

I 

If ae and p are assumed to be equal, the variance (a') of all measurement values is Bssumed to be 
equal to the values themselves, and the background of the detection system is not well known, 
then the critical detection level and the detection limit w b e  calculated by use of the following 
formulae: 

L, = km 

L, = k2 + 2km . 

-- 
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- Lc = Critical detection level (counts) 
& = upriori detection limit (counts) 
k = 
B = 

Poisson probability sum for a and p (assuming a and p are equal) 
Number of background counts that are expected to occur while performing 
an actual measurement 

The w e  to the left in the dia@is the background distribution minus the mean of the 
background distribution. The result is a Poisson distribution with a mean equal to zero and a 
variance, u2, equal to B. Note that the distribution accounts only for the expected statistical 
variation due to the stochastic nature of radioactive decay. For field measurements, it is expected 
that the background will vary significantly fiom point to point throughout a survey unit In most 
cases, this variation will dominate the true shape of the background distribution. For this reason, 
it is important that realistic background values be used when pdorming calculations. - - - 

- 

- 

Cume (1 968) assumed "paired blanks" when deriving the above stated relationships, which is 
: interpreted to mean that the sample and background count times are the same. Common practice, 

however, is to perform background wunts for a longer period of time than the sample wunt and 
then to normalize the background response back to the sample count time. For example, if the 
background is 20 counts in 10 minutes and the samples are to be counted for one minute, then the 
expected background during the sample wunt would be 2 counts. 

If values of 0.05 for both a and p are selected as acceptable, then k = 1.645 (from Appendix I) 
and Equation 6-2 can be written as: 

L, = 2 . 3 3 0  

L, = 3 +  4 . 6 5 0  
(6-3) 

Note: In Curriels derivation, the constant-factor of 3 in the 
2.71, but since that time it has been shown (Brodsky 1992) and generally accepted that a 
constant factor of 3 is more appropriate. 

formula was stated as being 
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For an integrated measurement over a preset time, the m c  for a Surface activity measurement is 
derived from Equation 6-3 giving: 

- ' - -  -. 3 + 4 . 6 5 G  - .  MDC = 
T % A C  

=\ : 

where - 
C, = backgroundcounts 
T - - wunting time in minutes 
eT = total detector efficiency in countddisintegration __ 
A = physical probe area in an2 
C = 

MDC = minimum detectable concentration 

other constants and factors when needed (e.&, chemical recovery,-time 
conversion factor, etc.) 

- - 
r 

The total detection efficiency and other constants or factors (represented by the vkable C) are 
usually not truly constants as shown in the denominator of equation 6-4. It is likely that at least 
one of these factors will have a certain amount of variability associated with it which may or may 
not be significant. For discussion purposes, suppose that these varying factors in the denominator 
are gathered together into a single constant C', by which the net count result will be multiplied 
when converting the final data. If C' varies significantly between measurements, then it might be 
best to select a value of C' from the observed distribution of C' values that represents a 
conservative estimate. Using this approach, it is recommended that a value of C' be selected that 
assures that at least 95% of the possible values of C' are less than the chosen value. The final 
calculated MDC is therefore assured of being at the upper 95th-percentile of the distribution of 
possible MDC values, thereby giving a higher value of the MDC than would have been obtained 
had an average, or mean, value of C' been used. This approach for including uncertainties into 
the MDC calculation is recommended in both NUREG/CR-4007 ( C d e  1984) and Appendix A 
to ANSI N13.30. 

Summary of Direct Measurement Sensitivity Terms 

0 The MDC is the apriori activity level that an instrument can be expected to detect 95% of 
the time. When stating the detection capability of an instrument, this value should be 
used. The MDC is the detection limit, L,, multiplied by an appropriate conversion factor 

. to give units of activity. Again, this value is used before any measurements are made to 
estimate the level of activity that can be detected using a given protocol. 
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0 The critical detection level, L,, is the lower bound on the 95% detection interval defined 
for and is the level at which there is a 5% chance of calling a background value 
"greater than background." This value should be used when actually counting samples or 
.paking direct radiation measurements. Any response above this level should be 
considered as above background (Le., a net positive result). This will ensure 95% 
detection capability for L,,. 

From a consexvathe point of view, it is better to overestimate the MDC than to 
underestimate it for a measurement method. Therefore, when calculating MDC and L, 
values, a background value should be selected that represents the high end of what is 
expected for a particular measurement method. For direct measurements, probes will be 
moved from point to point and, as a result, it is expected that the background will most 
likely vsuy significantly due to variations in natural background, source materials, and 
changes in geometry and shielding. Ideally, the MDC values should be calcu&tted for each 
type of area, but it may be more economical to simply select a background value fiom the - 
highest distribution expected and use this for all calculations. For the same reasons, 
conservative values of detection eficiencies and other process parameters should be used 
when possible and should be reflective of the actual conditions. To a gr&t degree, the 
selection of these parameters will be based on judgement and will require evaluation of 
sitespecific conditions. 

- 

MDC values for other Counting conditions may be derived from equation 6 4  depending on the 
detector and contaminants of concern. For example, it may be required to determine what level of 
contamination distributed over 100 cm2 can be detected with a 500 cm2 probe or what 
contamination level can be detected with any probe when the contamination area is smaller than 
the probe active area. Table 6.4 lists several common field survey detectors with estimates of 
ideal MDC values for processed =*U. Remember that ideal MDC values may not be applicable at 
all sites, and appropriate MDC values should be determined using the DQO Process. 

Sample CaIculation 1 : 

The following exampIe illustrates determining the detection sensitivity ara 95% 
confidence level and assumes that the background is not well known (equation 6-4). 

G I =  40 counts 
T 
ET 
A 
C - - (60 dpm/Bq)(m2/10,000 cm2) 

1 minute - - 
- - 0.20 countddisintegration 

. I5  cm2 - - 
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Table 6.4 Examples of Estimated Detection Sensitivities for Alpha and 
Beta Survey Instrumentation 

(Static one minute counts for processed”*U calculated using Equations 6-3 and 6-4) 

Alpha 
proportional 

Alpha 
proportional 

Alpha . 

proportional, 

Alpha 
scintillation 

Beta 
proportional 

Beta 
propodonal 

Beta 
,GMancake 

50 1 0.15 

100 1 0.15 

600 5 0.15 

50 1 0.15 

100 300 0.20 

600’  . 1500 0.20 

15 40 0.20 

2 7 150 

2 7 83 

5 - 13 25 

2 7 150 

40 83 700 

90 183 250 

15 32 1800 

a Assumes that the size of the contamination area is 100 cm’ with the exception of probes with face areas greater than 
100 cm’. In these cases, it is assumed that the size of the contamination is greater than the probe area. 

3 + 4.65 @ MDC = 
60 1 * 0.2 0 15 0 - 

10,000 

MDC = 1,800 Bq/m2 (1,080 dpmIl00 cm2) 
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The critical level, L, for this example would be: ... . ._- 

- 
L, = 2 . 3 3 n  = 15 counts 

Given the above scenario, ifa person asked what level of umtamination could be detected 95% of 
the time using this method, the answer would be 1,800 Bq/m*. When actually performing 
measurements using this method, -&y count yielding greater than 55 total counts, or greater than 
15 net counts (55-40=15) during a period of one minute, would be regarded as greater than 
background. 

- 
- 

. 6.4.2 Scanning Sensitivity 

The ability to identiQ a small area of elevated radioactivity during surface scanning is dependent - .  

upon the surveyor's skill in recognizing an increase in the audible or display output of an 
instrument. For notation purposes, the term "scanning sensitivity" is used throughout this section 
to describe the ability of a surveyor to detect a pre-determined level of contamination with a 
detector. The greater the sensitivity, the lower the level of the contaminant that can be detected. 

- 

Many of the radiological instruments and monitoring techniques typically used for occupational- 
health physics activities may not provide the detection sensitivities necessary to demonstrate 
compliance with the DCGLs. The detection sensitivity for a given application can be improved 
(i.e., lower the MDC) by: 1) selecting an instrument with a higher detection efficiency or a lower 
background, 2) decreasing the scanning speed, or 3) increasing the size of the effective probe area 
without significantly increasing the background response. 

Scanning, is usually performed during radiological surveys in support of decommissioning to 
identifj the presence of any areas of elevated activity. The probability of detecting residual 
contamination in the field depends not only on the sensitivity of the survey instrumentation when 
used in the scanning mode of operation, but is also af€ected by the swveyor's ability-ie., human 
factors. The surveyor must make a decision whether the signals represent only the background 
activity, or residual contamination in excess of background. The greater the sensitivity, the lower 
the level of contamination that may be detected by scanning. AccoUnting for these human factors 
represents a significant change fiom the traditionally accepted methods of estimating scanning 
sensitivities. 

An empirical method for evaluating the detection sensitivity fgr contamination s w e y s  is by actual 
experimentation or, since it is certainly feasible, by simulating an experimental seeUp by using 
computer software. The following steps provide a simple example of how one can perform this 
empirical evaluation: . .  
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- 0 

0 

0 

A desired nuclide contamination level is selected. 
The response of the detector to be used is detennined for the selected nuclide 
contamination level. 
A test source is constructed which will give a detector count rate equivalent to 
what was deteniiined in step.2. The count rate is equivalent to what would be 
expected to be seen with the detector when placed on an actual contammation area 
qual in value to that which was selected in step 1. 

an acceptable speed is determined. 
The detector@) of:pbice is then moved over the source at different scan rates until - 

The most useful aspect of this approach is that the source can then be used to show surveyors 
what level of contamination is expected to be targeted with the scan. They, in turn, can get a real 
feel for what the expected response of the detector will be and how fast they can survey and still 
feel comfortable about detecting the target contamination level. The person responsible for the 
survey can then use this information when developing a fixed point measurement and sampling - 
plan. 

- 

The remainder of this section is dedicated to providing the reader with idoxmation pertaining to 
the underlying processes involved when perfonning scan surveys for alpha, beta and gamma 
emitting radionuclides. The purpose is to provide relevant information which can be used for- 
estimating realistic scan sensitivities for survey activities. 
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6.4.2.1 Scanning for Beta and Gamma Emitters 

The background response of typical beta and gamma detectors can range from around 30 cpm up 
to several thousand cpm. Because the background event rate is significant, the ability of a person 
performing a radiation scan to detect a given level of contamination is difficult to evaluate. For 
beta and gamma surveys at or near background levels, the audio output fiom a detection system 
will be the primary sensory input that a surveyor relies upon. Unfortunately, an individual's ability 
to evaluate this input is not a constant-ie., it is affected by human factors, time of day, 
etc.-and is therefore not easily modeled or predicted. Even so, the ability of a human to evaluate 
patterns of "clicks" and to notice changes in those patterns is superior to what CSLR be 
accomplished with current digital technology. This allows for better scanning sensitivity when 
these types of instruments are used. 

At high background count rates, the surveyor will depend more on relative increases in the count 
rate, ix., the rate of change and magnitude of the change, to determine whether or not a source of 
radiation above background is present. This is the usual scenario for most NaIW) detectors with 
backgrounds on the order of 3,000 to 10,000 cpm and large area beta proportional detectors with 
background responses near 1,000 to 1,500 cpm. 
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A simple but practical approach for evaluating the detectability of a given level of surface 
contamination associated with beta emitters is the empirical approach described previously. This 
section provides a second, theoretical description of the processes involved when surveying for 
contamination in the presence of a significant background count rate and is titled the Poisson 
Obsen&r approach. . 

A. The Poisson Observer 
-1 . 

Scauning sensitivity may be r e l a a  to the transient time that a detector is positioned over an area 
of elevated activity and the subsequent surveyor decision based on the count rate (or number of 
counts) during the transient time period (also called the observation interval). The transient time 

region. This time period, together with the static detector sensitivity (Section 6.4.1) and the 
surveyor‘s ability to discriminate between “background” and “above background” lev$ls,- 

time period and static detector sensitivity on scanning sknsitivity are rather straightfomard-e.g., 
increasing each factor increases the scanning sensitivity-the influence of human factors on 
scanning performance requires m e r  consideration. 

- 
- 

is determined by the detector size, scanning rate or velocity, and the area of the elevated activity 

ultimately determines the sensitivity of a scanning procedure. While the effects of the transient - 

_ _  

- - 

B. Human Factors 

Personnel conducting radiological surveys for residual contamination at decommissioning sites 
must interpret the audible output of a portable survey instrument to determine when the signal 
(clicks) e x d  the background level by a margin sufficient to conclude that contamination is 
present. The task of detecting low levels of contamination is difficult because both the signal and 
the background are variable. 

In abstract terms, the task of personnel performing scans can be briefly characterized as follows. 
The radiological condition of the surface being scanned is represented to the surveyors by 
observations from random processes-Poisson distributed counts from background or residual 
activity levels. Furthermore, the observations are limited in size @.e., transient time) for practical 
reasons stated above. Based on the observations, the surveyors must decide whether they have 
observed the distribution of activity associated with a contaminated area or natural background. 
Under these circumstances, the number of residual activity areas correctly detected by surveyors 
will depend to a significant extent on their willingness to report the presence of residual 
activity-i. e., their criterion for responding positively. 

In practice, swveyors do not make decisions based on a single indication. Rather, upon noting an 
increased number of counts, they pause briefly and then decide whether to continue scanning or to 
mark the location for M e r  evaluation (Le., direct measurements or samples). Thus, surveying 
consists of two components: continuous scanning and stationary sampling. At the first stage, 
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characterized by continuous movement of the probe, the surveyor has only a brief "look" at 
potential residual activity. The surveyor's criterion (i.e., willingness to decide that residual 
activity is present) at this stage is likely to be liberal, in that the surveyor should respond 
positively on scant evidence, since the only "cost" of a false positive is a little time @e., 
subsequent stationary sampling). The second component occurs only after a positive response is 
made at the first stage. It is marked by the surveyor interrupting his continuous scanning and 
holding the probe stationary for a period of time, while comparing the instrument output signal 
during that time to the backgrmd counting rate determined at the onset of the Scanning 
procedure. For this decision the &tenon should be more strict, because the cost of a "yes" 
decision is to spend considerably more time taking a direct measurement or media sample. - 

Surveyors' estimates ofthe likelihood or frequency of signals will also influence their willingness 
to decide that residual activity is present Other things being equal, then, a surveyor will adopt a 
less strict criterion when examining areas where contamination may be expected--such as when 

in which they do not expect contamination to be present-in Class 3 areas: 'During an extended 
period of scanning, the surveyor's subjective estimate of the likelihood of contamination may 
decrease if no contaminated areas are found. The criterion will thedore become more strict as 
the scanning progresses and the m e y o r  will become less likely to find contamination if it does 
exist This decrease in scan sensitivity with time on task is referred to as the vigilance decrement 
During scanning surveys the expectation of a low probability ,of contamhation may also a€Fect 
sensitivity of the surveyor/nstrument system, since the surveyor may move the probe more 
quickly, thereby reducing the transient time of the detector over the potential contamination 
source. 

C. Ideal Poisson Observer 

scanning in Class 1 areas. Similarly, surveyors' criteria may be more strict when exaniining areas - - 

If the nature of the.distributions underlying a detection decision can be specified, it is possible to 
examine the performance expected of an ideal observer-ie., one that makes optimal use of the 
available information. This is of interest in the present context because it allows the basic 
relationships among important parameters (e.g., background rate and length of observation or 
transient time) to be anticipated, and it provides a standard of performance-actually an upper 
bound-against which to compare performance of actual surveyors. . 

If the underlying distributions can be assumed to be normal and of equal variance, an index of 
sensitivity (d') can be calculated which represents the distance between the means of the 
distributions in units of their common standard deviation. The index is calculated by transforming 
the correct d e t e o n  and false positive rates to standard deviation units-' ~ e . ,  z-scores 
(Macmillan and Creelman, 1991) and taking the difference: 

d' = z (correct detection) - z valse positive) 
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The d' measure is independent of the criterion adopted by the observer, thus allowing meaningfU1 .- 

comparisons of sensitivity under conditions in which observers' criteria may be different. 

The audio output of a survey instrument represents randomly Occurring events. It will be 
a s w e d  that the ideal Poisson w e y o r  is a "counting" observer, Le., one that makes a decision 
about the presence or absence of contamination based on the number of counts Occwring in a 
given period of time. This number will have a Poisson distribution, and the mean of the 
distribution will be greater in the prtyence of contamination than when only background activity is 
present. The observeis decision'dl be based on two Poisson distributions of counts, one 
corresponding to the background activity and the other corresponding to the contamination plus 
background activity. When the intensity of radiation associated With contamination is low, as it 
often is during final status surveys, these distributions will overlap. The ideal observer, 
attempting to maximize the survey accuracy (i.e., deciding activity is present when it truly is 
present, and concluding it's only background activity when no contamination is presen!), yill 

- 

- 

choose a criterion for a positive response between these two distributions. - - 

I 

For example, if the background distribution has a mean of one and the contamination plus 
background distribution has a mean of 3, the ideal observer would choose a criterion value of 
two. From the values of the cumulative Poisson probabilities given in Table 6.5, the observer 
would be expected to correctly detect 80% of the 180 cpm contaminated areas, and would also 
identify background activity as a source roughly 26% of the time (false positive). If the situation 
were such that missed residual activity should be strongly avoided, the observer might adopt a 
criterion of one c o h t  for a positive response. In this case 95% of the contaminated areas would 
be detected, but the rate of false positives would increase to roughly 63%-likely an expensive 
outcome. 

The scanning sensitivity of the ideal Poisson observer may be estimated for various background 
levels and observation intervals (transient times). It can be shown that detectability varies with 
the square root of the background rate (Egan, 1975; pp. 192-187). Table 6.6 lists minimum 
detectable count rates (MDCR) for background levels typical of GM detectors (45 to 75 cpm), 
gas proportional detectors in p or a+P modes (300 to 500 cpm), and Nd(Tl) scintillation 
detectors (1,800 to 3,000 cpm). These minimum detectable count rates are based on an 
observation internal- of 1 second and a d' of 2. Specifically, the MDCR is calculated by: 

d ' .  , / F T  
T 

MDCR = (6-5) 

where T is the observation interval. 
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__ 

TABLE 6.5 Cumulative Poisson Probabilities of Observed Values 
- for Selected Average Numbers of Counts Per Interval' 

-. 

. .. 

.. 

Pmbabili& and Statistics, Cleveland: Chemical Rubber Co. 

The results indicate that the minimum detectable count rate is a multiple of the background level 
at count rates 'typical for GM detectors, and a fraction of the background level at count rates 
typical for gas proportional and NaI(T1) scintillation detectors. 
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TABLE 6.6 Minimum Detectable Count Rate of the Ideal Poisson Observer for 
- Various Background Levels 
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D. Actual Surveyors 

Actual surveyors operate with an “efficiency” (or degradation due to human factors) of less than 
100% relative to the ideal Poisson observer. An empirical estimate for this “efficiency” has been 
derived based on performance under conditions that were not very demanding from a human 
performance perspective-laboratory setting, contamination sources occurred relatively often, 
and relatively short blocks of time spent on a.task. These conditions, coupled wifh the simple fact 
that the participants knew that they were being directly observed, probably resulted in an 
optimistic human-factor efficiency. 

The survey design for determining the number of data points for areas of elevated activity (Class 1 
areas) is based on the relationship of the scan MDC and the area factor (Section 5.5.2.4). In 
general, alpha or beta scans are performed on structural surfaces to satis@ the elevated 
measurements survey design, while gamma scans are performed for land areas.‘ In each case, the 
data needs for assessing potential areas of elevated activity depend on the scan MDC of the 
suryey instrument-floor monitor, hand-held GM detector, NaI(T1) scintillation detector, efc. 
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The remainder of this section describes how scan MDCs are actually determined for particular 
radionuclides and conditions given an ideal Poisson data set and a realistic human efficiency 
factor relative to the ideal using the Poisson Observer approach. 

E. Scan MDCs for BuildinglStructure Surfaces 
- -. 

The scan MDC is determined fiorq @e minimum detectable count rate (MDCR) of the ideal 
Poisson observer and the human fidors efficiency 0, and other detector characteristics. As 
discussed above, the MDCR accounts for the background level and transient time period (scan 
speed, detector size in direction of scan, etc.). The scan MDC for structure surfaces is calculated: 

. 

(6-6) 
2 -  

- .  

where 
SCanMDC = minimum detectable concentration 
MDCR - 
Ew 
Ei 
E, 
A = probearea 
C = 

minimum detectable count rate of the ideal Poisson observer - 
= human hctors efficiency 
= instrumentefficiency 

source efficiency 

other constants and factors when needed (e&, chemical recovery, 
time conversion factor, etc.) 

- - 

As an example, the scan MDC (in Bq/mz) for T c  on a concrete.surface-wkh a background 
915 
916 
917 
918 
919 

level of 300cprn, a one second observation interval, and using a hand-held gas proportional 
detector-may be determined using the MDCR data in Table 6.6. For a background of 300 cpm, 
the MDCR is 270 cpm. Assuming a human factors efficiency of 65%, instrument and source 
efficiencies of 0.36 and 0.54, respectively, a probe area of 126 anz, and using conversion factors 
of 60 d p d q  and 10,000 cm2/m2, the scan MDC is calculated using Equation 6-4: 

= 2,280 Bq/m2 (1700 dpm/100cm2) 270 scanmc = 
60 0.36 0.54 126 - 

10,000 

920 
921 

The scan MDC above may be compared to the direct measurement MDC (1 minute count) for the 
same detector of 630 Bq/mz (380 dpm/100 cm') using Equation 6-4. 
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922 F. Scan MDCs for Land Areas 
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In addition to the MDCR and background level, the scau MDC (in Bqkg) for land 
areas-assuming that NaI(Tl) scintillation detectors are used for-scanning-is based on the areal 
extent of the activity, the depth of the activity, and the radionuclide @e., energy and yield of 
gamma emissions). If one assumes constant parameters for each of the above variables, with the 
exception of the specific radionuclide in question, the scan MDC may be reduced to a function of 
the radionuclide alone. $1. . 

The ideal Poisson observer represents the best case with a minimum detectable count rate 
(MDCR) of 850 cprn (for a background of 3,000 cpm and an observation interval of one second). 
Assuming a human factors efficiency of 65%, the actual surveyors will likely have an MDCR of 
approximately 1,050 cpm. It is then necessary to relate the actual surveyor MDCR (in cpm) to a 
radionuclide concentration in soil (in Bqkg). This connection requires two steps-first, the 
relationship between the detector's net count rate to net exposure rate (cpm per mSvlh) must be- 
established; and second, the relationship between the radionuclide contamination and exposure 
rate must be determined. 

For example, for a particular gamma energy, the relationship of NaI(T1) scintillation detector 
count rate and exposure rate (using a PIC) may be determined in the field (eg., for '"Cs and a 
2" x 2" NaI(Tl) detector, the relationship is about 9,000 cpm per mSvlh). Assuming that there is 
a linear relationship between the NaI(Tl) scan response and the exposure rate, the MDCR (in 
cpm) of the NaI(T1) detector can be related to the net increase in exposure rate above 
background. For an MDCR of 1,050 cpm, the corresponding net exposure rate may be calculated 
by dividing by the conversion factor (9,000 cpm per mSv/h). Thus, an MDCR of 1,050 cpm 
corresponds to a net exposure rate of 0.12 mSv/h (12 mrem/h) above background. 

Modeling with exposurdshielding software may be used to correlate the MDCR for a NaI(T1) 
scintillation detector used in the scanning mode. The objective is to determine the radiological 
conditions of the elevated area that produce a net exposure rate of 0.12 mSvh (in general, 
exposure rate is determined based on the human factors and the conversion factor). The factors 
that need to be considered include: 

1) 
2) concentration of radionuclide 
3) 
4) depth of elevated activity 
5 )  
6)  density of soil 

radionuclide (considering all the gamma emitters for decay chains) 

areal dimensions of elevated activity 

location of dose point (NaI(T1) scintillation detector height above the surface) 
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956 Scan MDCs were estimated for both 2" x 2" and 1.25" x 1.5" NaI(Tl) scintillation detectors. The 
957 background count rate for the 2" x 2" NaI(T1) detector was assumed to be 10,000 cpm, while the 
958 1.25" x 1.Y NaI(TI) detector background was assumed to be 3,000 cpm. A small area of 
959,. eievated activity was modeled by a surface area of 0.5 m by 0.5 m, contaminated Uniformly to a 

depth-of 0; 15 m, with a soil density of 1.6 g/an3. A scan rate of 0.5 m/s was selected yield an 
observation interval of one second. The NaIW) detectors were assumed to be suspended about 
0.1 m above the surface during s d n g .  A human efficiency factor of 0.65 was chosen. Table 
6.7 provides the results of the s& %lDC calculations. 

Table 6.7 Scan NpDCs for Common Radionuclides 
in Soil for NaI(T1) Detectors - 

'"Cs I 290 (8.2) I 410 (11.5) 

3% Enriched Uranium' 

20% Enriched Uranium' 4,880 (136) 5,990 (167) 

50% Enriched Uranium' 5,380 (150) 6,570 (1 83) 

75% Enriched Uranium' - I 6,030 (168) I 7,390 (206) 
a Refer to text for explanation of factors used to calcu!ate scan MDCs. 
b Not Determined 
C Scan MDC includes u4U, Y J ,  and W. 

It is possible to construct an overall range of scan h4DCs for a given radionuclide that encompass 
the scan MDC range due to human factors considerations and the scan MDC range for various 
hot spot areal extent, given a MDCR fiom human factors. It should be evident that there is not a 
single scan MDC for a given radionuclide. The scan A@C depends on many different factors, 
including the human factors efficiency and the areal extent of the contamination. 
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985 - 6.4.2.2 Scanning for Alpha Emitters 

986 
987 

e. . 988 
989 . 
990. 
991 
992 
993 
994 

. .  :.. . 

Scanning for alpha emitters differs significantly from scanning for beta and gamma emitters in that 
the expected background response of most alpha detectors is very close to zero. The following 
discussion covers scanning for alpha emitters and assumes that the &ace being surveyed is 
similar in nature to the material on which the detector was calibrated. In this respect the approach 
is purely theoretical. Surveying rmrfaces which are dirty, non-planar, or weathered can 
significantly a f f ec t  the detection-&ciency and therefore bias the expected MDC for the scan. 
The use of reasonable detection efEiciency values instead of optimistic values is highly 
recommended. Appendix J contains a complete derivation of the alpha scanning equations used in 
this section. 

- 

- 

- 

995 
9% 
997 
998 

Since the time a contaminated area is under the probe varies and the background count rate of 
some alpha instruments is less than 1 cpm, it is not practical to detemine a fixed M I X  for 
scanning. Instead, it is more useful to determine the probability of detecting an area of 
contamination at a predetermined DCGL for given scan rates. 

- 

999 
1000 
1001 
1002 Poisson summation statistics; 

For alpha survey instrumentation with backgrounds ranging from C1 to 3 cpm, a single count 
provides a surveyor sufEcient cause to stop and investigate further. Assuming this to be true, the 
probability of detecting given levels of alpha surface contamination can be calculated by use of 

1003 
1004 

Given a known scan rate and a d a c e  contamination DCGL, the probability of detecting a single 
count while passing over the contaminated area is: 

- OEd - 
60 v P(n2l) = 1-e (6-7) 

1005 where 
1006 P(n2 1) = Probability of obsedng a single count 
1007 G = Contamination activity (dpm) 
1008 E '  = Detector efficiency (4x) 

= 1009 d 
1010 V 

101 1 

Width of detector in direction of scan (cm) 
Scan speed (cds) - - 

Note: Refer to Appendix J for a complete derivation of these formulas. 

1012 
1013 
1014 

Once a count is recorded and the surveyor stops, the surveyor should wait a sufficient period of 
time such that if the guideline level of contamination is present, then the probability of getting 
another count is at least 90%. This time interval can be calculated by: 
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13,800 t = -  
CAE 

where 
t = . Time period for static count (s) 
C = Contamin&on guideline (dpd100 cm2) 
A = Detector d& (cm2) 
E = , Detectorefficiency(4n) 

. .. 

Many portable proportional counters have background count rates on the order of 5- to 10-cpm, 
and a single count should not cause a sweyor to investigate further. A counting period lung 
enough to establish that a single count indicates an elevated contamination level would be 
prohibitively inefficient. For these types of instruments, the surveyor usually will need to get at - 
least 2 counts while passing over the source area before stopping for M e r  investigation. 

Assuming this to be.a valid assumption, the probability of getting 2 or more counts c8n be 
calculated by: 

P(nk2) '= 1 - P(n=O) - P(n= 1) 

= l+ + (GE + B)t)( e-(aE;B)t) 
60 

(6-9) 

where 
P(n22) 
P(n=O) 
P(n= 1) 
B = background count rate (cpm) 

= 
= 
= 

probability of getting 2 or more counts during the time interval t 
probability of not getting any counts during the time interval t 
probability of getting 1 count during the time interval t 

All other variables are the same as for Equation 6-7. 

Appendix J provides a complete derivation of equations 6-7 through 6-9 and a detailed discussion 
of the probability of detecting alpha &ace contamination for several different variables. Several 
probability charts are included at the end of Appendix J for common detector sizes. Table 6.8 
provides estimates of the probability of detecting 300 dpd100 cm2 for some cbmmonly used 
alpha detectors. 
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Proportional 0.20 5 3 80% 

Proportional 0.15 15 5 99% 

Scintillation 0.15 5 3 70% 

Scintillation 0.15 10 3 90% 
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Table 6.8 Probability of Detecting 300 dpm/100 cm2 of Alpha Activity While 
Scanning with Alpha Detectors Using an Audible Output 

(calculated using Equation 6-7) 

6.5 Measurement Uncertainty (Error) . 

The quality of measurement data will be directly impacted by the magnitude of the measurement 
uncertainty associated with it. Some uncertainties, such as statistical counting uncertainties, can 
be easily calculated fkom the count results using mathematical procedures. Evaluation of other 
sources of uncertainty require more effort and in some cases is not possible. For example, if an 
alpha measurement is made on a porous concrete surface, the observed instrument response when 
converted to units of activity will probably not exactly equal the true activity under the probe. 
Variations in the absorption properties of the surface for particulate radiation will vary from point 
to point and therefore will create some level of variation in the expected detection efficiency. This 
variability in the expected detector efficiency results in uncertainty in the final reported result. In 
addition, QC measurement results provide an estimate of random and systematic uncertainties 
associated with the measurement process as described in Section 9.3. 

For most sites, evaluations of uncertainty associated with field measurements is important only for 
data being used as part of the final status survey documentation. The final status survey data, 
which is used to document the final radiological status of a site, should state the uncertainties 
associated with the measurements. Conversely, detailing the uncertainties associated with 
measurements made during scoping or characterization surveys may or may not be of value 
depending on what the data will be used for-ie. the data quality objectives @QOs). From a 
practical standpoint, ifthe observed data are obviously greater than the DCGL andwill be 
eventually cleaned up, then the uncertainty may be relatively unimportant. Conversely, data 
collected during early phases of a site investigation that may eventually be used to show that the 
area is below the DCGL-and therefore does not require any clean-up action-will need the same 
uncertainty evaluation as the final status survey data. In summary, the level of effort needs to 
match the intended use of the data. 
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6.5.1 Systematic and Random Uncertainties 

Field Measurement Methods and Instrumentation 

Measurement uncertainties are often broken into two subclasses of uncertainty termed systematic 
(e.g., methodical)uncertainty and random (e.g., stochastic) uncertainty. Systematic uncertainties 
derive fiom lack of knowledge about the true diitribution of values associated with a numerical 
parameter and result in data that is consistently higher (or lower) than the true value. An example 
of a systematic uncertainty would be the w e  0f a fixed counting efficiency value even though it is 
known that-the efficiency varies'hm measurement to measurement but without knowledge of the 
fiequency. If the fixed counting efficiency value is higher than the true but unknown 
efficiency-as would be the case for an unrealistically optimistic value-then every measurement 
result calculated using that efficiency would be biased low. Random uncertainties refer to 
fluctuations associated with a known distribution of values. An example of a random uncertainty 
would be a well documented chemical separation efficiency which is known to fluctuate with a 
regular pattern about a mean. A constant recovery value is used during calculations,-but the trqe 
value is known to fluctuate from sample to sample with a fixed and known degree of variation. A 
certain amount of uncertainty is expected in the final value and the degree of uncertainty is 
relatively well understood. 

- 
- 

__ 

To minimize the need for estimating potential sources of uncertainty, the sources of uncertainty 
themselves should be reduced to a minimal level by use of the following practices. 

0 

0 

0 

0 

< 

The detector used should minimize the potential uncertainty. For example, when making 
field surface activity measurements for "'U on concrete, a beta detector such as a thin- 
window Geiger-Mueller "pancake" may provide better quality data than an alpha detector 
depending on the circumstances. Less random uncertainty would be expected between 
measurements with a beta detector such as a pancake since beta emissions from the 
uranium will be affected much less by thin absorbent layers than will the alpha emissions. 
Calibration factors should accurately reflect the efficiency of a detector being used on the 
surface material being measured for the contaminant radionuclide or mixture of 
radionuclides, For most field measurements, variations in the counting efficiency on 
different types of materials will introduce the largest amount of uncertainty in the final 
result. 
Uncertainties should be either reduced or eliminated by use of s*bndardized measurement 
protocols when possible. Special effort should be made to reduce or eliminate systematic 
uncertainties, or uncertainties that are the same for every measurement simply due to an 
error in the process. Ifthe systematic uncertainties are reduced to a negligible level, then 
the random uncertainties, or those uncertainties that occur on a somewhat statistical basis, 
can be more easily dealt with. 
QNQC as described in Chapter 9. 

I 
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Uncertainties that cannot be eliminated need to be evaluated such that the effect can be 
understood and properly propagated into the final data and uncertainty estimates. As previously 
stated, non-statistical uncertainties, should be minimized as much as reasonably possible through 
the use of good work practices. 

O v d l  random uncertainty can be evaluated using the methods described in the following 
sections. Section 6.5.2 describes a method for calculating random counting uncertainty, and 
Section 6.5.3 discusses how to cudbine this counting uncertainty with other uncertainties from 
the measurement process using uncertainty propagation. 

- 

- 
- 

_ _  Systematic uncertainty derives from calibration errors, inwnect yields and aciencies, non- 
representative survey designs, and “blunders.” It is difficult-and sometimes impossibleto 
evaluate the systematic uncertainty for a measurement process, but bounds should always be 

information on systematic unceftainty is available, C h e  (1984) recommends using 16% as an 
estimate for systematic uncertainties (1% for blanks, 5% for baseline, and 10% for calibration 
factors). 

estimated and made small compated to the random uncertainty, if possible. If no othei - -  

6.5.2 Statistical Counting Uncertainty 

When performing an analysis with a radiation detektor, the result will have.an uncertainty 
associated with it due to the statistical nature of radioactive decay. To calculate the total 
uncertainty associated with the counting process, both the background measurement uncertainty 
and the sample measurement uncertainty must be accounted for. The standard deviation of the 
net count rate, or the statistical counting uncertainty, can be calculated by: 

-. (6-10) 

where 
standard deviation of the net count rate result 0, 

Cl+,, = numbex of gross wunts (sample) 
gross count time Tl+b - 

G =  number of.background counts 
Tb - - background a u n t  time 

- - 

- 
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1134 6.5.3 Uncertainty Propagation 

1135 
1136 
I 137 
1138 
I 139 

Most measurement data will be converted to different units or otherwise included in a calculation 
to determine a final result. The standard deviation esocia&d.with the final result, or the total 
uncertainty, can then be calculated. Assuming that the individual uncertainties are relatively small, 
'symmetric about zero, and independent of one another then the total uncertainty for the final 
calculated result can be determined by solution of the following partial differential equation 

1140 m o l l  1979): :? : 

[ z)2ax a l l 2  + ( --)2ay a u 2  + ( $)2a: + ... 

1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 

1149 
1150 
1151 
1152 
1153 

1154 

1155 

(6- 1 1) 

- __ where 
U = hction, or formula, that defines the calculation of a final result as 

a fhction of the collected data. All variables in this equation, i.e., 
x, y, z..., are assumed to have a measurement uncertainty associated 
with them and do not include numerical constants 
standard deviation, or uncertainty, associated with the final result 
standard deviation, or uncertainty, associated with the parameters 
x, Y, z, ... 

all 
a,, a,... 

= 
= 

Equation 6-1 1, generally known as the error propagation formula, can be solved to determine the 
standard deviation of a final result from calculations involving measurement data and their 
associated uncertainties. Recognizing that all users of this manual will not be comfortable with 
the manipulation of differential equations, the solutions for common aalculations along with their 
uncertainty propagation formulas are'included below. 

Data C a l c u o n  

u = x  + y  ,or u=x - y  : 

1156 u = x + y , o r  u = x * y :  

~ 1157 u = c x, where c=constant: 

1158 u = x + c, where c=constant: 

1 Jncertaintv P r o w i o n  

-3: a,.= {m 
a, = u j( 2)2 + (+)* 
a, = CU, 
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6.5.4 

Note: In the above examples, x and y are measurement values with associated standard 
deviations, or uncertainties, equal to a, and uy respectively. The symbol "c" is used to 
represent a numerical constant which has no associated uncertainty. The symbol u, is 
used to denote the stand& deiiation, or uncertainty, of the final calculated value u. 

Reporting Confidence Intervals 

- .  

Throughout Section 6.5, the teMi'-*measurement uncertaintyn has been used interchangeably with 
the term "standard deviation." In this r e s p e  the uncertainty is being qualified as being 
numerically identical to the standard deviation associated with a normally distributed range of 
values. When reporting a confidence interval for a value one provides the range of values that 
represent a predetermined level of confidence @e., 95%). To make this calculation, the final 
standard deviation, or total uncertainty uu as shown in equation 6-1 1, is multiplied by a constant 
factor k representing the area under a normal curve as a function of the standard deviation. The- .- 

values of k representing various intervals about a mean of normal distributions as a function of the 
standard deviation is given in Table 6.9. The following example illustrates the use of this factor in 
context with the propagation and reporting of uncertainty values. 

- 

- 

Table 6.9 Areas Under Various Intervals About the Mean of a Normal Distribution 

I 1 pi0.6740 0.500 

p* 1.00O 

p f 1.650 

p f 1.960 

0.683 

0.900 

0.950 

I p f 2.00a 0.954 

p f 2.580 0.990 I . .  .. 

Example: 

Uncertainty Propagation and Confidence Interval: A measurement process with a zero 
background yields a count result of 28 * 5 counts in 5 minutes, where the f 5 counts 
represents one standard deviation about a mean value of 28 counts. The detection 
efficiency is 0.1 counts per disintegration * 0.01 counts per disintegration,'again 
representing one standard deviation about the mean. 
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Calculate the activity of the sample, in dpm, total measurement uncertainty, and the 95% 
confidence interval for the result. 

The total number of disintegrations is: 

_. Using the equation for error propagation for division, total uncertainty is: 

2804- = 57 disintegrations _ _  

- 
The activity will then be 280 + 5 minutes = 56 dpm and the total 
uncertainty will be 57 + 5 minutes = 11 dpm. (Since the count time is 
considered to have trivial variance, it is assumed to be a constant) 

Refening to Table 6.9, a k value of i l .96 represents a confidence interval equal to 95% about the 
mean of a normal distribution. Therefore+ the 95% confidence interval would be 1.96 x 11 dpm 
= 22 dpm. The final result would be 56 f 22 dpm. 

6.6 Radon Measurements 

There are three radon isotopes in nature; % (radon) in the u8U decay chain, 22”Rn (thoron) in 
the a2Th chain, and 
isotopes, and because of its short half-life of 4 seconds has the least probability of emanating into 
the atmosphere before decaying. 22% with a 55 second half-life is somewhat more mobile; and 
u2Rn with a 3.8 d half-life is capable of migrating through several decimeters of soil or building 
material before decaying into the atmosphere. Therefore, in most situations, =Rn should be the 
predominant airborne radon isotope. 

(actinon) in the “’U chain. *‘%n is the least abundant of these three 

Many techniques have been developed over the years for measuring radon (Jenkins 1986) and 
radon progeny in air. Radon and radon progeny emit alpha and beta particles and gamma rays. 
Therefore, numerous techniques can and have been developed for measuring these radionuclides 
based on detecting alpha particles, beta particles, or gamma rays, independently or in some 
combination. It is even difficult to categorize the various techniques that are presently in use. 
This section contains an overview of information dealing with the measurement of radon and 
radon progeny. The information is focused on the measurement of 22Rn, however the 
information may be adapted for the measurement of 2’%n and 22”Rn. 

I 
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Radon concentrations within a fixed structure can vary significantly fkom one section of the 
building to another and can fluctuate over time. If a home has a basement for instance, it is 
usually expected that a higher radon concentration will be found there. Likewise, an increase in 
the relative pressure between the soil and the inside of a structure of as little as 1% can cause an 
increase in the radon emanation rate from the soil into the structure of as much as 100%. Many 
factors play a role in these variations, but from a practical standpoint it is only necessary to 
recognize that fluctuations are expected and that they should be accounted for. Long term 
measurement periods are requid tb deternine a true mean concentration inside a structure and 
to account for the fluctuations. - 

Two analytical end points are of interest when performing radon measurements. The first and 
most commonly used is radon concentration, which is stated in terms of activity per unit volume 
(€3q/m3 or pCi/L). Although this terminology is consistent with most federal guidance values, it 
only infers the potential dose equivalent associated with radon. The second analytical’ end poinbis 
the radon progeny working level. Radon progeny usually carry a net positive valence and attach 
to charged aerosols in the air very quickly following creation. Since most aerosol particles carry 
an electrical Vharge and are relatively massive (2 0.1 pm), they are capable of attaching to the 
surfaces of the lung. Essentially all dose from radon is associated with alpha decays fiom radon 
progeny attached to aerosols that have attached to lung tissue. If an investigator is interested in 
accurately determining the potential dose associated with radon in the air of a room, the radon 
progeny concentration must be known. 

- 

Radon progeny concentrations are usually reported in units of working levels (WL), where one 
working level is equal to the potential alpha energy associated with the radon progeny in secular 
equilibrium with 100 pCiL of radon. One working level is equivalent to 1.28~10’ MeVL of 
potential alpha energy. Given a known breathing rate and lung attachment probability, the 
expected mean lung dose fiom exposure to a lcqown working level of radon progeny can be 
calculated. 

Radon progeny are not usually found in secular equilibrium with radon indoors due to plating out 
of the charged aerosols onto walls, furniture, etc. The ratio of 22?Rn progeny activity to 5 
activity usually ranges fiom 0.2 to as high as 0.8 indoors. If only the % concentration is 
measured and it is not practical to measure the progeny concentrations, then general practice is to 
assume a progeny to % equilibrium ratio of 0.5 for indoor areas. This allows one to estimate 
the expected dose associated with a given radon concentration. 

In general, the following.generic guidelines should be followed when performing radon 
measurements during site investigations: 
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The radon measurement method used should be well understood and documented. 
Long fern measurements are used to determine the true mean radon concentration: 
The impact of variable environmental conditions on the measurement.process should be 
accounted for when necessary. Consideration should be given to both the air collection 
process and to the counting.system. . 
The background response of the detection system should be accounted for. 
Pfthe quantity of interest is the working level, then the radon progeny concentrations 
should be evaluated. If &is is not practical, then the progeny concentrations should be 
assumed to be 50% of the radon concentration. 

1261 
1262 
1263 
1264 Appendix H. 

The following provides a general overview of radon sampling and measurement concepts. The 

Descriptions .and costs for specific equipment used for the measurement of radon are contained in 
intent of this section is to provide an overview of common methods and terminology. ._ 

- 
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6.6.1' Direct Radon Measurements . I- 

Direct radon measurements are performed by gathering radon into a chamber and measwing the 
ionizations produced. A variety of methods have been developed, each'making use of the same 
fimdamental mechanics but employing different measurement processes. The first step is to get 
the radon into a chamber without collecting any radon progeny from the ambient air. A filter is 
normally used to capture charged aerosols while allowing the noble radon gas to pass through. 
Passive monitors rely on convective air currents to move air through the chamber while active 
monitors use some type of air pump system for the air exchange method. 

Once inside the chamber, the radon decays by alpha emission to form 218Po which usually assumes 
a positive charge within thousandths of a second following formation. Some monitor types 
collect these ionic molecules and subsequently measure the alpha particles emitted by the radon 
progeny. Other monitor types measure the ionization produced by thedecay products (radon 
progeny) in the air directly by collecting the ionization electrons. Simple systems measure the 
cumulative radon during the exposure period based on the total alpha decays that occur. More 
complicated systems actually measure the individual pulse height distributions of the alpha and/or 
beta radiation emissions and derive the radon plus progeny isotopic concentration in the air 
volume. 

. 

1282 
1283 
1284 

Care must be taken to accurately calibrate a system and to understand the effects of humidity, 
temperature and atmospheric pressure on the system. These conditions create littIe adverse effect 
on some systems, while others can be greatly influenced. 
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6.6.1.1 Integrating Methods for Radon Measurement - 
With integrating methods, measurements are made over a period of days, weeks, or months and 
the deviceis subsequently read by an appropriate device for the detector media used. The most 
common detectors used are thermoluminescent dosimeters (TLDs), Teflon electrets, and alpha 
track plastics. Short term fluctuations are averaged out, thus making the measurement 
representative of a time weighted average concentration. Results in the form of an average value 
provide no way to determine thefiuctuations of the radon concentration over the measurement 
interval. Successive short term measurements can be used in place of single long term 
measurements to gain better insight into the time dependance of the radon concentration. 

- 

6.6.P.2 Continuous Methods for Radon Measurement - -  

- 
Devices that measure direct radon concentrations over successive time increments are generally 
called continuous radon monitors. These systems are more complex than integrating devices in - 
that they measure the radon concentration and log the results to a data recording device on a real 
time basis. Continuous radon measurement devices normally allow the noble gas radon to pass 
through a fdter into a detection chamber where the radon decays and the radon andor the 
resulting progeny are measured. The most common detectors used for real time measurements 
are ion chambers, solid state surface barrier detectors, ahd ZnS(Ag) scintillation detectors. 

Continuous methods offer the advantage of providing successive short term results over long 
periods of time. This allows the investigator to not only determine the average radon 
concentration, but also to analyze the fluctuations in the values over time. More complicated 
systems are available that measure the relative humidity and temperature at the measurement 
location and log the values along with the radon concentrations to the data logging device. This 
allows the investigator to make adjustments, if necessary, to the resulting data prior to reporting 
the results. 

6.6.2 Radon Progeny Measurements 

Radon progeny measurements are performed by collecting charged aerosols onto filter paper and 
subsequently counting the filter for attached progeny. Some systems pump air through a filter and 
then automatically count the filter for alpha and/or beta emissions. An equivalent bat more labor 
intensive method is to collect a sample using an air sampling pump and then count the filter in 
stand alone alpha andor beta counting systems. The measurement system may make use of any 
number of different techniques ranging from full alpha and beta spectrometric analysis of the 
filters to simply counting the filter for total alpha and or beta emissions. 
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When performing total (gross) counting procedures, the assumption is usually made that the only 
radioisotopes in the air are due to =Rn and its progeny. This uncertainty, which is usually very 
small, can be essentially eliminated when performing manual sampling and analysis by performing 
a follow up analysis of the filters at hour or more after the initial analysis. This value c8n then be 
used as a background value for the air. Of course, such a simple approach is only applicable when 
=Rn is the isotope of concern. For 219Rn or ?Rn, other methods would have to be used. 

Time is a significant element in rPid6n progeny measurements.‘ Given any kitial equilibrium 
condition for the progeny isotopes, an investigator must be able to correlate the sampling and 
measurement technique back to the true concentration values. When collecting radon progeny, 
the buildup of total activity on the filter increases asymptotically until the activity on the filter 
becomes constant. At this point, the decay rate of the progeny atoms on the filter is equal to the 
collection rate of progeny atoms. This is an important parameter to consider when designing a 
radon sampling procedure. - 

It is important to note that the number of charged aerosol particles in the air can affect the results 
for radon progeny measurements. If the number of particles is low, as is possible when humidity 
is very low and the morn is very clean, then the progeny are not attached and will most likely pass 
through the filter. This isn’t a problem if the same conditions always exist in the room, however 
the calculated dose would underestimate the dose that would be received in a higher humidity or 
dust concentration state with the same radon progeny concentration. 

- 

- _  

6.6.3 Radon Flux Measurements 

Sometimes it is desirable to characterize the source of radon in terms of the rate at which radon is 
emanating from a surface-Le., soil, uranium mill tailings, or concrete. One method that has been 
used for measuring radon flux is briefly described here. 

The measurement of radon flux can be achieved by adsorption onto charcoal using a variety of 
methods such as a charcoal canister or a large area collector (e.g., 12 in. PVC cap). The collector 
is sealed onto the suIface of interest during a collection period of typically one to three days. The 
canister is then removed fiom the surface, sealed to prevent escape of the radon,-and analyzed 
using gamma spectrometry techniques. Since the area of the surface is well.defined and the 
deployment period is known, the radon flux (in units of Bq/m2-s or pCim2-s) can be calculated. 

This method has proved to be reliable for measuring radon flux in normal environmental 
situations. However, care should be taken if an extremely large source of radon is measured with 
this method. The collection time should be chosen careklly to avoid saturating the canister with 
radon. If saturation is approached, the charcoal loses its ability to absorb the radon and the 
collection rate then decreases. Also, if saturation is approached, the activity of radon in the 
canister will be so large that it will be impossible to measure with a gamma spectrometry system. 
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Even transporting and handling of a canister that is saturated with radon can be a problem due to 
the dose rate from the gamma rays being emitted. One would rarely encounter a source of radon 
that is so large that this would become a problem; however, it should be recognized as a potential 
problem. 

6.7 Special Equipment 

Various specialized systems have been developed which can aid in the performance of radiological 
surveys. These range fiom specially designed quick radiation scanning systems to commercialized 
global positioning systems (GPS). When considering the use of a large area or quick radiation 
scanning system, the expected detection sensitivity for the survey must be matched to the quality 
of data needed. 

7, 3 . 

- 

- -  

1362 6.7.1 Mobile Systems (vehicle based) 

1363 
1364 
1365 
1366 
1367 
1368 
1369 

The need to identifjl anomalous radiation levels that may go undetected in the absence of 
extraordinary effort and cost is one factor that has resulted in the development of an assortment of 
specialized .equipment Depending on the application, motorized vehicle-based detector systems 
have been developed and used in conjunction with a variety of large area radiological surveys. 
These types of systems have primarily proven to be usell for prelixninary screening of areas 
which had a low or unknown probability of being contaminated. Once identified, a more 
thorough manud survey is usually needed. 

1370 6.7.2 Positioning Systems 

137 1 
1372 
1373 
1374 
1375 
1376 other grids. 

In general, before any surface radiological survey can be performed, a measurement grid system 
must be established. A variety of practical and versatile global positioning systems'(GPS) based 
on radio signals tracked from satellite beacons in space are available to aid in recording precise 
and retrievable location data. Such devices are good for locating reference points in terms of 
latitude and longitude. The ref=& point may.then be translated into established state, local or 

1377 
1378 
1379 
1380 
1381 
1382 
1383 conventional transit methods. 

A GPS receiver installed in a known, surveyed location can broadcast accurate readings in the 0.1 
to 10-m range in real time to other GPS receivers. Although this increases accuracy, such 
systems will d e r  precision in areas where trees, buildings or other obstacles block the effective 
"view" of orbiting satellites. One example of the usefulness of GPS in radiological investigations 
is to use the system for establishing a zero point for local gridding. This allows one to tie the 
survey grid to a state, local or other grid system. The survey grid can then be laid in using 
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Other devices that may be useful in performing radiologid surveys are systems that track both 
the position and output of radiation detectors. One such system is an ultrasonic ranging and data 
system (USRADS). It tracks a surveyor’s path while Performing a survey, and provides 
documentation of both location and magnitude of instrument response at one-second intends 
during the survey. Chent  commercially available versions of this particular system track the 
position of a single surveyor, but not the position of the actual detector. 

6.9.3 Ground-Penetrating Raqay and Magnetometry 

- 

-1 . 
Ground-penetrating radar and/or magnetometers can be usefid at waste or suxvey sites for 
determining the location, composition, and approximate depth of buried metallic objects, and to 
indicate buxidmate&ils when conducting s u b d a c e  investigations (Geo-centers, Inc. 1980). 
Drums, fanks, well heads, and even trucks can be located. 

- 

Subsdace radar detection systems have been the object of study for over a decade by both - - 

military and environmental agencies for locating and identifying buried or submerged objects 
otherwise not detectable. The instrumentation generates a pulse train of electromagnetic radiation 
that is propagated with matenaldependent attenuation through a given medium (the earth) until 
reflected by a material or boundary of different dielectric properties. The time between 
transmission and event recorded indicates time, distance, and/or composition of reflecting 
material. Ground penetrating radar can be used to locate subsurface anomalies such as trenches 
or buried objects. 

Magnetometers are instruments that measure magnetic fields, and more importantly, small 
disturbances in the earth’s magnetic field. Gamma units are used in reporting measurement of 
magnetic fields. Magnetometers are portable, have a sensitivity of 0.1 gamma (the earth’s 
average magnetic field is 50,000 gammas) and can be operated quickly and easily. One useful 
application is locating buried drums. At a typical hazardous waste site, where buried drums and 
tanks are being searched for, the operator would carry the sensor in a backpack. Disturbances of 
the earth’s magnetic field caused by such metallic objects as drums, tanks, and trucks can be used 
to determine the location of the objects and to estimate their volume. 

> 

I -  
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- 141 1 6.7.4 Aerial Radiological Surveys .- 

- 1412 
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Low-altitude aerial radiological surveys2 are designed to encompass large areas and may be useful 

-. - 

providing data to assist in the idatifidon of radioactive contaminahts and their- 
corresponding concentrations and spatial distributions 

-, I .  . 

The measurement sensitivity and data processing procedures provide total 8fe8 coverage and a 
detailed definition of the extent of gamma-producing isotopes for a specific area. The gamma 

radionuclides in the w e y  area. Helicopter flights establish a g id  pattern (e&, east-west) of 
parallel lines approximately 61 m (200 A) above the ground d a c e .  

- 

radiation spectral data are processed to provide a qualitative and quantitative analysis of the _ _  

- - 

1422 
1423 
1424 
1425 

,1426 

The survey consists of airborne measurements of natural and man-made gamma radiation from 
the terrain surface. These measurements allow for the determination of terrestrial spatial 
distribution of isotopic concentrations and equivalent gamma exposure rates (e.g., 6oCo, -Pa, 
and I3'Cs). The results are reported as isopleths for the isotopes and are usually superimposed on 
s d e d  maps of the area. 

. .  . 

' !hxce: A. E. Fntzsche. An Aerial Radiological S w e y  of the White Oak Creek Floodplain. Oak Ridge Reservation, 
Oak hdge, Tennessee, Remote Sensing Laboratory. EGG-102824136 (June 1987). 
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7 SAMPLING AND PREPARATION FOR 
LABORATORY MEASUREMENTS 

7.1 Introduction 

There are three methods for collecting radiation data while performing a w e y .  A direct 
measurement is obtained by placing the detector near or against the surface or in the media being 
surveyed and reading the radioactivity level directly. Scanning is an evaluation technique 
performed by moving a portable d a t i o n  detection instrument at some consistent speed and 
distance above the d a c e  to qualitatively detect elevated areas of radiation. These measurement 
techniques are discussed in Chapter 6. Sampling is the process of collecting a portion of a 
potentially contaminated medium to represent the entire medium. The collected portion, or 
aliquot, of the medium is then analyzed to determine the radionuclide concentration. This chapter 
discusses issues involved in collecting and preparing samples for analysis, and in evaluating the 
results of these analyses. - 

Samples should be collected and analyzed by qualified individuals using the appropriate equipment 
and procedures. This manual assumes that the samples taken during the survey will.be submitted 
to a qualified laboratory for analysis. The laboratory should have written procedures that 
document its analytical capabilities for the radionuclides of interest and a Quality Assurancd 
Quality Control (QNQC) program that ensures the validity of the analytical results. The me&od 

' used to assay for the radionuclides of concern should be recognized as a factor affecting analysis 
time. 

Commonly used radiation detection and measuring equipment for radiological survey field 
applications is described in Chapter 6 and Appendix H. Many of these equipment types are also 
used for laboratory analyses, usually under more controlled conditions that provide for lower 
detection limits and greater delineation between radionuclides. Methods for calculating 
laboratory sensitivities (Section 6.4) and uncertainties (Section 6.5) are the same as those 
presented for direct measurements. Laboratory methods often involve combinations of both 
chemical and instrument techniques to quanti@ the low levels expected in samples. This chapter 
provides guidance to'assist the MARSSIM user in selecting appropriate procedures for collecting 
and handling samples for laboratory analysis. More detailed information is available in documents 
provided in the reference section of this manual. 

7.2 Data Quality Objectives 

The third step of the Data Quality Objectives (DQO) Process involves identifying the data needs 
for a survey. One decision that can be made at this step is the selection of direct measurements 
for performing a survey or deciding that sampling methods followed by laboratory malysis are 
necessary. 

MARSSIM 7-1 12/6/96' 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



Sampling and Preparation for Laboratory Measumnents 

36 
37 

38 
39 
40 

. 41 
42 
43 
44 

' 45 

46 
47 
48 
49 
50 
51 

52 
53 
54 
55 
56 
57 

59 
60 
61 
62 
63 

58 

64 

65 
66 
67 

The decision maker and the survey planning team need to identifjl the data needs for the survey . -. 

being performed, including the: 

0 

0 

0 

0 

0 

0 

0 

0 

type of samples to be collected or measurements to be performed 
necessary quantity of samples 
necessary quality of samples (quantitative or qualitative) ' 

detection limits of the methods being evaluated 
cost of the methods being evaluated (cost per analysis as well as total cost) 
necessarytumddtime 
sitespecific background for the radionuclide@) of interest 
derived concentration guideline level (DCGL) for the radionuclide@) of interest 

Some of this information will be supplied by subsequent steps in the DQO process, and several 
iterations of the process may be needed to identify all of the data needs. Consulting with a 
radiochemist or health physicist may be necessary to properly evaluate the idonnation before - - 
deciding between direct measurements or sampling methods to perform the survey. Many surveys 
will involve a combination of direct measurements and sampling methods, combined with 
scanning techniques, to demonstrate compliance with the release criterion. 

- 

Analytical methods should be capable of measuring levels below the established DCGLs- 
detection limits of 10-50?! of the DCGL should be the target (see Section 6.4). Cost, time, best 
available technolo@, or other constraints may create situations where the above stated 
sensitivities are deemed impracticable. Under these circumstances, higher detection sensitivities 
may be permitted. Although laboratories will state detection limits, these sensitivities are usually 
based on ideal or optimistic situations and may not be achievable under actual measurement 
conditions. Detection limits are subject to variation from sample to sample, instrument to 
instrument, and procedure to procedure, depending on sample Size, geometry, background, 
instrument efficiency, chemical recovery, abundance of the radiations being measured, counting 
time, self-absorption in the prepared sample, and interferences from radionuclides or other 
materials present in the sample. The detection limit that is achievable in practice should not 
exceed the DCGL. 

7.3 Selecting a Radioanalytical Laboratory 

Once the decision to perform sampling activities is made, the next step is to select the analytical 
methods and to determine the data needs for these methods. One of the most qualified sources 
for selecting the analytical method is the laboratory performing the analysis'. For this reason, it is 

. ' The laboratory provides information on personnel, capabilities, and current workload that are necessary 
inputs to the decision-making process. 
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Sampling and Preparation for Laboratory Measurements 

advisable to select a radiochemical laboratory early in the survey planning process and coordinate - 
sampling activities with laboratory personnel. In addition, mobile laboratories can provide on-site 
analytical capability. Obtaining laboratory or other services may involve a specific procurement 
process. For example, Federal procurement procedures may require additional considerations 
beyond the method described here. 

- Potential sources of radioanalytia services should be evaluated to determine their ability to 
perform the necessary analyses. $or complicated sites with a large number of laboratory analyses, 
it is recommended that this evaluation take the form of a pre-award audit. The results of this 
audit provide a written record of the decision to use a specific laboratory. Smaller sites or 
facilities may decide that a review of the laboratory's qualifications is suf€icient for the evaluation. 

- 

There are six criteria that should be reviewed during this evaluation: 

Does the laboratory possess the appropriate instrumentation and trained personnel 
to perfom the necessary analyses? Necessary analyses are defined by the data 
needs (radionuclide@) of interest and desired detection limits) identified by the 
DQO process. 
Is the laboratory experienced in performing the same or similar analyses? 
Does the laboratory have performance evaluation results f?om fonnal monitoring 
or accreditation programs? The laboratory should be able to provide a summary of 
QA audits and proof of participation in interlaboratory cross-check programs. 
Equipment calibrations should be performed using National Institute of Standards 
and Technology (NIST) traceable reference radionuclide standards whenever 
possible. 
Is there an adequate capacity to perform all analyses within the desired timefi-ame? 
This criterion considers whether or not the laboratory possesses a radioactive 
materials handling license or permit for the samples to be analyzed. Very large 
survey designs may indicate that more than one analytical laboratory is necessary 
to meet the survey objectives.? 
Does the laboratory provide an internal quality control review of all generated data 
that is independent of the data generators? 
Are there adequate protocols for method performance documentation and sample 
S e a u i t y ?  

Providers of radioanalytical services should have an active and l l l y  documented QA program in 
place. This program should comply with the objectives determined by the DQO process in 

If several laboratories are pedorming analyses as part of the survey. the analytical methods used to perform 
the analyses should be equivalent to ensure comparability of results (see Section 9.4.6). 
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Section 2.3, and recorded in the Quality Assurance Project Plan (QAPP) described in Section 9.2 
@PA 1994~). The QA program should include: 

0 

0 the laboratoly organizational structure 
personnel qualifications 

0 

0 - inter- and intralabonhy perfbrmance analyses 
0 

a written Quality Management Plan (QMP) 

written operating pr;ocedures and instructions 

design control to define the flow of samples through the labomtory 

Once the analytical Iaboratoq is selected, a "statement of work" is developed. This statement 
describes the details of all the tasks to be performed by the laboratory, as well as any 
requirements for samples received at the laboratory. Chainsfcustody requirements and numbers 
of samples are also specified. The analytical procedures should be specified and agreed upon, as- - 

well as the documentation and reporting requirements. These topics are discussed in detail in the 
following sections of this chapter. 

7.4 Sampling 

This section provides guidance on collecting sampl-s of different media Samples are typically 
collected by one group working in the field, and analyzed by a second group located in a 
laboratory. This separation of tasks can potentially lead to problems based on the lack of 
communication between the two groups. It is essential that input from the laboratory be included 
as early in the planning process as possible to help develop a more efficient survey. It is 
recommended that notes associated with sample collection be recorded and provided to the 
analytical laboratory as a method of communication between the sample collectors and the 
analysts. 

7.4.1 Removable Activity Measurements 

The survey plan may call for the collection of smears to measure removable activity. Smears, also 
known as swipes, provide a semiquantitative measure of removable activity obtained by wiping an 
area using a filter paper while applying moderate pressure. Outside surfaces exposed to wind or 
rain are unlikely to have significant levels of removable activity. Depending on the objectives of 
the survey, taking smears at judgement locations may be necessary. 
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Sampling and P r e p d o n  for Laboratory Measurements 

.. - 

The area of concern for smear surveys is typically 100 cm2 (1 5.5 in').' If a different area of 
concern is used, such as for objects with limited surface area, the results or DCGL should be 
corrected to the same area so that the results can be compared directly. 

' A 47-mm (1.85 in.) diameter dry paper filter is typically used for smears, although fabric filters 
may also sewe as suitable swipe material. Surveys for low-energy beta emitters may specifL 

counting.' For surveys of small p&&rations, such as cracks or anchor-bolt holes, moistened 
cotton swabs may be used to wipe the area of concern. Moistened swipes may be used to collect 
tritium fiom d q  surfaces, but dry swipes should be used if the surface is damp. "Sticky" smears 
may be necessary under certain conditions such as a surface consisting of dry particles. However, 
if the surface is thickly coated with particulate material, such as rust or dirt, a sample of the 
particulate m a t e d  should be collected as a separate sample and not with the smear. Smears are 

awaiting analysis. Consultation with the analytical laboratory is recommended to develop 
appropriate standard operating procedures (SOPS) for collecting smears. This will help ensure the 
samples meet any specifications of the analytical method. 

.% 
-. 

special materid such as membrane qters or Styrofoam adpeanuts," for direct liquid scintillation - 
- 

- placed into envelopes or other individual containers to prevent crossantamination while - 

7.4.2 Soil and Sediment Sampling 

Random, systematic, and judgement samples are taken to determine soil 'concentration levels. 
Random sampling is the Simplest type of probability sampling, where every sampling point has an 
equal chance of being selected. Random sample designs are recommended for Class 3 surveys 
(Section 5.5.2.5). Samples collected according to a predetermined pattern are called systematic 
samples. Systematic sample designs are recommended for Class 1 and Class 2 surveys (Section 
5.5.2.5). Random or systematic samples should also be relied upon where field measurement 
techniques are not adequate to meet the objectives of the survey design. Judgement samples are 
those collected at known or suspected locations showing elevated radiation levels or fiom 
locations of known or suspected soil contamination. The potential necessity for storage of soil 
and other environmental samples for indeterminate periods of time and the consmints this may 
place on resources and handling may be a consideration in the selection of sampling procedures. 

' The area of conem for smears is based on the requirements listed in Regulatoly ouide 1.86 (NRC 1974). 

' Membrane filters may be cut (before or after taking the smear) to fit in the bottom of a scintillation vial to reduc e 
interference with liquid scintillaton counting. Styrofoam is soluble in most liquid scintillation oocktails. Liquid scintillation 
measurements of smears is discussed in Section 7.6.1.2. 
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Sampling and Preparation for'LaboratoIy Measurements 
. .. . -- 

7.4.2.1 Surface Soil Sampling 

Surface soil is the top layer of soil that is available for direct exposure, growing plants, 
resuspension of particles for inhalation, and d n g  from human disturbagces. Surface soil may 
also be defined as the thickness of soil that can be measured using direct measurement or scanning 
techniques. Typically, this layer is represented as the top 15 cxn (6 in.) of soil (40 CFR 192). A 
sample size of approximately 1 kg,(22 Ib) is usually desirable if gamma spectrometry is to be 
performed; if only wet chemistxfadyses are to be performed, a sample size of 100 g (3.5 02) or 
less may be adequate, depending upon the specific laboratory procedures and the desired 
detection sensitivities. The possibility of cornpositing certain groups of samples should also be 
considered when determining the quantity of sample to be obtained. Sampling may be conducted 
using a variety of simple hand tools, such as a shovel, trowel, or "mokieatter" tool. Samples 
should be representative of a known surface area. Sampling tools are cleaned and may be 
monitored after each use to provide information on possiblecrosscontamination of samples. - 
Alternatively, equipment rinsate samples may be used as indicators of potential cross- 
contamination. 

If there is a potential for soil activity beneath paved surfaces, the surface can be removed by 
wring and the underlying soil sampled as described above for surface soils (Boulding 1993). 

7.4.2.2 Subsurface Soil Sampling 

Subsurface investigations consist of measurements and samples taken beneath the floor surface or 
ground. Subsurface soil is any soil not considered surface soil, typically anything more than 15 
cm (6 in.) below the ground surface. The purpose of these investigations is to locate and define 
the vertical extent of the contamination. These investigations are conducted by excavating the 
floor or ground surface (by trenching, auguring, coring, shoveling, or other means). These 
excavations should be deep enough to reach the uncontaminated soil below the subsurface 
contamination. These depths are controlled by several factors and should be determined during 
borehole logging and the sampling procedure. It may be possible to determine the maximum 
drilling depth from field measurements or by excavating to undisturbed soil. The environmental 
conditions at some depth may appear to prevent hrther downward migration of contaminants; 
thus, there may not be a need for further drilling. In other instances, it may be necessary to rely 
on the results of laboratory analyses of samples because some radionuclides are not detectable 
with field instrumentation. 

Filled areas, buried piping and underground tanks, spills, and septic leach fields that may have 
received contaminated materials are locations that may indicate that sampling of subsurface soil is 
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necessary. The need for special sampling by coring or split-spoon equipment,' usually by a 
commercial firm, should be anticipated. 

The ability to de& a radiation source by subsurface sampling depends critically on the horizontal 
extent of the source. A single shielded source of little horizontal extent would be difficult to find 
even if one had a general idea ofthe location of the source. However, even a moderate amount of 
horizontal spreading increases @probability of detecting such a source (EPA 19944). Non- 
radiological detection techniques can often be used to design a judgement subsurface sampling 
survey. These techniques, discussed in Section 6.7, can help eliminate areas h m  M e r  
consideration, reducing the area under investigation, and thus reducing the total number of 
samples. 

Excavated material or material from the sides of the vertical walls and water or air in the 
excavated hole may be sampled for radionuclide analyses. The number of excavations and the - 
type of measurements or samples to be obtained and appropriate procedures to be used will be 
determined by the type of contamination present, limitations in field conditions, and objectives of 
the survey plan. 

-- 

Subsurface soil may be sampled using portable manual equipment or, if the sampling depth is 
greater than several meters, heavier truck-mounted sampling rigs. For shallow subsurface 
sampling, the hole is advanced to the desired starting depth, using a post-hole digger, shovel, 
twist auger, motorized auger, or punch-type tube sampler. Loose material is removed fiom the 
hole and the sample collected over the next 15- or 30cm (6- or 12-in.) depth. Continuous coring 
samplers or barrel samplers, advanced through hollow stem augers, are usually used for obtaining 
deeper subsurface samples. The entire core can be retained and monitored intact to determine if 
layers of activity are present, or sections of the core can be removed for analysis. Unless there is 
prior information regarding the depth and distribution of subsurface activity, samples should be 
obtained at approximately 1 meter (3.25 ft) vertical intervals (or smaller if necessary for 
compliance with modeling assumptions used to develop the DCGLs) from the surface to below 
the suspected depth of the residual activity. 

' A "split-spoon" (or 'split-barrel") sampler is constructed in such a way as to allow the collection of samples fro m 
relativelypIecisemxidetemMab ' le locations within a hole with little possibility of contamination by soil from other depths. 
The split-spoon tool is available in various sizes and lengths, and is pipe-shaped in appearance. Soil fills the "pipe" as it 
is driven into the ground, and loss is prevented by a flanged basket device as the tool is withdrawn. The sampler "splits" 
vertiqlly in half for sample ranoval. Samples collected in such a manner may also be called "core" &ples. 
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7.4.23 Sediment Sampling 

Sediment is solid material that has @Ned to the bottom of a liquid, usually water. Sediment 
samples can be collected in any m&g or stationary body of water (i.e., pond, lakc river, stream, 
erc.). These samples are usually collected to determine the extent and distribution of 
contamination in a fresh water or marine environment. Sediment samples may also be collected 
fkom drains or ditches as an indicator of surface contamination transported by runoff. The survey 
design may be based on a single grab sample or a series of samples collected at a specified 
frequency over a period of time. 

- 
It is important to minimize disturbance of the sediment caused by sampling activities. This is 
accomplished by moving slowly, whether in a boat or wading, and always approaching the sample 
location from downstream (for moving water) or downwind (for stationary water). The sample is 
collected using a scoop, tube corer, or dredge and gently removed fiom the water to minimize 
sample loss and resuspension of solids. 

While scoops and tube corers are the same tools used'for sampling surface soils, dredges are 
specific for sampling sediments from deep water using a boat. There are thre types of dredges 
commonly used for sediment sampling: 

. -  

Petersen Dredge - This is an iron, clam-type grab that is available in several sizes. The 
device's substantial weight gives it good stability and it maintains near vertical descent 
under all conditions. This is the sampler of choice for hard bottoms, but tends to fall over 
once the jaws are closed on all but the softest bottoms. It is a good all purpose sampler. 

Ponar Dredge - The Ponar dredge is similar to the Petersen in size, weight, and 
operation. Its jaw design makes it less prone to falling over after jaw closure and enables 
it to keep bottom disturbances and sample displacement to a minimum. It is a good all 
purpose sampler. 

Eckman Dredge - This is a lighter weight device, better Suited for sampling silt and 
sludge in water with little or no current. When used for coarse sediment, material may 

. become trapped between the jaws preventing closure. It has a tendency to stray fiom a 
direct vertical descent, but can be weighted to compensate for this. The h h a n  dredge 
has a wide base to provide good stability. Jaw closure is triggered by sending down a 
messenger, so slack in the line may impede closing. 
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7.4.3 Water Sampling 

The survey plan may speciQ collection of water samples from the site and surrounding area. 
Depending on the site, water sources may be rivers, streams, lakes, potable water, wells, etc. 
Water found in any drill hole should be sampled as is, filtered if necessary (see Section 7 3 ,  
acidified on-site after filtration, and both fkactions (filtrate, suspended solids) analyzed. Since 
water samples are returned to the l&oratory for analysis, it is important to preserve the original 
concentrations of the radionuclides before analysis. Follow laboratory instructions for any 
necessary pretreatment (see Section 7.5). DOE provides additional guidance relating to 
environmental sampling and analysis of surface water, drinking water, and ground water (DOE 
199 1 a). 

- 

Water samples usually range fiom 1 to 3.5 L in size depending on the analytical procedure to be 

determined. It may be prudent to coordinate sampling methods with the limitations and 
conditions imposed by the analytical laboratory of choice. Re-use of sampling equipment dictates 
careful decontamination techniques to prevent cross-contamination. 

- used and depending on the number of separate analyses or individual radionuclides to be - -  

Necessary equipment includes: 

a) polyethylene bottles with Caps 
b) plasticfbnnel 
c) filter paper to fit fbnnel 
d) waterproof ink marking pen 
e) ladle or sample scoops 

.Ifthe water is deep enough, surface water samples are collected by dipping polyethylene bottles 
directly intothe water body, and rinsing the bottle first with the water to be sampled. When 
surface debris exists, the sample should be collected below the surface. A cloth filter prevents the 
collection of solids. Use of the ladle or scoop and hnnel allows collection of water samples from 
shallow sources. 

Sampling of subsurface water, or ground water, can be a difficult task @PA 1993b, EPA 1994e). 
Development of ground water monitoring wells should not be initiated without a reasonable 
expectation of finding contamination. Often ground water monitoring wells act as a conduit for 
contamination to reach ground water, where contamination might never have 0c;CUrred if the well 
had not been present. Drilling of water sampling wells may be necessary, but the number of 
locations should be minimized to avoid disturbing the subsurface strata. Sampling wells should be 
capped and sealed after use to prevent infiltration. Subsurface water samples may dictate on-site 
improvisation by the team members. If subsurface wells are considered a necessary part of the 
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survey, the core samples collected at the time of development of the wells should be subjected to 
a radiological-survey. This combination of sampling subsurface soil and subsurface water-can help 
to minimize the survey activities, saving limited resources. Water samples are shipped from the 
survey site directly to the analytical laboratory. Packaging and shipping guidelines are discussed in 
Section. 7.8. 

- , - I .  . 7.4.4 Air Sampling 

If conditions at the site suggest the potential for airborne contaminants, the w e y  plan may call 
for air samples to be collected. Air sampling for radionuclides typically begins with an initial 
screening for gross alpha and gross beta-gamma activity. The most common procedure for the 
collection of air samples is to draw air through a filter paper, followed by analyzing the collected 
particulates for radioactivity. Gross activity measurements indicate the need for specific 
radionuclide analysis. If airborne activity other than particulates (ie., gases such as 'HJ is 
probable, specialized procedures for the collection and analysis of the contaminating radionuclides 
may be necessary. 

- 

- 

- 

Tables 6.1 and 6.2 (Section 6.3) and Appendix H provide information regarding instnunentation 
for the counting of air samples. Air-filter samples containing radionuclides associated with 
aerosol particles should be counted d i d y  without any chemical separation. However, high flow 
rates, fibrous filters, and chemical separation processes are necessary to count low concentrations 
of alpha emi&rs. Chemical separation is also generally necessary for beta+mitten. Alpha activity 
can be measured directly fiom fibrous filters with alpha spectrometexs providing deposits are not 
too thick and interfering radionuclides are not present. The measurement of many radionuclides 
on air-filter samples can be seriously affected by high concentrations of naturally occurring short- 
lived radon and thoron decay products. The passage of several hours or days may be necessary to 
allow the decay of all radon and thoron progeny. DOE provides additional precautions and 
pitfalls relating to general air sampling as well as to sampling of particulates, radioiodines, noble 
gases, or tritium (DOE 1991a). 

7.4.5 Radon And Thoron Sampling 

A grab sample for,radon or radon progeny is one that is taken over a brief period of time (1 5 
minutes or less) and for which the analysis is performed shortly thereafter (within a few hours). 
The main advantage of using a grab-sampling method for measurement of radon or radon progeny 
in air is that a result can be determined quickly. Also, the equipment used is usually simple and 
inexpensive compared to other methods. The disadvantage of grab-sampling methods is that the 
result is only valid for one instant in time. Radon and radon progeny concentrations can vary 
considerably with time, sometimes over several orders of magnitude (EPA 1992c, 1993a). For 
health protection purposes, one is interested in long-term average concentrations.. The results 
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fiom grab-sampling may or may not be representative of a long-term average concentration. 
However, grab-sampling techniques are usefid for a quick characterization of a house or building, 
for locating a source of radon, for cross-checking other techniques, for inter-laboratory 
comparisons, etc. Additional methods for performing direct measurements of radon are discussed 
in Section 6.6. A detailed discussion of the measurement techniques mentioned in this section are 
included in Appendix H. 

7.4.5.1 Radon Grab Samples 

Simply stated, a radon sample is taken by collecting air in some type of container and then 
determining the radon concentration in the collected air. The container can be a device such as a 
metal cylinder, which was previously evacuated. In this case, the sample is collected by opening a 
valve on the container and allowing air to enter until the pressures are equalized. Alternatively, 
the container can be a device, such as a Tedlarm bag or a flow-through scintillation cell, whichis - 
filled by pumping air into or through it. In any case, the air is collected over a relatively short 
period of time, and then analyzed for concentration of radon in the air. 

-. 

-i' .. 
- 

- 

- 

7.4.5.2 Radon Progeny Samples 

Another way to perfonn a grab sample is to collect radon progeny. All radon progeny grab 
samples are based on pumping air through a filter and collecting the radon progeny particulates. 
The filter analysis can be based on counting alpha particles, beta particles, gamma rays or some 
combination, such as alphaheta counting (Perdue, et al. 1978). Typically, the analysis is 
performed using alpha counting. 

7.4.5.3 Charcoal Canisters 

A method that has come into popular use is collection of radon by adsorption onto charcoal. The 
measurement of either radon concentration in air or radon flux from a surface can be achieved by 
adsorption onto charcoal. 

For sampling radon in a room, charcoal is placed in a container such as a bag and is sealed until 
ready for use. The sample is collected simply by placing the container in the room to be sampled, 
and opening the container so the charcoal is exposed to the room air. Radon in the ambient air 
then passively adsorbs onto the charcoal. M e r  the sampling period, typically from three to seven 
days, the container is sealed and taken to a laboratory where the radon content is determined 
using gamma spectrometry. This is done by placing the container on a gamma spectrometry 
system. Because radon decay products are being detected, at least 4 hours should elapse between 
the end of the sampling period and the beginning of the count to ensure that the decay products 
are in equilibrium with the radon. 
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For flux measurements, a canister of charcoal is sealed onto the surface of interest during a 
collection period of typically two or three days. The canister is then removed fiom the surface, 
sealed to prevent escape of the radon, and analyzed using gamma spectrometry .techniques. From 
the collected adivity of radon in the canister, the rate of entry into the Capister is.detekind and 
hence the radon flux. 

In spite of the difficulties with calibrating charcoal devices, the method has become popular for 
several reasons. The charcoal de&& are very inexpensive. They can be heated to drive off the 
radon and then reused. SufEcient lapse of time before reuse will also allow decay of the radon 
progeny. Charcoal canisters are simple to deploy. The analysis is straightfornard and uses 
equipment that is common to most radiological laboratories and is not prohibitively expensive. 
Also, the method has been shown to be reliable and to give results that are comparable to average 
radon concentrations measured over longer periods of time (EPA 1992~). 

- 
Use of charcoal has proven to be reliable for measuring radon flux in normal environmental 
situations. However, care should be taken if an extremely large source of radon is measured with 
this method. The collection time should be chosen carefklly to avoid saturating the canister with 
radon or moisture. If saturation is approached, the charcoal loses its ability to absorb the radon 
and the collection rate then decreases. Even transporting and handling of a canister that is 
saturated with rtidon can be a problem due to the dose rate fiom the gamma rays being e m i d .  
One would rarely encounter a source of radon that is so large that this would become a problem; 
however, it should be recognized as a potential problem. 

7.4.6 Other Survey Measurements 

The survey plan may specifL samples from a variety of locations and media, depending on the 
specific site or facility conditions and the results of scans and direct measurements. Residue can 
be collected from drains using a piece' of wire or plumbers "snake" with a strip of cloth attached 
to the end. Deposits on the pipe interior can be loosened by scraping with a hard-tipped tool that 
can be inserted into the drain opening. Particular attention should be given to ''low-points" or 
"traps" where activity would likely accumulate. The need for further internal monitoring and 
sampling is detexmined on the basis of residue samples and direct measurements at the inlet, 
outlet, clean outs, and other access points to the pipe interior. 

Residual activity will often accumulate in cracks and joints in the floor. These are sampled by 
scraping the crack or joint with a pointed tool, such as a screwdriver or chisel. Samples of the 
residue can then be analyzed; positive results of such an analysis may indicate possible subfloor 
contamination. Checking for activity below the floor may include accessing a ckwl space-@ one 
is present), removal of a section of flooring, or coring to access subfloor soil. 
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- 

If residual activity is covered by paint or some other treatment, the underlying surface and the 
coating itself may be contaminated. If the activity is a pure alpha or low-energy beta emitter, 
measurements at the surface will probably not be representative of the actual residual activity 
level. In this case the surface layea is m o v e d  h m  the-known area (usually 100 an2) by using a 
commercial Stripping agent or by physically abrading the surface. The removed coating material is 
analyzed for activity content and the level converted to appropriate Units @e., Bq/m*, 
dpd100 cm2 for comparison with d a c e  activity DCGLs. Direct measurements are performed 
on the underlying surface &r remdval of the coating. 

Residual radioactivity may be incorporated into building materials, such as pieces of concrete or 
other unusual matrices. Development of SOPS for collecting these types of samples may involve 
consultation with the analytical laboratory to help ensure that the objectives of the swey are 
achieved. 

- 

- 

- 

_ _  - -  
Although vegetation is not routinely obtained for analysis, collection of such samples should be 
made when the potential for food chain contamination justifies this activity. For example, if a 
vegetable garden is situated over wntaminated soil, vegetable samples should be obtained and 
analyzed. Vegetation samples of several kilograms may be specified depending on the analytical 
sensitivities for the radionuclides of interest These analyses are generally applicable to current 
site conditions used for performing risk assessments. 

7.4.7 Background Measurements 

Because DCGLs for residual radioactive materials are typically presented in terms of radiation 
levels or activity levels above typical background for the area or facility, background 
measurements and samples are collected in reference areas to provide baseline data to compare 
with measurements and data collected at a site. In additian, the background needs to be 
quantified to properly assess incremental or residual doses or risks before and after a proposed 
action. Background samples should be site- or area-specific-or when surveying special material 
such as oil or other substances, be material-specifiGand for each type of sample taken on a 
survey (e.g., water, surface or subsurface soil, slc.), a comparable reference background radiation 
level or concentration should be known. In some instances, such as when no site-specific data is 
available, background radiation levds may be determined by consulting a reference document 
(NCW 1987; Myrick et al. 1981). Eavironmental baseline surveys may also be useful. * 

Background measurements for substances or equipment may be based on an appropriate number 
of samples acquired prior to use of the materials, or on samples of similar items or material not 
subject to radiological contamination. These background radiation levels-along with the 
measurement system detection liiit-should be presented in the survey report *and should be 
discussed in the survey results. 

I -  
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422 Because background levels will be compared to the total radiation or radioactivity levels 
423 measured in a survey unit, it is necessary that backgrounds be determined with a detection 
424 sensitivity and acyacy  at least equivalent to data to which it will be compared. This can be 
425 . achieved by using the &ne ipstnunents and tecbqiques for background surveys as are used in 
426 assessing site conditions. Additional information on selecting background or reference areas and 
427 collecting background data is located in Section 4.5 and NRC draft report NuREG-1501 (HufTert 
428 etal. 1994). 
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7.5 Sample Preparation and Sample Preservation 

Proper sample preparation and presewation are essential parts of any radioactivity sampling 
program. The sampling objectives should be specified before sampling activities begin. Precise 
records of sample collection and handling are necessary to ensure that data obtained Erom - 

different locations or time frames are correctly compdred. 

The appropriateness of sample preparation techniques is a function of.the analysis to be performed 
(EPA 1992e, 19920. Some examples of sample treatment to be avoided or performed with great 
care include aliquots of samples selected for: 

a 
0 

a 

3H should not be dried, ashed, or acidified 
I4C should not be ashed or leached with acid 
elements with volatile oxidized forms, such as iodine, should not be treated with 
oxidizing acids (e.g., HNO,) 
226Ra analysis by gamma spectrometry may,be dried, crushed, andor sieved or 
filtered during sample preparation, but an appropriate post-preparation holding 
time should be included to allow the attainment of equilibrium with radon 
daughters 
elements that volatilize at high temperatures (e.g., I, Cs, Ru) should not be ashed, 
or ashed with great care-a radiocitemist or health physicist should be consulted 
on the proper handling of the samples from a specific site 

The presence of radioactive and hazardous chemical wastes (mixed wastes) at a site can influence 
the survey design. The external exposure rates or radioactivity concentration of a specific sample 
may limit the time that workers will be permitted to remain in intimate contact with the samples, 
or may dictate that smaller samples be taken and special holding areas be provided for collected 
samples prior to shipment. These special handling considerations may conflict with the size 
specifications for the analytical method, normal sampling procedures, or equipment. There is a 
potential for biasing sampling programs by selecting samples that can be safely handled or legally 
shipped to support laboratories. 
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7.5.1 Sample Preparation 

Sample preparation procedures are a firnction of the specified analysis and the objectives of the 
su&ey. It is essential that these objectives be clearly established and agreed upon in the early 
stages of survey planning (see Section 2.3). 

For example, deciding whether orhot to filter water samples depends on the objectives of the 
survey. Filtered waters will provide the best estimate of transport of contaminants by water. E 
direct personnel exposure is of greater interest, unfiltered tap water is probably more appropriate 
to analyze. On the other hand, unfiltered water samples taken from unlined wells are likely to 
contain large amounts of suspended matter that does not represent either transport or personnel 
exposure. To detect the presence of contaminants that are very insoluble, such as thorium or 
plutonium isotopes, analyses of particulate phases may be more sensitive than analyses of filtered 
water @PA 19944). 

- 

- 

- - 

If the survey plan calls for filtration of water samples and analyses of the filtered material are 
requested, it is important to record the volume of water passed through the filter arid to determine 
the dry weight of the collected solids. It should be assumed that the investigators e k i n i n g  the 
data will want to be able to compute radionuclide concentrations both per unit volume of water 
filtered and per unit mass collected on the filter. Investigators should exercise caution to ensure 
that comparisons among results are made on like samples, that is filtered water to filtered water, 
etc. Typically water samples are prepared by filtration of suspended material using a 0.45 
micrometer filter. This filtration may occur in the field or in the laboratory. 

7.5.2 Sample Preservation 

Sample preservation considerations are determined by the specified analysis and the chemical 
characteristics of the radionuclide to be analyzed, as well as the objectives of the survey. The 
purpwe of presenring a sample is to maintain the sample in the condition needed for analysis 
between the time the sample is collected and the time the sample is analyzed. Sample preservation 
should be coordinated with the analytical laboratory. - 

Many of the radiochemical species of interest behave like trace metals, and the preservation of 
water samples is easily achieved by acidification (EPA 1992e, 19920. This prevents metallic 
species from depositing on the walls of the container. Usually, nitric acid is used to maintain a pH 
of less than 2.0. Water samples preserved in this manner that have been stored for longer than six 
months may become adsorbed onto the container surface. 
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The exceptions to this general rule include: 

0 

0 

0 

0 

Samples for 'H and 14C analysis should be unpreserved. 
Samples for analysis of isotopes with volatile oxidized forms (e.g., '7 1311) should 
not be preserved with oxidizing acids. 
Certain laboratories may request samples for uranium analysis to be preserved with 
hydrochloric acid,, i .  
Acidification of u n f i l d  water samples may break down or dissolve clay minerals 
and other particulates, releasing the adsorbed radionuclides into solution. This 
potential problem can be resolved by filtering the samples in the field and a a w n g  
the filtered water only. 

The container material for stored samples can also be a factor in sample preservation. Metals 
have an afiinity for glass when preserved with nitric acid. Iodine and transition metals such as 
iron and cobalt have shown an ani@ for polyethylene and polypr6pylene tmder certain 
conditions (Bemabee et al. 1980). Physical characteristics of the sample and the container should 
also be considered. Solid samples (e.g., wet soil) are difficult to remove from conhiners with 
small openings. The selection of containers for different sample types should be coordinated with 
the laboratory and specified in the survey plan. 

_ _  - 

7.6 Analytical Procedures 

This section briefly describes specific equipment and procedures to be used once the sample is 
prepared for analysis. The results of these analyses @e., the levels of radioactivity found in these 
samples) are the values used to determine the level of residual activity at a site. In a 
decommissioning effort, the DCGLs are expressed in terms of the concentrations of certain 
radionuclides. It is of vital importance, therefore, that the analyses be accurate and of adequate 
sensitivity for the radionuclides of concem. The selection of analytical procedures should be 
coordinated with the laboratory and specified in the survey plan. 

Analytical methods should be adequate to meet the data needs identified in the DQO process. 
Consultation with the laboratoq pdoming  the analysis is recommended before selecting a 
course of action. MARSSIM is not intended to limit the selection of analytical procedures, rather 
that all applicable methods be mimed to provide results that meet the objectives,of the survey. 
The decision maker and survey planning team should decide whether routine methods will be used 
at the site or if non-routine methods might be acceptable. 
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Routine analytical methods are issued by a recognized organization (State or - 
Federal Agency with regulatory responsibility or a professional organization), 
validated, documented, published, and contain infoxmation on minimum - 

performance charactexistics such as detection limit, precision and accuracy, &d 
useM range of radionuclide concentrations and sample sizes. Table 7.1 lists 
several sources of routine methods. 
Non-routine methods address situations with unusual or problematic matrices, low - 
detection limits, or new parameters, procedures or techniques. Non-routine 
methods range from adjustments to routine methods, to new techniques published 
in refereed literature, to development of new methods. 

Table 7.1 Examples of References for Routine Analytical Methods 

0 

0 

0 

0 

0 

0 

0 

American Public Health Association, "Methods of Air Sampling," 2nd Edition, APHA, 
New York, NY (1977). 

American Society for Testing Materials, "1987 Annual Book of ASTM Standards," 
ASTM, Philadelphia, PA. 

APHAIAWNAIWPCF, "Standard Methods for the Examination of Water and 
Wastewater," 19th Edition, APHA, Washington, DC. 

Department of Energy, "EML Procedures Manual," 27th Edition, Report EML-300, 
USDOE, New Yo&, NY. 

Environmental Protection Agency, "Radiochemical Analytical Procedures for Analysis 
of Environmental Samples," EMSL-LV-0539-17, USEPA Environmental Monitoring 
and Support Laboratory, Las Vegas, NV. 

Environmental Protection Agency, "Radiochemistry Procedures Manual," EPA 
520/5-84006, Eastern Environmental Radiation Facility, Montgomery, AL. (EPA 
1984a) 

Environmental Protection Agency, "Indoor Radon and Radon Decay Product 
c n ,  DC. 

545 
546 
547 

Equipment vendor literature, catalogs, and instrument manuals are an excellent source of 
information on a variety of topics, from detection equipment to chemical procedures. Other 
references that should be considered are available from such organizations as National Council on 
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Radiation Protection and Measurements (NCRP), the U.S. Environmental Protection Agency 
(EPA), the Amencan Society of Testing and Materials (ASTM), the DOE Technical Measure- 
ments Center (Grand Junction, CO), and the Environmental Measuemenp Laboratory (Em; 
formerly the Health and Safety Laboratory of the DOE). Table 7.2 provides a summary of 
common laboratory methods with estimated detection limits. 

7.6.1 Analysis of Smears -,-, . . 
I 

As a precaution against accidental contamination of the laboratory facility, it is prudent to first 
screen smears by gross G-M or gamma counting. If little contamination is expected, all smears 
collected at the facility (or in a particular survey area) may be assayed at once by placing all the 
smears on the detector. This will provide a broad screen for expected and unexpected 
contaminants. If contamination is detected, the smears should be recounted in smaller groups 
until the contaminated smears are isolated. Since the procedure is nondestructive, it will not 
intedere with subsequent analysis of the smears. When performing such screening, the smears 
should be left in their protective "envelopes" to avoid cross 'contamination. 

7.6.1.1 Gross AlphdGross Beta 

The most popular method for laboratory smear and air filter analysis is to count both gross alpha 
and beta levels in a low-background proportional system. For this application, both automatic 
sample changer and manual multidetector instruments are wed. Such systems have low 
backgrounds, relatively good detection sensitivity, and the capability of processing large quantities 
of samples in a short time. Using counting times of several minutes, measurement sensitivities of 
less than 10 dpm alpha and 20 dpm beta can be achieved. Filter papers can also be measured 
using standard field instruments, such as alpha scintillation and thin-window GM detectors with 
integrating scalers (see Section 6.2 on radiation detectors and instrumentation considerations). 

The measurement sensitivities of such techniques are not nearly as low as the low-background 
proportional system; however, for 5-min counting times, alpha and beta levels below 20 dpm and 
100 dpm, respectively, can he measured. One of the major drawbacks to such a procedure is that 
it is very labor intensive. 

Filter papers can also be covered with a thin disk of zinc sulfide scintillator and counted for gross 
alpha using a photomultiplier tube attached to a scaler. While such a system provides a sensitivity 
comparable to that of the low-background proportional counter, it is usually not automated and 
therefore is a labor intensive method. 
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Table 7.2 Typical Measurement Sensitivities for Laboratory Radiometric Procedures 
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Smears (filter 
Paper) 

Water 

onws alpha' 

234.2s. "qJ. 233.239. "opu. 
mpQ. "+rh; other alpha emitters 

Oross alpha 

, s 

Gross beta 

'"Cq =Ra ("'Bi). T h  
PAC). "'U . 

LOW b a k p m d  gas Pmpottional mum, 5 4 1 1  mmt 
Alpha scintillation detector with scaIw, 5-min count 

Low backpmd gas proportid come, 5-min count 
End window GM with scaler. Smin count (unshielded detector) 

Liquid scintillation spedmmetq 5-min count 2, 
.. , 

Gamma spectrometry -Intrinsic gmmanhm detector (25% relative 
efficiency); pulse height aualyzr, 500-g sample; 15-min analysis 

Alpha spectrometry - pyrodfate fusion and solvent extraction; d a c e  barrier 
detector, pulse height tmalyzq 1 -g sample; 16-hr count 

Low-background gas proportional wuntw, 100-ml sample, 200-min comt 

Low-background gas Proportional counter, 100-ml sample, 200-min Count 

Gamma spectmmeby - Intriusic germanium detector (25% relative 
efficiency); pulse height m, 3.5L sample, 16-hr count 

Alpha spectrometq - solvat extmction; surface barrier detector, pulse height 
analyzq 100 ml sample, 30 min count 

Liquid scintillation spk=etry; 5-ml sample, 30-mit-1 - count 

Indicates that a member of the decay series is measured to determine activity level of the parent radionuclide of primary 
I 

5 4Pm 
20 dpm 

10 dpm 
80 dpm 

30'dpm 

&?4-0.1 Bq/g 

i .  

. I  . .  

(1-3 pCi/g) 

i0.004-0.02 Bq/g 
(0.1-0.5 pci/g) 

0.04 BqL 
(1 PCW 

(1 Pcfi) 

(10 pcw 

0.04 BqL 

0.4 Bqk 

0.004-0.02 Bq/L 
0.1-0.5 pCin 

IOOBqlL 
(300 pCiL) 
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7.6.1.2 Liquid Scintillation 

Liquid scintillati~n is the preferred method for counting low-energy betaemitters (e.g., 'H, 14C, 
and %Ji) ad is kcellent for counting high energy beta (e.g., 9) and lowenergy photonemitters 
(e.&, 55Fe and lZIj. Smears can be placed directly in a scintillation cocktail and counted on a 
liquid scintillation spectrometer with limited sample preparation. The counting efficiency may be 

capability of the newer instrumen;, the analyst can (in most cases) identify the specific beta 
emitteds) present. 

reduced, but as a screening methd . t i is  process will yield reasonable results. With the spectrum - 
- 

7.6.2 Analysis of Soil and Sediment 

7.6.2.1 Gamma Spectroscopy 

After the soil or sediment is prepared aird placed in an appropriate container, the samples are 
counted. The analysis of soil or sediment is dependent on the radionuclides of interest. If the 
contaminants could include gamma emitters, the sample will be analyzed using gamma 
spectrometry (a nondestructive analysis that can identifjr and quanti5 multiple gamma-emitting 
radionuclides). It is prudent to subject at least a representative number of soil or sediment 
samples to gamma spectral analysis, even if no gamma efiiitters are expected, as-a check on'the 
reliability of the identification of potential contaminants. 

Either solid-state germanium detectors or sodium iodide scintillation detectors may be used. 
However, the solid-state detector has an advantage because of its ability to resolve multiple 
gamma photopeaks that may differ from each other by as little as 0.5 to 1 keV. 

Although state-of-the-art systems include inherent computer-based spectrum analysis capabilities, 
it is important that an experienced analyst carefully review each spectrum because at the low 
concentrations typically encountered in radiological surveys problems with resolution, 
interferences, peak shifts, and linearity may not be readily apparent. Spectra should also be 
reviewed for gamma-photopeaks not previously identified as principal facility contaminants of 
concern. Special attention should be given to those radionuclides that may have difficult-to- 
resolve photopeaks (e.&, =Ra (186.2 kev) and a5U (185.7 keV)), and possibly select secondary 
photopeaks ordaughter photopeaks for calculations. An example would be the use of a daughter 
in the 226Ra decay series, "'Bi (609 keV peak), as an alternate for determining the quantity of 
u6Ra present. When using such an approach, it is also necessary that the equilibrium status 
between the parent and daughters be known. 
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Soil or sediment analysis by gamma spectrometry can be performed with varying sample sizes, 
using geometries such as a 0.5 L Marinelli beaker, 100- to 400-mL cans or jars, various sizes of 
petri dishes, or standard 20-mL scintillation vials. Counting times ranging from one-half hour to 
4 h are usually adequate to detect most radionuclides at concentrations currently being used as 
DCGLs. Longer counting times may be necessary for radionuclides with low gammaemission 
rates (abundances) or low guideline concentration values. 

7.6.2.2 Alpha Spectroscopy (Chemical Separation) 
7 1  - 

Radionuclides emitting primarily alpha particles are best analyzed by wet chemistry separation 
followed by counting to determine amounts of specific alpha energies present. Elements of. 
concern can be removed from a solid sample by acid leaching or dissolution, or samples can be 
hsed at high temperatures into fluoride and pyrosulfate fluxes. This latter process ensures that all 
chemical species are in an ionic state that is more readily dissolved. (The process of leaching - . 
certain chemical forms of radionuclides fiom the soil matrix has been found to be less consistent 
than total dissolution of the sample matrix.) After dissolution, barium sulfate is precipitated to 
cltrry the alpha emitters out of solution. The precipitate is dissolved and the various radionuclides 
are separated by oxidation-reduction reactions, or by ion exchange. After final separation and 
cleanup,. the radionuclides of interest are electroplated onto a metal disc or coprecipitated (with 
either neodymium or cerium fluoride) and collected on a filter paper. The metal disc or filter 
paper is then counted using a solid-state surface barrier detector and alpha spectrometer. 

A known amount of tracer radionuclide is added to the sample before the chemical separation to 
determine the fraction of the radionuclide recovered in the procedure. Comparing the counts 
from the tracer with the known activity of the tracer provides a “calibration” term that combines 
the measurement efficiency and chemical recovery for each sample processed. Lower limits of 
detection are less than 37 Bqkg (1 pCdg) using standard alpha spectrometry methods. Sample 
quantities for such procedures are typically a few grams or less. 

7.6.23 Other Procedures 

Analysis of soilhediment samples for most pure beta radionuclides, such as %r, T c ,  and 63Ni 
generally involves wet chemistry separation, followed by counting using liquid scintillation or beta 
proportional instruments. Each radionuclide (element) uses a specific procedure for the chemical 
separation-such d d l  is beyond the scope of this manual and the reader should consult the 
references for further information. As with the alpha spectrometry techniques, a known amount 
of tracer is added to the sample to determine recovery. Detection limits of less than 37 Bqkg 
(1 pCi/g) are achievable using standard methods. 
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Another analytical technique uses liquid scintillation counting to measure alpha-emitting -c7 
contaminant concentrations. This system is known as Photon Electron Rejecting Alpha Liquid 
Scintillator (PERALS). While this technique does not provide quite the resolution of 
conventional alpha spectrometry (solid state detectors), it provides greater sensitivity, the 
chemical procedures are less rigorous, and the results are obtainable in a much shorter time 
(Perdue et al. 1978). 

7.6.3 Analysis of Water ? I  : i .  : 

_. Water samples may be directly counted for gamma emitters using the equipment described for soil 
or sediment samples. Because the specified detection limits are typically lower for water than for 
soil, larger sample vo lpes  (1 to 3.5 L) and longer count times (up to 12 or 16 hours) may be 
necessary. 

Gross alpha and gross beta analyses are conducted by evaporating a small (typically 0.01 to 0.1 L) - 
volume of water to dryness and counting on a low-background gas proportional system. 
Measurement sensitivities of 0.04 BqL (1 p C i )  are attainable when low solids content limits 
self-absorption. Because of the substantial sample thickness that may OCCUT, self-absorption may 
be sigdicant and corrections will be necessary. Gross alphdbeta measurements are not isotope 
specific. This technique is intended primarily as a smening tool; therefore care should be used in 
interpreting data from these measurements. Samples that may contain radioactivity levels 

exercised when the water may contain tritium, technetium, or other volatile radionuclides. In such 
circumstances, direct analyses by liquid scintillation or a combination of wet chemistry and liquid 
scintillation may be necessary. Analyses for other specific radionuclides are conducted in a 
manner similar to that for soil or sediment. 

- - 

approaching the DCGLs should be analyzed further for specific radionuclides. Care should be 1:: 

7.6.4. Analysis of Tritium Using Liquid Scintillation 

If tritium in water is a radionuclide of concern, the tritium may be separated by distillation. If 
tritium in other media is a radionuclide of concern, the tritium may be separated by adding a 
known amount of low-tritium water and distilling the sample to collect the moisture. 
Alternatively, when dilution of existing moisture may present a problem, the existing moisture in a 
sample can be removed by distillation of an azeotrope (e.g., n-hexane and water). An aliquot of 
the collected moisture is then placed in a scintillation cocktail and counted using a liquid 
scintillation beta spectrometer. The activity is then related to the quantity of soil in the sample 
prowdure or to the natural moisture content of the sample. Depending upon the moisture content 
of the sample and hction disassociated by the distillation process, detection limits on the order of 
100 Bqkg can be obtained with this method. A technique for analyzing tritium inelemental form 
uses an oxidizer to convert tritium to water vapor that is collected in a cryogenic liquid bubble 
trap; an aliquot from the collecting trap is then placed in a scintillation cocktail and analyzed. 

. 

. 
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7.7 Chain-of-Custody 

Documentation of changes in the custody of a sample@) is very important. This  is especially true 
for samples which may be used as evidence to establish compliance widi'a release criterion for a 
controversial site or facility. In such cases, there should be sufficient evidence& demonstrate that 
the integrity of the sample is not compromised fiom the time it is collected to the time the sample 
is analyzed. During this time, thq,spple should either be under the positive control of a 
responsible individual or secured and protected from any activity that could change the true value 
of the results. 'When this degree of sample handling or custody is necessary, special procedures 
should be developed between the field operations and the analytical laboratory. This ensures that 
a clear transfer of the custodial responsibility is well documented and no questions exist as to who 
is responsible for the sample at any time. The survey design should state when sample custody is 
a concern. 

- 

- .  - ..I 

," 
7.7.1 Field Custody Considerations 

0 The sample collector is responsible for the care and custody of the samples until >'  

they are properly transferred or dispatched. This means that samples are in their 
possession under constant observation, or secured. Samples may be secured in a 
sealed container, locked vehicle, locked room, etc. 
Sample labels should be completed for each sample using waterproof ink 
The survey manager or designee determines whether or not proper custody 
p~ocedures were followed during the field work, and decides if additional sampling 
is indicated. 
If photographs are included as part of the sampling documentation, the name of 
the photographer, date, time, site location, and site description should be entered 
sequentially in a logbook as the photos are taken. After the photographs are 
developed, the prints should be serially numbered. 

0 

0 i 

0 

7.7.2 Transfer of Custody 

@ All samples leaving the site should be accompanied by a Chain-of-Custody record. 
This record documents sample custody transfer from the sampler, often through 
another person, to the analyst in the laboratory. The individuals relinquishing the 
samples should sign and date the record. The record should include a list of the 
samples in the shipping container and the analysis requested for each sample. 
Shipping containers should be sealed and include a tamper indicating seal that will 
indicate if the container seal has been disturbed. The method of shipment, courier 
name, or other pertinent information should be listed in the Chain-of-Custody 
record. 

. 
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0 

0 

- The original Chainsf-Custody record should accompany the samples. A copy of 
the record should be retained by the individual relinquishing the samples. 
Discuss the custody objectives with the shipper to ensure that the objectives are 
met. For example, if the samples aie sent by mail and the originator of the sample 
requires a record that the shipment was delivered, the package should be registered 
with return receipt requested. E, on the other hand, the objective is to simply 
provide a written record of the shipment, a certificate of mailing may be a less 
expensive appropH&& alternative. 
The individual receiving the samples should sign and date the record. The 
condition of the container and the tamper indicating seal should be noted on the 
Chain-of-Custody record. Any problems with the individual samples, such as a 
broken container, should be noted on the record. 

0 - 

- -  

7.8 Packaging and Transporting Samples 

All samples being sent offsite for analysis should be propedy packaged before shipment. Some 
examples of sample packaging techniques include: 

0 

0 

0 

e 

e 

0 

0 

visually inspecting each sample container for indications of leaks or defects in the 
sample container 
wiping individual sample containers with a damp cloth or absorbent paper to 
remove any exterior contamination 
placing sample containers inside individual plastic bags to reduce the chance of 
cross-contamination, and to contain the sample in case of leakage or breakage 
including sufficient absorbent material to contain the samples in case of leakage or 
breakage if there are liquid samples in the package 
packaging sample containers to prevent breakage by immobilizing and isolating 
each k p l e  container using packing material-this is especially important in cold 
weather when plastic containers become brittle and watkr samples may freeze 
including the original, signed chain-of-custody form listing the samples included in 
each package+-i.e., if possible avoid having multiple packages covered by a single 
chainsfcustody form 
sealing the package to deter tampering with the samples-the seal should indicate 
if the sample has been opened or tampered with during shipment 

If samples are sent offsite for analysis, the shipper is responsible for complying with all applicable 
regulations. NRC has established requirements for packaging; preparation for shipment, and 
transportation of licensed material in 10 CFR part 71 - Packaging and Transpodation of 
Radioactive Material. 
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. _.- 
The U.S. Department of Transportation (DOT) provides regulations governing the transport of 
hazardous materials under the Hazardous Materials Transportation Act of 1974 (88 Stat. 2156, 
Public Law 93-633). The applicable requirements of the regulations are found in 49 CFR Parts 
170 through 189:' The'shipper should particularly note DOT regulations in the following areas: 

0 Packaging - 49'CFR part 173, Subparts A and By and $9 173.401 through 173.478 
0 Marking and labelling - 49 CFR part 172, Subpart D and $$ 172.400 through 

172.407; 172.436'Gough 172.440 
0 Placarding - 49 CFR part 172.500 through 172.519, 172.556 and Appendices B 

and C 
0 Monitoring - 49 CFR part 172, Subpart C 
0 Accidentreporting-49CFRpart 171.15 and 171.16 
0 Shipping papers - 49 CFR part 172, Subpart C 

0 Transportation by Air - 49 CFR part 176, Subparts A-D and M 
0 Transportation by Rail - 49 CFR part 174, Subparts A-D and K 
0 Transportation'by Vessel - 49 CFR part 176, Subparts A-D and M 

- 

0 Transportation on Public Highways - 49 CFR part 177 - _ _  
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8 INTERPRETATION OF SURVEY RESULTS 
. .- 

- 
8.1 Introduction 

This chapter discusses the interpmtion of s w e y  results, primarily those of the final status 
survey. Section 8.2 discusses the assessment of data quality. The remainder of this chapter deals 
with application of the statistical tests used in the decision-making process, and the evaluation of 
the test results. :,-4i . 

Interpreting the results of a survey will be most &ghtforward in cases where measurement data 
are entirely higher or lower than the DCGL.  In such cases, the decision as to whether a survey 

formal statistical tests provide a valuable tool when a survey unit's measurements are neither 
clearly above nor entirely below the DCGL. Nevertheless, the survey design ahvqvs makes use 

sensitivity are adequate, but not excessive, for the decision to be made. 

- 

unit meets or er;ceeds the release criterion will need very little in terms of data analysis. However, 

of the statistical tests in helping to assure that the number of sampling points and the measurement - 

_ _  

- 

8.2 Data Quality Assessment 

Data Quality Assessment (DQA) is the scientific and statistical evaluation'of data to determine if 
the data are of the right type, quality, and quantity to support their intended use. I An ovewiew of 
the DQA process appears in Section 2.3, Section 9.4, and Appendix E. There are five steps in the 
DQAprocess: 

1. Review the Data Quality Objectives (DQOs), survey unit classification, and 
sampling design. 

2. 

3. Select the tests. 

Conduct a preliminary data review. 
t 

4. veri$ the assumptions ofthe tests. 

5.  Draw conclusions fiom the data. 

The effort expended in the DQA step should be consistent with the graded approach used in 
developing the survey design. More information on DQA is located in Chapter.9, Appendix E, 
and EPA Guidance Document QNG-9 @PA 1996a). 
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. .  

. . -.- 

8.2.1 Review the Data Quality Objectives (DQOs) and Sampling Design - 
Review the DQO outputs to ensure that they are still applicable. For example, if the data suggest 
the survey unit w~ misclassified as Class 3 instead of Class 1, then the original DQOs should be 
redeveloped for the correct classification. 

Review the sampling design and data collection documentation for consistency with the DQOs. 
For example, check that the appropriate number of samples were taken in the correct locations 
and that they were analyzed with methods of appropriate sensitivity. Example checklists for 
different types of surveys are given in Chapter 5. 

In cases where the residual radioactivity is near the DCGL, it may be important to determine that 
the sampling design provides adequate power for the decision to be made. This can be done both 
prospectively, during survey design to test the efficacy of a proposed design, and retrospectively, 
during interpretation of survey results to determine that the objectives of the design were met. 
The procedures for generating power curves for specific tests are discussed in Appendix I. Note 
that the accuracy of a prospective power curve depends on estimates of the data variability, u, and 
the number of measurements. After the data are analyzed, a sample estimate of the data 
variability, namely the sample standard deviation, s, and the actual number of valid measurements 
will be known. The consequence of inadequate power is that a w e y  unit that actually meets the 
release criterion has a higher probability of being incorrectly deemed not to meet the release 
criterion. 

- 

- 

- 

8.2.2 Conduct a Preliminary Data Review 

To learn about the structure of the data-identifying patterns, relationships, or potential 
anomalies-one can review quality assurance (QA) and quality control (QC) reports, prepare 
graphs of the data, and calculate basic statistical quantities. 

t 

8.2.2.1 Data Evaluation and Conversion 

Radiological survey data are usually obtained in units, such as the number of counts per unit time, 
that have no intrinsic meaning relative to DCGLs. For comparison of survey data to DCGLs, the 
survey data fiom field and laboratory measurements should be converted to DCGL units. Further 
information on instrument calibration and data conversion is given in Section 6.2.7. 
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, _-- 
Basic statistical quantities that should be calculated for the sample data set are the: 

0 .mean 

0 n?xiian - .  . .  
standard deyiation. .. 

:. . . , , 

- - . . _  . 0 

Example: 

Suppose the following 20 concentration values are from a survey unit: 
a -  

90.7, 83.5, 86.4, 88.5, 84.4, 74.2, 84.1, 87.6, 78.2, 77.6, 
86.4, 76.3, 86.5, 77.4, 90.3, 90.1, 79.1, 92.4, 75.5, 80.5. 

First, calculate the average of the data (83.5) and the sample standard deviation (5.7). 

The average of the data can be compared to the reference area average and the DCGL, to 
I get a preliminary indication of the survey unit status. Where remediation is inadequate,. 

this comparison may readily reveal that a survey unit contains excess resid& 
radioactivity-even before applying statistical tests. For example, if the average of the - 
data exceeds the DCGL, and the radionuclide of interest does not appear in background, 
then the mey unit cleariy does not meet the release criterion. On the other hind, if 
evefy measurement in the survey unit is below the DCGL,,,, the survey unit cleariy meets 
the release criterion.' 

- - -  

The value of the sample standard deviation is especially important. If too large compared 
to that assumed during the survey design, this may indicate an insufficient number of 
samples were collected to achieve the desired test power. Again, inadequate power can 
lead to unnecessary remediations. 

The median is the middle value of the data set when the number of data points is odd, and 
is the average of the two middle values when the number of data points is even. Thus 
50% of the data points are above the median, and 50% are below the median. Large 
diffbences between the mean and the median would be an early indication of skewness in 
the data. This would also be evident in a histogram of the data. For the example data 
above, the median is (84.1 + 84.4)/2 = 84.25. The difference between the median and the 
mean, 84.25 - 83.5 = 0.75, is a small ffaction of the sample standard deviation, 5.7. Thus, 
in this instance, the mean and median would not be considered significantly different. 

'It can be verified that if e v q  messurement is MOW the DCGL ,,,, the conclusion h r n  the statistical tests will 
always be that the survey unit meets the release criterion. 
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Examining the minimum, maximum, and range of the data may provide additional usefbl 
information. The minimum of the example data is 74.2 and the maximum is 92.4, so the 

-. range is 92.4 - 74.2 = 18.2. This is only 3.2 standard deviations. Thw, the range is not 
unusually large. When there are 30 or fewer data points, values of the range much larger 
than about 4-5 standard deviations would be unusual. For larger data sets the range might 
be wider. 

-1-1.  . 
8.2.2.2 Graphical Data Review 

At a minimum, the graphical data review should consist of a posting plot and a histogram. 
Quantile plots are also useful diagnostic tools, particularly in the two-sample case, to compare the 
survey unit and reference area. These are discussed in Appendix L8. 

_. Apostingplot is simply a map of the survey unit with the data values entered at the measurement 
locations. This potentially reveals heterogeneities in the data-specially possible patches of 
elevated residual radioactivity. Even in a reference area, a posting plot can revd  spatial trends in 
background data that might af€ect the results of the twesample statistical tests. 

' 

If the data above were obtained using a triangular grid in a rectangular m e y  dt, the posting 
plot might resemble the display in Figure 8.1. Figure 8.la shows no unusual patterns in'the data. 
Figure 8.1 b shows a different plot of exactly the same results, but with individual results 
associated with different locations within the survey unit. In this plot there is an obvious trend 
towards larger values as one moves from right to left across the survey unit. This trend is not 
apparent in the simple initial listing of the data. 

- 

If the posting plot reveals systematic spatial trends in the survey unit, the cause would need to be 
investigated. In some cases, such trends could be due to residual radioactivity, but may also be 
due to inhomogeneities in the survey unit background. Other diagnostic tools for examining 
spatial data trends may be found in EPA Report QNG-9 (EPA 1996a). f i e  use of geostatistical 
tools may also be usell  in some cases (EPA 1989a). 

Apequency plot (or a histogram) is a useful tool for examining the general shape of a data 
distribution. This plot is a bar chart of the number of data points within a certain range of values. 
A simple method for generating a rough fiequency plot is the stem and leaf display discussed in 
Appendix 1.7. The frequency plot will reveal any obvious departures from symmetry, such as 
skewness or bimodality (two peaks), in the data distributions for the survey unit or reference area. 
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Figure 8.1 Examples of Posting Plots 
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Interpretation of SurveyResults 

The presence of two peaks in the survey unit frequency plot may indicate the existence of isolated 
areas of residual radioactivity. In some cases it may be possible to determine an appropriate 
background for the survey unit using this information. The interpretation of the data for this 
purpose will generally be highly dependent on site-specifkconsiderations and should only be 
pursued after consultation with the responsible regulatory agency. 

The presenqe of two peaks in theGference area fiequency plot may indicate a mixture of 
background concentration distributions due to different soil types, construction materials, etc. 
The greater variability in the data due to the presence of such a mixture will reduce the power of 
the statistical tests to detect an adequately remediated survey unit. These situations should be 
avoided whenever possible by carefblly matching the reference areas to the survey units, and 
choosing survey units with homogeneous backgrounds. 

- -  Skewness or other asymmetry can impact the accuracy of the statistical tests. A data 
transformation (e.g., taking the logs of the data) can sometimes be used to make the distribution 
more symmetric. The statistical tests would then be performed on the transformed data. A 
fiequency plot of the example data is shown in Figure 8.2. 

- 
70 75 80 85 90 96 

Measured Value 

130 Figure 8.2 Example of a Frequency Plot 
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8.2.3 Select the Tests 

An overview of the statistical considerations important for final status surveys appears in Sectioh 
2.5 and Appendix D. The most appropriate procedure for summarizing and analyzing the data is 
chosen based on the preliminary data review. For final status surveys, the two-sample statistical 
test (Wilcoxon Rank Sum test, discussed in Section 5.5.2.2) should be used when the radionuclide 
of concern appears in background, ar if measurements are used that are not radionuclide specific. - 
The one-sample statigtid test (Sign test) described in Section 5.5.2.3 should only be used if the 
contaminant is not present in background and radionuclide-specific measurements are made. The 
onesample test may also be used if the antaminant is present at such a small hct ion of the 
DCGL, value as to be considered insignificant. In this case no provision for background 
concentrations of the radionuclide is made. Thus, the total concentration of the radionuclide is 
compared to the release criterion. This option should only be used if it is expected that ignoring 
the background concentration will not significantly affect the decision on whether or not the 
survey unit meets the release criterion. The advantage of ignoring a small background 
contribution is that no reference area is needed. This can simplifL the fmal status s w e y  
considerably. 

_ _  

- - 

1 
...& 

The onesample Sign test (Section 8.3.1) evaluates whether the median of the data is above or 
below the DCGL. If the data distribution is symmetric, the median is equal to the mean. In 
cases where the data are severely skewed, the mean may be above the DCGL, while the median 
is below the D C G b .  In such cases, the survey unit does no? meet the release criterion regardless 
of the result of the statistical tests. On the other hand, if every measurement is below the 
DCGL, the Sign test will always show that the survey unit meets the release criterion. 

The two-sample Wilcoxon Rank Sum (WRS) test (Section 8.4.1) assumes the reference area and 
survey unit data distributions are similar except for a possible shift in the medians. Values 
representing the difference between the means and between the medians-for the survey unit and 
reference area-can be used as in the one-sample case above. When the data are severely 
skewed, the value for the difference between means may be above the DCGL, while the 
difference for the medians is below the DCGL. In such cases, the suwey unit dbes not meet the 
release Criterion regardless of the result of the statistical test. On the other hand, if the difference 
between every s w e y  unit measurement and the minimum (smallest) reference area measurement 
is less than the D C G b ,  the WRS test will always show that the survey unit meets the release 
criterion. 

Other statistical tests may be used provided that the data are consistent with the assumptions 
underlying their use. The nonparametric tests generally involve fewer assumptions than their 
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parametric equivalents. For example, the Student's t-test may be used if the data distribution is 
consistent with the assumption of normality. If the data do not exhibit a normal distribution, the 
nonparametric tests will generally produce smaller decision -. error rates. 

83.4 Verify the Assumptions of the Tests 

An evaluation to determine that *'data are consistent with the underlying assumptions made for 

data fiom the reference area or survey unit consist of independent samples from each distribution. 

- the statistical procedures helps to validate the use of a test One may also determine that certain 
departures from these! assumptions are acceptable when given the actual data and other 
information about the study. The nonparametric tests described in this chapter assume that the 

- 

-- 

Spatial dependencies that potentially affect the assumptions can be assessed using the posting 

available (e.g., EPA QNG-9). These methods tend to be complex and are best used with 
guidance fiom a professional statistician. 

plots. More sophisticated tools for determining the extent of spatial dependencies are also - - - 

Asymmetry in the data can be diagnosed with a stem and leaf display, a histogram, or a Quantile 
plot. As discussed in the previous section, data transformations can sometimes be used to 
minimize the e f fm of asymmetry. 

One of the primary advantages ofthe nonparametric tests used in this report is that they involve 
fewer assumptions about the data than their parametric counterpatts. If parametric tests are used, 
(e.g., Student's t-test), then any additional assumptions made in using them should be verified 
(e.g., testing for normality). These issues are discussed in detail in EPA QNG-9 @PA 1996a). 

One of the more important assumptions made-in the survey desiga described in Chapter 5 is that 
the sample sizes determined for the tests are suf€icient to achieve the data quality objectives set 
for the Type I (a) and Type II (g) error rates. Verification of the power of the tests (1 -p) to 
detect adequate remediation may be of particular interest. Methods for assessing the power are 
discussed in Appendix L9. If the hypothesis that the survey unit residual radioactivity exceeds the 
release criterion is accepted, there should be reasonable assurance that the test is equally effective 
in determining that a survey unit has residual contamination less than the DCGk.  Otherwise, 
unnecessary remediations may result. For this reason, it is better to plan the w e y s  
cautiously-even to the point of: 

0 

0 taking too many samples 
0 

overestimating the potential data variability 

overestimating minimum detectable concentrations (MDCs) 
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201 

202 

203 

204 

205 

206 

207 
208 
209 
210 
21 1 
212 
213 

214 

I 

215 

216 

217 

218 

219 
220 

Any measurement greater than DCGL, or the 
average less than DCGL, 

Interpretation of S w e y  Results 

If it cannot be shown that the DQOs were met with reasonable assurance, a resurvey may be 
needed. Some of the assumptions and possible methods for assessing them are summarized in 
Table 8.1. 

Table'8.l Methods for Checking the Assumptiom of Statistical Tests 

Conduct Sign test and elevated 
measurement comparison 

-. . .. 

8.2.5 Draw Conclusions from the Data 

In each survey unit, there are two types of measurements made: (a) direct measurements or - 
samples at discrete locations and fi) scans. The statistical tests are ody applied io the 
measurements made at discrete locations. The specific details for conducting the statistical tests 
are given in Sections 8.3 and 8.4. When the data clearly show that a survey unit meets or exceeds 
the release criterion, the result is oftea obvious without performing the formal statistical analysis. 
Table 8.2 indicates those circumstances where a conclusion can be drawn fiom a simple 
examination of the data. 

. I  Table 8.2 Summary of Statistical Tests 

Radionuclide not in background and radionuclide-sDecific measurements made: 
Y 

1 AI measurements less than DCGL, I survey unit meets release criterion I 
I Average greater than DCGL, I Survey unit does not meet release criterion I 

MARSSM 8-9 12/6/96 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE _ _  

, ... 



Interpretation of Survey Results 

Difference between maximum mey unit 
measurement and minimum d&nce area 
measurements is less than DCGL, 

Difference of survey unit average and reference 
area average is greater than DCGL, 

Difference between any w e y  unit measurement 

DCGL, or the difference of survey unit average 
and reference area average is less than DCGL, 

and any reference area measurement greater than 

221 

222 

Table 8.2 Summary of Statistical Tests (continued) 

Radionuclide in backeround or non-r~dionuclide-specific measurements made: 

Survey unit meets release criterion 

Survey unit does not meet release criterion 

Conduct WRS test and elevated 
measurement comparison - -  

Y .. . .. . .  
223 

224 
225 

! 226 

, 

I 

227 
228 

229 
230 , 
23 1 
232 

233 
234 
235 
236 
237 
238 
239 
240 
24 1 
242 
243 

Both the measurements at discrete locations and the scans are subject to the elevated 
measurement comparison (EMG). The result of the EMC does not in itself lead to a conclusion as 
to whether the survey unit meets or exceeds the release criterion, but is a flag or trigger for 
further investigation. The investigation may involve taking further measurements in order to 
determine that the area and level of the elevated residual radioactivity are such that the resulting 
dose or risk meets the release criterion? The investigation should also provide adequate 
assurance that there are no other undiscovered areas of elevated residual radioactivity in the 
survey unit that might result in a dose exceeding the release criterion. This could lead to a 
re-classification of all or part of a survey unit-unless the results of the investigation indicate that 
reclassification is not necessary. The investigation level appropriate for each class of survey unit 
and type of measurement is shown in Table 8.3 and the three paragraphs that follow. 

- 
. .  .. . .  

*Rather than, or in addition to, taking further measurements the hvedgati0n may involve assesSing the 
adequacy of the exposure pathway model used to obtain the DCGLs and area factors, and the consistenCy of the results 
obtained with the Historical Site Assessment and the scoping, characterization and med ia l  action support surveys 
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244 - Table 8 3  Summary of Investigation Levels 

* 245 
246 

247 I Class 1 I > D C G h c :  or 
> DCGL, and* mean + 3s' 

248 I . .  I Class2 . I>DCGIL, 

249 
250 

~ ~~ 

Class 3 > f'iaction of DCGL, > DCGL,or > MDC I 
a s is the standard deviation of the survey unit measurements 

251 
252 
253 
254 
255 
256 
257 investigation: 

For a Class 1 survey unit, measurements above the DCGL, are not necessarily unexpected. 
However, a measurement above the DCGL,,, at one of the discrete measurement locations might 
be considered unusual if it were much higher than all of the other discrete measurements. Thus, 
any discrete measurement that is both above the DCGL, and is three standard deviations above 
the mean of the measurements should be investigated M e r .  Any measurement, either at a 
discrete location or from a scan, that is above the D C G b c  should be flagged for further 

- - 

258 
259 
260 
26 1 
262 
263 

In Class 2 or Class 3 areas, neither measurements above the DCGL, nor areas of elevated 
activity are expected. Any measurement at a discrete location exceeding the DCGL, in these 
areas should be flagged for m e r  investigation. Because the survey design for Class 2 and 
Class 3 survey units is not driven by the EMC, the scanning MDC might exceed the D C G k .  In 
this case, any indication of residual radioactivity during the scan would warrant firther 
investigation. 

264 
265 
266 
267 
268 
269 

I 
I 270 

27 1 
~ , 272 

Because there is a low expectation for residual radioactivity in a Class 3 area, it may be prudent to 
investigate any measurement exceeding even a fraction of the DCGb.  The level one chooses 
here depends on the site, the radionuclides of concern, and the measurement and scanning 
methods chosen. This level should be set using the DQO Process during the survey design phase 
of the Data Life Cycle. In some cases it may be prudent to follow this procedure for Class 2 and 
even Class 1 survey units as well. 

8.2.6 Example 

To illustrate the data analysis process, consider an example facility with: 14 survey units 
consisting of interior concrete &aces, one interior survey unit with drywall surfaces, and two 
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273 
274 
275 
276 
277 
278 ' significant background in soil. 

extenor survey units. The contaminant of concern is 6oCo. The interior surfaces were measured 
with total beta-gamma counting instruments with an active surface area of 20 cm2. Because these 
measurements are not radionuclide specific, appropriate reference areas were chosen for 
comparison. The exterior soil was m d  with a germanium spectrometer to provide 
radionuclidespekific results. A reference area is not needed because @Co does not have a 

279 
280 
28 1 
282 
283 
284 
285 
286 
287 

- , - a .  - 
The exterior Class 3 survey unit incorporates areas that are not expected to contain residual 
radioactivity. The exterior Class 2 survey unit is similar to the Class 3 survey unit, but is expected 
to contain residual radioactivity below the DCGL. The Class 1 Interior Concrete survey units 
are expected to contain small areas of elevated activity that may or may not exceed the DCGL,,,. 
The Class 2 Interior Drywall survey unit is similar to the Class 1 Interior Concrete survey unit, but 
the drywall is expected to have a lower background, less measurement variability, and a more 
uniform distribution of contamination. The Class 2 survey unit is not expected to contain areas of 
activity above the DCGL. The survey design parameters and DQOs developed for these survey 
units are summarized in Table 8.4. 

- - 

288 Table 8.4 Final Status Survey Parameters for Example Survey Units 

289 
290 

29 1 
292 

293 
294 

295 

296 

297 

. 298 8.3 Contaminant Not Present in Background 

299 
300 
301 
302 

The statistical test discussed in this section is used to compare each survey unit directly with the 
applicable release criterion. Because the measurement technique is radionuclide-specific, a survey 
reference area is not included; instead the contaminant levels are compared directly with the 
DCGL, value. The methods of this section should only be used if the contaminant is not present 
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303 
304 
305 
306 

307 
308 
309 
310 
31 1 
312 

313 

314 
315 
316 
317 
318 
319 
3 20 

32 1 

322 
323 
324 

325 

326 
327 
328 

329 
330 
33 1 
332 
333 

_ _  .. . 

Interpretation of SWV Results 

in background or is present at such a small fraction of the DCGL, value as to be considered 
insignificant. In addition, one-sample tests are applicable only if radionuclidespecific 
measurements are made to determine the concentrations. Otherwise, the methods of Section 8.4 
are recommended. - -, 

Reference areas and reference samples are not needed when there is essentially no background 
concentration for the radionuclide being considered. With only a single set of swvey unit 
samples, the statistical test used gek is called a one-sample test. Sites need not be contiguous 
areas, however the statistical test should only be applied to individual survey units that cover 
contiguous areas. See Section 5.5 for firther information appropriate to following the examples 
and discussion presented here. 

83.1 OnaSample Statistical Test 

The Sign test is designed to detect uniform failure of remedial action throughout the swey unit. 
This test does not assume that the data follow any particular distribution, such as normal or 
log-normal. In addition to the Sign Test, the DCGL for the Elevated Measurement Comparison 
(EMC)-described in Section 5.5.2.44s compared to each measurement to ensure none exceeds 
the D C G L e  If a measurement exceeds this DCGL, then additional investigation is 
recommended-at least locally-to determine the actual areal extent of the elevated 
concentration. 

- 

_ _  

- 

The hypothesis tested by the Sign test is: 

Null Hvpothesis 
H,,: The median concentration of residual radioactivity in the survey unit is greater than the 
DCGL, 

versus 

I-&: The median concentration of residual radioactivity in the survey unit is less than the 
DCGL, 

The null hypothesis is assumed to be true unless the statistical test indicates that it should be 
rejected in favor of the alternative. The null hypothesis states that the probability of a 
measurement less than the DCGL, is less than one-half, i.e., the 50th percentile (or median) is 
greater than the DCGL,,,. The median is the concentration that would be exceeded by 50% of the 
measurements. Note that some individual survey unit measurements may exceed the DCGLw 
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334 
335 
336 

337 
338 
339 

340 
341 
342 
343 
344 
345 
346 

347 

348 

349 

350 
35 1 

352 
353 

354 
355 

. 356 

357 
358 
359 
360 

even when the survey unit as a whole meets the release criterion. In fact, a survey unit that 
averages close to the DCGL, might have almost half of its individual measurements greater than 
the DCGL. Such a survey unit may still meet the release criterion. 

The assumption is that the &ey unit m&ements we independent random samples from a 
symmetric distribution. Ifthe distribution of measurements is symmetric, the median and the 
mean are the same. 

The hypothesis specifies a release criterion in terms of a DCGL, which is calculated as described 
in Section 4.3. The test should have suflkient power (1-p, as specified in the DQOs) to detect 
residual radioactivity concentrations at the Lower Boundary of the Gray Region (LBGR). If u is 
the standard deviation of the measurements in the survey unit, then N u  expresses the size of the 
shift ( i e .  A = DCGkLBGR) as the number of standard deviations that would be considered 
"large" for the distribution of measurements in the survey unit. The procedure for determining - 
N o  is given in Section 5.5.2.3. 

83.2 Applying the Sign Test 

_ + -  ., - -. 

-,-a . . 

The Sign test is applied as follows: 

1. List the survey unit measurements, X,  , i = 1,2,3 ..., N. 

2. Subtract each measurement, X ,  , fro,m the DCGL, to obtain the differences: 
D, = DCGLw-Xi, i =  1, 2, 3 ..., N. 

3. If any difference is exactly zero, discard it from the analysis, and reduce the sample 
size, N, by the number of such zero measurements. 

4. Count the number of positive differences. The result is the test statistic S+. Note 
that a positive difference corresponds to a measurement below the DCGL, and 
contributes evidence that the survey unit meets the release criterion. 

Large values of S+ indicate that the null hypothesis (that the swvey unit exceeds 
the release criterion) is false. The value of S+ is compared to the critical values in 

hypothesis is rejected. Otherwise, the null hypothesis is accepted. 

5 .  

. Table L3. If S+ is greater than the critical value, k, in that table, the null 
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361 8.3.3 Sign Test Example: Class 2 Exterior Soil Survey Unit 

. 362 
. -363 - -  .appropriate since the radionuclide of concern does not appear in background and radionuclide- 

For the Class 2 Exterior Soil survey Unit, the one-sample nonparametric statistical test is 

364 

365 
366 
367 
368 
369 

370 
37 1 
372 
373 
374 

375 
376 
377 
378 
379 

3 80 
38 1 
382 
383 
384 
385 
3 86 

387 
388 
389 

. 390 
391 
392 

specific measurements were made. 

Table 8.4 shows that the DQOs fqr .this survey unit are a = 0.025 and Q = 0.025. The DCGL, is 
140 Bqkg (3.8 pCdg) and the estimated standard deviation of the measurements is u = 3.7 Bqkg 
(0.10 pCig). Since the estimated standard deviation is much smaller than the DCGL,, the lower 
bound for the gray region should be set so that N u  is about 3. If A/u = ( DCGL, - LBGR)/u = 

- 

3, then, LBGR- DCGL, - 3a = 140 - (3)(4) = 128 Bqkg (3.5 pCi/g). ._ 

Table 5.5 indicates the number of measurements estimated for the Sign Test with a = 0.025, Q = 
0.025 and A/u = 3 is N 40. (Table L2a in Appendix I also lists the number of measurements - 

estimated for the Sign test.) This survey unit is Class 2, so the 20 measurements needed were 
made on a random start triangular grid. When laying out the grid, 22 measurement locations were 
identified. 

- 

The 22 measurements taken on the exterior lawn Class 2 survey unit are shown in the first column 
of Table 8.5. The mean of these data is 129 Bqkg (3.5 pCi/g) and the standard deviation is 11 
Bqkg (0.30 pCi/g). Since the number of measurements is even, the-median of the data is the 
average of the two middle values (126+128)/2 = 127 Bqkg (3.4 pCi/g). A Quantile Plot of the 
data is shown in Appendix 1.8, Figure 1.3. f 

There are five measurements that exceed the DCGL, value of 140 Bq/kg: 142, 143, 145, 148 and 
148. However, none exceed the mean of the data plus three standard deviations: 127+3(11) = 
160 Bqkg (4.3 pCi/g). Thus, these values appear to reflect the overall variability of the 
concentration measurements rather than to indicate an area of elevated activity-provided that 
these measurements were scattered through the survey unit. However, if a posting plot were to 
show that the locations of these measurements are'grouped together, then that part of the survey 
unit would merit hrther investigation. 

The middle column of Table 8.5 contains the differences, DCGLvData, and the last column 
contains the signs of the differences. The bottom row shows the number of measurements with 
positive differences, which is the test statistic S+. In this case, S+ = 17. 

The value of S+ is compared to the appropriate critical value in Table 1.3. In this case, for N=22 
and a = 0.025, the critical value is 16. Since S+ = 17 exceeds this value, the null hypothesis that 
the survey unit exceeds the release criterion is rejected. 
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393 Table 8.5 Example Sign Analysis: Class 2 Exterior Soil Survey Unit - 

394 . 

' .  ' 395 - 
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41 1 
412 
413 
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415 
416 
417 
418 

- .  _. 

.. 

. t  

419 83.4 Sign Test Example: Class 3 Exterior Soil Survey Unit . .  . 

420 
421 
422 specific measurements were made. 

For the Class 3 Exterior Soil Survey Unit, the one-sample nonparametric statistical test is again 
appropriate since the radionuclide of concern does not appear in backgrouud'and radionuclide- , 

423 
424 
425 

Table 8.4 shows that the DQOs for this survey unit are a = 0.025 and Q = 0.01. The DCGL, is 
140 Bqkg (3.8 pCdg) and the estimated standard deviation of the measuremhts is o = 3.7 Bqkg 
(0.10 pCi/g). Since the estimated standard deviation is much smaller than the DCGL, the lower 
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426 
427 

bound for the gray region should be set so that Ah is about 3. If A h  = (DCGL,,, - LBGR)/u = 
3, then, LBGR = DCGL, - 3a = 140 - (3)(4) = 128 Bqkg (3.5 pCi/g). 

428 
429 
430 

Table 5.5 indicates that the sample she estimated for the S i p  Test with a = 0.025, p = 0.01, and 
Ah = 3 is N =23. This m e y  unit is Class 3, so the measurements were made at random 
locations within the survey unit. 

, 

43 1 
432 
433 
434 
435 
436 
437 
438 

76 i 

The 23 measurements taken on the exterior lawn are shown in the first column of Table 8.6. 
Notice that some of these measurements are negative (-0.37 in cell A6). This might occur if an 
analysis background (e.g., the Compton continuum under a spectrum peak) is subtracted to obtain 
the net concentration value. The data analysis is both easier and more accurate when numerical 
values are reported as obtained rather than reporting the results as “less than” or not detected. 
The mean of these data is 2.1 Bqkg (0.057 pCi/g) and the standard deviation is 3.3 Bqkg (0.089 

median is the middle (12* highest) value, namely 2.6 Bqkg (0.70 pCi/g). 

- 

- 

pCi/g). None of the data exceed 2.1 + 3(3.3) = 12.0 Bqkg (0.32 pCi/g). Since N is odd, the - - 

439 
440 
441 
442 
443 
444 
445 
446 
447 

An initial review of the data reveals that every data point is below the D C G h ,  so the w e y  unit 
meets the release criterion specified in Table 8.4. For purely illustrative purposes, the Sign test 
analysis is performed. The middle column of Table 8.6 contains the quantity DCGL, - Data. 
Since every data-point is below the D C G ,  the sign of DCGL, - Data is always positive. The 
number of positive differences is equal to the number of measurements, N, and so the Sign test 
statistic S+ is 23. The null hypothesis will always be rejected at the maximum value of 
S+-which in this case is 23-and the survey unit passes. Thus, the application of the Sign test in 
such cases requires no calculations and one need not consult a table for a critical value. If the 
survey is properly designed, the critical value must always be less than N. 

448 
449 
450 
451 
452 outlined in Appendix 1.9. 

Passing a survey unit without making a single calculation may seem an unconventional approach. 
However, the key is in the survey design which is intended to ensure enough measurements are 
made to satis@ the DQOs. As in the previous example, after the data are collected the 
conclusions and power of the test can be checked by constructing a retrospective power curve as 

453 
454 
455 
456 
457 
458 
459 positive contamination. 

One final consideration remains as to the survey unit classification, i.e., whether or not any 
definite amount of residual radioactivity was found in the survey unit. This will depend on the 
MDC of the measurement method, but generally the MDC is at least 3 or 4 times the estimated 
measurement standard deviation. In the present m e ,  the largest observation, 9.3 Bqkg (0.25 
pCig), is less than three times the estimated measurement standard deviation of 3.7 Bqkg (0.10 
pCi/g)). Thus, it is unlikely that any of the measurements could be considered indicative of 
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Interpretation of Survey Results , 

Table 8.6 Sign Test Example Data for Class 3 Exterior Survey Unit 

2 3.0 137.0 1 
3 3 .O 137.0 1 I 

Y 4 

8 Y  -3.7 143.7 I. 1 I 
I 

n 

9 a  2.6 137.4 1 
10 II 3 .O 137.0 1 h 

19 1. 4.4 135.6 1 
20 n -0.37 140.4 1 

I 

4.1 135.9 I 1 n I 
I 

1 
22 -1.1 141.1 I 23 1.1 138.9 

11 I 

24 1. .9.3 I 130.7 I 1 .  

If it is determined that residual radioactivity is definitely present this would indicate that the 
survey unit was initially misclassified. Ordinarily, MARSSIM recommends a resurvey using a 
Class 1 or Class 2 design. If one determines that the su-wey unit is a Class 2, a resurvey might be 
avoided if the w e y  unit does not exceed the maximum size for such a classification. In this 
case, the only difference in survey design would be whether the measurements were obtained on a 
random or on a triangular grid. Provided that the initial survey’s scanning methodology is 
sufficiently sensitive to detect areas at DCGL, without the use of an area factor, this difference in 
the survey grids alone would not affect the outcome of the statistical analysis. Therefore, if the 
above conditions were met, a resurvey might not be necessary. 
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Interpretation of Survey Results 

8.4 Contaminant Present in Background 

The statistical tests discussed in this section will be used to compare each survey unit with an 
appropriately chosen, site-specific reference area. Each reference area should be chosen on the 
basis of its similarity to the survey unit, as discussed in Section 4.5. .. 

8.4.1 Two-Sample Statistical Test 

- The comparison of measurement3 h m  the reference area and survey unit is made using the 
Wilcoxon Rank Sum (WRS) test (also called the Mann-Whitney test). The WRS test should be 
conducted for each survey unit. In addition, the EMC is performed against each measurement to 
assure that it does not exceed a specified investigation level. If any measurement in the 
remediated survey unit exceeds the specified investigation level, then additional investigation is 
recommended, at least locally, regardless of the outcome of the WRS test. 

- 

The WRS testh most effective when residual radioactivity is uniformly present throughout a 
- 

survey unit. The test is designed to detect whether or not this activity exceeds the DCGL,,,. The 
advantage of the nonparametric WRS test is that it does not assume that the data are normally or 
log-normally distributed. The WRS test also allows for “less than” measurements to be present in 
the reference area and the survey units. As a general rule, the WRS test can be used with up to 
40 percent “less than” measurements in either the reference area or the survey unit. However, the 
use of “less than” values in data reporting is not recommended. Wherever possible, the actual 
result of a measurement, together with its uncertainty, should be reported. 

515 The hypothesis tested by the WRS test is: 

516 
517 
518 more than the DCGL, 

G: The median concentration in the survey unit exceeds that in the reference area by 

519 versus 

520 temative Hvpothesjls 
52 1 
522 than the DCGL, 

K: The median concentration in the survey unit exceeds that in the reference area by less . 

523 
524 
525 
526 

The null hypothesis is assumed to be true unless the statistical test indicates that it should be 
rejected in favor of the alternative. One assumes that any difference between the reference area 
and survey unit concentration distributions is due to a shift in the survey unit concentrations to 
higher values-ie., due to the presence of residual radioactivity in addition to‘background. J 
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Interpretation ef Survey Results 

Note that some or all of the survey unit measurements may be larger than some reference area 
measurements, while still meeting the release criterion. Indeed, some survey unit measurements 
may exceed some reference area measurements by more than the DCGL. The result of the 
hypothesis test determines whether or not the survey unit as a whole isdeemed to m e t  the 
release criterion.- The EMC is used to screen individual measurements. 

- 

- .  

Assumptions underlying this test are that 1) the samples from the refekce area and the survey 

measurement-regardles of the set of samples &om which it came. 
unit are independent random samples, and 2) each measurement is independent of every other - 

- 

8.4.2 Applying the Wilcoron Rank Sum Test 

The WRS test is applied as follows: 
_. - -  

I .  Obtain the adjusted reference area measurements, 2, ,.by adding the DCGL, to 
each reference area measurement, 4. Z, = X, +DCGL, 

2. The M adjusted reference sample measurements, 2, from the reference area and 
then sample rn-ents, Y, from the survey unit are pooled and ranked in 
order of increasing size from . .  1 to N, where N = m+n. 

3. If several measurements are tied (have the same value), they are all assigned the 
average rank of that group of tied measurements. 

4. If there are t "less than" values, they are all given the average of the ranks from 1 
to t. Therefore, they are all assigned the rank t(t+l)/(2t) = (t+1)/2, which is the 
average of the first t integers. If there is more than one detection limit, all 
observations below the largest detection limit should be treated as "less than" 
values. If more than 40 percent of the data from either $e reference area or 
survey unit are "less than," the WRS test cannot be used.' As stated previously, the 
use of "less than" values in data reporting is not recommended. Wherever 
possible, the actual result of a measurement, together with its un&rtainty, should 
be reported. 

5 .  Sum the ranks of the adjusted measurements from the reference area, W, Note 
that since the sum of the first Nintegers is N(N+1)/2, one can equivalently sum the 
ranks of the measurements from the survey unit, W ,  and compute W, = N(N+1)/2 - 
Wr 
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Interpretation of S w q  Results 

6. Compare W,. with the critical value given in Table 1.4 for the appropriate values of 
n, rn, and a. If W, is greater than the tabulated value, reject the hypothesis that the 
survey unit exceeds the'release criterion. 

- .  

8.4.3 Wilcoxon Rank Sum Test Example: Class 2 Interior Drywall Survey Unit 

In this example, the radionuclid&bP concern does not appear in background. However, the two- - 
sample nonparametric test is appropriate for the Class 2 Interior Drywall Survey Unit because 
radionuclide-specific measurements were not made. 

Table 8.4 shows that the DQOs forthis survey unit are a = 0.025 and Q = 0.05. The DCGL, is _ _  

5000 dpm per 100 cm2 and the estimated standard deviation of the measurements is about a = 625 
dpm per 100 cm2. Since the estimated standard deviation is 8 times less than the D C G b ,  the 
lower bound for the gray region should be set so that Ala is about 4. IfAh = ( DCGL, - 
LBGR)/a = 4, then, LBGR = DCGL, - 4a = 5000 - (3)(625) = 2500 dpm per 100cm2 . 

- - 

In Table 5.3, one finds that the number of measurements estimated for-the WRS test with a = 
0.025, Q = 0.05 and A h  = 4 is 11 in each survey unit and reference area. (Table 1.2b in Appendix 
I also lists the number of measurements estimated for the WRS test.) This survey unit was 
classified as Class 2, so the 11 measurements needed in the survey unit were made on a random 
start triangular grid. The 11 measurements needed in the reference arqa were also made on a 
random start triangular grid.' 

Table 8.7 shows the data obtained in units of counts per minute from the gas proportional counter 
used for these measurements. A reading of 160 cpm with this instrument corresponds to the 
DCGL, of 5000 dpm per 100cm'. The measurements are shown in column A. The average and 
standard deviation of the reference area measurements are 44 and 4.4, respectively. The average 
and standard deviation of the survey unit measurements are 98 and 5.3, respectively. 

. .- 

In column B, the code "R" was inserted to denote a reference area measurement, and "S" to 
denote a survey unit measurement. In column A, the data are simply listed as they were obtained. 
Column C contains the Adjusted Data, The Adjusted Data are obtained by adding the DCGL, to 
the reference area measurements. The' ranks of the adjusted.data appear in Column D. They 
range fiom 1 to 22, since there is a total of 1 1+11 measurements. 

'A random star& systematic grid is used in Class 2 and 3 survey units primarily to limit the size of any potential 
elevated mas. Since areas of elevated activity are not an issue in the reference areas, the measurement locations can be 
either random or on a random start systematic grid. 
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Table 8.7 WRS Test for Class 2 Interior Drywall Survey Unit 

4 45 R 205 17.5 17.5 
5 45 R . 205 17.5 17.5 n 

6 1  41 R 201 14 14 
7 n  44 R 204 16 16 

b I n I n 

S I I  48 I R I 208 I 21 I 21 
9 U 37. I . - R  I . 1 9 7  I 13 I 13 

. I 

16 I 99 s 99 7 - 0  
17 90 S 90 1 0 

104 I S I 104 I 9.5 I 0 
95 S 95 5 0 

20 105 S 105 1 1  0 
21 93 S 93 3 0 
22 1L 101 S 101 8 0 
23 11 92 I S I 92 1 2  I 0 

610 
61 1 
612 
613 
614 

Note that there were two cases of measurements tied with the same value, at 104 and 209. Tied 
measurements are always each assigned the average of the ranks. Therefore, both measurements 
at 104, are assigned rank (9+10)/2 = 9.5. Also note that the sum of d l  of the ranks is still 
22(22+1)/2 = 253. Checking this value With the formula in Step 5 of Section 8.4.2 is 
recommended to guard against errors in the rankings. 
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Interpretation of Survey Results 

Column E contains only the ranks belonging to the reference area measurements. The total is 
187. This is compared with the entry in Table 1.4 for a = 0.025, with n = 11 and M = 1 1-which 
is a critical value of 156. Thus, the sum of the reference area ranks is greater than the critical 
value and the null hypothesis that the survey unit concentrations exceed the DCGL, is rejected. , 

The analysis for the WRS test is very well suited to the use of a computer spreadsheet. The 
spreadsheet formulas used for the example above are given in Appendix 1.10, Table I. 11. 

- 

8.4.4 Class I Interior ConcreteSurvey unit 

As in the previous example, the radionuclide of concern does not appear in background. Yet, the 
two-Sample nonparametric test is appropriate because radionuclide-specific measurements were 
not made. 

- 

- _  

Appendix A provides a detailed description of the calculations for the Class 1 Interior Concrete 
survey unit. - -  

8.5 

Once the data and the results of the tests are obtained, the specific steps required to achieve site 
release depend on the procedures institi~ted by the governing regulatory agency and site-specific 
ALARA considerations. The following are suggested considerations for the interpretation of the 
test results with respect to the release limit established for the site or survey unit. Note that the 
tests need not be performed in any particular order. 

Evaluating the Results: The Decision 

8.5.1 Elevated Measurement Comparison P 

The Elevated Measurement Comparison (EMC) consists of comparing each measurement from 
the survey unit with the investigation levels discussed in Section 8.2.5. The EMC is performed 
for both measurements obtained on the systematic sampling grid and for locations flagged by 
scanning measurements. Any measurement from the survey unit that is equal to or greater than an 
investigation level indicates an area of relatively high concentrations that should be 
investigated-regardless of the outcome of the nonparametric statistical tests. 

i 

The statistical tests may not reject H,, when only a very few high measurements in the survey unit 
are obtained. The use of the EMC against the investigation levels may be viewed as assurance 
that unusually large measurements will receive proper attention regardless of the outcome of 
those tests-and any area that may have the potential for significant dose contributions will be- 
identified. The EMC is intended to flag potential failures in the remediation process. This should 
not be considered the primary means to identify whether or not a site meets the release criterion. 
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Interpretation of Suntey Results 

_. _. .-. 

The derived concentration guideline level for the EMC is: DCGL,, = (A,)(DCGL,), where A, is 
the area factor for the area of the systematic grid area used. Note that DCGL,, is an apriori 
limit, established both by the DCGL, and by the survey design (i.e., grid spacing and scanning 
MDC). The true eGent of an area of elevated activity can only be determined after performing 
the survey and taking any additional measurements. Upon the completion of further investigation, 
the aposteriori limit, DC- = (AJOCGLJ, can be established using the value ofA, 
appropriate for the actual area of e&vated concentration. The are of elevated activity is 
generally bordered by concentration measurements below the DCGL. An individual elevated 
measurement on a systematic grid could conceivably represent an area four times as large as the 
systematic grid area used to define the D C G b .  This is the area bounded by the nearest 
neighbors of the elevated measurement location. The results of the investigation should show that 
the appropriate D C G L c  is not exceeded. Area factors are discussed in Section 5.5.2.4. 

-, ' . 

Unusually high readings should be flagged and measurements that exceed the Zmger of either 3 - - - 
standard deviations above the mean of the survey unit or the DCGk,  should be investigated 
further. The use of three standard deviations in this context is on& to identi@ suspect 
measurements. Other criteria may be more appropriate in some situations. Means for identiming 
and investigating outliers should be incorporated in the survey's QNQC planning process. 

If measurements above the stated scanning-MDC are found by sampling or by direct measurement 
at locations that were not flagged by the scanning survey, this may indicate that the scanning 
method did not meet the DQOs. 

The preceding discussion primarily concerns Class 1 survey units. Measurements exceeding 
DCGL,,, in Class 2 or Class 3 areas may indicate survey unit misclassification. Scanning coverage 
for Class 2 and Class 3 survey units is less stringent than for Class 1. Ifthe investigation levels of 
Section 8.2.5 are exceeded, an investigation should: 1) assure that the area of elevated activity 
discovered meets the release criterion, and 2) provide reasonable assurance that other 
undiscovered areas of elevated activity do not exist. If further investigation determines that'the 
survey unit was misclassified with regard to contamination potential, a resurvey using the method 
appropriate for the new swvey unit classification may be appropriate. . -  

8.5.2 Interpretation of Statistical Test Results 

The result of the statistical test is the decision to reject or not to reject the null hypothesis. 
Provided that the results of investigations triggered by the EMC were resolved, a rejection of the 
null hypothesis leads to the decision that the survey unit meets the release criterion. However, 
estimating the amount of residual radioactivity in the survey unit may also be necessary so that 
dose calculations can be made. This estimate is designated 6 (see Section D.6, Appendix D). 
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interpretation of S W ~  Results 

When the data are normally distributed the average concentration is generally the best estimator 
for 6. However, unless some distribution for the data is assumed, it is not possible to place 
confidence bounds on the average. 

- 

Other estimators for 8 that are based on the statistics used in the nonparametric tests are estimates 
of the median and c(u1 be more complicated to calculate than the simple average. While it is 
possible to compute an upper confidence limit using these estimates, this purpose is already 
served by conducting the statistical tests. Thus, the average concentration in the survey unit may 
be used to estimate the source tek. 

If residual radioactivity is found in an isolated are of elevated activity-in addition to residual 
radioactivity distributed relatively uniformly across the survey unit-the unity rule (Section 4.3.3) 
can be used to ensure that the total dose is within the release criterion: 

- 

- .  (average concentration in elevated area - 6) 
? 

8 
DCGL, (area factor for elevated area)(DCGL,) 01 

. -  
If there is more than one elevated area, a separate tern should be included for each. As an 
alternative to the unity rule, the dose or risk due to the actual residual radioactivity distribution 
can be calculated ifthere is an appropriate exposure pathway model available. Note that these 
considerations will generally apply only to Class 1 survey units, since areas of elevated activity 
should not exist in Class 2 or Class 3 survey units. 

A retrospective power analysis for the test will often be useful (see Appendix 1.9). The power of 
the test will be primarily affected by changes in the actual number of measurements obtained and 
their standard deviation. An effective survey design will slightly overestimate both the number of 
measurements and the standard deviation to assure adequate power. This insures that a survey 
unit is not subjected to additional remediation simply because the final'status survey was not 
sensitive enough to detect that residual radioactivity is below the guideline level. 

8.5.3 Removable Activity 

P 

Some regulatory agencies may require that smear samples be taken at indoor grid locations as an 
indication of removable surface activity. The percentage of removable activity assumed in the 
exposure pathway models has a great impact on dose calculations. However, measurements of 
smears are very dificult to intexpret quantitatively. Therefore, the results of smear samples 
should not be used for determining compliance. Rather, they should be used as a diagnostic tool 
to determine if hrther investigation is necessary. 
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Interpretation of Survey Results 

8.6 Documentation 

Documentation of the final status survey should provide a complete and unambiguous record of 
the radiological status of the survey unit relative to the established DCGLs. In addition, sufficient 
data and information should be provided to enable an independent creation and evaluation at some 
future time. 

Much of the information in the fi& status report will be available from other decommissioning 
documents. However, to the extent practicable, this report should be a stand-alone document 
with minimum idoxmation incorporated by reference. This document should describe the 
instrumentation or analytical methods used, how the ‘data were converted to DCGL units, the 
process of comparing the results to the DCGLs, and the process of determining that the data 
quality objectives were met. 

-, 1. . 

- 

The results of actions taken as a consequence of individual measurements or sample 
concentrations in excess of the investigation levels should be reported together with any 
additional data, remediation, or reswveys performed to demonstrate that issues concerning 
potential areas of elevated activity were resolved. The results of the data evaluation using 
statistical methods to determine if release criteria were satisfied should be described. If criteria 
were not met or if results indicate a need for additional data, appropriate fbrther actions should 
be determined by the site management in consultation with the responsible regulatory agency. 

, 

MARSSIM 8-26 
DRAFT FOR PUBLIC COMMENT 

12/6/96 
DO NOT USE, CITE OR QUOTE _ _  



\ hterpretation of Survey Results 
.. 

727 DATA INTERPRETATION CHECKLIST 

728 CONVERT DATA TO STANDARD UNITS 

729 
730 

731 EVALUATE ELEVATED MEASUREMENTS - 

Structure activity in Bq/m2 (dpd100 cm', cpm) 
Solid media (soil, etc.) activity in Bqkg (pcilg) 

-1 : 

732 IdentifL elevated data 
733. 
734 
735 
736 

Compare data with derived elevated area criteria 
Determine need to remediate andor reinvestigate elevated condition 
Compare data with survey unit classification criteria 
Determine need to investigate andfor reclassify 

737 ASSESS SURVEY DATA 

738 
739 

740 - 
741 

Review DQO's and survey design 
Verify that data of adequate quantity and quality were obtained 
Perform preliminary assessments (graphical methods) for unusual or suspicious trends 
or results-investigate hrther as appropriate 

742 PERFORM STATISTICAL TESTS 

743 
744 Conduct tests 
745 ' Compare test results against hypotheses 
746 

Select appropriate tests for category of contaminant 

Confirm power level of tests 

7-47 COMPARE RESULTS TO GUIDELINES 

148 
749 

Determine average or median concentrations 
Confirm that residual activity satisfies guidelines 

750 COMPARE RESULTS WITH DQO'S AND ALARA 

75 1 - Determine whether all DQO's are satisfied 
752 
753 

Explaiddescribe deviations from design-basis DQOs 
Explaiddescribe deviations from design-basis ALARA 
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9 QUALITY ASSURANCE AND QUALITY CONTROL 
. .- 

9.1 Introduction 

The goal of a quality oriented project is to produce a product that will meet the stated or implied 
needs and expectations of the project. Quality &surance (QA) is an integrated system of 
management activities involving planning, implementation, assessment, reporting, and quality 
improvement to ensure that the dtuey data and the products are of the type, quantity, and quality 
needed. Quality control (QC) is the overall system of technical activities that measures the 
attributes and how well the survey and other results meet defined standards to v e a  that the 
stated objectives of the survey are met. The purpose of this chapter is to provide the framework 

implement, and assess the effectiveness of radiation surveys and site investigations. The QAPP is 
a formal document describing in comprehensive detail the necessary QA, QC, and other technical 
activities that should be implemented to ensure that the survey results satisfj the stated objectives 
and to produce legally defensible data (EPA 1994~). Effective implementation of detailed quality 
assurance program objectives and specifications help to ensure that environmental data are of the 
appropriate type and quality for their _,-- intended use. 

- 

and criteria for establishing a quality assurance project plan (QAPP)' or plans to design, _ _  

- 

Quality assurance is developed in three stages as described.in Section 2.3: (1) the planning stage 
using the Data Quality Objectives-(DQO) Process described in Appendix D, (2) the 
implementation stage involving the preparation of a QAPP described in Section 9.3, and (3) the 
Data Quality Assessment (DQA) stage involving the assessment of environmental data discussed 
in Section 8.2 and Appendix E. 

Numerous quality assurance and quality control (QMQC) requirements and guidance documents 
have been applied to environmental programs. Until now, each Federal agency has developed or 
chosen QNQC requirements to fit its particular mission and needs. Some of these requirements' 
include DOE Order 5700.6~ (DOE 1991~); EPA QNR-2 (EPA 19949; EPA QNR-5 @PA 
1994~); 10 CFR 50, App. B; NUREG-1293, Rev. 1 (NRC 1991; Reg Guide 4.15 (NRC 1979); 
and MIL-Q-9858A @OD 1963). In addition, there are several consensus standards for QNQC, 
including ANSVASQC E4-1994 (ASQC 1995), ASh4E NQA-1 (ASME 1989), zhd IS0 
9OOO/ASQC 49000 series (IS0 1987). ANSVASQC E4-1994, EPA QA/R-2, and EPA QA/R-5 
deal directly with environmental data operations and should be used for radiation surveys and site 
investigations. MARSSIM encourages the use of these documents for consistency in QMQC 
activities . 

. 

' The quality assurance project plan is sometimes abbreviated QAPjP (e.g., Quality Asswake Program Plan for the 
Waste Isolation Pilot Plant Experimental Waste Characterization Program, DOE/EM/48063-1, 1992) and QAPP is the 
abbreviation for the quality assurance program plan (referred to in this manual as the quality management plan-QMP). 
MARSSIM adopts the tenninolog and abbreviations Used in EPA QAR-5. 
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This chapter summarizes QNQC requirements from these documents and is intended to guide the 
user through the development of a QAPP and assessment of the quality of the environmental data 
that will be acceptable for many survey activities. Additional infomation on the development of a 
comprehensive QA program can be found in the appropriate Federal agency documents. 
MARSSlM updates the standard 16 element QAPP fiom QAMS-005/80 (EPA 1980d) by 
grouping the elements into four types: 

- 

0 

0 '  

0 AssessmentOversight 
Data Validation and Usability 

- .  
.a:,-.: 

Project Management 
MeasuremenVData Acquisition 

The old format of QAMS-005/80 elements is compared to the new organization of EPA QA/R-5 
(EPA 1994c) elements in Appendix K. Comparisons are also provided for EPA QA/R-5 and - 
ASME NQA-1, DOE Order 5700.6c, MIL.-Q-9858A, and IS0 9000. 

- 

9.2 Development of a Quality Assurance Project Plan (QAPP) 

The QAPP is a formal document that describes QA, QC, and other technical activities that must 
be implemented to satisfy the radiation survey and site investigation objectives in detail, as well as 
documenting the site-specific DQOs. The level of quality specified in the QAPP should be 
commensurate with the project objectives. Issues that relate to the entire QA program are 
specified in the quality management plan (QMP) and can be included in the QAPP by reference. 

Table 9.1 lists the elements of the QAPP. Additional elements may be required for compliance 
with specific Agency guidance. The QAPP, as well as any modifications made during the survey, 
should be reviewed and approved by a designated person or persons who is capable of evaluating 
all aspects of the project. 

k 

9.2.1 Project Description 

A detailed description ofthe project is part of the QAPP. If this information is available in 
another document, such as the work plan, it is acceptable to refer to this document rather than 
repeat the information. 

The project description should state the specific problem to be solved or decision to be made. A 
concise description of the problem is developed in the first step of the DQO Prokss, as described 
in Appendix D. This description may be brief but should have sufficient detail to allow those 
individuals responsible for review and approval of the QAPP to perform their task. Sufficient 
background information to provide a historical perspective of the project should also be included. 

-- 
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Table 9.1 QAPP Elements 

66 

67 

68 

69 

70 

71 

72 

73 

74 
75 
76 
77 
78 

79 

80 
81 
82 
83 
84 
85 
86 
87 
88 

0 Project Description 

0 ProjectOlgaflization 

Planning and Scoping 

Design of Data Collection Operations 

0 Implementation of Planned Operations 

Assessment of Data Usability. 

0 Quality Assessment and Response 

_. 

. 

.. 

9.2.2 Project Organization 

The QAPP should include an organizational section defining the lines of authority and 
communication for reporting relationships and necessary interfaces for those who plan, 
implement, and assess survey activities. This section includes job descriptions and training 
requirements of management and &, including a QA officer. Documentation of training should 
be available for ail personnel listed in this section of the QAPP. 

9.2.3 Planning and Scoping 

All projects involving the generation, acquisition, and use of environmental data should be 
planned, and the planning should be documented. The type and quality of environmental data 
needed for each project should be defined and documented using the DQO Process. Determining 
the type and quality of environmental data needed for the survey should involve-key producers 
and users of the data as well as those responsible for activities affecting data quality. Planning 
activities should be documented to assure that participants in the site investigation activities are 
informed of and understand the objectives of the project in a timely manner. Results of planning 
activities should be subject to review and approval accordinglto QA program objectives and line 
management decisions. 
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Quality Assurance end Quality Control 

Project planning should be coordinated among participating organizations to include the following 
elements: 

0 

0 

0 

0 

a 

0 

0 

defining program or task scope and objectives plus listing the prim&y requirements 
and. activities involved in the work 
identifjing specific environmental data to be colleded and analyzed, including 
those data that m&e the success or failure of the project 
identifLing applicable technical, regulatory, or program-specific quality standards, 
criteria, or objectives, such as acceptable measurement uncertainty and 
identification of procedures for quality verification 
identifjing personnel, equipment, and other C~SOUTC~S needed to perform necessary 
activities 

- 

determining necessary assessment tools @e., program technical reviews, peer 
reviews, surveillance, and technical audits as needed or specified by the QA 

identieing methods or procedures for field and laboratory sampling, testing, and 
analysis activities, as well as the appropriate mechanism for making changes to the 
survey design 
defining necessary records 

- - 

Program) 

9.2.4 Design of Data Collection Operations 

The data collection process for characterizing environmental conditions should be defined, 
controlled, verified, and documented. If designated methods are well documented and readily 
available to all project participants, citations are adequate. Otherwise, detailed copies of the 
methods andlor SOPS should accompany the QAPP either in text form or as attacwents. The 
data collection process includes: scanning and direct measurement activities (Section 6.2); field 
sampling events (Section 7.4); sample handling and custody (Sections 7.5,7.7, and 7.8); analytical 
operations (Sections 6.2,6.3, and 7.6); data validation and verification methods (Chapter 8); 
techniques for assessing limitations on data use (Section 9.4); and data reporting 
recowendations (Section 2.3). . 

The A n t  of quantification of measurement results should reflect the intended use of the data. 
Any variables that determine or affect the quality of results should be identified and controlled as 
appropriate according to the DQO process during planning. 

A completely designed process a s m s  that all relevant activities pertaining to radiation surveys 
and site investigations are identified, have established performance specifications, and are 
controlled appropriately. Such activities include but are not limited to: 
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151 
152 
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0 

0 

0 

0 

0 

0 

0 

- 0  

0 

0 

0 

0 

development, approval, modification, and control of written procedures (Section 
9.1.5) 
data type and measurement locations (Section 5.4, Chapter 6) 
sample handling and Chain-of-Custody-(Chapter 7) 
data collection and analysis personnel qualifications 
health and safety considerations (Section 4.9) 
selection of ananytical methods (Chapter 6, Chapter 9) 
analytical facility requirements (Section 7.3) 
calibration of analytical instruments (Section 6.2.4) 
pdormance evaluation measurements for analytical methods used (Section 9.3) 
survey instrumentation considerations (Chapter 6) 
data evaluation procedures (Chapter 8) 
record keeping, record review, data (and database) security, record storage, and 
record retention - 

Overall, the design of the process should include: 

0 

0 

a design which assures data are traceable to the survey and analytical procedures, 
performance standards, data collectors, analysts, and measuring and test equipment 
determining and specifjhg protocols for data transfer, reduction, and validation 
and verification 
determining and specifLing data interpretation and analysis needs 
c o d y  implementing and applying statistical methods during the design process 
specifj.ing necessary oversight considerations and verification methods as well as 
QC activities 
identifying and specifying reports to management-regarding status of work, 
interim results, h d  results of assessment activities 
noting deviations from planned dataallection operations on the survey form or in 
the field log book 

a 

9.2.5 Implementation of Planned Operations 

Site environmental radiological s w e y s  should be performed according to the approved QAPP 
and other applicable planning documentation. Procedures should be established, approved, 
modified, implemented, and maintained consistent with the DQO Process to ensure that the type 
and quality of environmental data required are obtained. 

Procedures should be established, approved, and implemented: (1) to ensure that only qualified 
and accepted services or items are used in the radiation surveys; and (2) to maintain identification 
of the accepted items, in documents traceable to the items; or in a manner that assures that 
identification is established and maintained. 
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159 
160 
161 
162 
163 
164 

' Procedures should be established, approved, and implemented to perform inspections and 
acceptance testing, including the use of QC measurements, for environmental measurement 
systems and their components-according to the intended use of the items as specified by the 
survey design. Final acceptance of survey data should be performed by independent personnel 
(personnel not directly involved in survey operations). When data useability criteria are not met, 
deficiencies are to be resolved followed by re-inspections as necessary. 

I .  

165 
166 
167 
168 

Approved changes to planning and operating documents should be made and distributed to 
project personnel to replace previous versions of the documents. Data collected during 
implementation should be traceable to the planning and operating documents actually used and to 
the personnel collecting the data. 

- 

169 
170 
171 
172 
173 
174 
175 
176 
177 

178 
179 

Tools, gauges, instruments, and other sampling, measuring, and test equipment used for activities - 
affecting quality should be controlled and, at specified periods, properly calibrated and tested for 
the application. The degree of control, test, and calibration should be commensurate with the 
project objectives, the decision being made, and the quantity and quality of the data being 
produced. Calibration should be conducted by properly trained personnel using certified 
equipment andor standards with known relationships to nationally recognized performance 
standards. If no such performance standard exists, the basis for the calibration should be 
documented and therefore traceable to the instrument, the developer of the calibration method, 
and the individual@) who performed and certified the calibration. 

- - 

Performing periodic preventive maintenance of measurement or test equipment ensures 
availability and satisfactory performance of the systems. 

I 80 
181 
182 specifications of the systems. 

Establishing procedures that are approved and modified consistent with the DQO Process assures 
and maintains the availability of critical spare parts according to operating guidance or design 

183 
184 
185 
186 
187 discussed in Chapter 7. 

188 
189 

Collecting, handling, storing, cleaning, packaging, shipping, and preserving fieldand laboratory 
measurements should be performed in such a way to prevent damage, loss, mixup, deterioration, 
artifacts, or interference. Sample custody tracks and documents the status and condition of 
samples. Sample preparation, preservation, packaging, shipping, and Chain-of-Custody are 

Data or information transmittal, storage, retrieval, validation, assessment, and processing should 
be performed in accordance with the QAPP and other planning documentation. 
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, 

9.2.6 Assessment of Data Useability 

Data from radiation surveys and site investigations used to characterize environmental conditions 
should be qualified according to the intended use of the data. Data obtained from sources that did 
not use a QAPP for data collection-in accordance with EPA Q N R - 5  or appropriate agency 
guidance-should be qualified. -Data are qualified according to approved procedures specified 
during design that provide for documentation of the decision process and factors used in arriving 
at the choice of qualification method. Optimally, this process includes the correct application of 
statistical methods during the assessment process. The decision to qualie the data for their 
intended use should be based on reconciliation with the performance measures for the project 
obtained originally by the DQO process. Any limitations on data use are best identified 
quantitatively and should be fidly documented. . 

- 

201 
202 
203 

Project reports containing data or reporting the results of environmental operations should be 
reviewed independently to confirm that the data or results are presented correctly. Such reports 
are approved by line management for release, publication, or distribution. 

204 9.2.7 Quality Assessment and Response 

205 
206 
207 
208 
209 audits. 

- 
Activities performed during radiation surveys-that affect quality should be assessed regularly to 
assure that the requirements given in the QAPP (and other planning documents) are implemented 
as prescribed. Assessments include inspections, QC checks, surveillances, reviews, and audits as 
required by the QAPP. Audits include performance evaluation audits and technical systems 

210 
2 1 1 

Self-assessments as well as independent assessments should be planned, scheduled, and 
performed. Assessment results are documented, reported to, and reviewed by management. 

212 
2 13 
214 
21 5 

Conditions needing corrective action should be identified and addressed promptly. Determining 
the cause of significant conditions followed by appropriate management actions prevents the 
recurrence of these conditions. Follow-up action validates and verifies the implementation and 
effectiveness of each response action. 

216 
217 
218 

Data obtained previously from a method or instrument found to be nonconforming to 
specifications should be evaluated to determine the impact of the data. The impact and the 
appropriate corrective action should be documented. 

. . _. 
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219 

220 
22 1 
222 
223 
224 
225 
226 

227 
228 
229 

230 
23 1 
232 

23 3 
234 
235 
236 

237 

238 
239 
240 
24 1 
242 

243 
244 
245 
246 

. 247 
248 

9.3 Quality Control Samples and Direct Measurements 

Quality control-(QC) measurements, samples, and direct measurements are technical activities 
performed to measure the attributes and performance of the survey. The measurement results are 
compared to standards defied in the QAPP to ver@ that these stated requirements are fulfilled. 
The standards defined in the QAPP include the type and quantity of QC measurements and the 
control-limits for the assessment of the QC measurements. The number and type of QC 
measurements are discussed later in this section, while the control limits for the data quality 
indicators are discussed in Section 9.4.6. 

- 
- 

During any survey, a certain percentage of measurements should be taken for QC purposes. 

information for interpretation of data. These include: 
.- 

Various types of measurements may be obtained during a survey in order to provide QC - .. 

.- 

0 spikes 
0 replicates and duplicates 
0 blanks 

This section presents guidelines for selecting the numbers and types of QNQC measurements. 
The numbers of measbrements listed here are not intended to be prescriptive. QNQC 
measurement requirements should be developed site-specifically based on the objectives of the 
survey. 

9.3.1 Estimating the Total Number of Measurements 

The number of direct measurements’performed during a survey, or the number of samples 
collected, depends on rnagy factors. Methods for determining the number of measurements for 
different survey types based on statistical considerations are discussed in detail in Chapter 5 .  The 
total number of measurements for a survey can be determined by adding the number of QC 
measurements to the number of measurements estimated in Chapter 5. 

The selection of the number of QC measurements is usually determined on a site-specific basis. 
The data needs for the survey are determined using the DQO process, and the type and number of 
QC measurements are determined based on the survey objectives. The selection of the number of 
QC samples to be provided to a laboratory for analysis, as well as the sample requirements (e-g., 
sample size or volume, preservation, sample container, etc.), should be coordinated with the 
analytical laboratory. 

-- 
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272 
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Some general guidelines (EPA 1987b, 1987c) for selecting the number of QC measurements 
include one spike, one blank, and one duplicate or replicate for: 

0 every twenty measurements; or 

e eachday. 
every batch of samples; or 

-1 . 
Once again, these guidelines are not meant to be prescriptive. They are provided as examples of 
how to determine the number of QC measurements necessary to meet the survey objectives. 
There are two strategies that may be applied to optimize the number of QC sqmples while 
conserving resourcei. _. 

- 
The first optimization strategy may be applied at sites or facilities where sample collection costs 
exceed sample analysis costs. At these sites, the fhquency of collecting QC samples may be 
reduced. For many sites a sampling frequency of one QC sample for every fifty samples may be 
sufficient to meet the survey objectives. This strategy may also be applied at sites where direct 
measurement costs exceed the costs of mobilizing to perform direct measurements. 

- .  

The second strategy may be applied at sites or facilities where sample analysis costs exceed- 
sample collection costs. At these sites, analysis of QC samples can be prioritized. The QC 
samples that provide the most information (e.g., matrix spikes, duplicates) are analyzkd first. The 
remaining QC samples are held in reserve. If there are no problems identified with the QC sample 
results and the objectives of the suvey have been accomplished, there is no additional information 
to be obtained from analyzing the reserve samples. If the QC sample results identify a problem or 
additional information is desired, the reserve samples can be analyzed. 

9.3.2 Spikes 

9.3.2.1 Matrix Spikes 

A matrix spike is an aliquot of sample spiked with a known amount of the radionuclide(s) of 
interest prior to sample preparation and analysis. Many samples exhibit matrix effects, in which 
other sample components (e.g., self-absorption, geometry, chemical interference) interfere with 
the analysis of the radionuclide(s). Matrix spikes provide the best measure of this effect. 

Matrix spikes provide an assessment of accuracy for the entire measurement system. The number 
of matrix spikes analyzed should be sufficient (Section 9.3.1) to assess the accuracy of the survey 
against the data quality objectives listed in the QAPP. 
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279 
280 
281 

Control limits for matrix spike recovery should be specified in the QAPP. These limits are 
determined on a site- and method-specific basis. if the matrix spike recovery is not within the 
specified control limits, the results should be qualified followed by corrective action. 

282 
283 
284 
285 

. 286 
287 
288. 
289 
290 
29 1 

In developing data quality objectives and survey plans, one should detemhne the number of matrix 
samples needed and how the matrix samples will be selected and prepared. One should also 
determine how the matrix samples will be spiked. The matrix samples should be fiom the same 
media-type as the samples from the survey unit, so considerations similar to those for selecting the 
reference area for two sample tests would pertain. One method for selecting matrix samples is to 
randomly select a measurement location to be analyzed as a matrix spike sample. The media 

for analysis as matrix spikes or matrix spike duplicates (if desired). Additional sample is generally 
needed during collection, so these considerations should be addressed during planning. Matrix 
spikes should be identified and chain-ofastody maintained as for other samples. 

- 

colected at this location is divided into an aliquot for analysis as a sample and additional aliquots _ _  

- -  - 

292 , One should determine where the spiking will be performed. Since spiking is best performed under 
293 
294 
295 
2% 
297 
298 
299 

controlled conditions, there are some serious issues regarding the field spiking of sgnples that 
should be considered. When prepared in the field immediately after collection, matrix spikes 
provide a measure of sampling, handling, and preservation error. However, field preparation of 
matrix spikes is not recommended because of the high level of technical expertise required for 
proper preparation, sensitivity to environmental variables, safety and health concerns, and the 
spiking material as a potential source of contamination. If field matrix spikes are used, the results 
should be compared with m a ~ x  spikes prepared in a laboratory. 

300 
30 1. 
302 
303 

30.5 
306 
307 

304. 

If a laboratory will perform spiking, the operation could be performed by the laboratory that will 
analyze the samples, or the spiking might be performed at another offsite location. If the 
laboratory that performs the analysis spikes the samples, one should determine how the analysts 
performing the analysis will be prevented from knowing which samples are spikes, if this is a 
concern. If the samples are spiked elsewhere, considerations involve sample custody, how to 
include the spiked samples with the rest of the samples to be analyzed so the laboratory 
performing the analysis will not know which samples are spiked, and how to perform the spiking 
activities and additional transport within the time &nstraints of the survey. 

308 9.3.2.2 Calibration Checks 

309 
310 
3 i 1 
3 12 
313 
3 14 evaluate laboratory performance. 

Calibration checks, or source checks, provide a qualitative assessment of field instruments. These 
checks are performed to ensure that the current instrument calibration is still appropriate and the 
instrument is performing properiy. Daily calibration checks (Section 6.2.4) provide an assessment 
of accuracy for field measurement systems, since there is no direct measurement equivalent to the 
matrix spike. Records of laboratory calibration checks are also used during data validation to 

-- 
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93.2.3 Laboratqry Control Measurements 

A laboratory control measurement may be a certified reference material, an interlaboratory 
comparison sample; or a blank spiked with a known quantity of the radionuclide@) of interest. 
The control sample is subjected to the entire sample preparation and analysis procedure to provide 
an indication of LFlboratory performance. Laboratory control measurements should be included as 
part of a laboratory QAIQC program, and generally will not contribute to survey planning 
considerations. Results of control sample analyses may be used for selecting a laboratory to 
perform sample analyses and to evaluate the laboratory's performance during sample analysis. 

93.3 Duplicates, Replicates, and Split Samples 

9.3.3.1 .Duplicates -.  .. 

Duplicates, or collocated measurements, are independent measurements performed in such a 
manner that they are equally representative of the measurement location. Examples of duplicates 
include: water samples collected at essentially the same time from the s(une location, or side-by- 
side soil core samples. 

Duplicates provide an assessment of the overall precision for the entire measurement system. 
They are most UseM when there is a potential for variability in measurement results due to sample 
collection procedures, sample containers, or other physically related aspects of the measurements. 
The number of duplicates should be suflicient (Section 9.3.1) to assess the accuracy of the survey 
against the data quality objectives listed in the QAPP. 

Control limits for duplicate analyses should be specified in the QAPP. These limits are 
determined on a site- and method-specific basis. If the duplicate results are not within the 
specified control limits, the results should be qualified followed by corrective action. 

9.3.3.2 Replicates 

Replicates are repeated measurements of the same location or sample. Replicates of direct 
measurements provide an assessment of the overall precision for the entire measurement system. 
For this reason, replicates of direct measurements are the equivalent of duplicates for sampling 
activities. The number of replicates and the control limits for replicates should be determined 
using the same considerations stated previously for duplicates. 

Replicates of samples provide an assessment of precision only for the sample kalysis, not for 
sample collection or sample preparation. Because of the limited information available from 
replicates of samples, these measurements are used only if no other measures of precision are 
available. 
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. 356 
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360 

361 
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364 
365 

366 

367 
368 
369 
370 
37 1 
.372 
373 

374 
37s 
3 76 
377 

9.3.3.3 Split Samples 

A split sample is a sample that has been homogenized and divided into two or more aliquots for 
subsequent analysis. Each portion is then carried through the sample preparation and analysis 
procedure. Split samples provide precision information on the sample preparation and analysis 
portions of the measurement, but not on sample collection. Split samples are used when duplicate 
measurements cannot be perfodd. The general guidelines for determining the number of split 
samples are the same as those for duplicates listed in Section 9.3.1. Control limits for split 
samples should be the same as those for duplicate measurements. 

9.3.4 Blanks 

9.3.4.1 Laboratory Blanks - 

A laboratory blank or reagent blank, for example analyte-free water for a liquid matrix, is 
subjected to the entire sample preparation and analysis procedure. The results of a laboratory 
blank indicate contamination resulting from the sample analysis activities. 

9.3.4.2 Field Blanks 

Field blanks are samples which are obtained by running an analytefree sample through the sample 
collection equipment after decontamination, and placing it in the appropriate sample containers 
for analysis. Field blanks are carried through the entire sample collection, preparation, and 
analysis procedure to indicate contamination from sample collection as well as sample analysis 
activities. For direct measurements, the field blank is equivalent to a background measurement. 

9.4 Project Assessment - Assessment of Environmental Data . .- 

Assessment of environmental data is used to evaluate whether the data meet the objectives of the 
survey, and whether the data are sufficient to determine compliance with the DCGL (EPA 1992e, 
1992& 1995). Assessment of environmental data is the process of asking or determining that 
the quality of data generated meets the intended use. Data Quality Assessment was discussed in 
earlier sections (Sections 2.3 and 8.2) and is described in detail in Appendix E. The data usability 
assessment is defined by six data descriptors. These six data descriptors are discussed in the 
following sections, and summarized in a table at the end of the section. 

The decision maker or reviewer examines the data, documentation, and reports for each of the six 
data descriptors to determine if performance is within the limits specified in the DQOs during 
planning. The data assessment process for each data descriptor should be conducted according to 
the procedures discussed in this section. -- 
MARSSIM 
DRAFT FOR PUBLIC COMMENT 

9-12 1 21619 6 
DO NOT USE, CITE OR QUOTE 



,378 
379 
380 
381 
3 82 

383 

384 
385 
386 
387 
388 
389 
390 

391 
392 

393 
394 
3 95 
396 
397 
398 
399 

400 

40 1 
, 402 

403 
404 
405 
406 
407 
408 

Quality Assurance and Quality Control 

For each data descriptor, determine if data collected meet performance objectives. If they do not, 
note deviations and determine and execute any corrective action necessary. Corrective action 
should be taken to improve data usability when performance fails to meet objectives. Corrective 
actions may improve data quality and reduce uncertainty, and may eliminate the need to qualify or 
reject data. 

9.4.1 Assessment of Data D&criptor I: Reports to Decision Maker 

Data and documentation supplied to the decision maker should be evaluated for completeness, 
appropriateness, and to determine if any changes were made to the survey plan during the course 
of work The survey plan discusses the surveying, sampling, and analytical design and contains 
the QAPP and DQOs. The decision maker should receive all data as collected plus preliminary 
and final data reports. The final decision on qualifying or rejecting data will be made during the - 

assessment of environmental data. All data, including qualified or rejected data, should be 
documented and recorded even if the data are not included in the final report. 

Preliminary analytical data reports allow the decision maker to begin the assessment process as-- 
soon as the surveying effort has begun. These initial reports have three fictions: 

- 

They allow the decision maker to begin to characterize the site on the basis of 
actual data. Radionuclides of interest will be identified and the variability in 
concentration can be estimated. 
They allow potential measurement problems to be identified and the need for 
corrective action can be assessed. 
Schedules are more likely to be met if the planning of subsequent survey activities 
can begin before the final data reports are produced. 

~ 

a 

9.4.2 Assessment of Data Descriptor II: Documentation 

Three types of documentation should be assessed: (1) chain-of-custody records; (2) standard 
operating procedures (SOPS); and (3) field k d  analpcal records. 

Chain-ofcustody records should document the measurement locations and the date the 
measurement was performed so that the results can be identified with a specific geographic 
location and samples can be related to specific sample containers. If a measurement result cannot 
be related to a date and location, the measurement is unusable for a quantitative site investigation. 
Full- scale chain-ofastody procedures (from sample collection through analysis) are used to 
demonstrate the results are legally defensible. Chain-of-Custody is discussed in Section 7.7. 

a- 
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SOPs describe and specify the surveying procedures, including QA procedures that increase the 
probability the survey design will be properly implemented. SOPs also increase consistency in 
performing tasks and, as a result, provide a means to minimize the level of systematic error and 
reduce the random error associated with the measurement results. The assessment should include 
the adequacy and effectiveness of SOPs. Knowing that appropriate SOPs are followed increases 
the decision maket's confidence ip &e quality and certainty of the data. The existence of SOPs for 

requirement, but SOPs can be usehl if data problems occur, particularly in assessing the 
comparability of data sets. P A  has developed guidance for preparing SOPs (EPA 1995b). 

Field and analytical records document the procedures followed and the conditions of the 
procedures. These records, such as field logs describing sample location and mw instrument 

necessarily minimum requirements. QC data from blanks, spikes, duplicates, replicates, and 
standards should also be accessible, in either raw or summary formats, to support qualitative or 
quantitative assessments of the analytical results. Like SOPs, such records are critical to resolving 
problems in interpretation, but they may not directly affect the level of eertainty of the radiation 
survey results. - 

each process or activity involved in data collection should not necessarily be a minimum - 

- output, may be usehl to the decision maker as back-up documentation, but they are not - 

9.4.3 Assessment of Data Descriptor Ilk Data Sources 

Data source assessment involves the evaluation and use of historical analytical data. Historical 
analytical data should be evaluated according to data quality indicators and not the source of the 
data (e.g., analytical protocols may have changed significantly over time). Historical data sources 
are addressed during the Historical Site Assessment, and are discussed in Section 3.4.1. 

9.4.4 Assessment .of Data Descriptor IV: Analytical Method and Detection Limit 

The decision maker compares detection limits @.e., minimum detectable concentrations; MDCs) 
with radionuclide-specific r d t s  to determine their effectiveness in relation to the DCGL. 
Assessment of preliminary data reports provides an opportunity to review the detection limits 
earIy and resolve any detection sensitivity problems. When a radionuclide is reported as not 
detected, the result can only be used with confidence if the MDCs reported are lower than the 
DCGL. 

I€ the DCGL is less than or equal to the MDC, and the radionuclide is not detected, t'zero't should 
not be reported in the calculation of the concentration term. When the MDC reported for a 
radionuclide is near the DCGL, the confidence in both identification and quantitation may be low. 
Information concerning nondetects or detections at or near MDCs should be qualified according 
to the degree of acceptable uncertainty. 
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443 9.4.5 Assessment of Data Descriptor V: Data Review 

444 
445 
446 
447 
448 

Data review begins with an assessment of the quality of analytical results and is performed by a 
professional with knowledge of the analytical procedures. Only data that are reviewed according 
to a specified level or plan should be used in the quantitative site investigation. Any analytical 
errors, or limitations in the data that are identified by the review, should be noted. An explanation 
of data qualifiers should be included with the review report. 

449 
450 
45 1 
452 
453 

454 
455 
456 
457 

All data should receive some level of review. Data that have not been reviewed should be 
identified, because the lack of review increases the uncertainty in the data. Unreviewed data may 
lead to Type I and Type II decision errors, and may also contain transcription errors and 
calculation errors. Data may be used in the preliminary assessment before review, but should be 
reviewed at a predetermined level before use in the final survey report. 

Depending on the survey objectives, the level and depth of the data review varies. The level and 
depth of the data review may be determined during the planning process and should include an. 
examination of laboratory and method performance for the measurements and radionuclides , 

involved. This examination includes: 

- 

458 evaluation of data completeness 
459 0 verification of instrument calibration 
460 
46 1 measurement of accuracy using spikes 
462 0 examination of blanks for contamination 
463 
464 0 evaluation of method performance in the sample matrix 

measurement of precision using duplicates, replicates, or split samples 

0 assessment of adherence to method specifications and QC limits 

465 
4% 

467 9.4.6 Assessment of Data Descriptor VI: Data Quality Indicators 

A different level or depth of data review may be indicated by the results of this evaluation. 
Specific data review procedures are dependent upon the survey objectives. 

468 
469 
470 
47 I 
472 
'473 
474 
475 

The assessment of data quality indicators-presented in this section-is significant to determine 
data useability. The assessment of data quality indicators for measurements involves the 
evaluation of five parameters: completeness, comparability, representativeness, precision, and 
accuracy. Uncertainties in completeness, comparability, and representativeness increase the 
possibility of Type I or Type II decision errors when the data are used to test particular 
hypotheses as part of the radiation survey and site investigation process. This increase in 
uncertainty can affect the confidence of radionuclide identification. Variation in completeness, 
comparability, representativeness, precision, and accuracy affects the uncertainty of estimates of 

_. 

._ 
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radionuclide concentrations Once the indicator is examined or a numerical value is determined, 
the results can be compared to the performance objectives established during the DQO process. 
This comparison determines the usability of the data and any necessary corrective action. 

The major activity in determining the usability of data based on survey activities is assessing the 
effectiveness of measurements. Scanning and d i m  measurements taken during survey activities 
and samples collected for analysis should meet site-specific objectives based on scoping and 
planning decisions. - 

- 

Determining the useability of analytical results begins with the review of QC measurements and 

error in the data is discovered, it is more important to evaluate the effect of the error on the data 
than to determine the source of the error. The data package is reviewed as a whole for some 
criteria, and data are reviewed at the measurement level for other criteria. 

qualifiers to assess the measurement result and the performance of the analytical method. If an -- 

- - 

488 
489 
490 
49 I implications. 

Factors affecting the accuracy of identification and the precision and accuracy of quantitation of 
individual radionuclides, such as calibration and recoveries, should be examined radionuclide by 
radionuclide. Table 9.2 presents a'summary of the QC measurements and the data use 

492 Completeness. Completeness for measurements is calculated by the following formula: 

(Number of Acceptable Measurements) x 100 
Total Number of Measurements 

%Completeness = 

. 493 
494 
495 
496 
497 
498 
499 
500 
50 1 

This measure of completeness is usehl for data collection and analysis management-but misses 
the key issue, which is the total number of data points available and acceptable for each 
radionuclide of concern. Incompleteness should be assessed to determine if an acceptable level of 
data useability can still be obtained or whether the level of completeness should be increased, 
either by performing additional measurements or by other corrective action. Any decrease in the 
number of measurements from that specified in the survey design will affect the final results. In 
this case, the option of performing additional measurements should be reviewed. When multiple 
radionuclides are present at the site, it may be useful to evaluate completeness for each 
radionuclide of concern. 

502 
503 
504 
505 were replicates. 

Typical cases for measurement attrition include site conditions changing or preventing direct 
measurements or sampling, sample container breakage, and invalid or unusable analytical results. 
Only the collection of additional measurements will resolve the problem, unless the measurements 
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506 Table 9.2 Use of Quality Control Data 

507 - 

508 
509 

510 
511 

512 

513 

514 

spikes (Higher than Potential for inumctly High Use data as upper limit 
expected result) d e c i h g  E survey unit does not 

meet the release criterion (Type 
II decision m r )  

spikes (Lower than 
expected m l t )  

Potential for incomtly Low 
deciding a survey unit does meet 
the release criterion' (Type I 

Use data as lower limit 

I decision error) I I 

estimate-poor precision 

instrument malfunction 

515 ' Only likely if recovery is near zero; 
516 Effect on bias determined by examination of data for each radionuclide. 

5 17 Completeness for analytical data is calculated by the following formula: 

(Number of Acceptable Results) x 100 
Total Number of Measurements 

%Completeness = 

518 
519 
520 
521 
522 
523 accuracy should be present. 

The completeness of analytical data is defined aS the number of radionuclide-specific data (Le., 
results) for a survey area that are determined acceptable after data review. An analysis is 
considered complete if all data generated are determined to be acceptable measurements as 
defined in the survey design. Results for each radionuclide should be present for each 
measurement. In addition, data from QC measurements necessary to determine precision and 

524 
525 corrective actions for completeness. 

Table 9.3 presents the minimum considerations, impacts if the considerations are not met, and 
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535 
536 
531 
538 
539 

540 
54 1 
542 
543 
'544 

545 
546 

Quality Assurance and Quality Control 

- Table 9.3. Minimum Considerations for Completeness, 
Impact if Not Met, and Corrective Actions 

Percentage of rneasurancnt ' 

completeness deteamined during 
planning to meet specified 
perfmance measures. 

Higher potential for incorrectly 
deciding a survey Unit does not meet 
the release criterion (Type I1 decision 
error). 

Reduction in power. 

A reduction in the number of 
measurements reduces site coverage 
and may affect representativeness. 

Reduced ability to differentiate site 
levels h m  background. 

Impact of incompleteness generally 
decmsei as thenumber of 
rneasuremebts increases. 

Resurveying, res~rmpling, or 
reanalysis to fill data gaps. 

Addtional analysis of samples 
already in laboratory. 

Determine whether the missing 
data are crucial to.yhe survey. -. 

Comparability. Comparability is not compromised provided that the survey design is unbiased, 
and the survey design or analytical' methods are not changed over time. Comparability is a very 
important qualitative data indicator for analytical assessment and is a critical parameter when 
considering the combination of data sets from different analyses for the same radionuclides. The 
assessment of data quality indicators determines if analytical results being reported are equivalent 
to data obtained from similar analyses. Only comparable data sets can be readily combined. 

-. 

.... 

_. . 

The use of routine methods (as defined in Section 7.6) simplifies the determination of 
comparability because all laboratories use the same standardized procedures and reporting 
parameters. In other cases the decision maker may have to consult with a health physicist andor 
radiochemist to evaluate whether different methods are suficiently comparable to combine data 
sets. 

Table 9.4 presents the minimum considerations, impacts if they are not mef and corrective actions 
for comparability. 
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576 
577 

578 
579 

580 
58 1 

582 
583 
584 
585 

586 
587 

588 
589 
590 

591 
592 

594 
595 

596 
597 
598 
599 

600 
601 

'593 
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Table 9.5 Minimum Considerations for Representativeness, 
Impact if Not Met, and Corrective Actions 

Slavey data repnsentative of 
survey unit 

Documented sample preparation 
procedures Filtering,compositing, 
and sample prservation may affect 
IE?preSentatiVenesS. 

Documented analytical data as 
specified in the survey design. 

Bias high or low m estimate of 
extent and quantity ofcontaminated 
material. 

Poteatial for incomtly deciding a 
survey unit does meet the release 
criterion (Type I decision error). 

Inaccurate identification or estimate 
of concentration of a radionuclide. 

RCZM&~ data may no longer 
diciently repmmt the site if a 
large portion of the data are 
rejected, or if all data from 
measurements at a specific location 
arc rejected 

Additional surveying or sampling. 

Examination of effects of sample 
pleparation procedures. 

k a l y s i s  of samples, or 
mumeying or resampling of the 
affected site areas. . 

- 

If the resweying, resampling. or 
~alysescannotbeperformed. 
document in the site environmental 
radiologicai survey nport what 
areas of the site are not represented 
due to poor suallty of analytical 
data 

Precision. The two basic activities performed in the assessment of precision are estimating the 
radionuclide concentration variability from the sampling locations and estimating the measurement 
emor attributable to the data collection process. 

The estimation of confidence levels, power, and minimum detectable relative differences for 
measurements are determined during the development of DQOs. The level for each of these 
performance measures should be specified during development of DQOs. Ifthe statistical 
performance objectives are not met, additional measurements should be taken or one (or more) of 
the performance parameters changed. 

Measurement error is estimated using the results of duplicate measurements, as discussed in 
Section 9.3.3. Duplicates determine total within-batch measurement error, including analytical 
error. Measurement error comes from four basic sources: sample collection procedures, sample 
handling and storage procedures, analytical procedures, and data processing procedures. 

Table 9.6 presents the minimum considerations, impacts if the considerations are not met, and 
cdrrective actions for precision. 
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609 
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622 
623 
624 
625 

626 
627 
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629 
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Table 9.6 Minimum Considerations for Precision, 
Impact if Not Met, and Corrective Actions 

- 

Confidence level as specified in 
DQOs. 

Power as specified in DQOs 

Minimum detectable relative 
dif€erences specified in the 
s~eydesignandmoditiedafter 
analysis of background 
measurements ifnecessary 

One set of field duplicates or 
more as specrfied in the survey 
fi@ 

Analytical duplicates and splits 
as specified in the survey 
design. 

Measurement m r  specified. 

: I  . 
Errors in decisions to act or not 
to act based on analytical data. 

Unacceptable level of 
uncertainty. 

I n d  variability of 
quantitative results 

Potential for incorrectly deciding 
a survey unit does meet the 
=lease aituion for 
rneaSuremQltS near the detection 
limits (Type I decision error). 

For Surveying and Sampling: 

Add mvey or sample locations based on 
information from available data that are 
known to be representative. 

Adjust performance objectives. 

For Analysis: 
- 

Analysis of new duplicate samples. 

Review laboratory protocols to ensure 
comparability. 

Use precision meaSuranents to 
determine confidence limits for the 
effects on the data. 

The investigator can use the maximum 
measurement results to set an upper 
bound on the uncertainty if there is too 
much variability in the analyses. 

_1 

Accuracy. Accuracy is a measure of overestimation or underestimation of reported radionuclide 
concentrations and is evaluated fiom the results of spiked samples. The procedure for 
determining accuracy will vary according to differences in the numbex of measurements and the 
precision of the edtimates. Data that are not reported with confidence limits cannot be assigned 
weights based on precision and should not be combined for use. 

Spikes are particularly usehl in the analysis of complex sample types because they help the 
reviewer determine the extent of bias in the measurement. Bias can be estimated using matrix 
spikes on field evaluation or audit samples to assess the accuracy and compirability of results. 
Matrix spikes can reflect the effects of sample collection, handling, storage, &d the analytical 
process on the data. Field blanks are evaluated to estimate the potential bias caused by 
contamination from sample collection, preparation, shipping, and storage. 
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632 
633 

634 
635 

636 
63 7 

63 8 
639 
640 
641 

642 
643 

644 
645 
646 
647 
648 

649 
650 

65 1 

652 
653 
654 

Table 9.7 presents the minimum'considerations, impacts if the considerations are not met, and 
corrective actions for accuracy. 

-. Table 9.7 Minimum Considerations, Impact if Not Met, and 
Corrective Actions for Accuracy 

Matrix spikes to assess accuracy of 
nondetects and positive sample 
results if specified in the survey 
design 

Analytical spikes as specified in the 
survey design. 

Use analytical methods (routine 
methods whenever possible) that 
spec@ expected or required 
recovery ranges using spikes or 
other QC measures 

No radionuclides of potential 
wncem detected in the blanks. 

Potentia! for hwmctly deciding a 
survey unit does meet the release 
criterion (Type I decision emr): if 
spike recovery is low, it is probable 
that the method or analysis is biased 
.low for that radionuclide and values 
of all related samples may 
underestimate the actual 
COIl~tlTItiOlL 

Potential for hcmectly deciding a 
survey unit does not meet the 
elease criterion (Type II decision 
m r ) :  if spike nxovery exceeds 
IW?. intderences may be 
present, and it is probable that the 

'method or analysis is biased high. 
Analytical results overestimate the 
true concentration of the spiked 
radionuclide. 

Consider resampling at af€ected 
locations 

Lfrewveries are extremely low or 
extremely high, the investigator 
should consult with a radiochemist 
or health physicist to identify a 
more appropriate method for 
reanalysis of the samples. 

9.4.7 Summary of Data Descriptors t 

Table 9.8 lists the six data descriptors discussed previously in this section. The table summarizes 
the data descriptors, the suggested content of the assessment, the major impact on the assessment 
if the data descriptor is not met, and the corrective action. 
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656 

657 

658 
659 

661 

662 
663 
664 
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Table 9.8 Suggested Content or Consideration, Impact if Not Met, 
and Corrective Actions for Data Descriptor 

Reportst0 
Decision Maker 

Documentation 

Data Sources 

Analytical 
Method and 
Detection Limit 

. .  

0 S i t e d d p t i o p .  
surveydesignwith 

measurement locations 
0 Analyticalmethodand 
detection limit 
0 Backpund radiation data 
0 Resultsonpermeasurement 
basis, sualified for analytical 
limitations 
0 Detedion limits (MDCs) for 
nondetects 
0 Field conditions for media 
and environment, including site 
and am hydrology 

0 Meteorologicaldata 
F i e l d m r t s  

Preliminaryreports 

0 Unable to perform a 8 Requestmissing 
quantitative radiation information 
survey and site 0 Performqualitative 
investigation site investigation 

0 Chak-ofcustodyreunds 0 Unable to idenw Request that locations 
SOPS appropriate concentration be identifed 

0 Field and analytical records for w e y  Unit 0 Resurveyingor 

to geographic location exposure media 

0 Historical data used meets 0 Potential for Type I 0 Resurveying. 
resampling. or reanalysis 
for unsuitable or 

DQO's , 

0 Measurementresultsrelated 0 Unabletoassess resampling 

and Type II decision 
errors 

. 0 Lower'konfidence of questionable . 
data quality measurements 

0 Routine(federaUy 0 Unquantifiedprecision 0 Reanalysis 
. 

documented) methods used to ' and accuracy 0 Resurveying. 
analyze radionuclides of potential 0 Potential for Type I 
concern and Type I1 decision 0 Documented 

resampling, or reanalysis 

eIT0l-S statements of lirmtation 
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657 

665 

666 
667 

Data Review 

DataQuality 
Indicators 

Table 9.8 (Continued) 

~edleve lofda!arevicw 
for all data 

5' . 

surveyingandsampling 
variabii identified for each 
radionuclide 
0 QC meastuunents to idat@ 
and quanti$ p i s i o n  and 
accuracy 
0 Surveying, sampling, and 
analytical precision and BCCUTBC~ 

0 PotentialforTypeI 
and Type II decision 

0 Incmsdvariability 
and bias due to analytical 
process, calculation 
errors, or transcription 

m r s  

errors 

0 Unabletoquantify 
levels for uncertain5 
0 Potential for Type I 
and fype II decision 
rn 

0 Perfanndatarwiew 

a Resweyingor 

0 Performqualitative 
site investigation 
a Docwnented 
d i s c ~ o n  of potential 
l i m i t a t i O n S  

-pW3.. - 
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APPENDIX A 
Example of MARSSIM Applied to a Final Status Survey 

~ 3 A.l Introduction 

4 
5 
6 
7 
8 
9 
IO 
1 1  
12 
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14 
15 

This appendix presents the final status survey for an example radiation site. Portions of this 
example appear earlier in Chapter 5 and Chapter 8. This appendix highlrghts the major steps for 
implementing a final status survey and gathering infomation needed to prepare a report. The 
report's format will vary with the requirements of the responsible regulatory agency. The Final 
Status Survey Checklist given at the end of Section 5.5 serves as a general outline for this 
appendix-although not every point is discussed .in detail. Chapters providing discussions on 
particular points are referenced at each step. This example presents detailed calculations for a 
single Class 1 survey unit. Section A.2 addresses the completion of steps 1-4 of the Data Quality 
Objectives (DQO) Process (see Appendix D, Sections D.l to D.4). Section A.3 addresses the 
completion of steps 5-7 of the DQO Process (see Appendix D, Sections D.5 to D.7). Section A.4 
concerns conducting the surveys. Section AS discusses evaluating thesurvey results using Data 
Quality Assessment (DQA, see Appendix E). -- 

16 A.2 SurVey Preparations 
17 (Chapter 3- Historical Site Assessment) 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

The Specialty Source Manufacturing Company produced low-activity encapsulated sources of 
radioactive material for use in classroom educational projects, instrument calibration, and 
consumer products.. The manufacturing process--conducted between 1978 and 1993-involved 
combining a liquid containing a known quantity of the radioactive material with a plastic binder. 
This mixture was poured into a metal form and allowed to solidify. After drying, the form and 
plastic were encapsulated in a metal holder which was pressure sealed. A variety of radionuclides 
were used in this operation, but the only one having a half-life greater than 60 days was 6oCo. 
Licensed activities were terminated as of April 1993 and stock materials containing residual 
radioactivity were disposed using authorized procedures. Decontamination activities include the 
initial identification and removal of contaminated equipment and facilities. The site was then 
surveyed to demonstrate that the radiological conditions satisfj regulatory agency criteria for 
release. 

30 
31 (Section 4.3) 

A.2.1 Identify the Radionuclides of Concern. 

- -. 

_. . 

32 
33 
34 
35 

More than 15 half-lives have passed for the materials with a half-life of 60 days or less. Based on 
radioactive decay and the initial quantities of the radionuclides, the quantities that could remain at 
the site are negligible. A characterization survey confirmed that no additional radioactive 
contaminants, other than &Co, were present. 
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Appendix A 

A.2.2 Determine Residual Radioactivity Limits (DCGLs) 
(Section 4.3) 

The objective of this survey is to demonstrate that residual contamination in excess of the release 
criterion is not present at the site. .The DCGL, for @'Co used for evaluating survey results is 
5,000 dpd100 cm2 (8,300 Bq/m?) €or surface contamination of structures. The DCGL, for 
contamination in soil is 140 Bqkg (3.8 pWg). 

.A.23 Classify Areas Based on Contamination Potential. 
(Section 4.4) 

This facility consists of one administratidmanufacturing building situated on approximately 0.4 
hectares (1 .O acres) of land as shown in Figure A. 1. The building is a conc re  block stmcture i n  
a poured slab. The northern portion of the building housed the mandacturing operations, and 
consists of a high-bay area of approximately 20 m x 20 m with a 7 m high Ceiling. The remainder 
of the building is single-story with numerous small rooms partitioned by drywall construction. 
This portion of the building, used for administration activities, occupies an area of approximately 
600 m2 (20 m x 30 m). The license does not authorize us!: of radioactive materials in this area. 
Operating records and previous radiological surveys do not iden* a potential for residual 
contamination in this section of the building. Figure A.2 is a drawing of the building. 

The property is surrounded by a chain-link security fence. At the northern end of the property the 
surface is paved and was used as a parking lot for employees and for truck access to the 
manufacturing and shippinghxiving areas. The remainder of the property is grass-covered. 
There are no indications of incidents or occurrences leading to radioactive material releases from 
the building. Previous surveys identified no radioactive contamination outside the building. 

A.2.4 Identify Survey Units 
(Section 4.6) 

Based on the results of other decommissioning surveys at the site and the operating history, the 
following survey units were used to design the final status survey. All of the interior survey units 
consist of concrete surfaces with the exception of the administration areas which are drywall. 

. .  
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63' 
64 
65 

66 
67 
68 
69 

70 
71 

72 
73 

74 
75 

76 
,7 
78 
79 
80 

81 
82 
83 

84 

85 
86 

87 
88 
89 
90 
91 
92 

- 
Structures 

iJiWJ Floor and lower walls of manufacturing area - 4 survey units of 140 m2 
each. 

clizis2 Upper walls- of manufacturing area - 4 survey units of 100 m2 each. 
Ceiling of mkufacturing area - 4 survey units of 100 m2 each. 
Paved area outside manufacturing area roll-up door - 1 survey unit of 
60 m2. 

- 

._ class3 Floors and lower walls of administration areas - 1 survey unit. 
Remainder of paved surfaces - 1 survey unit. 

- 
Land Areas 

msQ Lawn areas - 1 survey unit. 

A.2.5 Select Survey Instrumentation and Survey Techniques 
(Section 4.7, Chapter 6, and Chapter 7) 

f 

For interior surfaces, direct measurements of gross beta activity were made using one minute 
counts ona gas proportional counter with an MDC of 425 dpm/100 cm2 (710 Bq/m2). This is 
actually less than 10% of the DCGL. Surfaces were scanned using either a 573 cm2 floor monitor 
with an MDC of 3,600 dpdl00 cm2 (6,000 Bq/m2) or a 126 cm2 gas proportional counter with 
an MDC of 2000 dpd100 an2 (3,300 Bq/mp. 

Exterior soil surfaces were sampled and counted in a laboratory using a Ge spectrometer with an 

g a NdW) scintillator with an MDC of 185 Bqkg (5.0 pCi/g) of G°Co 

s used in each of the Class 1,2, and 3 areas are shown in Figure A.3. 

. This is actually slightly greater than 10% of the DCGL. Soil 

Reference (Background) Areas 
I '  (Section 4.5) 

For the purposes of evaluating gross beta activity on structure surfaces, a building of similar 
construction was identified on the property immediately east of the site. This building served as a 
reference for surf'ace activity measurements. Two reference areas-one for concrete surfaces and 
one for drywall surfaces-were required. Because @'Co is not a constituent of background and 
evaluation of the soil concentrations was radionuclide-specific, a reference area was not needed 
for the land area surveys. 
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Interior Concrete Survry,Unlts 
Class 1 Floora - 100% Scan wlth f loor Monltor 
Class 1 Walls - 100% Sans with Gas 

Proportional Counter 

AdministratlodOffice Areas 
Class 3 Floors - 259b,Scan wlth Floor Monitor 
Class 3 Walls - 25% Scan wtth Gas 

Proportlonal Counter 

t I -  t 

Manulacturlng A r m  Upper Walls and Ceiling 
C l a i r  2 Arras - 25% Scans wlth Gas 

Proportlonal Countar 

Class 
Class 

\ /  \/ \/ 
/\ / \  / \  

2 Paved Area - 100% Scan wlth Floor Monitor 
3 Pavrd Area - 2% Scan with Nal(TI) 

Class 3 Lawn Area - 100% Scan with NaI(T1) at Downspouts 
and Edge of Pavement (Runoff Areas) 

10% Scan with Nal(TI) on Remaining Lawn Area 

Figure A 3  Examples of Scanning Patterns for Each Survey Unit Classification 
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114 
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A.2.7 Prepare Area 
(Section 4.8) 

Prior to the survey, all internal partitions were removed fiom the manufacturing area. Other items 
removed include the radioactive material control exhaust system, a liquid waste collection system, 
and other W s h i n g s  and fixtures not considered an integral part of the structure. 

A.2.8 Establish Reference Coordinate Systems 
(Section 4.8.5) 

_ -  

Land areas were gridded at 10 m intervals along north-south and east-west axes-as shown in 
Figure A. 1 .  - 

Structure surfaces were gridded at 2 m intervals, incorporating the floors and the lower 2 m of the 
walls. Figure A.4 is an example of the coordinate system installed for one of the Class 1 interior 
concrete survey units. 

A.3 Survey Design 

A3.1 Quantify DQOs 
(Section 2.3, Appendix D) 

The null hypothesis for each survey unit is that the residuat radioactivity concentratcans exceed 
the release criterion (Scenario 4 Figure D.5). Acceptable decision error probabilities for testing 
the hypothesis were determined to be a=O.O5 and 9=0.05 for the Class 1 interior concrete survey 
units, and a=0.025 and p4 .05  for all other survey units. , 

A.3.2 Construct the Desired Power Curve 
(Section 2.3, Appendix D.6, Appendix 1.9) 

The desired power cuwe for the Class 1 interior concrete survey units is shown in Figure A.5. 
The gray region extends from 2,500 to 5,000 dpm/100 cm2 (4,150 to 8,300 Bq/m2). The survey 
was designed for the statistical test to have 95% power to decide that a survey unit containing less 
than 2,500 dpm/l00 cm2 (4,150 Bq/m2) above background meets the release criterion. For the 
same test, a survey unit containing over 10,000 dpm/l00 cm2 (16,700 Bq/m2) above background 
had less than a 2.5% probability of being released. 
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Figure A.4 Reference Coordinate System for the Class 1 
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A.33 Specify Sample Collection and Analysis Procedures 
(Chapter 7) 

Soil cores were taken to a depth of 15 cm (6 in.) And each one labeled with the location code, 
date and time of sampling, sealed in a plastic bag, and weighed prior to shipment to the analytical 
laboratory. At the laboratory, the samples were weighed, dried, and weighed again. 100 cc 
aliquots were gamma munted on a germanium spectrometer. - 

The decision to Use radionuclide- SpeCiEic measurements for soil means that the survey of the 
Class 3 exterior soil surface survey unit was designed for use with the one-sample Sign test. 

A3.4 Provide Information on Survey Instrumentation and Techniques 
(Chapter 6) 

A gas proportional counter with 20 cm2 probe area and 16% 471 response was placed on the 
surface at each dhct measuremkt location, and a one minute count taken. Calibration and 
background were checked before and after each series of measurements. The D C G h ,  adjusted 
for the detector size and ef€iciency, is: 

- 

(5,000 dpd100 cm2) (0.20) (0.16) = 160 cpm 

for interior surfaces means that the survey of all 
with the two-sample WRS test for comparison with 

(Section 5.52.2) 

This facility contains 15 isting of interior concrete surfaces, interior drywall 
erior paved surfaces. 

The site has 12 interior concrete survey units to be compared with 1 reference area The same 
type of instrument and method were! used to perform measurements in each area 

The lower bound of the gray region is selected to be one-half the DCGL, and Type I and Type U 
emcy values (a and p) of 0.05 were selected. The number of sampledmeasurements to be 
obthined, based on the requirements of the statistical tests, was determined using Equation 5- 1 in 

Section 5.5.2.2: 
-- 
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From Table 5.2 it is found that 2,: = Z,, = 1.645 for a = = 0.05. 
- 

The parameter P, depends on the relative shift, Nu.  The width of the gray region, A, in Figure 
AS is 2,500 dpd100 cm2 (4,150 Bq/m2), which corresponds to 80 cpm. Data from previous 
scoping and characterization surveys indike that the background level is 45 f 7 (la) cpm. The 
standard deviation of the contaminant in the survey unit (03 is estimated at f 20 cpm. When the 
estimated standard deviation in the reference area and the s w e y  units are different, the larger - 
value should be used to calculate the relative shift Thus, the value of the relative shift, Ah, is 
(160-80)/20 or 4.' From Table 5.1, the value of P, is approximately -€.OOO. 

The number of data points for the WRS test of each combination of reference area and survey 
units according to the allocation formula was: 

(1.645 +1.645)2 = 14.4 N= 
3( 1 .OOO -0.5)* 

Adding an additional 20% and rounding up yielded 18 data points total for the reference area and 
each survey unit combined. - Of this total number, 9 were planned from the reference area and 9 
from each survey unit. The total number of measurements calculated based on the statistical tests 
was 9 + (14)(9) = 135. Note that the same result is obtained by simply using Table 5.3 or Table 
I.2b with a = p = 0.05 and Ala = 4. 

A.3.6 Evaluate the power of the statistical tests against the DQOs: 
(Appendix 1.9.2) 

Using Equation 1.8, the prospective power expected of the WRS test was calculated using the fact 
that 9 samples were planned in each of the survey units and the reference area. The value of us 
was taken to be 20 cpm, the larger of the two values anticipated for the reference area (7 cpm) 
and the survey unit (20 cpm). This prospective power curve is shown in Figure A.6. 

ordinarily N o  would be adjusted to a value between I and 3. For this example the adjustment was not made 1 -- 
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Figure A.6 Prospective Power Curve for the Class 1 Interior Concrete Survey .Unit 

171 

I72 (Chapter 5.5.2.4) 
A.3.7 Ensure that the Sample Size is SuffScieth for Detecting Areas of Elevated Activity 

173 
I74 

The Class 1 concrete interior survey units each have an area of 140 mz (Figure A.7). The distance 
between measurement locations in these survey units was: . .  

'40 .= 4 2  m L = J - - ; \ J  A 
0.866n 0.866 (10) 
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Figure A.7 Measurement Grid for the Class 1 Interior Concrete Survey Unit 
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The result for L was rounded down to the nearest meter, giving L = 4 m. This resulted in an area 
between sampling points of 0.866L2 = 13.9 m2. The DCGL, = 5,000 dpd100 cm2 (8,300 
Bq/m2). This was well.above the scanning MDC of 3,600 dpd100 m2 (6,000 Bq/m2) for the least 
sensitive of the Go scanning instruments (the floor monitor). Therefore, no adjustment to the 
number of data points to account for areas of elevated activity was necessary. 

A3.8 Specify Sampling Locations 
(Chapter 5.5.2.5) 

. .  

Two random numbers between zero and one were generated to locate the random start for the 
sampling grid. Using Table L6 in Appendix I, 0.322467 and 0.601951 were selected. The 
random start for triangular sampling pattern was found by multiplying these numbers by the length 
of the reference grid X and Y axes: - -  - 

X = 0.322467 x 12 m = 3.9 
Y = 0.601951 x 12 m = 7.2 

The first row of measurement locations was laid out at 4m intervals parallel to one axis of the 
reference grid. The second row was positioned (0.866)(4) = 3.5 m fiom the first row, with 
measurement locations offset by 2 m fiom those in the first row. The measurement grid is shown 
in Figure A7. Note that in laying out the grid 10 sampling locations were identified, which is 
greater than the 9 measurement locations calculated to be required for the statistical test. In such 
cases, all of the identified sampling locations should be used. 

A.3.9 Develop Quality Control Procedures 
(Chapter 9) 

A.4 Conducting Surveys 

A.4.1 Perform Reference (Background) Area Measurements and Scanning 
(Chapter 6) 

J 

A.4.2 Collect and Analyze Samples 
(Chapter 7) 
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212 
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A.5 Evaluating Survey Results 

A.5.1 Perform Data Quality Assessment 
(Chapter 8.2) 

The data tiom one Class 1 intehor concrete survey unit and its associated reference area are given 
in Table kl. Since ten sampling locations were identified, ten results am listed for the survey 
unit.* The average measurement in the survey unit is 206 total cpm, and in the reference area the 
average is 46 cpm. The means and the medians are nearly equal in both cases. The standard 
deviations are also consistent with those estimated during the survey design. The survey unit 
clearly contains residual radioactivity close to the limit of the release criterion. - 

- 

- 

- 
Table A.l Class 1 Interior Concrete Survey Unit and Reference Arei  Data 

I I I 

I ' 36 I 207 
n I 32 I 203 U 

- ~ 

57 1 96 
46 21 1 
60 208 

42 I 209 n 
mean I 206 II 

ZFhere 811: also tea results listed for the reference area This is only becaw there were also ten locations identlfid 
there when the grid was laid out Had nine locations been found, the survey would pmceed using those nine locations. There 
is no requitmat that the number of sampling locations in the survey unit and reference area be equal. It is only necessary 
that at least the minimu& number of samples required for the statistical tests is obtained in each. 

e- 
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The stem and leaf displays (see Appendix 1.7) for the data appear in Table A.2. They indicate that 
the data distributions are unimodal with no notable asymmetry. There are two noticeably extreme 
values in the survey unit data set, at 172 and 233 cpm. These are both about 2 standard 
deviations from the mean. A check of the data logs indicated.nothing unusual about these points, 
so there was no rezson to conclude that these values were due to anything other than random 
measurement variability. 

. -  

Table A.2 Stem and Leaf Displays for Class 1 Interior Concrete Survey Unit - - 

A Quantile-Quantile plot (see Appendix 1.8) of this data, shown in Figure A.8, is consistent with 
these conclusions. The median and spread of the survey unit data are clearly above those in the 
reference area'. The middle part of the cuwe has no sharp rises. However, the lower and upper 
portion of the curve both show a steep rise due to the two extreme measurementsin the survey 
unit data set. 

A.5.2 Conduct Elevated Measurement Comparison 
(Section 8.5.1) 

The DCGL, is 160 cpm above background. The area factor (from Table 5.7) is approximately 
1.5, so the DCGL,, is 240 cpm above background. Even without subtracting the average 
background value of 46, there were no survey unit measurements exceeding this value. All of the 
survey unit measurements exceed the DCGL, and six exceed 206 cpm-the DCGL, plus the 
average background. If any of these data exceeded three standard deviations of the survey unit 
mean, they might have been considered unusual, but this was not the case. Thus, while the amount 
of residual radioactivity appeared to be near the release criterion, there was no evidence of smaller 
areas of elevated residual radioactivity. 
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Figure A.8 Quantile-Quantile Plot for the Class 1 Interior Concrete Survey Unit 

24 1 A.5.3 Conduct Statistical Tests 
242 (Section 8.3, 8.4) 

.. . 

24 3 For the Class 1 interior concrete survey unit, the two-sample nonparametric statistical tests of 
244 

I 245 
I 246 

247 
~ 

~ 

248 
249 
250 
25 1 

Section 8.4 were appropriate since, although the radionuclide of concern does not appear in 
background, radionuclide specific measurements were not made. This suwey unit was classified 
as Class 1, so the 10 measurements performed in the reference area and the 10 measurements 
performed in the s w e y  unit were made on random start triangular grids. 

. 

Table A.3 shows the data obtained. The measurements are shown in the first column. The 
average and standard deviation of the reference area measurements were 46 and 9, respectively. 
The average and standard deviation of the survey unit measurements were 206 and 15, 
respectively. 
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Table A.3 WRS Test for Class 1 Interior Concrete Survey Uni t  

45 R 205 7.5 7.5 
. 36 R .  1% 4 . 4  

32 R:, i . 192 3 3 
57 R 217 IS 15 i\ 

45 R 205 7.5 7.5 
53 R 213 ’ 13 13 b w 42 I R I 202 I 6 I 6 

229 I S I 229 17 0 
SUm= 210 86 

The analysis proceeded as described in Section 8.6.3. In the “Area” column, the code “R“ is 
inserted to denote a reference area measurement, and “S“ to denote a survey unit measurement. 
In the “Data” column, the data were simply listed as obtained. The Adjusted Data were obtained 
by adding the DCCrZ, to the reference area measurements and leaving the survey unit 
measurements unchanged. The ranks of the Adjusted Data appear in the ~‘Ranks” column. They 
range from 1 to 20, since there is a total of lo+-10 measurements. The sum of all of the ranks is 
20(20+1)/2 = 21.0. It is recommended to check this value as a gukd against errors in the 
rankings. 

The “Reference Area Ranks” column contains only the ranks belonging.to the ceference area 
measurements. The total is 86. This was compared with the entry in Table 1.4 .for a = 0.05, with 
n = 10 and m =lo. This critical value is 127. Thus, the sum of the reference area mnks was less 
than the critical value and the null hypothesis-that the survey unit concentrations exceed the 
D CGL-was a m p  ted . 
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Again, as in Secbon 8.6.3, the retrospective power curve for the WRS test was constructed as 
described in Appendix 1.9, using Equations 1-8,1-9, and 1-10, together with the actual number of 
concentration measurements obtained, N. The power as a bct ion OCNS was-calculated using 
the observed standard deviation, s = 15.4, in place of 6. The values of Nu were Lnverted to 
cpm using: 

-1 - 
cpm = DCGL, - (A/u)(observed standard deviation). - 

The results for this example are plotted in Figure A9, showing the probability that the survey unit 
would have passed the release criterion using the WRS test versus cpm of residual radioactivity. 
This curve shows that the data quality objectives were easily met The curve shows that a survey 
unit with less than about 130 cpm above backgro~d would almost always pass and that a survey - -  
unit with mom than about 170 cpm above background would almost always fail. 

- 

A5.4 Estimate Amount of Residual Radioactivity 
(Chapter 8.5.2.1) 

The amount of residual radioactivity in the survey unit above background was estimated following 
the WRS test using the difference between the mean measurement in the w e y  unit and the mean 
measurement in the reference area: 6 = 206 - 46 = 160. This was converted to a surface area 

DCGL,,,. 
activity concentration of 5,000 dpm/100cm2 (8,300 Bqlm?, which is just at the limiting value, .' 4 

The difference in the median measurements (207.5 - 45 = 162.5) was converted to a surface 
activity concentration of 5,100 dpm/100cm2 (8,450 Bq/m2). This actually exceeds the DCGL, 
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Figure A.9 Retrospective Power Curve for the Class 1 Interior Concrete Survey Unit 
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APPENDIX B 
F. 

SIMPLIFIED PROCEDURE FOR CERTAIN USERS OF 

AND SMALL QUANTITIES 
SEALED SOURCES, SHORT HALF-LIFE MATERIALS, 

A large number of users of radio&ive materials may implement a simplified procedure to 
demonstrate that their site complies with regulatory requirements for decommissioning. That is, 
certain users of radioactive materials may avoid conducting a complex final status survey. Sites 
that qualifL for simplified decommissioning procedures are those where radioactive mateaials have 
been used or stored only in the form of: non-leaking, sealed sources; short half-life radioactive 
materials (e.g., tln s 120 days) that have since decayed to insignificant quantities;.small quantities 
exempted or not requiring a specific license from a regulatory authority; or combinations of the 
above. - 

The user of a site that may qualify for implementation of a simplified procedure should provide 
the regulatory authority with a minimum of (1) a certification that no residual radioactive 
contamination attributable to the user's activities is detectable by generally accepted survey 
methods for decommissioning and (2) documentation on the disposal of nuclear materials, such 
as the information required in Form NRC-3 14 (Certification of Disposition of Materials). This 
minimum information may be used by the regulatory authority to document protection of both the 
public health and safety and the environment, based on the transfer, decay, or disposal of 
radioactive material in some authorized manner. 

Normally, the absence of radioactive contamination can be demonstrated by: (1) documenting the 
amounts, kinds and uses of radionuclides as well as the processes involved; (2) conducting a 
radiation survey of the site; and (3) submitting a report on this surtrey. More specifically, a user 
of a qualified site should document from process knowledge and the nature of the use that either 
no or unmeasurable quantities of radioactive material remain onsite-whether on surfaces, buried, 
imbedded, submersed, or dissolved. The submittal to the regulatory authority should include 
possession history, use of the radioactive materials, and, if applicable, results of all leak tests. 
Where only small quantities or short half-life materials were handled, the regulatory authority may 
consider the documentation on a case-by-case basis. 

For those sites where a simple final status survey is conducted to demonstrate compliance with 
the release criterion, the following information should be included in the final status survey report: 

0 

0 

0 Measurement techniques used 
0 

0 

. Basis for selecting the instrumentation used for the survey 
Nature of the radionuclides surveyed 

Minimum Detectable Concentration(s) of the instrumentation for the techniques used 
Calibration, field testing, and maintenance of the instrumentation 
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40 
41 
42 
43 
44 
45 

46 

41  
48 

49 
50 
51 
52 

0 

0 

Qualifications of the personnel using the instrumentation 
Methods used to interpret the survey measurements 
Qualifications of the personnel interpreting the survey measurements 

A minimum of 30 measurements should be taken in survey units where radioactive materials were 
used or stored. The results of the survey should be compared to derived concentration guideline 
levels (DCGLs) using an appropiizie statistical test, such as the Student's r test or Wilcoxon test. 
If all measurements are less than DCGL, then the statistics do not need to be addressed because 
the conclusions are obvious. If the mean of the measurements exceeds DCGL, the survey unit 
obviously fails to demonstrate compliance and the statistics do not need to be addressed. 

Radiation levels and concentrations should be r e p o w  as follows: 
- .. 

0 For external dose rates, units of: 
- milliSieverts (micro-rem) per hour at one meter From surfaces; 

For levels of radioactive materials, including alpha and beta m w m e n t s ,  units of - Bq/m2 (dpm/lOO an2, pCi100 cm2) (removable and fixed) for surfaces; 

Bq/kg (pCi/g) for solids such as soils or concrete. 
- BqL @Ci/mL) for watm, 
- 

. .  
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APPENDIX C 
REGULATIONS AND REQUIREMENTS ASSOCIATED WITH 

RADIATION SURVEYS AND SITE INVESTIGATIONS' 

C.1 EPA Statutory Authorities 

The U.S. Environmental Protection Agency administers several statutes that address various 
aspects of the cleanup of radioadvely contaminated sites. Listed below are the statutes, the 
implementing regulations, and the responsible EPA offices. 

C.l.l The Of€ice of Air and Radiation (OAR) administers several statutes and 
implementing regulations: 

0 Clean Air Act (CAA) as amended (42 U.S.C. 7401-7671 9.): The CAA protects and - 
enhances the nation's air q u a l i ~  through national ambient air quality standards, new source 
performance standards, and other provisions. Radionuclides are a hazardous air pollutant 
regulated under Section 112 of the Act. 

- National Emissions Standard for Hazardous Air PoJlutants for Radionuclides (40 
CFR Part 61,lO CFR 20.101-20.108) 

0 Uranium Mill Tailings Radiation Control Act OJMTRCA) of 1978 (42 U.S.C. 2022): 
UMTRCA requires stabilization and control of byproduct materials (primarily mill tailings) 
at licensed commercial uranium and thorium processing sites. NRC and DOE implement 
standards under this Act. 

- Health and Environmental Protection Standards for Uranium and Thorium Mill 
Tailings (40 CFR Part 192) 

This regulation, along with "Criteria Relating to the Operation of Uranium Mills 
and the Disposition of Tailings or Wastes Produced by the Extraction or 
Concentration of Source Material From Ores Processed Phimarily for Their Source 
Material Content" (10 CFR 40, Appendix A), issued by the NRC and EPA, 
establish technical criteria related to the operation, decontamination, 
decommissioning, and reclamation of uranium or thorium mills and mill tailings. 
Both regulations provide desigp requirements for closure of the mill's waste 
disposal area. 

I 

'The user of this manual should consult the text of the statutes and regulations listed in this Apphldix to ensure 
compliance with all r e q ~ c n t s  applicable to a specific site and to ensure the use of m t  versions of applicable 
statutes and regulations. 
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47 
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The principal radiological hazards from uranium milling operations and mill tailings 
disposal are due to radon gas emissions originating fiom uranium and thorium 
daughters. Release rates to the atmosphere are limited to an average rate of Or7 
Bq (20 pCi) per square meter per second. This rate is applicable to any portion of 
a licensed or disposal site unless land areas do not contain radium 
concentrations-averaged over 100 square meters-greater than (i) 185 Bq/kg (5 
pCi/g) of radium averaged over the first 15 centimeters below the surface and 
(ii) 555 Bqkg (15 pCi/g) of radium averaged over 15 cm thick layers more than 
15 centimeters below the surface. 

- 

e Atomic Energy Act (AEA) as amended (42 U.S.C. 201 1-2296): The AEA requires the 
management, processing, and utilization of radioactive materials in a manner that protects 
public health and the environment, ~ This is the principal basis for EPA, NRC and DOE 
authorities. 

- .  
. 

The AEA requires that source, special nuclear, and byproduct materials be managed, 
processed, and used in a manner that protects public health and the environment. Under 
the AEA and Reorganization Plan No. 3 of 1970, EPA is authorized to issue federal 
guidance on radiation protection matters as deemed necessary by the Agency or as 
mandated by Congress. This guidance may be issued as regulations, given that EPA 
possesses the authority to promulgate generally applicable radiation protection standards 
under Reorganization Plan No. 3. For example, under AEA authority EPA promulgated 
its environmental radiation protection standards for nuclear power operations at 40 CFR 
Part 190 

In conjunction with the AEA, EPA is developing or presently supports the following 
regulations: 

Radiation Site Cleanup Regulations (40 CFR 196, Under Development) 

- Environmental Radiation Protection Standards for the Management, Storage, and 
Disposal of Low Level Radioactive Waste (Under Development-Docket No. 
R-82-0 1) 

- Environmental Radiation Protection Standards for the Management and ,Disposal 
of Spent Nuclear, High-Level and Transuranic Radioactive Wastes (40 CFR 19 1) 

. Nuclear Waste Policy Act (NWPA), as amended (Pub. L. 100-507.42 U.S.C. 10101): 
The NWPA is intended to provide an orderly scheme for the selection and development of 
repositories for high-level radioactive waste and spent nuclear fuel. 

-- 
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Low Level Radioactive Waste Policy Act (LLRWPA), as amended (Pub. L. 99-240, 42 
U.S.C. 2021 b): LLRWPA assigns States responsibility for ensuring adequate disposal 
capacity for low-level radioactive waste generated within their borders. 

0 Indoor Radon Abatement Act of 1988 (15 U.S.C. 2601 Sec. 301-31 1) . .  

C.1.2 The Oflice of Emergency and Remedial Response ( O E P )  administers the 
Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) of 1980, as amended (Pub. L. 99-499,42 U.S.C. 9601-9657) 

- 

0 CERCLA authorizes EPA--consistent with the national contingency plan-to provide for 
remedial action in response to releases or substantial threats of releases of hazardous - 
substances into the environment. Hazardous substances are defined as any substance 
designated or listed under the Clean Air Act, the Federal Water Pollution Control Act, the 
Toxic Substances Control Act, and the Resource Conservation and Recovery Act. 
Because the CAA designated radionuclides as a hazardous air pollutant the provisions of 
CERCLA apply to radionuclides. 

C.1.3 The Oflice of Solid Waste (OSW) administers the Resource Conservation and 
Recovery Act of 1976 (RCRA), as amended (Pub. L. 94-580,42 U.S.C. 6901 
et sq.1  

RCRA provides for detailed regulation of hazardous waste from generation to final 0 

disposal. Hazardous waste generators and transporters must comply with EPA standards. 
Owners and operators of treatment, storage, or disposal facilities must obtain RCRA 
permits. Materials defined 'In the AEA are expressly excluded fiom the definition of solid 
waste, and, thus fiom regulation under RCRA. Naturally occurring and accelerator 
produced radioactive materials, however, are not excluded. 

C.1.4 The Office of Water (OW) administers several statutes and implementing 
regulations: 

0 Section 14.2 of the Public Health Service Act as amended by the Safe Drinking Water Act 
(SDWA) as amended (Pub. L. 93-523,42 U.S.C. 300f et seq.). As amended in 1986, 
SDWA seeks to protect public water supply systems through protection of groundwater. 
Any radioactive substance that may be found in water is regulated under the Act (although 
the current regulations only specify a limited number of individual substances). 

. 

- Maximum Contaminant Levels (includes certain radionuclides). (40 CFR 14 1.1 1 - 
141.16) -- 
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. Clean Water Act as amended (Pub. L. 92-500, 33 U.S C 125 1 el seq.) 

- Requirements (40 CES Parts 13 1,400469) established pursuant to sections 301, 
302,303 (including State water quality standards), 306,307, (including Federal 
Pretreatment requirements for discharge into a publicly owned treatment works), 
and 403 of the Ctean Water Act. 

- -  
C.1.5 The Office of Prevention, Pesticides and Toxic Substances administers the Toxic 

Substances and Control Act (TSCA; 15 U.S.C. 2601) 

0 TSCA regulates the manufacture, distribution in commerce, processing, use, and disposal 
of chemical substances and mixtures. Materials defined in the AEA are expressly excluded 
fiom TSCA. However, naturally occurring and accelerator produced radionuclides are 
not excluded. 

- 

C.2 DOE Regulations and Requirements 

C.2.1 Authorities.of the Department of Energy 

The Department of Energy Organization Act which created DOE, the Energy Reorganization Act 
of 1974, which created the Energy Research and Development Administration, and the Atomic 
Energy Act of 1954* provide the basic authorities of the Department of Energy. The principal 
DOE statutoy authorities and regulations that pertain to radiation protection are shown in Table 
c. 1. 

c.2.1.1 Atomic Energy Act of 1954, as amended 

The Atomic Energy Act of 1954 established a program of private ownership and use of nuclear 
materials and nuclear facilities, such as nuclear research reactors, and a program for government 
regulation of those applications. (Prior to 1954, all source, byproduct, and special nuclear 
materials were government owned). The Atomic Energy Commission was given both the 
regulatory authorities and the mission to develop both the peaceful and military uses of atomic 
energy. The Act also retained the Atomic Energy Commission as the civilian agency responsible 
for weapons programs production, development and research consistent with the Atomic Energy 
Act of 1946. 

'The Atomic Energy Commission was created by the Atomic Energy Act of 1946, not the 1954 act. 
e- 
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Table C.l 

DOE AUTHORITIES, ORDERS AND REGULATIONS 
RELATED TO RADIATION PROTECTION 

-. . .. . 
l2ixxhb Statutes 

Atomic Energy Act of 1954, as amended 

Energy Reorganization Act of 1974 

Uranium Mill Tailings Radiation Control Act of 1978. 
as amended 

Nuclear Non-Proliferation Act of 1978 

Department of Energy Organhtion Act of 1980 

West Valley Demonstration Project Act of 1980 

Nuclear Waste Policy Act of 1982 

Low-Lw~ Waste Policy Act O f - 1 9 8 0  

Low-Level Waste Policy Amendments Act of 1985 

Energy Policy Act of 1992 

Waste Isolation Pilot Plant Land Withdrawal Act 

Price Anderson Act 

- 
Order 5400.1. 'General Envinmmental Protection 
Program' 
Order 5400.24 "hvircmmental Compliance Issue 
Coordination' 
Order DOE 5400.5. "Radiation Pkkction of the Public 
and the Environment" - -  - 
Order DOE 5400.4, 'Comprehensive Environmental, 
Response. Compensation and Liability Act 
ReqUiremelltS' 
Order DOE 5440.1E, 'National Envixtmmental Policy 
Act ComplianccProgram" 
M e r  DOE 5480.1B. 'Eu-ent, Safety and 
Health Program for Depaxtmcnt of Energy Facilities" 
M e r  DOE 5480.3. 'Safety Fbquhmu~ts for the 
Packagiagmd Traaspartation of Hazardous Materials. 
HazardousSubstan~8tHraardousW~" 

Protection Standards' 
Order DOE 5480.6. 'Safety of J3qwtmeat of Energy 
Owned Nuclear Reactors" order DOE 5430.1 1, 
"Occupational Radiation Protection" 
Order DOE 5480.24. "NuclearCriticaiity Safety" 
Order DOE 5480.25. "Safety at Accelerator Facilitles" 
Order DOE 5484.1, "Environmental Protection, Safety 
and Health Protection information Reporting 

_ _  

Order DOE 5480.4, "h-ent, Safety and Health A 

POE Rem 1- Requirements' 
Order DOE 5820.2A. "Radioactive Waste 
Managanent' 

I40 
141 
142 10 CFR Part 834 (Proposed). "Radiation Protection of 
143 the Public and the' En&ent" . .  

144 10 CFR Part 835. 'Occupational Radiation Protection" 

145 Executive Orders 

146 Executive Order 12580 
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I48 
149 
I50 

151 

152 
153 
154 
155 
156 

157 

158 

160 
159 

161 
162 
I63 
164 
165 
166 
167 
168 

169 

.170 
171 
I72 
173 
174 

175 

176 
I77 
178 

Under the Act the Atomic Energy Commission was responsible for establishing regulations 
ensuring the safety of commercial facilities and establishing requirements that ensure the public 
protection from radiation and radioactive materials resulting from or used in its research, 
development, and production activities. 

c.2.1.2 

The Energy Reorganization Act of 1974 divided the former Atomic Energy Commission and 
created the Energy Research and Development Administration and the Nuclear Regulatory 
Commission. The ERDA was responsible for radiation protedon at its facilities, to provide for 

with the creation of the Department of Energy in 1980. 

Energy Reorganization Act of 1974 (Public Law 93-438 (1974), as amended) 
. f  

worker and public health, worker safety, and environmental protedon. ERDA was abolished _ _  

-. c .2 .13  Department of Energy Organization Act of 1977 Public Law 95-91 - - 

The Department of Energy Organization Act created the Department of Energy (DOE) by 
combining the Energy Research & Development Administration, the Federal E n q  
Administration, Federal Power Commission, and part of the Department of Interior. 

The DOE- intended to identifj, potential environmental, health, safely, socioeconomic, 
institution& and techhological issues associated with the development and use of energy sources. 
Through this Act, DOE retained the responsibilities and authorities--held by its predecessor 
agencies-to take actions necessary to protect the public from radiation associated with 
radioactive materials production, research, and development. DOE established requirements 
through a directives system that largely used DOE Orders as its regulatory procedures. With the 
passage of the Price-Anderson Act Amendments of 1990, DOE began converting its health and 
safety Orders to rules: 

C.2.1.4 Uranium Mill Tailings Radiation Control Act of 1978, as amended 

The Uranium Mill Tailings Radiation Control Act (UMTRCA) provides a program of assessment 
and remedial action at active and inactive uranium mill sites to control their tailings in a safe and 
environmentally sound manner and to reduce radiation hazards to the public residmg in the 
vicinity of these sites. The DOE was directed to complete remedial action at 21 sites of inactive 
uranium mills. 

C.2.1.5 West Valley Demonstration Project Act of 1980 

This act authorized DOE to carry out a project at West Valley, New York to demonstrate 
solidification techniques which can be used for preparing high level radioactive waste for disposal. 
The Act provides for infohnal review and project consultation by the NRC. 
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C.2.1.6 Low-Level Waste Policy Act of 1980 

This act established the policy that each State is responsible for providing for the disposal of low- 
level radioactive waste generated within its borders, except for waste fbm defense activities of 
DOE or Federal research and development activities, and authorized States to enter into compacts 
to carry out this policy. DOE *as required to take actions to assist the States in w i n g  out this 
policy. - _. 

C.2.1.7 

This Act gives DOE the responsibility to develop repositories and to establish a program of 
research, development, and demonstration for the'disposal of high-level radioactive waste and 
spent nuclear fbel. Title to and custody of commercial low-level waste sites under certain 

- 

conditions may be transferred to DOE. 

C.2.1.8 

This act amends the Low-Level Waste Policy Act of 1980 to improve the procedures for State 
compacts. It also assigns responsibility to the Federal government for the disposal of LLW 
generated or owned by the DOE, specific other Federally generated or owned wastes, and wastes 
with concentrations of radionuclides that exceed the limits established by the NRC for class C 
radioactive waste. The Act provides that all class C radioactive wastes designated as a Federal 
responsibility-those that result fiom activities licensed by the NRC-shdl be disposed of in a 
facility licensed by the NRC. The Act also assigns responsibilities to DOE to provide financial 
and technical assistance to the States in carrying out the Act. 

Nuclear Waste Policy Act of 1982 (Public Law 97425,1983) 

__ 

Low-Level Waste Policy Amendments Act of 1985 

C.2.1.9 Waste Isolation Pilot Plant Land Withdrawal Act 

The Waste Isolation Pilot Plant (WIPP) is a repositoxy intended for the disposal of transuranic 
hadioactive waste produced by defense activities. The Act establishes the following:-- 

1) 
2) 

3)  

an isolated parcel of land for the WIPP 
provisions concerning testing and limits on the quantities of waste which may be 
disposed at the WIPP 
EPA certification of compliance with disposal standards 

c.2.1.10 Price Anderson Act 
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208 Executive Order 12580 
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222 
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C.23 DOE Regulations and Orders 

C.2.3.1 

-. . -  
10 CFR Part 834 (Proposed) "Radiation Protection of the Public and the 
Environment" 

Part 834 is primarily a codification of DOES requirements for off-site radiation protection that 
were previously covered in Orders 5400.5 and DOE 5400.1. Although many of the requirements 
are similar, Part 834 represents both deletions and additions to the requirements that are in Order 
5400.5. Several DOE nuclear safety and radiation protection orders were or are being converted 
into regulations-primarily to increase their enforceability. Non-compliance with Part 834 
regulations, 10 CFR Part 835 (see below), and DOE regulations for nuclear safety is subject to 
civil penalties (fines), criminal penalties (imprisonment), or both depending upon the severity of 
the infraction. 10 CFR Part 834 contains the requirements for DOEs radiation protection system 
for the public and environment This regulation includes dose limits for protection of the public 
and environment, plus requirements: 

1) 

2) 
3) 

to apply the ALARA process-to reduce doses to the public as far below the 
release criterion as is practicable 
to apply the best available control technology to liquid effluents 
for control of property containing residual radioactive material 

C.2.3.2 10 CFR Part 835, "Occupational Radiation Protection" 

227 
228 
229 
230 
231 

This rule, which became effective on January 13, 1993, governs the protection of workers at DOE 
owned facilities fiom radiation. The radiation protection requirements contained in Part 835 are 
generally similar to those that Order DOE 5480.1 1 and those used in NRC Regulations pertaining 
to the commercial nuclear industry. In addition to the rule, DOE issued a dozen impiementation 
guides, including the "DOE Radiological Control Manual," @OE/EH4256T, Rv.l, April 1994). 

. 232 C.2.3.3 Order DOE 5400.5, "Radiation Protection of the Public and the 
233 Environment" 

234 
235 
236 public and environment, plus requirements: . 

This Order, issued in February 1990, contains DOEs requirements for ensuring the protection of 
the public from the hazards of radiation. This regulation includes dose limits for protection of the 

-- 
MARSSM C-8 12/6/96 
DRAI;T FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



237 
238 
239 
240 

24 1 

242 
243 
244 

245 
246 
247 
248 
249 
250 
25 1 
252 
253 
254 
255 

256 
257 
258 
259 
260 
26 1 
262 

263 
264 

265 

Appendix C 
. ,  

I )  

2) 
3) 

to apply the ALARA process-to reduce doses to the public as far below the 
release criterion as is practicable 
to apply the best available control technol-ogy-to?iquid efnuents 
for control of property containing residual r a d i d v e  material 

DOE 5400.5 is supported by nunierous guidance documents, including those listed in phis section. 

DOE 5400.5 is the primary directive relating to the release of property subject to radiological 
contamination by DOE operations. The Order DOE >.,30.5 will be replaced by 10 CFR Part 834 
and its guidance will be adopted for Part 834 when it is issued. - _  

Under DOE 5400.5 and the guidance included in this section (C.2.3), DOE established 
requirements for a case-by-case review and approval for release of real or non-real property 
containing residual radioactive mated .  Authoxized limits and measurement procedures must be 
developed by DOE before facilities can release property fiom their control. The principle 
requirement is to reduce doses to levels that are as low as practicable using the ALARA process 
and assuming realistic but consewathe use scenarios that an not likely to underedimate dose. 
This requirement ellSureS that doses are as far below the primary dose limit (1 mSv/y [ 100 - 

mrem/y]) as is practicable. Because the primary dose limit is for doses fiom all sources and 
pathways, authorized limits should be selected at levels below a DOE dose constraint of 0.3 
mSv/y (30 m y ) .  However, the goal is to reduce doses under likelywe &os to a few 
mSv1year or less. 

- 

In addition to the requirement to apply A L A M  and the dose constraint, DOE also utilizes surface 
contamination guidelines similar to those in NRC Reg Guide 1.86 and the 40 CFR Part 192 soil 
concentration limits for radium and thorium. The ALARA requirement ensures that the 40 CFR 
Part 192 limits are appropriately used. DOE also permits the use of supplemental limits for 
situations where cleanups to authorized limits are not practicable or where the scenarios used to 
develop the authorized limits are not appropriate. DOE 5400.5 permits the release of property for 
restricted use and requires procedures to ensure these restrictions are maintained. 

Most DOE remedial action and restoration activities are also subject to CERCLA. In such cases, 
DOE requirements are integrated into the CERCLA process. 

The following sections describe the scope and importance of several guidance documents. 

I 
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C.2.3.3.1 Residual Radioactive Material Control: 

. .  
to the T J.S. Gui- for -ve M . .  DOWCH-8901, h a c t i v e  

FUSRAP Department of Energy, June 1989. 
-, . 

DOE Guidance Memorandum, "Unrestricted Release of Radioactively Contaminated Personal - -  
Property," J. Maher, DOE Ofice of Nuclear Safety, Mar. 15,1984. 

._ ANUEADLD-2, &al for -dual Rad' loactwe Maten 'a1 Guidelines Usirg 
Published by Argonne National Laboratory and prepared by ANL and 

DOE staff, September 1993. - .  .. 

ANuEAIs-8, Data all- to Support Mode-acts of Ri~.$.wctive 
ArgotlFe National Laboratory, April 1993. . .  

. .  ANL&AIS~-103, 

Laboratory, August 1993. 

1 
for Recyclinp: or 
PNL-8724, to S s l  Leve s 

of -er Fa-t M a  Milk mil 
c Food m v s  -t Values for the RESRAD Cod% Argonne National 

. .  
of -mea Pacific Northwest Laboratory, July 1995. 

zin? the Rad' l& ical Doses ANL/EAD.LD-3, ESRAD-Build: A Computer Model for m l v  
0- of Bulldugs C o n t a m e d  wlrb R a d w b v e  

Material. Argonne National Laboratory, November 1994. 

. .  . .  m the 

C.23.3.2 ALARA 

DOE Guidance: a in %ppluine the AI.ARA Process for 

March8,1991. 
DOE 5400.5, Department of Energy, Office of Environmental Guidance, 

. .  
ANuEAD/LD-2, f i  Usirlg 

V&on 5.Q Chapters 1 and 5 and App. M, September 1993. 

C.2.3.3.3 Measurement and Data Reporting 

D.OE Manual for use and Comment, Environmental ImD - lementation Guide for Rad iologcd 
S n g s ,  Department of Energy, Office of Environmental Guidance, Nov. 1992. 
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312 
313 
314 
315 
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317 

318 

319 
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321 
322 

. . -  
DOE.EH-0 l73T, Environmtal Rwlatow Guide for Rad- . I E f f l u m o n  ItqblDR and 
Environmental S u r v m  Department of Energy, Jan. 1991. 

C.233.4 Dose Factors 

DOElEH-0071, for Cal-ose to t h e m  * DOE, 
July 1988. DOE currently recommends use of EPA-520-1-88-020, Federal Guidance Report No. 
11; -Radionuclide Air Co-nd Dose Conv- 
1 Environmental Protection Agency, Sept. 1988, as an 
alternative to DOWEH-007 1. 

-. . . .  

_ _  

DOElEH-0070, Ex tema l l )ose -Ra teon  Fact= for C a l w  of Dose to - - 

DOE, July 1988. DOE currently recommends use of EPA 402-R-93-081, Federal Guidance 
Report No. 12, -ure to 
Protection Agency, Sept 1993, as an alternative to DOEEH-0070. 

. .  in Ax. W m  - Environmental 

C.233.5 Liquid Emuents 

of 
of S m  DOE Office of Environment, 

June 1992. 

C.2.3.4 Order DOE 5820.2A, "Radioactive Waste Management" 

Order DOE 5820.2A establishes the policies, guidelines, and requirements by which the DOE 
manages its radioactive and mixed waste and contaminated facilities. The Order implements 
DOE'S responsibilities and authorities for prediction of public and worker health and safety and 
the environment under the Atomic Energy Act. It contains the requirements for management and 
disposal of high-level waste, transuranic waste, low-level waste, NARM waste, and for the 
decommissioning of radioactively contaminated facilities. 

C.2.3.4.1 High-level Waste 

The Order specifies: (1) requirements for storage operations including requirements for waste 
characterization, transfer operations, monitoring, surveillance, and leak detection, and (2) 
specifies that disposal shall be in accordance with the requirements of the Nuclear Waste Policy 
Act of 1982. I 

I.- 
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C.2.3.4.2 Transuranic Waste - 

The Order requires waste to be certified in compliance with the Waste Isolation Pilot Plant-Waste 
Acceptance Criteria and sent to the WIPP. There are requirements for waste classification, waste 
generation and treatment, waste certification, waste packaging, temporary storage, transportation 
and shipping, and interim stom&: There are provisions for use of the WIPP, and for assessing the 
disposition of previously buried transursniocontaminated wastes. - 

C.2.3.4.3 Low-level Waste 

The Order specifies performance objectives which assure that external exposure waste 
concentrations of radioactive material-which may be released into d a c e  water, ground water, 
soil, plants, and animalnresult in an effective dose equivalent that does not exceed 0.25 mSv/y 
(25 m r d y )  to a member of the public. Releases to the atmosphere shall meet the requirements 
of 40 CFR Part 6 1. Reasonable efforts should be made to maintain releases of radioactivity in 
effluents to the general environment as low as is reasonably achievable. Radiological performance 
assessments are required for the disposal of waste for the purpose of demonstrating compliance 
with these performance objectives. 

For low-level waste, there are also requirements on waste generation, waste characterization, 
waste acceptance criteria, waste treatment, and long term storage. The Order includes additional 
disposal requirements concerning disposal facility and disposal site design and waste 
characteristic, site selection, facility operations, site closure and post closure, and environmental 
monitoring. 

- 

C. 2.3.4.4 NARM Waste 

For management of Naturally-Occumng and Accelerator-Produced Radioactive Materials 
(NARM) and 1 l(e)(2) byproduct materials (the tailings or wastes resulting tiom the concentration 
of uranium or thorium), the order specifies that storage and disposal shall be consistent with the 
requirements of the residual radioactive material guidelines contained in 40 CFR 192. 

C.2.3.4.5 Decommissioning of Radioactively Contaminated Facilities 

For the decommissioning of contaminated facilities, the order requires DOE organizations to 
develop and document decommissioning programs which include provisions for surveillance and 
maintenance. There are requirements for facility design, post-operational activities, 
characterization, and environmental review. 
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C.3 NRC Regulations and Requirements 

C.3.1 NRC's Mission and Statutory Authority 

The mission of the U.S. Nuclear Regulatory Commission (NRC) is to ensure adequate protection 
of the public health and safety, the common defense and security, and the environment in the use 
of nuclear materials in the Unit& States. The NRC's scope of responsibility includes regulation of 

facilities; medical, academic, and industrial uses of nuclear materials; and the transporf storage, 
and disposai of nuclear materials and waste. 

The NRC is an independent agency created by the Energy Reorganization Act of 1974. This Act 
abolished the Atomic Energy Commission (AEC), moved the AEC's regulatory hnction to NRC, 
and, along with the Atomic Energy Act of 1954, as amended, provides the foundation for 
regulation of the nation's commercial nuclear power industry. 

commercial nuclear power reactors; nonpower research, test, and training reactors; fuel cycle - _  

_ _  

NKC regulations are issued under the United States Code of Federal Regulations (CFR) Title 10; 
Chapter 1. Principal statutory authorities that govern NRCs work are: 

Atomic Energy Act of 1954, as amended 
Energy Reorganization Act of 1974, as amended 
Uranium Mill Tailings Radiation Control Act of 1978, as amended 
Nuclear Non-Proliferation Act of 1978 
Low-Level Radioactive Waste Policy Act of 1980 
West Valley Demonstration Project Act of 1980 
Nuclear Waste Policy Act of 1982 
Low-Level Radioactive Waste Policy Amendments Act of 1985 
Diplomatic Security and Anti-Terrorism Act of 1986 
Nuclear Waste Policy Amendments Act of 1987 
Solar, Wind, Waste and Geothermal Power Production Incentives Act of 1990 
Energy Policy Act of 1992 

The Atomic Energy Act of 1954, as amended, allows the NRC to issue orders to both licensees 
and persons not licensed by the NRC. NRC orders may be a means of compelling decommission- 
ing at sites where the license has been terminated or at sites that were not previously licensed but 
currently contain radioactive material that is under the jurisdiction of the NRC. 

, 
The NRC and its licensees share a common responsibility to protect the public health and safety 
Federal regulations and the NRC regulatory program are important elements in the protection of 
the public. NRC licensees, however, have the primary responsibility for the safe use of nuclear 
materials. 
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C.3.2 NRC Criteria for Decommissioning 

This section of the survey manual contains information on the existing cleanup criteria for 
decommissioning sites regulated by the NRC. Additional cleanup criteria established by State and 
local governments may also be applicable at NRC-licensed sites at the time of 
decommissioning-the applica6ility of such criteria is discussed in section 1.4.5 of this manual 

NRCs requirements for decommissioning and license termination are contained in 10 CFR 30.36, 
40.42, 50.82, 70.38, and 72.54. However, these regulations do not provide generally applicable 

applicable guidance and practices that were developed by Federal regulatory agencies, such as the 
U.S. Atomic Energy Commission (AEC) during the beginnings of the U.S. atomic energy 
program, and, more recently, by the NRC and the U.S. Environmental Protection Agency @PA) 
These criteria were developed independently for specific decommissioning applications and 
therefore reflect both the intended purpose of the individual criterion and the practicality of 
detemining compliance through radiological surveys. Historically, these criteria were applied on 
a sitespecific basis with a common emphasis on attaining residual contamination levels that are 
"as low as is reasonably achievable." For example, NRC staff provided site-specific cleanup 
criteria for release of the Safety Light Corporation site in Bloomsbwg, Pennsylvania, where soil 
and groundwater showed evidence of radioactive contamination (57 FR 6136; February 20, 
1992). 

- 

radiological criteria for decommissioning. In addition to these regulations, NRC considers __  

The Commission's current position on residual contamination criteria, site characterization, and 
other related decommissioning issues is outlined in a NRC document entitled "Action Plan to 
Ensure Timely Cleanup of Site Decommissioning Management Plan Sites," which was published 
in the Federal Register on April 6, 1993 (57 FR 13389). Pending the establishment of generic 
decommissioning criteria through rulemaking, NRC will continue to consider existing guidance, 
criteria, and practices listed in the April 1993 Action Plan. The NRC considers-the cleanup 
criteria listed below to determine whether sites are sufficiently decontaminated so that they may 
be released for unrestricted use. 

Regulatory Guide 1.86 and Policy and Guidance Directive FC 83-23 

Two documents, "Termination of Operating Licenses for Nuclear Reactors," Regulatory 
Guide 1.86 (June 1974), and "Termination of Byproduct, Source, and Special Nuclear 
Materials Licenses," Policy and Guidance Directive FC 83-23 (November 1983), contain 
surface contamination limits for unrestricted use at reactors and materials facilities by 
listing radionuclides in groups that are roughly based on their relative radiotoxicity. Both 
documents provide surface contamination limits in terms of disintegrations per minute per 
100 square centimeters, but Policy and Guidance Directive FC 83-23 provides additional 

. 

h4ARSSM C-14 12/6/96 
DRAFT FOR PUBLIC COMMENT . DO NOT USE, CITE OR QUOTE 



422 
423 

surface contamination levels in terms of average 
gamma emitters. 

- .  
424 
425 

426 
427 
428 
429 ' 
430 
43 1 

432 

433 
434 
43 5 
436 
437 

439 
440 
44 1 

438 

442 
44 3 
444. 
44 5 
446 
447 
448 
449 
4 50 

45 I 
452 

453 
454 

Appendix C ' .- 

nd maximum radiation levels for beta- 

NRC Office of Nuclear Reactor Regulation Letter to Stanford University, NRC Docket No. 
50-401 (April 1982) 

- I  . 
Enclosure 1 to this letter provides NRC guidance on acceptable levels of 6oCo, 13'Cs, and 
"*Eu which are radionuclides that may exist in concrete, components, and structures 
under consideration for release for unrestricted use. This guidance recommends that 

meter 6om surfaces is less than or equivalent to 5 pR per hour above background, with an 
overall dose objective of 0.1 mSv/y (10 mredy). 

- 

residual radiological contamination be removed such that the indoor exposure rate at 1 _ _  

- 

NRC Waste Disposal Regulations 

NRC regulations allow licensees to dispose of radioactive wastes on their own property 
and at locations other than licensed commercial disposal fhcilities. The methods for 
obtaining approval of proposed disposal procedures are contained in 10 CFR 20.2002 . 
( fomdy 10 CFR 20.302), which require NRC authorization based on an evaluation of 
the proposed burial. Applications submitted under 10 CFR 20.2002 must include a 
description of the waste, the manner and conditions of waste disposal, an analysis and 
evaluation of environmerital information, information on other potentially affected licensed 
and unlicensed ficilities, and procedures and analyses to ensure that doses are maintained 
according to the principals of ALARA and within the dose limits of 10 CFR Part 20 I 

Existing NRC hidance  for academic, medical, and industrial licensees seeking 
authorization to dispose of radioactive material by on-site subsurface disposal is provided 
in three volumes of NUREG-1 101, "On-site Disposal of Radioactive Waste." This 
document provides guidance on the contents of applications for disposal under 10 CFR 
20.2002, such as liiting conditions for total radioactivity, frequency of burials, and waste 
package requirements, which are based on a maximum annual whole-body or a critical- 
organ dose of 0.25 mSv (25 mem). NUREG-1 101 also contains methods for performing 
radiological assessments of the disposals and an approach for estimating potential 
groundwater contamination. 

"Persons Exposed to Transuranium Elements in the Environment," 42 FR 60956 (November 
1977) 

* This guidance provides recommendations on protection of the public health from exposure 
to transuranium elements in the environment. The recommended radiation dose limits are 

a- 
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applicable to individuals in the general population outside the boundaries of a Federal 
facility, Federally licensed facility, or other site under the direct control of a Federal 
agency. When developing this guidance, the EPA considered inhalation and ingestion of 
transuranium elements and established a maximum dose rate to the lung (1 mrad per year) 
and the bone (3 mrad per year) for members of the general population exposed to these 
radionuclides. The recommended radiation dose limits were above fallout levels found in 

-. 461 the environment at that time. - 

462 "Disposal or On-site Storage of Thorium or Uranium Wastes From Past Operations," NRC 
463 Branch Technical Position, 46 FR 52601 (October 1981) _ _  

464 
. 465 
466 

. 467 
468 
469 
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The "198 1 BTP" discusses five options for NRC approval of disposal or on-site storage of 
thorium or uranium contaminated wastes. Currently, the NRC staff considers Disposd 
Options I and'2 acceptable for release for unrestricted use, whereas disposals under 
Options 3 and 4 are considered unacceptable for unrestricted use because of required land 
deed restrictions. Option 5 is for storage of more concentrated uranium and thorium 
wastes. 

Option 1 uranium and thorium concentration limits are based on EPA recommendations 
contained in "Persons Exposed to Transuranium Elements in the Environment" 
(November 1977) and "Proposed Disposal Standards for Inactive Uranium Processing 
Sites" (January 1981). Under Option 2, uranium and thorium wastes are buried under 
prescribed conditions and are limited in concentration so an individual would not receive a 
radiation dose exceeding that.discussed under Option 1, as long as intrusion into the burial 
ground does not occur. 

For contamination in soils: (1) inhalation and ingestion of uranium contaminated soils 
produce the greatest radiological dose, and (2) external exposure to gamma radiation from 
natural thorium contamination in soils is of primary concern. Under Option 1, 
radionuclide concentrations are set so that external exposures from thorium contamination 
do not exceed 10 pR per hour above background. For depleted and enriched uranium 
contamination, Option 1 concentration limits are based on limiting bone doses to 0 6 mSv 
(60 mrem) and lung doses to 0.2 mSv (20 mrem). However, for natural uranium, 
concentration limits are based on a lung dose equivalent to the exposure due to radon 
daughters from 0.2 Bq/g (5  pCi/g) of U6Ra. Assuming intrusion into the burial ground, 
Option 2 concentration limits for uranium contamination are based op lung or bone doses 
of 1.7 mSv (170 mrem), and for thorium contamination, external "whole body" exposures 
are limited to 1.7 mSv (170 mrem). 
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"Criteria Reliiting to the Operation of Uranium Mills and the Disposition of Tailings or Wastes 
Produced by the Extraction or Concentration of Source Material From Ores Processed Primarily 
for Their Source Material Content" (10 CFR 40, Appendix A) and Health and Environmental 
Protection Standards for Uranium and Thorium Mill Tailings (40 CFR 192, Subparts D and E) 

These regulations, issued by the NRC and EPA, establish technical criteria related to the 
operation, decontamination, decommissioning, and reclamation of uranium or thorium 
mills and mill tailings. Both regulations provide design requirements for closure of the 
mill's waste disposal area, which requires an earthen cover over tailings or waste piles to 
control radiological hazards from uranium and thorium tailings for 200 to 1,000 years, 
according to Technical Criterion 6 of Appendix A to 10 CFR Part 40. 

- 

The principal radiological hazards fiom uranium milling operations and mill tailings 
disposal are radon from uranium and thorium daughters. The atmospheric release rates of 
these gaseous radionuclides to the atmosphere am limited to an average rate of 0.7 Bq (20 
pCi) per square meter per second. This rate is applicable to any portion of a licensed or 
disposal site unless land areas do not contain radium concentrations-averaged over 
100 square m-r than: (i) 0.2 Bqlg (5  pCVg) of radium averaged over the first 
15 centimeters below the d a c e ,  and (ii) 0.6 Bq/g (15 pCi/g) of radium averaged over 
15-centimeter thick lay& more than 15 centimeters below the d a c e .  

- 

Criterion 6 allows radon release rates to be averaged over a period of at least 1 year (but 
much less than 100 years) to account for the wide variability in atmospheric radon 
concentrations over short time periods and seasons. In addition, this criterion applies only 
to emissions from uranium daughters and does not include radon emissions from earthen 
materials used to cover the tailings piles. If appropriate, radon emissions from cover 
materials are evaluated when developing a closure plan for each site to akount for this 
additional contribution from naturally occurring radon. However, direct gamma exposure 
rates from tailings or wastes should be reduced to background levels according to this 
standard. 

National .Primary Drinking Water Regulations (40 CFR Part 141)1 

In accordance with Policy and Guidance Directive FC 83-23 (see above), the NRC staff 
applies the EPA's national primary drinking water regulations as reference cleanup 
standards for protection of groundwater and surface water resources at or near decom- 
missioning sites. This regulation establishes limits (maximum contaminant levels) for 
radioactivity in public drinking water and classifies radionuclides into two 
categories-natural and man-made. 
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These regulations consider naturally occumng radionuclides to be those that emit alpha 
particles when undergoing radioactive decay. As such, EPA's interim national primary 
drinking water regulations (40 CFR 141.15) provide maximum contaminant levels for 
alpha particl-mitting radionuclides such aso6Ra, %a, and other naturally occurring 
radionuclides. In its proposed rule for final national primary drinking water regulations 

noticedated July 18, 1991), EPA identified % =Ra, 
uranium as the more significant naturally occurring radionuclides in terns of Occurrence in 
drinking water and potential to cause adverse health effects. However, these contaminant 
levels are for the "total" or "gross" concentration of the radionuclide, whether from 

particbemitting radionuclides so that an overall dose objective can be met, regardless of 
whether or not the alpha particle-emitting rzdionuclides are naturally occurring or man- 
made. 

and 

natural or man-made sources. Therefore, EPA limits the concentration of all alpha _ _  

- - 

in tum, these regulations consider man-made radionuclides as those that emit beta 
particles and photons when undergoing radioactive decay. The maximum contaminant 
levels for limiting the average annual concentration of beta particles and photons in 
drinking water to meet a dose objective of 0.04 mSv/y (4 mredy) are provided in 40 CFR 
141.16. However, beta and photon radioactivity from naturally-occwrhg radionuclides 
are included in these drinking water limits since the maximum contaminant levels are based 
on an overall dose objective. 

\ 

~ ) 

Generally Applicable Regulations and Standards for Facility Operation and Decommissioning 

In addition to the cleanup criteria discussed above, other NRC guidance, criteria, and 
practices may be applicable during decommissioning and may be cause for conducting 
radiological surveys at that time. For example, 40 CFR Part, 190, "Environmental 
Radiation Protection Standards for Nuclear Power Operation," limits radiation doses to 
members of the public from radioactive qaterials introduced into the general environment 
as the result of operations that are part of the nuclear fuel cycle. 40 CFR Part 190 
establishes the following radiological emission standards for the uranium fuel cycle during 
normal operations: (1) 0.25 mSv (25 mrem) to the whole body, (2) 0.75 mSv (75 mrem) 
to the thyroid, and (3) 0.25 mSv (25 mrem) to any other organ of any member of the 
public. The standards also establish quantity limits of radioactive materials entering the 
general environment based on the amount of electrical energy produced by the fuel cycle. 
Radiological surveys may be a component of a licensee's environmental monitoring 
program that is conducted to estimate the total radiological dose r&ived by a member of 
the public from the facility. . 

-- 
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Another generally applicable regulation during decommissioning is the dose limits 
contained in 10 CFR 20, "Standards for Protection Against Radiation." The purpose of 
this regulation is to control the receipt, possession, use, transfer, and disposal of licensed 
material by any licensee in such a manner that the total dose to an individual does not 
exceed the radiation protection standards. According to 10 CFR 20.100 1, the total dose 
to an individual includes-doses from licensed and unlicensed radioactive material and from 

- 

radiation sources other than background radiation. - 

In addition, the requirements of 10 CFR 20.1301 apply to NRC-licensed facilities during 
decommissioning and when the facility is operational. This regulation prohibits licensees 
from releasing radioactive materials to an unrestricted area in concentrations that exceed 
the limits specified in 10 CEX Part 20 or that exceed limits otherwise authorized in an - 

NRC license. For nuclear power reactors, Appendix I of 10 CFR Part 50 provides 
numerical guidance for keeping radioactive materials in liquid and gaseous effluents 
released to unrestricted areas "as low as is reasonably achievable" during normal 
operations of a nuclear power reactor. For materials facilities licensed by the NRC, 
10 CFR 40.65 and 10 CFR 70.59 impose requirements for licensees that possess and use 
either source material for producing uranium hexafluoride or special nuclear material for 
processing, fbel fabrication, scrap recovery, or conversion of uranium hexafluoride. 
Specifically, the latter regulations require the licensees to submit semiannual reports to the 
NRC specifjing the quantity and concentration of principal radionuclides released to 
unrestricted areas, which may require environmental radiological surveys. 

C.3.3 NRC Decommissioning Process and Staff Plans for Implementing Survey 
Procedures in this Manual 

_ _  

NRC licensees are required to conduct radiation surveys of the premises where &e licensed 
activities were conducted and submit a report describing the survey results. The survey process 
follows requirements contained in 10 CFR 30.36, 40.42, 50.82, 70.38, and 72.54 which pertain to 
decommissioning of a site and termination of a license. This process leads to the unrestricted 
release of a site, however, many of the requirements may not be necessary if the licensee 
demonstrates that the premises are suitable for release in some other manner. Each year, the NRC 
staff routinely evaluate licensee requests to discontinue licensed operations. The majority of these 
requests are straightforward, requiring little, if any, site remediation before radiological surveys 
are conducted and evaluated. However, some NRC sites require substantial remediation because 
buildings and lands contain nonroutine amounts of radiological contamination.. Radiological 
surveys may also be performed by the NRC at sites where there is not a license. 
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The NRC decommissioning process can be described by the eight activities listed below: 

- Site characterization, including preparing the chmcten+ion plan, performing the 
characterization, and preparing the characterization report 
NRC review and approval of the site charactexization plan and site characterization 
report -I . 

- Development and submission of decommissioning plan - 

NRC review and approval of decommissioning plan 
Performance of decommissioning actions described in the plan 
Performance of termination survey and submitting termination survey report 
NRC performance and documentation of confirmatory survey 

- 

- - 
- - - NRC texmination of license 

- 

The NRC staff plans to use the information contained in this manual as primary guidance for 
conducting environmental radiological surveys of routine licensee requests for license termination 
and n o m t i n e  license tqmination requests that require more extensive decommissioning actions. 
Supplementa~~ guidance may be used by the NRC staEto assist licensees in conducting such 
surveys or aid the NRC staEin evaluating licensee's survey plans and survey results to determine 
compliance With.decommissioning criteria Examples of supplementary guidauce include NRC 
Information Notices, Bulletins, Generic Letters, Branch Technical Positions, NUREG reports, 
Regulatory Guides, and other regulatory documents that t ransmi~MC requirements and 
guidance. 

C.4 DOD Regulations and Requirements 

The Department of Defense @OD) consists of four primary military services:.the United States 
Air Force, the United Staks Army, the United States Navy, and the United States Marine Corps. 

DOD installations use sources of ionizing radiation and support radiation protection programs for 
the control of these radioactive materials. As a Federal agency, the DOD complies with all 
applicable environmental regulations under the Federal Facilities Compliance Act of 1992. 

C.4.1 DOD Sources of Ionizing Radiation 

DOD's list of radioactive materials includes: 

0 Special nuclear material such as plutonium or enriched uranium 
Source material such as uranium or thorium 
Byproduct material such as any radioactive material yielded in or made radioactive by 

. 
0 

-- 
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exposure to radiation incident to the process of producing special nuclear material 

radium, .and not classified as source material 
Naturally occurring or accelerator-produced radioactive material (NARM), such as 

Materials containing induced or deposited radioactivity b 

Ionizing Radiation Producing D5dces: Electronic devices that are capable of emitting ionizing 
radiation. Examples are linear accelerators, cyclotrons, radiofiequency generators that use 
klystrons or magnetrons, and other electron tubes that produce x-rays. These devices may have 
components that contain radioactive material or they may induce radioactivity in certain other 
materials. 

C.4.2 Commodities Containing Radioactive Material Within the DQD System - 

- 

The DOD uses a variety of manufactured items (commodities) incorporating in whole or in part 
both sealed and unsealed radioactive material. A sealed source is any radioactive material that is 
permanently bound or fixed in.a capsule or matrix designed to prevent the release or dispersal of 
such material under the most severe conditions encountered in normal use. 

Ionizing radiation is used directly in DOD systems as calibration and check sources for RADIAC 
or other swCey-type instruments, as a source of radioluminescence in meters and gauges, as an 
ionization source in various devices, and as radiographic sources. . -  

Indirectly, ionizing radiation may be emitted from a DOD material system as natural radioactivity 
or induced radioactivity incorporated into material or a component of the system. 

Specific examples of commodities include instrument calibration sources, luminescent compasses 
and exit signs, certain electron tubes and spark gaps, depleted uranium countenxieights and 
munitions, and magnesium-thorium aircraft components. 

. &  

C.4.3 Licensed Radioactive Material 

Licensed radioactive material is source, special nuclear, or byproduct material received, stored, 
possessed, used, or transferred under a specific or general license issued by the NRC or an NRC 
Agreement State. 

Radioactive material licensed or controlled by the individual military services: 

The Department of the Air Force has been designated by the NRC, through the issuance 
of a Master's Materials License, regulatory authority for the receipt, possession, 
distribution, use, transportation, transfer, and disposal of radioactive material at Air Force 

MARSSIM c-2 1 12/6/96 
D W  FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 

- 

-. 

.. 

. 

. . . '.. 
. . -  

-- 



. AppendixC 
.... 

- 

655 
656 
657 
658 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 

669 
670 
67 I 
672 
67 3 
674 
675 
676 

611 

678 
679 
680 
68 I 
682 
683 
684 

685 

686 
687 
688 

c.4.4 

activities. The Air Force Radioisotope Committee was established to provide 
administrative control of all radioactive material used in the Air Force except for reactors 
and associated radioactivity, nuclear weapons, and certain components of weapons 
delivery systems. Air Force Radioactive Material Permits are used to maintain this 
control. . 

The Department of the Army, throuj$ the issuance of NRC specific licenses to Army 

possessign, distribution, use, transportation, tran'sfer, and disposal of radio-active material 
at Amy activities. In addition, within the Department of the Army, radioactive material 

Authorization PARA) issued by the Army Material Command (AMC) or the Ofice of 
The Army Surgeon General. A Department of the Army Radiation Permit is required for 
use, storage, possession, and disposal of radiation sources by non-Army agencies 
(including contractors) on Army installations. 

installations and activity commanders, maintains the regulatory authority for the receipt, 

classified as NARM may be used under a Department of the Army Radioactive Material 

- - 

- _  

- - 

The Department of the Navy is designated by the NRC to havethrough the issuance of a 
Master's Materials Licenseregulatory authority for the receipt, possession, distribution, 
use, transportation, transfer, and disposal of radioactive material at Navy and Marine - 
Corps activities. The Navy Radiation Safety Committee was established to provide 
administrative control of all radioactive material used in the Navy and Marine Corps 
except for nuclear propulsion reactors and associated radioactivity, nuclear weapons, and 
certain components of weapons delivery systems. Navy Radioactive Material Permits are 
used to maintain this control. 

Other Controlled Radioactive Material 

Certain radioactive material on DOD installations may not be controlled or regulated by either the 
NRC or the DOE. However, during Base Realignment and Closure actions, DOD installation 
property which is identified to be returned to civilian use may have the potential for radioactive 
contamination by such material. The DOD complies with applicable State limits, guidelines, and 
procedures for this material. The methodologies and technical approaches for environmental 
radiological sum& outlined in this manual will provide guidance for dealing with issues 
concerning this material. 

Naturally Occurring and Accelerator-Produced Radioactive Material 

Naturally occurring and accelerator-produced radioactive material o\IAkM) is controlled 
and regulated by the individual military services, as is similarly done by certain States for 
corporations and other users residing within their boundaries. 
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689 Special Nuclear Material Used in Military Applications 
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Special nuclear material used in milimy applications is a unique category of radioactive 
materid. This may be buried as radioactive waste on DOD installations, used in military 
weapons br utilization faciilities, or used in nuclear reactors involving military applications . 

on DOD installations. Radioactive material used or associated with weapons systems or 
reactors associated with such militmy applications is exwpt fiom NRC and State 
regulations under Section 91b, Chapter 9, Military Application of Atomic Energy, Atomic 
Energy Act of 1954. 

C.4.5 DOD Regulations Concerning Radiation and the Environment 
- .  

The DOD, with its global mission, supports several directives and instructions concerning 
environmental compliance. The individual military seivices have regulations implementing these 
directives and instructions. The documents describing these regulations are used as guidance in 
developing environmental radiological surveys within DOD. 

The DOD and each military Service also have specific regulations addressing the use of 
radioactive sources and the development of occupational health pmgmms and radiation protection 
programs. These regulations may help in identifying potential locations and sources of radioactive 
contamination on DQD installations. 

C.4.6 DOD Regulations and Requirements 

Regulations and Requirements Concerning Development of Environmental 'Radiological Surveys 

-. 

. .. 

r 8 ,!,, . . 
1. ' .. DOD 'Directive'41'65;60,'Solid . , ~.,. and H&dous,Waste Management-Colleiction, 

Disposal, Resource Rekvery,: aiid.R' 
2. D.OD Directiite 4210.15~:HazadouS. 
3. DOD Directive 5.10050, 
4. DOD Directive 60501, En&ronmental E f f q  in the:U&ed States of Department 

.. of Defense Actions. . 

5. , D0D;Direztive 6050.7, Environmental Effects Abroad of Major Department of 
Defense Actions. 

6. DOD Directive 6050.8, Storage and Disposal of Non-DOD-Owned-H.&ardous or 
Toxic Materials on DOD Installations. 

7. DOD Instruction 4120.14, Environmental Pollution Prevention, Control, and 
Abatement 

8. DOD Instruction 5100.5, Protection and Enhancement of Environmental Quality. 
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Regulations and Requirements Concerning Use of Radioactive Sources and Development.of 
Occupational Health Programs and Radiation Protection Programs: 

1: 
2. 

DOD Instruction 6055.5-M, Occupational Health Sqmeillance Manual. 
DOD Instruction 6055.8, Occupational Radiation Protection Program. 

Examples of Air Force Instructions (AFIs): 

1. 
2. 
3. 

AFI 40-201, Managing Radioactive Materials in the Air Force. 
AFI 32-7020, Environmental Restoration Program. 
MI 32-7066, Environmental Baseline and Close-out Surveys in Real Estate 
Transactions. - 

Examples of Army 'Regulations (ARs): 

1. 
2. 
3. ' 

4. 
5. 
6. 

7. 
8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

MARSSM 

AR 40-5, Preventive Medicine. 
AR 40-14, Occupational Ionizing Radiation Personnel Dosimetry. 
AR 40-10, Health Hazard Assessment Program in Support of the Army Miteriel 
Aqu@on Decision Process. 
AR 200-1, Environmental protection and Enhancement. 
AR 200-2, Enviknxnencal Effects of Army Actions. 
AR 385-1 1, Ionizing Radiation Protection (Licensing, Control, Transportation, 
Disposal, and Radiation Safety). 
AR 385-30, Safety Color Code Markings and Signs. 
AR700-64, Radioactive Commodities in the DOD Supply System. 

AR 750-25, Army Test, Measurement, and Diagnostic Equipment (TMDE) 
Calibration and Repair Support Program. 
TB MED 521, Managkent and Control of Diagnostic,X-Ray, Therapeutic X- 
Ray, and GammaBk'  Equipment. 
TB MED 52z Control of Health Hazards fiom Protective Material Used in Self- 
Luminous Devices. 
TB MED 525, Control of Hazards to Health from Ionizing Radiation Used by the 
Army Medical Department. 
TB 43-180, Calibration and Repair Requirements for the Maintenance of Army 
Materiel. 
TB 43-0108, Handling, Storage, and Disposal of A m y  Aircraft Components 
Containing Radioactive Material. 
TI3 43-01 16, Identification of Radioactive Items in the Army. 
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16. 

17. 

18. 

19. 

20. 
21. 
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TB 43-0122, Identification of U.S. h y  Communications-Electronic Command 
Managed Radioactive items in the Army. 
TB 43-0 14 1, Safe Handling, Maintenance, Storage, and Disposal of Radioactive 
Commodities Managed by U.S. Army Troop Support and Aviation Material 
Readiness Command (Jncluding Aircraft Components). 
TB 43-0197, Instructions for Safe Handling, Maintenance, Storage, and Disposal 

TB 434216, Safety  and Hazard Warnings for Operation and Maintenance of 
TACOM Equipment. 
TM 3-261, Handling and Disposal of Unwanted Radioactive Material. 
TM 55-3 15, Transportability Guidance for Safe Transport of Radioactive 
Materials. - 

- of Radioactive Items Managed by U.S. Army Armament Material Command. - 

Examples of Navy Regulations: 

1.  
2. 

3. 
4. 
5. 
6. 

.7. 
8. 

9. 

10. 
1 1 .  

12. 

13: 

MARSSIM 

NAVMED P-5055, Radiation Health Protection Manual. 
NAVSEA SO420-AA-RAD-010, Radidlogical Afhirs Support Program (RASP) 
Manual. 
OPNAV 6470.3, Navy Radiation Safety Committee. 
NAVSEA 5 100.1814, Radiological Affairs Support Program. 
OPNAV 5 100.8G, Navy Safety and Occupational Safety and Health Program. 
NAVMEDCOM 6470.10, Initial Management of hdiated or Radioactively 
Contaminated Personnel. 
OPNAV 3710.3 1, Carrying Hazardous Materials; Operational Procedures. 
NAVSUP 5 10 1 . 1  1 ,  Procedures for the Receipt, Storage, and Handling of 
Radioactive Material Shipments. 
NAVSUP 5 101.6, Procedures for the Requisitioning, Labeling, -Handling, Storage, 
& Disposal of Items Which Contain Radioactive By-Product Material. 
NAVSUP 4000.34, Radioactive Commodities in the DOD Supply System. 
NAVSEA 9639.1, Radiolumines-cent Sources and Radioactively Contaminated 
Equipment Aboard Inactive Naval Ships and Craft. 
NAVSUP 4510.28, Special Restrictions on Issue and Disposal of Radiological 
Control Materials. 
NAVMED 6470.7, Procedures and Responsibilities for Use of Radioactive 
Materials at NAVMED Activities. 
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C.5 

An Agreement State is a State that has signed an agreement-with the NRC allowing the State to 
regulate the use of radioactive materialsi.e., specifically Atomic En* Act materials-within 
that state. Table C.2 lists the Agreement States as of October 1,1995 (see Appendix L for 
contacts and addresses). Each Agreement State provides regulations governing the use of 
radioactive materials that may relate to radiation site investigations. Table C.3 lists the States that 
regulate naturally occunkg radioactive material (NORM) as of July 15,1996 (PGA 1996). A 
number of other states are in the process of developing regulations governing the use of NORM 
The decision maker shouid check with the state to ensure compliance with all applicable 

State and Local Regulations and Requirements 

- 

regulations. 

Alabama 
Arizona 
Arkansas 
California 
Colorado 
Florida 
Georgia 
11 linoi s 
Iowa 

Kansas 

Kentuclq 
Louisiana 

Maine 
Maryland 

Mississippi 
Nebraska 
Nevada 

New Hampshire 
New Mexico 
New York 

North Carolina 
North Dakota 

Oregon 
Rhode Island 

South Carolina 
Tennessee 

Texas 
Utah 

Washington 

Oklahoma (proposed) 

New Mexico South Carolina 
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22 
23 
24 
25 

26 
27 

28 
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31 
32 

THE PLANNING PHASE OF THE DATA LIFE CYCLE 

The planning phase of the Data Life Cycle is Carried out using the Data Quality Objectives @QO) 
Process. The DQO Process is a series of planning steps based on the scientific method for 
establishing criteria for data qualiq qnd developing survey designs (EPA 1994% 1987b, 1987~). 
The level of ef€ort associated with planuing is based on the complexity of the survey. Large, 
complicated sites generally receive a sigtllficant amount of effort during the planning phase, while 
smaller sites may not require as much planning effort. 

Planning radiological surveys using the DQO Process can improve the survey effectiveness and 
efficiency, and thereby the defensibility of decisions. It also can minimize expenditures related to 
data collection by eliminating unnecessary, duplicative, or overly precise data. Using the DQO 
Process assures that the type, quantity, and quality of environmental data used in decision making 
will be appropriate for the intended application. It provides systematic procedures for defining 
the criteria that the survey design should satisfy, including when and where to perfom 
measurements, the level of decision errors for the survey, and how many measurements to 
perform. 

The expected output of planning a .swey using the DQO Process is a quality assmce project 
plan (QAPP). The QAPP integrates all technical and quality aspects of the Data Life Cycle, and 
defines in detail how specific quality assurance and quality control activities will be implemented 
during the survey. 

- 

The DQO Process provides for early involvement of the decision maker and uses a graded 
approach to data quality requirements. .This graded approach defines data quality requirements 
according to the type of survey being designed, the risk of making a decision error based on the 
data collected, and the consequences of making such an error. This approach provides a more 
effective survey design combined with a basis for judging the usability of the data collected. 

DQOs are qualitative and quantitative statements derived from the outputs of the DQO Process 
that: 

clarify the study objective 
define the most appropriate type of data to collect 
determine the most appropriate conditions for collecting the data 
specie limits on decision errors which will be used as the basis for establishing the 
quantity and quality of data needed to support the decision 
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33 
34 

3s 
36 
37 
38 
39 
40 
41 

The DQO Process consists of seven steps, as shown in Figure D. 1. The output from each step 
influences the choices that will be made later in the Process. Even though the DQO Process is 
depicted as a linear sequence of steps, in practice it is iterative; the Outputs of one step may lead 
to reconsideration of prior steps. For example, defining the survey unit boundaries may lead to 
classification of the survey unit, with each area or survey unit having a different decision 
statement This iteration is encoucaged since it ultimately leads to a more efficient survey design. 
The first six steps of the DQO P-s produce the decision performance criteria that are used to 
develop the survey design. The find step of the Process develops a survey design based on the 
DQOs. The first six steps should be completed before the final m e y  design is developed, and 

a 

42 . every step should be completed before data collection begins. 

_.  

I STEP 1: STATE THE PROBLEM I 

~~ ~~~ 

STEP 2: IDENTIFY THE DECISION . .  I 
STEP 3: IDENTIFY INPUTS TO THE DECISION 

I I STEP 4: DEFINE M E  STUDY BOUNDARIES 

1 I 

I 
-~ ~ 

~~ I STEP 6: SPECIFY LIMITS ON DECISION ERRORS 

STEP 7: 
OPTIMIZE THE 
DESIGN FOR 

OBTAINING DATA 

Figure D.l The Data Quality Objectives Process 
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43 
44 
45 
46  
47 
48  QAPP. 

When the DQO Pr&ss is used to design a survey, it helps ensure that planning is performed 
properly the first time and establishes measures of performance for the data collector 
(implementation) and the decision maker'(assessment) during subsequent phases of the Data Life 
Cycle. DQOs provide up-fiont planning and define decision makerldata collector relationships by 

. presenting a clear statement of the decision maker's needs. This information is recorded in the 

49 
50  
51 
52 

53 
54 
55 
56 
57 
58 
59 

T I  . 
DQOs for data collection activities describe the overall level of uncertainty that a decision maker 
is willing to accept for survey results. This uncertainty is used to specify the quality of the 
measurement data required in terms of objectives for precision, accuracy, representativeness, 
comparability, and completeness. These objectives are presented in detail in Section 9.4.6. . 

The DQO Process is a flexible planning tool that can be used more or less intensively as the 
situation requires. For surveys that have multiple decisions, such as characterization or final 
status surveys, the DQO Process can be used repeatedly throughout the performance of the 
survey. Decisions made early in decommissioning are often preliminary in ~ t ~ r e .  For this 
reason, a scophg survey may ody require a limited planning and evaluation effort. As the site 
investigation process nears conclusion and the necessity of avoiding a decision error becomes 
more critical, the level of effort generally will become greater, as illustrated in Figure D.2. - 

- 

60 
61 
62 

The following sections briefly discuss the steps of the DQO Process, especially as they relate to 
final status survey planning, and list the outputs for each step in the process. The outputs from 
the DQO Process should be included in the documentation for the survey plan. 

. 7  

. .  
63 D.1 State the Problem 

64 
65 
66 
67 

The first step in any decision making process is to define the problem so that the focus of the 
survey will be unambiguous. Since many sites or facilities present a complex interaction of 
technical, economic, social, and political factors, to completely define the problem in an 
uncomplicated format is critical to the success of a project. 

68 There are four activities associated with this step: 

69 identifying members of the planning team and stakeholders 
70 identifiing the primary decision maker or decision-making method 
7 1  . developing a concise description of the problem 
72 specifying available resources and relevant deadlines for the study 
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Iterate as 
Needed 

Scoping 
Survey Characterization 

H SA 

Survey Remedial Action 
Final Status 

Survey 

Perform 
Survey - 

Demonstratlon 
of Compllance 

Based on Results 
of Flnal Status 

Survey 

Increasing Level of Evaluation Effort 

Figure D.2 Repeated Applications of the DQO Process Throughout 
the Radiation Survey and Site Investigation Process 
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The expected outputs of this step are: 

0 

0 aconcisedescriptionoftheproblem -.-- - .- I 

0 

a list of the planning team members and identification of the decision maker 

a summary of available resources and relevant deadlines €or the survey . 

For a final status survey, examples of planning team members and stakeholders are described in 
Section 3.2. A description of the problem would typically involve the release of all or some 
portion of a site to demonstrate compliance with a regulation. The resources and deadlines are 
typically identified 011 a sitespecific basis. 

D.2 Identifj, the Decision - .. 

The goal of this step is to define the question that the survey will attempt to resolve and identify 
alternative actions that'may be taken based on the outcome of the survey. The combination of 
these two elements is called the decision statement The decision statement would be different for 
each type of survey in the Radiation Survey and Site InVestigation Process, and would be 
developed based on the suwey objectives described in Chapter 5. 

There am four activities associated with this step in the DQO Process: 

identifying the principal study question 
ddhing the alternative actions that could result from resolution of the principal 
study question 
combining the principal study question and the alternative actions into a decision 
statement 

0 

organizing multiple decisions 

The expected output fiom this step is a decision statement that links the principal study question 
to possible solutions to the problem. 

For a final status survey, the principal study question could be: "Is the level of residual 
radioactivity in the survey units in this portion of the site below the release criterion?" Alternative 
actions may include fbrther remediation, reevaluation of the modeling assumptions used to 
develop the DCGLs, re-assessment of the survey unit to see if it can be released with passive 
conkols, or a decision not to release the survey unit. The decision statement may be: "Determine 
whether or not all the survey units in this portion of the site satisfy the release criterion." 
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130 
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D.3 Identify the Inputs to the Decision 

Collecting data or information is necessary to resolve most decision statements. In this step, the 
planning team focuses on the informationneeded for the decision and identifies the different types 
of infomation needed to resolve the decision statement 

The key activities for this step include: / 

0 Identifying the information required to resolve the decision statement. Ask general 
questions such as: "Is information on the physical properties of the site required?" 
or: "Is information on the chemical characteristics of the radionuclide or the 
matrix required?" Determine which environmental Variables or other information 
are needed to resolve the decision statement 
Determining the sources for each item of information. Identify and list the sources 
for the required infomation. 
Id-g the information needed to establish the d o n  level or the derived 
con&ration-@deline level @CGL) based on the release criterion. The actual 
numerical value will be determined in Step 5 @e., Section D.5). 
Confinning that appropriate measurement methods exist to provide the necessary 
data. A list of potentially appropriate measurement techniques should be prepared 
based on the idomation requirements determined previously in this step. Field 
and laboratory measurement techniques for radionuclides are discussed in Chapters 
6 and 7 of this manual. Information on using field and laboratory equipment, their 
detection limits and analytical costs are listed in Appendix H. This performance 
information will be used in Steps 5 and 7 of the DQO Process. 

- .  

0 

0 . 

0 

The expected outputs of this step are: 

0 

0 

a list of informational inputs needed to resolve the decision statement 
a list of environmental variables or characteristics that will be measured 

For the final status survey, the list of information inputs generally involves measurements of the 
radioactive contaminants of concern in each survey unit These inputs include idenwng survey 
units, classifying survey units, identifjhg appropriate measurement techniques including 
measurement costs and detection limits, and whether or not background measurements from a 
reference area or areas need to be performed. The list of environmental variables measured 
during the final status suxvey is typically limited to the level of residual radioactivity in the affected 
media for each survey unit 
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161 

162 
163 
164 
165 

D.4 Define the Boundaries of the Study 

Duxing this step the planning team should develop a conceptual model of the site based on 
existing information collected in Step 1 of the DQO Process or during previous weys .  
Conceptual models describe a site or facility and its environs, and present hypotheses regatding 
the radionuclides present and potential migration pathways. These modds may include 
components fiom computer models, analytical models, graphic models, and othertechniques. 
Additional data collected during decommissioning are used to expand the conceptual model. - 

The purpose of this step is to define the spatial and temporal boulldaries that will be covered by 
._ 

the decision statement so data can be easily interpreted. These attributes include: 

0 spatial boundaries that define the physical area under consideration for release (site - 
boundaries) 
spatial boundaries that define the physical area to be studied and locations where 
measurements could be performed (actual or potential survey unit boundaries) 
temporal boundaries tha! describe the time fiame the study data represents and 
when measurements should be performed 
spatial and temporal boundaries developed from modeling used to deternine 
DCGLs 

- 

There are seven activities associated with this step: 

0 

e 

specifying characteristics that define the true but unknown value of the parameter 
of interest 
defining the geographic area within which all decisions must apply 
when appropriate, dividing the site into areas or survey units that have relatively 
homogeneous characteristics 
determining the time Erame to which the decision applies 
determining when to collect data 

identifling any practical constraints on data collection 
defining the scale of decision making .. 

The expected outputs of this step are: 

a detailed description of the spatial and temporal boundaries of the problem (a 
conceptual model) 
any practical constraints that may interfere with the fbll implementation of the 
survey design 

e- 
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SpecifLing the characteristics that define the true but unknown value of the parameter of interest 
for the final status survey typically involves identifying the radionuclides of concern. If possible, 
the physical and chemical form of the radionuclides should be described. For example, desCribing 
the residual radioactivity in terms of total uranium is not 8s specific or informative as describing a 
mixture of u&nite (UOJ and uranium metaphosphate (U(PO,),) for natural abundances of mb, 
23'U,andu8U. . 

As an example, the study born* may be defined as the property boundary of a facility or, if 
there is only surface contamination expected at the site, the soil within the property boundary to a 
depth of 15 cm. When appropriate (typically during and always before final status survey design), 
the site is subdivided into survey units with relatively homogeneous characteristics based on 
information collected during previous surveys. The radiological characteristics are defined by the 
area classification (Class 1, Class 2, or Class 3) while the physical characteristics may include 
structures vs. land areas, transport routes vs. grassy areas, or soil types with different radionuclide 
transfer characteristics: 

- 

The time h e  to which the final status survey decision applies is typically defined by the 
regulation. For example, "The data are used to reflect the condition of radionuclide leaching into 
ground water over a period of 1,000 years." Temporal boundaries may also include seasonal 
conditions 'such as winter snow cover or summer drought that afFect the accessibility of certain 
media for miasurement. 

For the final status swvey the smallest, most appropriate subsets of the site for which decisions 
will be made are defined as survey units. The size of the survey unit and the measurement 
frequency within a survey unit are based on classification, site-specific conditions, and relevant 
decisions used during modeling to determine the DCGLs. 

D.5 Develop a Decision Rule 

The purpose of this step is to define the paraineter of interest, specify the action level (or DCGL), 
and integrate previous DQO outputs into a single statement that describes a logical basis for 
choosing among alternative actions. 

There are three activities associated with this step: 

0 

0 

0 

specifjhg the statistical parameter that characterizes the paraqeter of interest 
specifLing the action level for the study 
combining the outputs of the previous DQO steps into an "if. .. then ..." decision rule 
that defines the conditions that would cause the decision maker to choose among 
alternative actions 

-- 
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Certain aspects of the site investigation process, such as the HSA, are not so quantitative that a 
statistical parameter can be specified. Nevertheless, a decision rule should still be developed ha t  
defines the conditions that would cause the decision maker to choose among alternatives. 

The expected outputs of this step are: 

the parameter of interest that characterizes the level of residual radioactivity 
0 the action level - -  
0 an "i f...then..." statement that defines the conditions that would cause the decision 

maker to choose among alternative actions 
- 

The parameter of interest is a descriptive measure (such as a mean or median) that specifies the 
characteristic or attribute that the decision maker would like to know about the residual - 
contamination in the suntey unit. 

The mean is the value that corresponds to the "center" of the distribution in the sense of the 
"center of gravity" @PA 1989a). Positive attributes of the mean include: 1) it is useful when the 
action level is based on long-team, average health effects, 2) it is usefid when the population is 
uniform with relatively small spread, and 3) it generally requires fewer samples than other 
parameters of interest Negative attributes include: 1) it is not a very representative measure of 
central tendency for highly skewed distributions, and 2) it is not u d  when a large proportion of 
the measurements are reported as less than the detection limit (EPA 1994a). 

The median is also a value that corresponds to the "center" of a distribution, but where the mean 
represents the center of gravity the median represents the "middle" value of a distribution. This 
means that there are the same number of measurements greater than the median as less than the 
median. The positive attributes of the median include: 1) it is useful when the action level is based 
on long-term, average health effects, 2) it provides a more representative.measure of central 
tendency than the mean for skewed populations, 3) it is usefbl when a large proportion of the 
measurements are reported as less than the detection limit, and 4) it relies on few statistical 
assumptions. Negative attributes include: 1) it *I1 not protect against the effects of extreme 
values, and 2) it is not a very representative measure of central tendency for highly skewed 
distributions @PA 1994a). 

The action level is a measurement threshold value of the parameter of interest that provides the 
criterion for chobsing among alternative actions. MARSSIM uses the investigation level, a 
radionuclide-specific level of radioactivity based on the release criterion that results in additional 
investigation when it is exceeded, as an action level. Investigation levels are developed for both 
the Elevated Measurement Comparison (EMC) using scanning techniques and the statistical tests 
using direct measurements and samples. Section 8.2 provides information on investigation levels 
used in MARSSIM. 

MARSSIM D-9 126196 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



234 
235 
236 
23 7 
238 
239 
240 
24 1 
242 
243 
244 

245 
246 
247 
248 

249 
250 
25 1 
252 
253 
254 
255 
256 
257 
258 

259 
260 
26 1 
262 
263 

264 
265 
266 
267 

269 
270 

268 

Appendix D 

The mean concentration of residual radioactivity is the parameter of interest used for making 
decisions basEd on the final status survey. The definition of residual radioactivity dependson 
whether or not the contaminant appears as part of background radioactivity in the reference area. 
If the radionuclide is not present in background, residual radioactivity is defined as the mean 
concentration in the survey unit. Ifthe radionuclide is present in background, residual 
radioactivity is defined as the difference between the mean concentration in the survey unit and 
the mean concentration in the reference area selected to represent background. The term 
I-sample case is used when the &&onuclide does not appear in background, because 
measurements are only made in the survey unit. The term t-sample case is used when the 
radionuclide appears in background, because measurements are made in both the survey unit and 
the reference area. 

Figure D.3 contains a simple, hypothetical example of the 1-sample case. The upper portion of 
the figure shows a probability distribution of residual radionuclide concentrations in the surface- 
soil of the survey unit. The parameter of interest is the location of the mean of this distribution, 
represented by the vertical dotted line and denoted by the symbol D. 

. 

The decision rule for the 1-sample case is: “If the mean concentration in the survey unit is less 
than the investigation level, then the survey unit is in compliance with the release criterion.” To 
implement the decision rule, an estimate of the mean conmtration in the m e y  unit is required. 
An estimate of the mean of the survey unit distribution may be obtained by measuring 
radionuclide concentrations in soil at a set of n randomly selected locations in the m e y  unit. A 
point estimate for the survey unit mean is obtained by calculating the simple arithmetic average of 
the n measurements. Due to measurement variability, there is a distribution of possible values for 
the point estimate for the survey unit mean, 6. This distribution is referred to as f(6), and is 
shown in the lower graph of Figure D.3. The investigatiqn level for the Sign test used in the 
1 -sample case is the DCGL,,,, shown an the horizontal axis of the graph. 

If f(6) lies far to the left (or to the right) of the DCGL, a decision of whether or not the survey 
unit demonstrates compliance can be easily made. However, if f(6) overlaps the DCGL,  
statistical decision rules are used to assist the decision maker. Note that the width of the 
distribution for the estimated mean may be reduced by increasing the number of measurements. 
Thus, a large number of samples will reduce the probability of making decision errors. 

Figure D.4 shows a simple, hypothetical example of the 2-sample case. The upper portion of the 
figure shows one probability distribution representing background radionuclide concentrations in 
the surface soil of the reference area, and another probability distribution representing 
radionuclide concentrations in the surface soil of the survey unit., The graph id the middle portion 
of the figure shows the distributions of the estimated mean concentrations in the reference area 
and the survey unit. In this case, the parameter of interest is the difference betweein the means of 
these two distributions, D, represented by the distance between the two vertical dotted lines. 

_.- 
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f(6) is the sampling distribution of the estimated survey unit mean.' . 

Figure D3 Example of the Parameter of Interest for the 1-Sample Case -- 
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f(b) is. the sampling distribution of the difference between 
the survey unit mean and the reference area mean. 

Figure D.4 Example of the Parameter of Interest for the 2-Sample Case 
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The decision rule for the 2-sample case is: "If the difference between the mean concentration in 
the survey unit.and the mean concentration in the reference area is less than the investigation 
level, then the survey unit is in compliance with the release criterion." To implement the decision 
rule, an estimate of the difference is q u i d .  This estimate may be obtained by measuring 

- radionuclide mncenMons at a set of n randomly selected hations in the m e y  unit and m 
A point h a t e  of the survey unit mean is 

obtained by calculating the simple arithmetic average of h e  n measurements in the survey unit a 
point estimate ofthe reference &mean is similarly calculated. A point estimate ofthe 
differeace between the two means is obtained by subtracting the reference area average fiom the 

- 
The measurement distribution of this difference, f(8), is centered at D, the true value of the 
difference. This distribution is shown in the lower graph of Figure D.4. 

- -  
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Once again, if f(8) lies far to the left (or to the right) of the DCGL, a decision of whether or not 
the survey unit demonstrates compliance can be easily made. However, if f(6) overlaps the 
DCGL4 statistical decision rules are used to assist the decision maker. 
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D.6 SpeciQ Limits on Decision Errors 

Decisions based on w e y  results can often be reduced to a choice between "yes" or "no", such as 
determining whether or not a w e y  unit meets the release criterion. When viewed in th is  way, 
two types of inkmect decisions, or decision errors, are identified: 1) incorrectly deciding that the 
answer is "yes" when the true answer is "no", and 2) incorrectly deciding the ahswer is "no" when 
the true answer is "yes". The distinctions between these two types of errbrs are important for two 
reasons: 1) the consequences of making one type of error versus the other may be very different, 
and 2) the methods for controlling these errors are different and involve tradeoffs. For these 
reasons, the decision maker should specify levels for each type of decision error. 

295 
296 
297 

The purpose of this section is to specify the decision maker's limits on decision errors, which are 
used to establish performance goals for the data collection design. The goal of the planning team 
is to develop a survey design that reduces the chance of making a decision error. 

298 
299 
300 
30 1 
302 
303 
304 

While the possibility of a decision error can never be totally eliminated, it can be controlled. To 
control the possibility of making decision errors, the planning team attempts to control uncertainty 
in the survey results caused by sampling design error and measurement error. ,Sampling design 
error may be controlled by collecting a large number of samples. Using more precise 
measurement techniques or field duplicate analyses can reduce measurement error. Better 
sampling designs can also be developed to collect data that more accurately and efficiently 
represent the parameter of interest. Every survey will use a slightly different method of 
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controlling decision errors, depending on the largest source of error and the ease of reducing 
those error components. 

The estimate of the standard deviation for the measurements performed in a swvey unit (u,) 
includes the individual measurement uncertainty as well as the spatial and temporal variations 
captured by the survey design. For this reason, individual measurement Uncertainties m not used 
during the final status suryey data assessment However, individual measurement uncertainties 
may be usefbl for detemuun g dapriori estimate of a, during survey planning. Since a larger 
value of u, results in an increased number of measurements needed to deanonstrate compliance 
during the final status survey, the decision maker may seek to reduce measurement uncertainty 
through various methods (e.g., different instrumentation). There are trade-offs that should be 
considered duiing survey planning. For example, the costs associated with performing additional 
measurements with an inexpensive measurement system may be less than the costs assoCiated with 

minimum detectable concentration). However, the more expensive measurement system with 
better sensitivity may reduce u, and the number of measurements used to demonstrate compliance 
to the point where it is more cost effective to use the more expensive measurement system. For 
suveys in the early stages of the Radiation Survey and Site Investigation Process the 
measurement uncertainty and instrument sensitivity become even more important. During . 
scoping, characterization, and remedial action support surveys decisions about classification and 
remediation are made based on a limited number of measurements. When the measurement 
uncextainty or the instrument sensitivity values approach the value of the DCGL, it becomes more 
difficult to make these decisions. From an operational standpoint, when operators of a 
measurement system have an apriori understanding of the sensitivity'and potential measurement 
uncertainties, they are able to recognize and respond to conditions that may w a n t  fbrther 
investigation-eg., changes in background radiation levels, the presence of areas of elevated 
activity, measurement system failure or degradation, etc. 

. .  

a measurement system with better sensitivity @e., lower measurement uncertainty, lower - - - 

The probability of making decision errors can be controlled by adopting a scientific approach, 
called hypothesis testing. In this approach, the survey results are used to select between one 
condition of the environment (the null hypothesis, 'HJ and an alternative condition (the alternative 
hypothesis, HJ. The null hypothesis is treated like a baseline condition that is assumed to be true 
in the absence of strong evidence to the contrary. Acceptance or rejection of the null hypothesis 
depends upon whether or not the particular survey results are consistent with the hypothesis. 

.- 
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A decision error occurs when the decision maker rejects the null hypothesis when it is true, or 
accepts the null hypothesis when it is false. These two types of decision errors are classified as 
Type I and Type II decision errors, and can be represented by a table as shown in Table D. 1. 
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Table D.l Example Representation'of Decision Errors for a Final Status Survey 

- -. 

. 

I I I 

A Type I decision error occurs when the null hypothesis is rejected when it is true, and is 
sometimes referred to as a false positive error. The probability of making a Type I decision error, 
or the level of significance, is called alpha (a). a reflects the amount of evidence the decision 
maker would like to see before abandoning the null hypothesis, and is also refeared to as-the size 
of the test. 

A Type II decision error occurs when the null hypothesis is accepted when it is false. This is 
sometimes referred to as a false negative error. The probability of making a Type IT decision 
error is called beta (p). The power of a test (1-p) is the probability of rejecting the null hypothesis 
when it is false. 

There is a relationship between a and p that is used in developing a survey design. In general, 
increasing a decreases p and vice versa, holding all other variables constant. Increasing the 
number of measurements typically results in a decrease in both a and p. The number of 
measurements that will produce the desired values of a and p from the statistical test can be 
estimated from a, 9, the DCGLw, and the estimated variance of the distribution of the parameter 
of interest. 

There me five activities associated with specifying limits on decision errors: ' 

Determining the possible range of the parameter of interest. Establish the range by 
estimating the likely upper and lower bounds based on professional judgement. 
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Graphically representing the decision rule. 

365 
366 
367 
368 
369 
370 
37 1' 
372 

373 
374 
375 
376 
377 
378 
379 

380 
381 

382 

' 383 
384 
385 
3 86 

387 
388 
389 
390 
39 1 
392 
393 
394 

395 
396 
397 
398 
399 

0 Identifying the decision errors and choosing the null hypothesis. 
a. 

b. 
c. 

d. 

- Define both types of decision errors (Type I and Type II) and establish the true 
condition of the survey unit for each decision error. 
Specify and evaluate the potential consequences of each decision error. 
Establish which decision error has more severe consequences near the action IweI. 
Consequences include health, ecological, political, social, and resource risks. 
Define the null hypothesis and the altemative hypothesis and assign the terms 
"Type I" and "Type-11" to the appropriate decision error. 

. _  

- 

SpeCiQing a range of possible parameter values, a gray region, where the consequences of 
decision errors are relatively minor. It is necessary to speclfy a gray region because 
variability in the parameter of interest and unavoidable imprecision in the measurement 
system combine to produce variability in the data such that a decision may be "too close to 
call" when the true but unknown value of the parameter of interest is very near the actiofi 
level. Additional guidance on specifying a gray region is available in Guidance for the 
Data Quality Objectives Process @?A 1994a). 

- - 

The expected outputs of this step are decision error rates based on the copsequences of making an 
incorrect decision. Certain aspects of the site investigation process, such as the HSA, are not so 
quantitative that numerical values for decision errors can be specified. Nevertheless, a !'comfort 
region" should be identified where the consequences of decision errors are relatively minor. 

In Section D.5 the parameter of interest was defined as the difference between the survey unit 
mean concentration of residual radioactivity and the reference area meqn concentration in the 
2-sample case, or simply the survey unit mean concentration in the 1-sample case. The possible 
range of values for the parameter of interest is determined based on existing infomation (such as 
the Historical Site Assessment or previous surveys) and best professional judgement. The likely 
lower bound for@) is either background or zero. For a final status survey when the residual 
radioactivity is expected to meet the release criterion, and a conservative upper bound might be 
approximately three times DCGL. 

Hypothesis testing is used to determine whether or not a statement concerning the parameter of 
interest should be verified. The statement about the parameter of interest is call'ed the null 
hypothesis. The'alternative hypothesis is the opposite of what is stated in the null hypothesis. 
The decision maker needs to choose between two courses of action, one associated with the null 
hypothesis and one associated with the alternative hypothesis. 
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To make a decision using hypothesis testing, a test statistic is compared to a critical value. The 
test statistic' is a'number calculated using data from the survey. The critical value of the test 
statistic defines a rejection region based on some assumptions abqut the true distribution of dah 
in the survey unit. If the value of the test statistic falls within the rej&on region, theandl 
hypothesis is rejected. The decision rule, developed in S d o n  D.5, is used to dacribe the 
relationship between the test statistic and the critical value. 

MARSSIM considers two ways to state H,, for a find status survey. The primary considemtion in 
most situations will be compliance with the release criterion. This is shown as Scenario A in 
Figure D.5. The null hypothesis is that the survey Unit exceeds the release criterion. Using this 
statement of & means that significant evidence that the survey unit does not exceed the release 
criterion is required before the survey unit would be released. 

-1  . 
- 

_ _  

- 
In some situations, however, the primary consideration may be determining if any residual 
radioactivity at the site is distinguishable fiom background, shown as Scenario B in Figure D.6. 
In this manual, Scenario A is used as an illustration because it directly addresses the compliance 
issue and allows consideration of decision errors. More information on Scenario .- B can be found 
in the NRC draft report NUREG- 1505 (NRC 1995a). 

For Scenario A, the null hypothesis is that the survey unit does not meet the release criterion. A 
Type I decision error would result in the release of a survey unit containing residual radioactivity 
above the release criterion. The probability of making this error is a. Setting a high value for a 
would result in a higher risk that survey units that might be somewhat in excess ofthe release 
criterion would be passed as meeting the release criterion. Setting a low value fora  would result 
in fewer survey units where the null hypothesis is rejected. However, the cost of setting a'low 
value for a is either a higher value for p or an increased number of samples'used to demonstrate 
compliance. 

For Scenario A, the alternative hypothesis is that the survey unit does meet the release criterion. 
A Type II decision error would result in either unnecessary costs due to remediation of survey 
units that are truly below the release criterion or additional survey actiyities to demonstrate 
compliance. The probability of making a Type II error is 9. Selecting a high value for Q (low 
power) would result in a higher risk that survey units that actually meet the release criterion are 
subject to hrther investigation. Selecting a low value for Q (high power) will minimize these 
investigations, but the tradeoff is either a higher value for a or an increased number of 
measurements used to demonstrate compliance. Setting acceptable values for a and p, as well as 
determining an appropriate gray region, is a cruCial.step in the DQO process., 

' The test statistic is not necessarily identical to the parameter of interest. but is functionally related to it 
through the statistical analysis. 
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SCENARIO A 

Assume as a null hypothesis that the survey unit exceeds the release criterion. This requires 
significant evidence that the residual radioactivity in-the survey unit is less than the release 
criterion to reject the null hypothesis (and passfh5 S U h Y  unit).- If the evidence is not 
significant at levela, the null hypothesis Of a nOWmplying Survey unit is accepted (and the 
survey unit fails). 

HYPOTHESIS TEST 
- 4  . 

ti,,: Survey unit does not meet release criterion 
Ha: Survey unit does meet the release criterion 

Survey unitpasses if and 
onty if the test statistic falls in 
the rejection region. 

I 

- 

I I 

d Critical Release 
Value Criterion 

This test diredfy addresses the compliance question. 

The mean shift for the survey unit must be SIGNIFICANTLY BELOW THE RELEASE CRITERION for 
the null hypothesis to be rejected. 

Wdh this test, site owners face a trade-off between additional sampling costs and unnecessary 
remediation costs. They may choose to increase the number of measurements in orderlo decrease the 
number of Type II dedsion errors (reduce the chance of remediating a dean survey unit for survey units 
at or near background levels. 

Distinguishability from background is not directly addressed. However, sample sizes &y be selected to 
provide adequate power at or near background levels, hence ensuring that most survey units near 
background would pass. Additional analyses, such as point estimates and/or confidence intervals, may 
be used to address this question. 

A high percentage of survey units slightly below the release criterion may fail the release criterion, 
unless large numbers of measurements are used. This achieves a high degree of assurance that most 
survey units that are at or above the release criterion will not be improperly released, 

Figure D.5 Possible Statement of the Null Hypothesis for the Final Status Survey 
Addressing the Issue of Compliance 
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- SCENARIO 6 

Assume as a null hypothesis that the survey unit is indistinguishable from background. This 
requires significant evidence that the survey unit residual radioactivity is greater than 
background to reject the null hypothesis (and fail the survey unit). If the evidence is not 
significant at Ievela, the null hypothesis of a clean survey unit is accepted (and the survey. 
unit passes). 

- I  . 
HYPOTHESIS TEST 

H,,: Sunrey unit is indistinguishable from badground 
y: Survey unit is distinguishable from bacbround 

I 

Survey unit passes if and 
only if the test statistic falls in 
the rejection region. 

01 Critical 
Value 

DistinguishaMIity from background may be of primary importance to some stakeholders. 

The residual radioactivity in the sunrey unit must be SIGNIFICANTLY ABOVE BACKGROUND for the 
null hypothesis to be rejected. 

Compliance with the DCGLs is not directly addressed. However, the number of measurements may be 
selected to provide adequate power at or near the DCGL, hence ensuring that most survey units near 
the DCGL would not be improperly released. Additional analysis, based on ppint estimates andor 
confidence intenrals, is required to determine compliance if the null hypothesis is rejected by the test. 

. 

A high percentage of survey units slightly below the release criterion wall fail unless large numbers of 
measurements are used. This is necessary to achieve a high degree of assurance that for most sites at 
or above the release criterion the null hypothesis will fail to be improperly released. 

Figure D.6 Possible Statement of the Null Hypothesis for the Final Status Survey 
Addressing the Issue of Indistinguishability from Background 
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In the MARSSIM framework, the gray region is always bounded from above by the DCGL 
corresponding to the release criterion. The Lower Bound offhe Gray Regzon (LBGR) is selected 
during the DQO process along with the target values for a and p. The width of the gray region, 
equal to @,CGL - LBGR), is a parameter that is central to the nonparametric tests discussed in 
this manual. It is also r e f d  to as the shw, A. The absolute size of the shift is actually of less 
importanc,e than the relative shi$ Nu, where u is an estimate of the standard deviation of the 
measured values in the survey ue,it, The estimated standard deviation, u, includes both the real 
spatial variability in the quantity being measured, and the precision of the chosen measurement 
method. The relative shift, Ah, is an expression of the resolution of the measurements in units of 
measurement uncertainty. Expressed in this way, it is easy to see that relative shifts of less than 
one standard deviation, N u  < 1, will be difficult to detect. On the other hand, relative shifts of 
more than three standard deviations, A h  > 3, are generally easier to detect. The number of 
measurements that will be required to achieve given error rates, a and p, depends almost entirely 
on the value of N u  (see Chapter 5) .  

- 

- 

Since small values of A h  result in Iarge numbers of samples, it is important to design for A h  > 1 
whenever possible. There are two obvious ways to increase Ah. The first is to increase the 
width of the gray region by making LBGR small. Only Type II decision errors occur in the gray 
region. The disadvantage of making this gray region larger is that more survey units will fall into 
the resulting larger range of residual radioactivity values, i n c e i n g  the probability of incorrectly 
failing to release a survey unit. The target false negative rate p will be specified at lower residual 
radioactivity levels, i.e., a survey unit will generally have to be lower in residual radioactivity to 
have a high probability of being judged to meet the release criterion. The second way to increase 
A h  is to make u smaller. One way to make u small is by having survey units that are relatively 
homogeneous in the amount of measured radioactivity. This is an important consideration in 
selecting survey units that have both relatively uniform levels of residual radioactivity and also 
have relatively uniform background radiation levels. Another way to make u small is by using 
more precise measurement methods. The more precise methods might be moreexpensive, but 
this may be compensated for by the decrease in the number of required measurements. One 
example would be in using a radionuclide specific method rather than gross radioactivity 
measurements for residual radioactivity that does not appear in background. This would eliminate 
thi variability in background from u, and would also eliminate the need for reference area 
measurements. 

The effect of changing the width of the gray region and/or changing the measurement variability 
on the estimated number of measurements (and cost) can be investigated using the DEFT 
(Decision Error Feasibility Trials) software developed by EPA (EPA 1995a)., This program can 
only give approximate sample sizes and costs since it assumes that the measurement data are 
normally distributed, that a Student’s t test Will be used to evaluate the data, and that there is 
currently no provision for comparison to a reference area. Nevertheless, as a rough rule of 
thumb, the sample sizes calculated by DEFT are about 85% of those required by the one-sample 
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nonparametric tests recommended in this manual. This d e  of thumb works better for large - 
numbers of measurements than for smaller numbers of measurements, but can be very usehl for 
estimating the relative impact on costs of decisions made during the planning process. 

Generally, the design goal should be to achieve Ah values betweetl one and three. The number 
of samples needed rises dramatically when N u  is smaller than one. Convesely, little is usually 
gained by making N u  laxger than about three. If Ah is greater than three or four, one should 
take advanfage of the measurement precision available by making the width of the gray region 
smaller. It is even more important, however, that overly optimistic estimates for u be avoided. 
The consequence of taking fewer samples than are needed given the actual measurement 
variations will be unnecessary remediations (increased m e  II decision errors). 

- - 

._ 

Once the preliminary estimates of A and u are available, target values for a and Q can be selected. - 
The values of a and Q s h d d  reflect the risks involved in making Type I and Type II decision 
errors, respectively. 

- 

One consideration in setting the false positive rate are the health risks associated with releasing a 
survey unit that might actually contain residual radioactivity in excess of the DCGL. If a survey 
unit did exceed the DCGb, the first question that arises is “How much above the DCGL, is the 
residual radioactivity likely to be?” The DEFT softwate can be used to estimate this. 

For example, if the DCGL, is 100 Bqkg (2.7 pCig), the LBGR is 50 Bqkg (1.4 pCi/g), u is 50 
Bqkg (1.4 pCi/g), a = 0.10 and Q = 0.05, the DEFT calculations show that while a survey unit 
with residual radioactivity equal to the DCGL, has a 10% chance of being releas& a survey unit 
at a level.of 11 5 Bqkg (3.1 pCi/g) has less than a 5% chance of being releasd; a survey unit at a 
level of 165 Bqkg (4.5 pCidg) has virtually no chance of being released. However, a survey unit 
with a residual radioactivity level of 65 Bqkg (1.8 pCi/g) will have about an 80% chance of being 
released and a survey unit with a residualmdioactivity level of 80 Bqkg (2.2 pCi/g) will only 
have about a 40% chance of being released. Therefore, it is important to examine the probability 
of deciding that the survey unit does not meet the release criterion over the entire range of 
possible residual radioactivity values, and not only at the boundaries of.the gray region. Of 
course, the gray region can be made narrower, but at the cost of additional sampling. Since the 
equations governing the process are not linear, small changes can lead to substantial changes in 
survey costs. 

As stated earlier, the values of a and Q that are selected in the DQO process should reflect the 
risk involved in making a decision error. In setting values for a, the following be  important 
considerations: 

0 In radiation protection practice, public health risk is modeled as a linear hnction of dose 

-- (BEIR 1990). Therefore a 10% change in dose, say from 15 to 16.5, results in a 10% 
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change in risk. This situation is quite different from one in which there is a threshold In 
the latter case, the risk associated with a decision error can be quite high, and low values 
of a should be selected. When the risk is linear, much higher values of a at the release 
criterion might be considered adequately protective when the survey design results in 
smaller decision e m r  rates at doses greater than the release criterion. False positives will 
tend to be balanced by false negatives across sites and survey units, resulting in 
approximately equal human health risks. 

assumptions are made in converting doses to derived concentrations. To be adequately 
protective of public health, these models are generally designed to over predict the dose. 
Unfortunately, it is difficult to guan@ this. Nonetheless, it is probably safe to say that 
most models have uncertainty sufficiently large such that the true dose delivered by 

This is an additional consideration for setting the value of a, that could support the use of 
larger values in some situations. In this case one would prospectively address, as part of 
the DQO process, the magnitude, significance, and potential consequences of decision 

- 

errors at values above the release criterion. The assumptions made in any model used to 
predict DCGLs for a site should be examined carefdly to determine if the use of site 
specific parameten results in large changes in the DCGLs, or whether a site-specific 
model should be developed rather than designing a survey around DCGLs that may be too 
conservative. 

remediation when a survey unit already meets the release criterion. Unlike the health risk, 
the cost associated with this type of error may be highly non-linear. The costs will depend 
on whether the swey  unit has already had remediation work krforined on it, and the 
type of residual radioactivity present. There may be a threshold below which the 
remediation cost rises very rapidly. Lf so, a low value for p is appropriate at that threshold 
value. This is primarily an issue for survey units that have a substantial likelihood of 
falling at or above the gray region for residual radioactivity. For survey Units that aqe very 
lightly contaminated, or have been so thoroughly remediated that any &dual radioactivity 
is expected to be far below the DCGL, larger values of p may be appropriate specidly if 
final status survey sampling costs are a concern. Again, it is important to examine the 
probability of deciding that the survey unit does not meet the release criterion over the 
entire range of possible residual radioactivity values, below as well as above the gray 
region. 

can be used that result in higher precision. The same might be achieved with moderate 
increases in sample sizes. These alternatives should be explored before accepting higher 
design error rates. However, in some circumstances, such as high hackground variations, 
lack of a radionuclide specific technique, and/or radionuclides that &e very difficult and 
expensive to quantify, error rates that are lower than the uncertainties in the dose 
estimates may be neither cost effective nor necessary for adequate radiation protection 

0 The DCGL itself is not free of mor. The dose cannot be measured directly, and many 

- 

residual radioactivity at the DCGL is very likely to be lower than the release criterion. - _  

- 

0 The risk of making the second type of decision emr, p, is the risk of requiring additional -- 

e Lower decision error rates may be possible if alternative sampling and analysis techniques 

-- 
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None of the above discussion is meant to suggest that under any circumstances a less than 
rigorous, thorough, and professional approaih to final status surveys would be satisfactory. The 
decisions made and the rationale for making these decisions should be thoroughly documented. 

For Class 1 Survey Units, the number of samples may be driven more by the need to d e w  small 
areas of elevated activity than by the requknents of the statistid tests. This in turn will depend 
primarily on the sensitivity of available scanning instrumentation, the size of the area of elevated 
activity, and the dose model. A dven concentration of residual dbactivity spread over a smaller 
area will, in general, result in a imaUer dose. Thus, the DC- used for the elevated 
measuremeat comparison is usually larger than the DCGL, used for the statistical test. In some 
cases, especially radionuclides that deliver dose primarily via internal pathways, dose is 
approximately proportional to inventory, and so the difference in the DCGLs is approximately 
proportional to the areas. 

- 

- 

However, this may not be the case for radionuclides that deliver a significant portion of the do3e - 

via external exposure. The exact relationship between the D C G L c  and the DCGL, is a 
complicated function of the dose modeling pathways, but area factors to relate the two DCGLs 
can be tabulated for most radionuclides (see Chapter S), and site-specific area factors can also be 
developed. 

For many radionuclides, scanning instrumentation is readily available that is sensitive enough to 
detect residual radioactivity-concentrations at the D C G  derived for the sampling grid of 
direct measurements used in the statistical tests. Where instrumentation of sufficient sensitivity 
O C ,  see Chapter 6) is not available, the number of samples in the mey unit can be increased 
until the area between sampling poinfs is small enough (and the resulting a m  factor is large 
enough) that D C G b c  can be detected by scanning. The details of this process are discussed in 
Chapter 5. For some radionuclides (e.g., 'H) the scanning sensitivity is so low that this process 
would never tenninatej.e., the number of samples required could increase without limit. Thus, 
an important part of the DQO process is to determine the smallest size of an area of elevated 
activity that it is important to detect, &, and an acceptable level of risk, RA , that it may go 
undetected. Charts showing the geometric probability of sampling at least one point of an area of 
elevated activity as a hct ion of sample density with either a square or triangular sampling pattern 
is shown in Figure D.7. The ELIPGRID-PC @avidson 1995) computer code can also be used to 
calculate these probabilities. 

- - 

- 

In this part of the DQO process, the concern is less with areas of elevated activity that are found 
than with providing adequate assurance that negative scanning results truly demonstrate the 
absence of such areas. In selecting acceptable values for &,, and RA, maximum use of information 
from the HSA and all surveys prior to the final status surveys should be used to determine what 
sort of areas of elevated activity could possibly exist, their potential size and shape, and how likely 
they are to exist. When the detection limit of the scanning technique is very large relative to the 
D C G L C ,  the number of measurements estimated to demonstrate compliance using the statistid 
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Figure D.7 Geometric Probability of Sampling at Least One Point of 
an Area of Elevated Activity as a Function of Sample Density with 
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tests may become unreasonably large. In this situation an evaluation of the survey objectives and 
considerations be performed. These considerations may include the survey design and 
measurement methodology, exposure pathway modeling assumptions and parameter values used 
to determine the DCGLs, Historical Site Assessment conclusions concemhg source terms and - 

radionuclide distributions, and the results of scoping and characterization surveys. In most 'aes  
the results of this evaluation is not expected to justify an unreasonably large number of 
measurements. 

A convenient method for visualizing the decision rule is to graph the probability of deciding that 
the survey unit does not meet the release criterion, i.e., that the null hypothesis of Scenario A is 
accepted. An example of such a chart is shown in Figure D.8. 

I V  

-1 . 

In this example a is 0.025 and p is 0.05, providing an expected power (1-p) of 0.95 for the test. 
A second met6od for presenting the information is shown in Figure D.9. This figure shows the - 
probability of making a decision m r  for possible values of the parameter of interest, and is 
referred to as an em>r chart In both examples a gray region, where the consequences of decision 
errors are dexkned G-be relgtively minor, is shown. These charts are used in the final step of the 
DQO procesS, combined with the outputs from the previous steps, to produce an efficient zjnd 
cost-effkdive survey design, It is clear that setting acceptable values for a and p, as well as 
determining an appmpda!e &ray region, is a crucial step in the DQO Process. Instrudions for 
creating a prospective power CUNG which can also be used to visualize the decision rule, are 

is implemented, the expected values of a and p determined in this step are 
significance level and power of the statistical test based on the 

measurement resulk during the assessment phase of the Data Life Cycle. This comparison is used 
to verify that the objectives of survey have been achieved. 

D.7 Optimize the Design for Collecting Data 

This step is designed to produce the most resolirceeffective survey design that is expected to 
meet the DQOs. It may'be necessuyfo work through this step more than once after revisiting 
previous steps in the DQO Process. 

There are six activities included in this step: 

. Reviewing the DQO outputs and existing environmental data to ensure aey  are internally 
consistent. 
Developing general data collection design alternatives. Chapter 5 describes random and 
systematic sampling designs recommended for final status surveys based on 'survey unit 
classification. 
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Figure D.9 Example of an Error Chart niustrating the Decision' Rule 
for the Final Status Survey 

-- 
MARSSIM D-27 ' 12/6/96 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



62 1 
622 

623 
624 

626 
627 
628 
629 
630 
63 1 
632 
633 
634 
63 5 
636 
637 
638 

639 
640 
641 
642 

623 

643 
644 
645 

’ 646 
647 

648 
649 
650 

65 1 
652 
653 
654 
655 
656 
657 

-. . 

-. 

Appendix D 

0 Formulating the mathematical expressions needed to solve the design problem for each 
data collection design alternative. 

Selecting the optimal design that satisfies the DQOs for each data collection design 
alternative. If the recommended design will not meet the limits on decision errors within 
the budget or other constraints, then the planning team will need to relax one or more 
constraints. Examples include: 
a. 
b. 
c. 

d. 
e. 
f. 

g. 

h. 

increasing the budget for sampling and analysis 
using exposure pathway modeling to develop site-specific DCGLs 
increasing the decision error rates, not forgetting to consider the risks associated 
with making an incorrect decision 
increasing the width of the gray region by decreasing the LBGR 
relaxing other project constraints--e.g., schedule 
changing the boundaries-it may be possible to reduce measurement costs by 
changing or eliminating survey units that will require different decisions 
evaluating alternative measurement techniques with lower detection limits or lower 
survey costs 
considering the use of passive controls when releasing the survey unit rather than 
unrestricted release 

- -  

Selecting the most resource~ffixtive survey-design that satisfies all of the DQOs. 
Generally, the survey designs d&cribed.ip Chapter 5 will be acceptable for demonstrating 
compliance. Atypical sites (e.g., mked-waste sites) may require the planning team to 
consider alternative survey designs on a site-specific basis. 

Documenting the operational details and theoretical assumptions of the selected design in 
the QAPP, the field sampling plan, the sampling and analysis plan, or the decommissioning 
plan. All of the decisions that will be made based on the data collected during the survey 
should be specified along with the alternative actions that may be adopted based on the 
survey results. 

Chapters 4 and 5 present a fiauiework for a.final stam survey d q i g a  When this framework is 
combined with the site-specific DQos developed using the guiddce in this section, the survey 
design should be acceptable for most sites. The key inputs to Chapters 4 and 5 are: 

investigation levels and DCGLs for each radionuclide of interest 
acceptable measurement techniques for scanning, sampling and direct 
measurements, including detection limits and estimated survey costs 
identification and classification of survey units 
an estimate of the variability in the distribution of residual radioactivity for each 
survey unit, and in the reference area if necessary 
the decision maker’s acceptable apriori values for decision error rates (a and p) 

u msm D-28 12/6/96 -- 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



I 

2 

3 
4 
5 
6 

' 7  
8 
9 

10 
11 

12 

13 
14 
15 

~ 16 
17 

18 
19 
20 
21 

22 

23 
24 
25 
26 
27 
28 

APPENDIX E 

THE ASSESSMENT PHASE OF THE DATA LIFE CYCLE 

The assessment phase of the Data Life Cycle includes validation of the survey data and ass 
of quality of the data. Data validation is simply comparing the survey results to the quality 
assurance project plan (QAPP) to ensure that the survey design was followed and that the 
measurement systems performed in accordance with the specified criteria. Data quality 

sment I 
assessment @QA) is the scientific and statistical evaluation of data to determine if the-data are of 
the right type, quality, and quantity to support their intended use @PA 1996). DQA helps 
complete the Data Life Cycle by providing the assessment needed to determine that the planning 
objectives are achieved. Figure E. 1 illustrates where .data validation and DQA fit into the 
Assessment Phase of the Data Life Cycle. - 

_ _  

There are five steps in the DQA Process: 

0 

0 . Conduct a Preliminary Data Review 
0 Select the Statistical Test 

0 

Review the data quality objectives (DQOs) and Survey Design 

Veri@ the Assumptions of the Statistical Test 
Draw Conclusions from the Data 

These five steps are presented in a linear sequence, but the DQA process is applied in an iterative 
fashion much like the DQO process. The strength of the DQA process is that it is designed to 
promote an understanding of how well the data will meet their intended use by progressing in a 
logical and efficient manner. 

E.l Review DQOs and Survey Design 

The DQA process begins by reviewing the key outputs from the Planning phase of the Data Life 
Cycle: the DQOs, the QAPP, the Field Sampling Plan (FSP), and the Sampling and Analysis Plan 
(SAP). The DQOs provide the context for understanding the purpose of the data collection 
effort. They also establish qualitative and quantitative criteria for assessing the quality of the data 
set for the intended use. The survey design (documented in the QAPP and the FSP) provides 
important information about how to interpret the data. 

-- 
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Figure E.l The Assessment Phase of the Data Life Cycle 
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There are three activities associated with this step in the DQA process: 

Translating the data useis objectives into a statement of the hypotheses to be tested using 
environmental data. These objectives should be doaunented as part of the DQO process, 
and this activity is reduced to translating these objectives into the statement of hypotheses. 
PfDQOs have not been developed, which may be the case for historical data, review 
Appendix D for developing-these objectives. 

Translating the objectives into limits on the probability of committing m e  I or TLpe 11 
decision errors. Appendix D provides guidance on specifjling limits on decision errors as 
part of the DQO process. 

Reviewing the survey design and noting any special features or potential problems. The- 
goal of this activity is to familiarize the analyst with the main features of the survey design 
used to generate the environmental data. Review the survey design documentation 
(QAPP) with the data useis objectives in mind. Look for design fkatures that support or 
contxadict these objectives. 

- 

- _  

For the final stat& survey, this step would consist of a review of the DQOs developed using- 
Appendix D and the QAPP developed in Chapter 9. 

45 E.2 Conduct a Preliminary Data Review 

46 
47 
48 
49 

In this step of the DQA process the analyst conducts a preliminary evaluation of the data set, 
calculating some basic statistical quantities and looking at the data through graphical 
representations. By reviewing the data both numerically and graphically, the analyst can learn the 
"structure" of the data and thereby identifj, appropriate approaches and limitations for their use. 

. .. 

50 This step includes three activities: 

51 0 reviewing quality assurance reports 
52 calculating statistical quantities (e.g., relative standing, central tendency, 
53 dispersion, shape, and association) 
54 
55 

56 

0 graphing the data (e.g., histograms, scatter plots, confidence intervals, ranked data 
plots, quantile plots, stem-and-leaf diagrams, spatial or temporal plots) 

Chapter 8 discusses the application of these activities to a final status survey. 
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E.3 Select the Statistical Test 

The statistical tests presented in Chapter 8 are applicable for most sites contaminated with 
radioactive material. Chapter 2 discusses the Statistical methods recommended for the final 
survey in more detail. Additional guidance on selecting alternate statistical methods can be found 
in Chapter 2 and in EPA’s DQA guidance document (EPA 1995). 

- I  . 

E.4 Verify the Assumptions of the Statistical Test 

In this step, the analyst assesses the validity of the statistical test by examining the underlying 
assumptions in light of the environmental data. The key questions to be resolved are: “Do the 
data support the underlying assumptions of the test?”, and: “Do the data suggest that 
modifications to the statistical analysis are warranted?” 

The underlying assumptions for the statistical tests are discussed in Section 2.6. Graphical 
representations of the data, such as those described in Section 8.21 can provide important 
qualitative idormation about the validity of the assumptions. Documentation of this step is 
always important, especially when professional judgement plays a role in accepting the results of 
the analysis. 

- - 

There are three activities included in this step: 

Determining the approach for veritjling assumptions. For this activity, determine how the 
assumptions of the hypothesis test will be verified, including assumptions about 
distributional form, independence, dispersion, type and quantity of data. Shapter 8 
discusses methods for veritjing assumptions for the final status survey-statistical test 
during the preliminary data review. _ .  

Performing tests of the assumptions. Perform the calculations selected in the previous 
activity for the statistical tests. Guidance on performing the tests recommended for the 
final status survey are included in Chapter 8. 

Determining corrective actions (if any). Sometimes the assumptions underlying the 
hypothesis test will not be satisfied and some type of corrective action should be 
performed before proceeding. In some cases, the data for verifLing some key assumption 
may not be available and existing data may not support the assumption. ‘In this situation it 
may be necessary to collect new data, transform the data to correct a problem with the 
distributional assumptions, or select an alternative hypothesis test. Section 9.4 discusses 

’ potential corrective actions. 

-- 
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E.5 Draw Conclusions from the Data 

The final step of the DQA process is perfbrming the statistical test and drawing conclusions that 
address the data user's objectives. The procedure for implementing the statistical test is included 
in Chapter 8. 

There are three activities associated With this final step: 

0 

- 

Performing the calculations for the statistical hypothesis test (see Chapter 8). 

Evaluating the statistical test results and drawing the study conclusions. The results of the 
statistid test will be either accept the null hypothesis, or reject the null hypothesis. 

Evaluating the performance of the survey design if the design is to be used again. If the 
survey design is to be used again, either in a later phase of the current study or in a similar 
study, the analyst will be interested in evaluating the overall performance of the design. 
To evaluate the survey design, the analyst perfoms a statistical power analysis that 
describes the estimated power of the test over the full range of possible parameter values. 
This helps the analyst evaluate the adequacy of the sampling design when the true 
parameter value lies in the vicinity of the action level (which may not have been the 
outcome of the current study). It is recommended that a statistician be consulted when 
evaluating the performance of a survey design for fbture use. 

- -  

- .  
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APPENDIX F 

THE RELATIONSHIP BETWEEN THE RADIATION SURVEY AND 
SITE INVESTIGATION PROCESS, THE CERCLA SUPERFUND 
PROCESS, AND THE RCRA CORRECTIVE ACTION PROCESS 

I’ This appendix presents a cornparisan between the Radiation Suwey and Site Investigation 
Process, the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) Supefind Process, and the Resource Conservation and Recovery Act @a) 
Corrective Action Process. Each of these processes has been designed to incorporate survey 

Quality Assessment @QA) using a series of surveys to accomplish the project objectives. At this 
basic level all three processes are considered to be compatible. 

Figure F.1 illustrates the comparison of the major steps in each of the three processes. As shown 
in Figure F. 1, the limited a p e  of MARSSIM (Section 1.1) results in steps in the CERCLA 
Process and the RCRA Process that are not directly addressed by MARSSIM (e.g., Feasibility 
Study or Corrective Measure Study). However, MARSSIM’s focus on the demonstration of 
compliance for sites with residual radioactivity using a final status survey is not directly addressed 
by the major steps of the CERCLA Process or the RCRA Process. 

Much of the guidance presented in MARSSlM for designing surveys and assessing the survey 
results is taken directly from the corresponding CERCLA or RCRA guidance. MARSSIM users 
familiar With the Superfund Preliminary Assessment guidance (EPA 19910 will recognize the 
guidance provided for performing the Historical Site Assessment (Chapter 3) for identifying 
potentially contaminated soil, water, or sediment. In addition, MARSSIM provides guidance for 
identifjing potentially contaminated structures which is not covered in the original Superfund 
guidance. The survey designs and statistical tests for relatively uniform distributions of residual 
radioactivity discussed in MARSSIM are also discussed in Superfund guidance @PA 1989% EPA 
1994b). However, MARSSIM includes scanning for radioactive materials which isn’t discussed 
in the more general Supehnd guidance that doesn’t specifically address radionuclides. 
MARSSIM is not designed to replace existing CERCLA or RCRA guidance, it is designed to 
provide supplemental guidance for specific applications of the CERCLA Supehnd Process or the 
RCRA Corrective Action Process. 

planning using the Data Quality Objectives (DQO) Process and data interpretation using Data _ _  

- 

3 1  
32 
33 
34 
3s 

There are other examples where the CERCLA Supehnd Process has been applied to specific 
sitbations. EPA provides guidance on performing removals (EPA 1991g) that is similar to 
MARSSIM in many ways. Some of the steps in the removal process are closely related to the 
remedial process in that they have a Scoping Survey, a Characterization Survey, and a Final 
Status Survey. 
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Figure F.l Comparison of the Radiation Survey and Site Investigation Process 
with the CERCLA Superfund Process and the RCRA Corrective Action Process 
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The Soil Screening Guidance documents @PA 1996b, EPA 1996c) for removing sites from 
consideration early in the CERCLA Superfund Process are also similar to MARSSIM. This 
guidance provides a way to calculate risk-based, Site-speCific, soil screening levels (SSLs) for 
contaminantsin soil. Exposure areas can be evaluated against contaminant- and pathway-specific 
SSLgto help decide fbture actions at the site. SSLs can be used as preliminary remediation goals 
(PRGs) if the conditions found at a specific site are similar to the conditions assumed in 
calculating the SSLs. SSLs are soil concentrations corresponding to a target risk of P x POb for 
carcinogens, a hazard quotient of 1 for noncarcinogens (child ingestion scenario), or (ii order of 
preference) maximum contaminant level goals (MCLGs), maximum contaminant levels (MCLs), 
or health-based levels (HBLs) for the migration-to-groundwater SSLs. SSLs are back calculated 
using chemical fate and transport models with exposure pathways and assumptions associated 
with fbture residential use. 

SSLs calculated using the CERCLA Soil Screening Guidance could also be used for RCRA 
corrective action sites as action levels. The RCRA corrective action program views action levels 
as generally fblfilling the same purpose as soil screening levels. However, these SSLs are based 
on residential land use and where these assumptions do not apply (such as property to be used for 
industrial purposes), revised SSLs should be calculated. 

The SSLs for both CERCLA and R C M  can be compared to the MARSSIM derived soil 
concentration guideline levels (DCGLs). DCGLs are radionuclide-specific S O ~  conciatktions 
that correspond to a primary dose rate limit Similar to SSLs, DCGLs are back caldated using 
radionuclide fate and transport models for exposure pathways with specific land-use assumptions. 

- 

- 

Table F. 1 lists the major steps in each of the three processes and describes the objectives of each 
step. This table provides a direct comparison of the three processes. The table clearly shows the 
correlation between the processes. This correlation is the result of combining the CERCLA and 
RCRA guidance with applicable guidance from other agencies participating in the development of 
MARSSIM to produce a multi-agency consensus document that meets the needs of each agency. 
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Table F.l Program Comparison 

Paformed in thFee stages: 
1) Site Ideatification 
2) Rttiminary IIlvcstigation 
3) Site RecoaaaissanCe 

Scoping w e y s  provide data 
to complete the site 
prioritization scoring process 
for CERCLA or RCRA Sites. 

Designedtodistingulshbetw~sites 

that~fuTulermvestigation 

that pose little or no h a t  to human 
health and the cnvironmeat and sites 

Designed to gather dormation on 
identified sites in oniex to complete the 
Hazard Ranking System to determine 
whetha rrmoval actions or huther 
invcstigationsartnecessary. 

Pafolmd to idrrdify and gaYk 
information at RCRAfacilitics, make 
Pnrimioar). detirminationsregarding 
releases of col~xm d iAentifv the 
aaedforfurtha actions and mtuim 
measlaesatthefadlity, 

Perfarmed in three stages: 
1)preliminaryReyieW 
2) V i  Site hspection 
3) Sampling V i  (ii necorsary) 
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Table F.l Program Comparison 

.. . . .. . .. .. . 

AlthoughcunuitEF+Aguidanoe 
pnsentsaaunbinedRyFSMode1 
statanellttof work the RI i!? gcnaally 
dckdtobeperfonnedin scvm 
tasks 
1) project plarmins (soopiag): 
- ~ ~ O f S i t C l o o a t i o n  - histoly and nature of problem - histo~y of ~ ~ I a t o r y  
rcspomc actions - preliminary site boundary - development of site operations 
PI- 

2) field investigations 
3) samplelraLalysis verification 
4) data evaluation 
5)  assessment of risks 
6) treatability study/pilot !esting 
7 )  RI reporting 
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T h C s c o p e i S t o :  
1) chraacterize the potential pathways 
ofcontaminantmigratim 
2) - t h e S 0 ~ s ) o f  
contaminaton 
3) define the de- aad octent of 
cwambtion 
4) identify actual or p&teatial rcccqtors 
5)  support the development of 
altcmativcs fivm which a comctive 
measure will be selcctedby the EPA 

- 

TheFdty hvestigntion is pcrfonned 
inseventssks: 
1) description of current conditions 
2) identifmticm of prehninaty medial 

3) FI work plan nquiffments - project management plan 

- data managanent plan 

- community relations plan 

5) investigation analysis 

me- teChnOlOgies~, 

- data 00lleCtion QAPP 

- health and safety plan 

4) facility investigation 

6)  laboratory and bench-scale d e s  
7) repwts 
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DcGlLs 
Residual levels of doac t ive  
material that correspond to 
dowable radiation dose 
57mldardsarecalcul~ 
(derived ooncentration 
guideline levels) and pmvided 
to the user. The swqr unit is 
then evaluated against this 
radionuclidespecific DCGL. 

The DCGLs in this manual are 
lor structure surfaces and soil 
antamination. MAR$SIh4 
$oes not provide equations or 
pihe for calculating 
DCGLs 

No Direct Correlation 

W S S I M  characterization 
md remedial action support 
iurveys may provide data to 
he Feasibility Study or the 
Zorrective Measures. Study) 

Table F.1 Program Comparison 

lms 
Prelirpinary remediation goals m 
developad eady in thcRI/FS proctss 
PRm may then be uscd as the basis for 
f d  cleanup levels based on the nine 
criteria in the National Continge~cy 
Plan. Soil Scmaing Levels (SsLs) can 
be used as PROS provided conditions at 
a specific site are similar to those 
assumed in calculating the SsLS. 

SsLs are derived with expome 
assumptions for suburban residential 
land use only. SSLs are based on a 
lod risk for carcinogens, a hazard 
quotient of 1 fornoncsrcinogens (child 
ingestion assumptions), or MCLGS 
MCLs. or HBLs for the migratioS to 
groundwater. The User's Guide 
provides expations and guidance for 
calculating site-specific SSLs. 

Feasibilitv Study. 

The FS m e s  as the mechanism for the 
development, screening. and detailed 
evaluation of alternative remedial 
actions. As noted above, the RI and the 
FS m intended to be performed 
concurrently. However, the FS is 
generally considered to be composed of 
four general tasks. 

These tasks are: 
1) development and screening of 
remedial alternatives 
2 )  detailed analysis of alternatives 
3) community relations 
4) FS reporting 
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BEElpn Lmeh 
At Catain facilities subject to RCRA 
comaiveection,contamm * ationwillbe 
present at concentrations (action levels) 
that may not justify further study or 
mediation Action levels axe heahh- 
orenvironmental-based c4mcultrations 
derived using chemical-sptcific toxicity 
information and stendardized ocposure 
assumptions The SSLs developed 
under CERCLA guidance can be used- 
as action levels since ~ ~ ~ R c R A  
comctive action program currently 
views them as serving the same 
PUrPo= 

Corrective Measures Stud1 

The purpose of the CMS is to iden.@ , 
develop, and evaluate potentially 
applicable corrective measures and to 
recommend the corrective measures to 
be taken. 

The CMS is performed following an Fi 
and Consists of the following four tasks: 
1) identification and development of the 
corrective measures alternatives 
2 )  evaluation of the-krrective measures 
alternatives 
3) justification and recommendations of 
the corrective measures alternatives 
4) reoorts 
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121 
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132 

133 
134 
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137 

138 
139 
140 
141 

'donned to support 
anadiation activities and 
etamine when a site or 
wcy uuit is ready for the 

ltrvcys monitor the 
EdvaRs5 of 
htamination efforts in 
educing midual radioactivity 
o acceptable levels. 

inalstatussurvcy. These 

lemedial adon support 
m c y s  do not include routine 
rpaational surveys conducted 
o support medial activities. 

?erformed to demonstrate that 
tsidual radioactivity in each 
survey unit satisfies the release 
xittion. 

.. . . 

Thjs activity includes the devdopment 
of heselected remedy and 
implementaton of the m e d y  through 
txmmction. A paiod of operation and 
maintenauce may follow the RDM 
activities 

Generally, the RDW includes: 
1) plans and specifications 
- p d h h 8 1 ~  design - intermediate design - prefinawlnal design 
-e3timatedcQst 
- d a t i o n  of  plan^ and 

specifications - selection of appropriate RCRA 

- coniplimce with requirements of 

- equipment startup and operator 

facilities 

other environmental laws 

training 
2) additional studies 
3) operation and maintenance plan 
4) QMp 
5 )  site safety plan 

Long Term Remedial Assessment 
closure/post-closure 
NPL De-Listing 

MARSSIM F-? 
DRAFT FOR PUBLIC COMh4ENT 

.. 
ementatioq 

The purpose ofthe CMI is to desim 
consbuqopaate,maiatain,and 
monitor the pafonnance of the 
comctive measures selected in the 
CMS. 

The CMI collsists of four activities: 
1) Comtive Measure Implementation 
Program Plan - 
2) corrective measure design 

- opeaation and maintealance plan 
- design plans and specifications 

- cost estimate - schedule 
- m a  QA o b j e ~ t i ~ e ~  
- health a d  safety plan 
-designphases 

3) c o d v e  measures construction 
(including the preparation of a 
constructiOn QA program) 
4) reporting 
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APPENDIX G 

HISTORICAL SITE ASSESSMENT INFORMATION SOURCES 

This appendix provides lists of information sources often useful to site assessment. The lists are 
organized in two ways: 

e Table G. 1, beginning on page G-2, identifies infomation needs by category and list 
appropriate infoAation sources for each. The categories are: 

- 
-- 
-- 
-- 
-- 
-- Air characteristics, p. G-6 

General site information, p. G-2 
Source and waste characteristics, p. G-2 
Ground water use and characteristics, p. G-3 
Surface water use and characteristics, p. G-4 
Soil exposure characteristics, p. G-5 

- 

0 The reverse approach is provided in Table G.2, beginning on page G-7. 
Categories of information sources are listed with a brief explanation of the 
information provided by each source. A contact is provided for additional 
information. The categories are: 

-- 

. .  
I 

17 -- Databases, p. G-7 
18 -- Maps and aerial photographs, p. G-13 
19 -- Files, p. G-16 
20 -- Expert and other sources, p. G- 18 

21 
22 Itlforniatioti Directory (EPA9 1). 

More complete listings of site assessment information sources are available in Site Assessmenf 

. .- I 
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23 
24 

25 

26 

27 
28 

. 29 
30 

31 

32 
33 
34 

35 

36 

37 
38 
39 
40 

. .  

41 

42 
43 
44 
45 
46 
47 

- 
Table G.l Site Assessment Information Sources 

(Organized by Information Needed) 

La. ~ 

CERCLIS EPA Regional Li’braries 
USGS Topographic Maps 

Site Reconnaisance 

State EnvimmlmenEal Agency Files 
S i t e ~ ~ c t  State Department of Transportation Maps 

mironment a1 Sew Size of Si le - 
OwnerIODera tor Inform atiO& 

USGS Topogmphic Maps 
EPA Regional Li’braries Aerial Photographs 
State Enviranmcntal Agency Files Site R#xmnaissanct 

EPA Regional L i W e s  
State Environmental Agency Files 
Aerial Photographs 
site Reconnaissance 

Wasre TvDes and Ouantitles 

- 
EPA Regional L i W e s  
State Environmental Agency Files 
RCRIS 
Local Health Department 
Local Fire Department 
ERAMS 

EPA Regional Office Files 
State Environmental Agency Files 
RCRIS 
Local Fire Department 
Aerial Photographs 
Site Reconnaissance 
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48 
49 

50 

51 

52 
53 
54 
55 
56 
57 

58 

59 
60 
61 
62 
63 
64 

65 

66 
67 
68 
69 
70 
71 

Table G.l Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

USGS Topographic Maps 
U.S. Geological survey 
State Geological surveys 
Geologic andi3edrock Maps 
Local Experts 
Local University or College 

Terrain 

USGS Topographic Maps 
U.S. Geological survey 
stale Geological s w c y s  
Geologic and BedrockMaps 
LocalE~perts ' 
Local University or College 

Local Wata Authority 
Local Health Departmeat 
Local well Drillers 
State Environmental Agency Files 
WellFax 
WATSTORE 

Distance to Nearest 0-r Well 

USGS Topographic Maps 
Local Water Authority 
Local Well Drillers 
Local Health Department 
WellFax 
WATSTORE 
Site Reconnaissance 

Death to Aauikr 
Wellhead Protection Areas 

State Environmental Agency 
Local Water Authority 

U.S. Geological swey 
state Geological surveys 
Geologic and Bedrock Maps 
Local Experts Local Well Drillers 
Local Well Drillers * 'Local Health Department 
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Table G.l Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

w=mwma= -, i - 
USGS Topographic Maps 
State Department of Tnmsportation Maps 
Aerial Photographs 
Site Reconnaissance State Environmental Agency 

Local Water Authority 
USGS Topographic Maps 
U.S. Army corps of Erlglxleers 

e to Nearest W c e  Water Bo& 

USGS Toposraphic Maps 
State Department of Transportalion Maps 
Aezial Phatographs 
siteReconnaissancc 

. .  ... . 

. .  
&dace Water Flow CbacterLEI1Es 

U.S. Geological survey 
State Environmental Agency 
U.S. Amy Corps of Engineers 
Local Water Authority 
STORET 
WATSTORE 

U.S. Fish and Wildlife Service 
Statc Environmental Agency 
Local Fish and Wildlife officials 

. .  mime Envrronmem 

USGS Topographic Maps 
State Department of Transportation Maps 
State Envimmnental Agency 
U.S. Fish and Wildlife Service 
Local Fish and Wildlife Officials 
National Wetland Inventory Maps 
Ecological Inventory Maps 
Natural Heritage Program 

Flood Freauencv at the Site 

Federal Emergency Management Agency 
State Environmental Agencv 
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97 

98 
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101 

102 
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Table G.l Site Assessment Information Sources (continued) 

(Organized by Information Needed) 

Site Reconnaissmce 
USGS Topdgraphic Maps 
Aerial Photographs 

Site Reconnaissan~e 
USGS Topographic Maps 
Local Street Maps 

Numb er of Workers Onsite ,!mations of Semi 'tive Environm en ts - 

Site Reconnaissance USGS Topographic Maps 
Ownerloperator Interviews State Department of Transportation Maps 

State Environmental Agency 
US. Fish and Wildlife S d c e  
Local Fish and Wildlife officials 
Ecological Inventory Maps 
Natural Heritage Program 
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Table G.l Site Assessment information Sources (continued) 
(Organized by information Needed) 

ons Within Four- &cations of S enstrive E m d m m  Acregpe of 
Wetland -I . 

GEMS 
NPDC USGS Topographic Maps 
USGS Topographic Maps 
Site Reconnaissance State Environmental Agency 

State Department of Transportation Maps 

U.S. Fish and Wildlife Service 
Local Fish and Wildlife OfXcials 
National Wetland Inventory Maps 
Ecological Inventory Maps 
Natural Heritage Program 

- 
Distance to Nearest Ind ividual 

USGS Toposraphic Maps 
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1 I6 
1 I7 

118 

119 
1 20 

121 
122 ' 

123 

124 
125 
126 
127 
128 

129 

130 
131 
I32 

133 

134. 
135 
136 
137 
138 

Table G.2 Site Assessment Information Sources 
(Organized by Information Needed) 

Source: CERCLIS (Comprehensivk h k n m t n t a l  Responst, Compensation, and Liability Information 
SY-) 

Provides: EPA's inventory of potential hazardous waste sites. Provides site name, EPA 
identSCation number, site address, and the date and types of previous investigations. 

supports: GeneralsiteInformalim 

Contact: U.S. Environmental Prokction Agency 
Office of Solid Waste and Emergeacy Response 
Office of Emergency and Remedial Response 

Mikc 703/603-888 1 
Fax 703/603-9133 

Source: RODS (Remrds of Decision System) 

Provides: - Information 0x1 technology justification, site history, comm\mity participation, 
enforcement activities, site characteristics, scope and role of response action, and 
remedy. 

supports: General Site Infomation, Source and Waste Characteristics 

Contact: U.S. Environmental Protection Agency 
Office of Solid Waste and Emergeacy Response 
Office of Emagency and Remedial Response 

Mike Cullen 7031603-888 1 
Fax 703/603-9133 

. .  
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. .. 
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Table (3.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

source: RcRIs(Rcs0Urce- ' (nlandmvayw~msystem) 

Provides: EPA's inventory btf hazardous waste generators. Contains Eacility narnq address, phone 
number, and contact name; EPA identification number, treatment, storage and disposal 
history; and date of notification. 

supports: General Site Infomation, Source and Waste Characteristics 

Contact: U.S. Environmental protection Agency 
Office of Solid Waste and Emergency Response 
Office of Solid Waste 

Kevin Phelps 202/2604697 
FlUC 202l260-0284 

Source: ODES (Ocean Data Evaluation System) 

Provides: Information associated with both marine and i i ~ s h  water supplies with the following 
programs: 

301(h) sewage discharge 

0 ocean Dumping 
0 National Estuar)l Program 
0 403c Industrial Discharge 

. National Coastal Waters Program 

0 National Pollutant Discharge Elimination System (NPDES) 

0 Great Lakes Remedial Action Program 

Houses a variety of dati pertaining to water quality, oceanographic descriptions, 
sediment pollutants, physicaVchemical characteristics, biological characteristics, and 
estuary information. 

supports: General Site Information, Source and Waste Characteristics, 
Surface Water Use and Characteristics 

Contact: U.S. Environmental Protection Agency 
Office of Water 

Robert King 202/260-7028 
Fax 2021260-7024 

-.- . L 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

Source: EMMI (Environmental Monitoring Methods Index) 

Provides: 
-1  . 

U.S. En- Protection Agency's official methods compendium. Serves as a 
source of standad analytical methods. 

supports: General Site Momation 

Contact: US. Envinmmental protectian Agency 

- 

U~er Support 70315 19- 1222 - 

Annual updates may be purchased fiom the National Technical Information Service at 
7031487-4650 

Source: WellFax 

Provides. National Water Well Associdonk inventOry of municipal and community water 
supplies. Identifies public and private wells within specified distances around a point 
location and the numbex of households served by each. 

. .  Supports: G r o m d W a t e x U s e m d ~  cs 

Contact: National Water Well Association (NWWA) 
6375 Riverside Drive 
Dublin,OH 43017 

Source: Geographic Resources Information Data System (GRIDS) 

Provides: National access to commonly requested geographic data products such as those 
maintained by the U.S. Geologic Surtrey, the Bureau of the Census, and the U.S. Fish 
and Wildlife Service. 

Supports: General Site Information, Ground Water Use and Characteristics, 
Surface Water Use and Characteristics, Soil Exposure Characteristics, 
Air Pathway Characteristics 

Contact: U.S. Environmental Protection Agency 
Office of Administration and Resources Management 
Office of Wornation Resources Management 

Bob Pease 7031235-5587 
F a  7031557-3 186 
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213 
214 
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216 
217 

218 
219 
220 
22 1 
222 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

Source: National Planning Data Coiporaton (NPDC) 

Provides: 
7, i 

Commercial database of U.S. census data Provides residential populations in specified 
distance rings ammd a point location. 

supports: Soil Exposure Characteristics, Air Pathway Characteristics 

Contact National Planning Data Corporation 
20 Termce Hill 
1thaca.W 14850-5686 

- 

Source: STORET (Storage and Retrieval of U.S. Waterways Panunetric Data) 

Provides: EPA's repositoxy of water quahly data for waterways within the U.S. The system is 
capable of pehxmbg a broad mge of reporling, statistical analysis, and graphics 
functions 

Geographic and descriptive infomation on various waterways; d y t i c a l  data h m  
d i c e  water, ftsh tissue, and sediment samples; stream flow data 

supports: 

Contact: U.S. Environmental Protection Agenq 
Office of Water 
Office of Wetlands, Oceans, and Watersheds and 
Office of Mmation Resources Management 

Louie H. Hoelman 202/260-7050 
Fax 202/260-7024 

-- 
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232 

233 
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239 
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24 1 
242 

243 
244 

245 
246 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

Source: Federal Repodng Data System (FRDS) 

Provides: 
-1 . 

General infbmzation on public water supplies, including identiticatinn infoxmation, 
noncompliance related events, Violdons of the Safe Drinking Water Act, enforcement 
actions, identification of significant noncompliers, and information on variances, 
exemptions, and waivers. 

supports: Ground Water Use and Characteristics, SurEace Water Use and Characteristics 

Contact U.S. Environmental Protection Agency 
Office of Water 
0- of Gxwnd Wata and Drinking Water 

Abe Seigcl 202/260-2804 
Fax 2021260-3464 

Source: WATSTORE 

Provides. U.S. Geological Survey's National Water Data Storage and Retrieval System. 
Administend by the Water Resources Division and contaifls the Ground Water Site 
Inventory file (GWSI). This provides physical, hydrologic, and geologic data about test 
holes, springs, tunnels, drams, ponds, other excavations, and outcrops. 

supports: General Site Infomation, Ground Water Use and Characteristics, 
Surface Water Use and Characteristics 

Contact U.S. Geological Survey or USGS Regional Field Office 
12201 Sunrise Valley Drive 
Reston,VA 22092 
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269 
270 
27 1 
272 
273 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

. _. - . - .. 

source: IS1 Onformation systems 7, Inventory) 1 

Provides: Absmcts and contacts who can provide hformation on U.S. Environmental Protection 
Agencydatabases. 

supports: All information needs 

Contact U.S. Jkvkmmmtal Prokction Agency 
Office of Information and Resources Management 
Idormation Management and Services Division 

IS1 System 202/260-59 14 
Fax 202L260-3923 

Source: ERAMS (Environmental Radiation Ambient Monitoring System) 

Provides: A direct assessnmt ofthc population intake of radioactive pollutants due to fallout, data 
for developing dose computational models, population exposum h m  routine and 
accidental re1ea.s~~ of radioactivity from major sou~cfs data for indicating additional 
rneasmmcht needs or other actions required in the event of a major release of 
radioactivity in the environment, and a reference for data comparision with other 
localized and limited monitoring programs. 

supports: S o m  and waste characteristics 

Contact: U.S. Environmental Protection Agency 
National Air and Radiation Environmental Laboratory 
540 South Morris Avenue 
Montgomery, AL 361 15 

PhoX 334/270-3400 
Fax 3341270-3454 

-. 

.. 
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296 
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Table G.2 Site Assessment Information Sources (continued) 
(OFganized by Information Needed) 

Source: U.S. Geological S w e y  (USGS) Topogqhic Quadrangles 

Provides: Maps detailing topographic, geographical, political, and cultud features. Available in 
7.5- and 15-minute Series. 

supports: Site location and environmental setting; latitudeilongitude; houses, schools, and other 
buildings; distrmces to *gets; surface water body types; drainage mutes; wetlands and 
sensitive ernrimmen6 karst terrain features. - 

Contact U.S. Geological survey or USGS Regional or Field Office 
12201 Sunrise Vallq Drive 
Reston,VA 22092 

Somi National Wetland Inventory Maps 

provides: Maps delineating boundaries and acreage of wetlands. 

supports: Environmental setting and wetlands locations. 

Contact U.S. Geological survey or U.S. Fish and Wildlife Service 
12201 Sunrise Valley Drive 18th and C Streets, NW 
Resto4VA 22092 WashingtonDC 20240 

Source: Ecological Inventory Maps 

Provides: Maps delineating sensitive environments and habitats, including special land use areas, 
wetlands, study areas, and native plant and animal species. 

Environmental setting, sensitive environments, wetland locations and size. supports: 

Contact: U.S. Geological S w e y  or U.S. Fish and Wildlife Service 
12201 Sunrise Valley Drive 18th and C Streets, NW 
Reston,VA 22092 WashingtosDC 20240 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

source: FloodInsuranctRateMaps~ . I  . 

Provides: Maps delineating flood hatard bomdaies for flood insurance purposes. 

. .  
Source: State Department of Transportation Maps 

Provides: State maps detailing road systems, SurEace water.sysystems, and other geographical, 
cui- and political features. . 

supports: Site location and environmental setting, distances to targets, wetlands, and sensitive 
environments. 

State or Local Government Agency Contact 

Source: Geologic and Bedrock Maps 

Provides: Maps detailing surficial and outcrop of formations for interpreting subsurface 
geology. Bedrock maps describe depth and lateral distribution of bedrock. 

supports: General stratigraphy beneath and SurrOundiLIg the site. 

Contact: U.S. Geologid survey or USGS Regional or Field Office 
12201 Sunrise Valley Drive State Geological Survey Office 
Reston.VA 22092 
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3 24 
325 

326 

327 

328 
329 

330 
33 1 
332 
333 

334 
335 
3 36 
337 
338 
39 
340 
34 1 
342 

Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

Source: Aerial Photographs 7 ,  

Provides: Black and white and/or color photographic images detailing topographic, physical, and 
cultural features. 

supports: Site location and size, location and extmt of waste SOUCCCS, iddcation of surrounding 
surtiicial geology, distaaces to targets, wetlands and sensitive envirpnments. May 
provide infomation on historical site operations, wask quantity, and waste handling 
praCticeS. 

Contact: State Department of Transportation 
Local zoning and Planning Office 
County Tax Assessor's Office 
Colleges and Universities (geology or geography departments) 
EPA's Environmental Monitoring Services Laboratory (EMSL) 
EPA's Environmental Photographic Interpretation Center (EPIC) 
U.S. Arrny Corps of Engineers 
U.S. Department of Agriculture, Forest Service 
U.S. Geological survey 

- 
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343 
344 

345 

346 

347 

348 
349 

350 

35 I 

352 
353 

Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

-1 . Source: Of6ct project files 

Site investigation reports, logbooks, telecons, references, etc. 

Information on nearby sites such as town populations, public and private water supplies, 
well locations, targets, and general stratigraphy descriptions. 

supports: 

Source: state Emhmmed Agency files 
- 

Provides: Historical site information, permits, violations, and notifications. 

supports: General site iaformation and operational history, source descriptions, waste quantities . 

and waste handlinP practices. May provide results of previous site investigations. 

, 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

.. . ,... . .. . 

o m :  EPA &gional'Libraxies 

mvides: 

bntact 

EIistmical infinmation OQ CERCLIS Sites, @ts, Violatiuns, and notifications. 
Additionally provides interlibrary loan services. 

General site information and operational history, source descriptions, waste quantities 
and waste handliig practices. May provide results of previous site investigations. 

USEPA 
Region 1 Library 
JFK Federal Building 
BOston,MA 02203 

6 171565 -33 00 

USEPA 

290 Broadway 
16th Floor . 

Region 2 Llhary 

New YO* NY 10007-1866 
2 121264-288 1 

USEPA 
Region 3 Information Resources 

Center, 3PM52 
841 ChestnutStreet 
Philadelphia, PA 19107 
2 151597-0580 

USEPA 
Region 4 Library, G6 
345 Courtland Street, NE 

4O4B47-42 16 
Atlanta, GA 30365-2401 

USEPA 
Region 5 Library 
77 W. Jackson Blvd., 12 * Floor 
Chicago, IL 60604-3590 

USEPA 
Region 6 Library, 6M-AI - 
1445 Ross Avenue, Suite 1200 
First hterstate Bank Tower 

2 141655-6427 
Dall=, TX 75202-2733 

USEPA 
Region 7 Informaton Resources Center 
726 Mmesota Avenue 
Kansas City, KS 66101 
9131551-7358 

USEPA 
Region 8 Library, 8PM-IML 
999 18" Street Suite 500 
Denver, CO 80202-2405 

303l293- 1444 

USEPA 
' Region 9 Library, MS:P-5-3 

75 Hawthorne Street 
San Francisco, CA 94105 
4151744-1510 

USEPA 
Region 10 Library, MD-108 
1200 Sixth Avenue 
Seattle, WA 98101 

3 11353-2022 2061553-1289 or 1259 
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Table G.2 Site Assessment Information Sources (continued) 
. (Organized by Information Needed) 

. 392.. .. 
393 

394 
395 

3% 
397 

398 
399 
400 

40 1 

402 

403 
404 

405 

406 

407 
408 

409 
4 10 

41  I 

412 

413 
414 

415 

4 I6 

.. . . 
source:' U.S. Geological swey 

Provides: Geologic, hydrogqologic, and hydraulic information including maps, reports, studies, 
and databases. 

General sfra!igraphy descriptions, karst terrain, depth to @ex, stream flow, ground 
water and surface water use and characteristics. 

supports: 

Contact: U.S. Geological survey or USGS Regional or Field Office 
12201 Sunrise Valley Drive 

source: U.S. Army corps of Engineers 

Provides: Records and data m u n d i n g  engineering projects involving surface waters. 

Ground water and surface water charadteristics, stream flow, locatio& of wetlands and 
sensitive environm&ts. . . .  

Supports: 

Contact: U.S. Army Corps of Engineers 

source: state Geological survey 

Provides: State-specific geologic and hydrogeologic information including maps, reports, studies, 
and databases. 

General stratigraphy descriptions, karst terrain. depth to aquifer, ground water use and 
characteristics. 

supports: 

Contact: 

Source: Natural Heritage Program 

State Geological Survey (Local or Field Office) 

Provides: Information on Federal and State designated endangered and threatened plants, animals, 
and natural communities. Maps, lists and general infomation may be available. 

supports: Location of sensitive environments and wetlands. 

Contact: State Environmental Agency 

_. . 

. .  

._ . 
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428 

429 
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43 1 
432 

433 

434 
2 3 s  

436  
437 

438 

Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

Source: U.S. Fish and Wildlife Service 

Provides: Environmental Elfonnation. 

supports: Locations of sensitive environments, wetlands, fisheries; surface 'water characteristics 
and stream flow. 

contact U.S. Fish and Wildlife Service or U.S. Fish and Wildlife Service 

- .. 
18th & C Streets,NW 
Washington, DC 20240 

Source: Local Fish and Wildlife officials 

Regional office 

Provides: Local environmental information. 

Supports: -,om of sensitive environments, wetlands, fisheries; surface water characteristics 
and stxeam flow: 

Contact State o r h a l  Environmental Agency 

Source: Local Tax Assessor 

State or Local Game or Conservation Office 

Provides: Past and present land ownership records, lot and building sizes, assessors maps. Ma?, 
also provide historical aerial photographs. 

Supports: Name of present and past onnerdoperators, years of ownership, size of site, and 
operational history. 

Contact: Local Town Government office 
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439 
440 

441 

442 

443 
444 
445 

446 
447 
448 
449 

450 

45 1 

452 
453 

454 
455 

456 

457 

458' 
459 

460 

46 1 

Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

PrOVideS: Public and private water supply information, including senice area maps, well locations 
and depths, well logs, surfhce water intake locations, information regarding water supply 
COrrtaminrdim 

supports: Locations and populations served by municipal and private drinking water soucces 
(wells and surhce water intakes), pumpage and production, blended systems. depth to 
aquifer, general stratigraphic descriptions, ground water and surface water 
characteristics, stream flow. - 

Contact Local Town Government office 

Source: Local Health Department 

Provides: Idormation and reqorts regardmg health-related problems that may be associated with a 
site. M o d o n  on private and municipal water supplies, and onsite monitoring wells. 

supports: Primary/secondary targets differentiation, locations and characteristics of public 
substances present at the site. 

Contact: Local Town Government office 

Source: Local Zoning Board or Planning Commission 

Provides: Records of local land development including historical land use and ownership, and 
general Stratigraphy descriptions. 

eneral  site description and history, previous ownership, and land use. supports: 

Contact Local Town Govemment office 

I -  

_- 
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Table G.2 Site Assessment Information Sources (continued) 
(Organized by Information Needed) 

Source: LocalFireDepartment 

Provides: Records of uudexgx-pund storage tanks in the area, material d e t y  data sheets (MSDS) 
for local commercid and industIial businesses, and other information on hazardous 
substances used by t h w  businesses. 

supports: Location and use of underground storage tanks and other potential sources of hazardous 
substances, identification of hazardous substances present at the site. 

Contact Local Town Government office 

Source: Local Well Drillers - 

Provides: Public and Private water supply information including well locations and depths, well 
logs, pumpage and production. 

Supports: 

Source: Local Universiy or College 

Populations sewed by private and municipal drinking water wells, depth to aqtder, 
general stratigraphic in€ormation. - 

Provides: GeoIogyEnvironmental Studies departments may have relevant published materials 
(reports, theses, dissertations) and faculty experts knowledgeable in local geologic, 
hydrologic, and environmental conditions. 

supports: 

source: site Reconnaissance 

General stratigraphic information, ground water and surface water use and 
characteristics, stream flow. 

Provides: Onsite andlor offsite visual observation of the site and surrounding area. 

supports: General site infomation; source identification and descriptions; general ground water, 
surface water, soil,and air pathway characteristics; nearby targets; probable point of 
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INTRODUCTION 

This appendix provides information on various field and laboratory equipment used to 
measure radiation levels and radioactive material concentrations. The descriptions provide 
general guidance, and those interested in purchasing or using the equipment are encouraged to 
contact vendors aid users of the equipment for specific information and recommendations. 
Although most of this equipment is in common use, a few specialty items are included to 
demonstrate promising developmepts. 

The equipment is divided into two broad groupings of field survey and laboratory 
instruments, and each group is subdivided into equipment that m&res alpha, beta, gamma, 
x-rays, and radon. A single sheet provides information for each system and includes its type of 
use (field or lab), the primary and sewn- radiation detected, applicability for site surveys, 
operation, specifrcity/sensitivity, and cost of the equipment and surveys performed. 

The Applicability for Site Surveys section discusses how the equipment is most usefbl for 
pefiorming site,radiological surveys. The Operation section provides basic technical information - 
on what the system includes, how it works, how to use it practically in the field, and its features. 
The Specificity/Sensitivity section addresses the system's strengths and weaknesses, and the levels 
of radioactivity it can measure. Information for the Cost section was obtained primarily from 
discussions with manufacturers, users, and reviews of product literature: The cost per 
measurement is an estimate of the cost of producing and documenting a single data point, 
generally as part of a multipoint survey. It assumes times for instrument calibration (primarily if 
conducted at the time of the survey), use, sample analysis, and report preparation and review. It 
should be recognized that these values will change over time due to factors like inflation and 
market expansion. 

equipment. Some of the typical instrument features and terms are listed below and may not be 
described separately for the individual instruments- 
* Field survey equipment consists of a detector, a survey meter, and interconnected cables, 

although these are sometimes packaged in a single container. The detector or probe is the 
portion which is sensitive to radiation. It is designed in such a manner, made of selected 
materials, and operated at a high voltage that makes it sensitive to one or more types of 
radiation. Some detectors feature a window or a shield whose construction material and 
thickness make the detector more or less sensitive to a particular radiation. The size of the 
detector can vary depending on the specific need, but is often limited by the characteristics 
of the construction materials and the physics of the detection process. The survey meter is 
an electronics box that provides the high voltage to the detector, processes the detectof s 
signal, and displays the readings in analog or digital fashion. An analog survey meter has a 
continuous swing needle and typically a manual multiplier switch used to keep the needle on 
Scale, which in not needed on a digital survey meter. The interconnecting'cables serve to 
pass the high voltage and detector signals in the proper direction. These cables may be 
inside those units which combine the meter and detector into a single box, but they are often 
external with connectors that allow the user to replace or remove them 

- 

_ _  

It is assumed that the user of this appendix has a basic familiarity with field and laboratory 
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Scanning and measuring surveys. Ln a scanning survey, the field survey meter is operated 
while moving the detector over an area to search for a change in readings. Since the mete<s 
audible signal responds faster than the meter display, listening to the built-in speaker or 
using headphones allows the user to respond more quickly to changes in radiation level. 
When a scanning survey detects a change, the meter can be held in place for a more 
accurate static measurement. 
Integrated readings. Wherr: additional sensitivity is desired, the reading can be integrated 
using internal electronics or an external scaler to give total values over time. The degree to 
which the sensitivity can be improved depends largely on the integration time selected. 
Units of measure. Survey meters with conventional meter faces meaSure radiation levels in 
units of counts, mimRoentgen (pR), millirad (mrad), or millirem (mrem) in terms of unit 

milliGray per unit time, e.g., pSv/hr or mGyhr. The conversions from SI to conventional 
units are 1 Sv = 100 rem, 1 Gy = 100 rad, aid 1Bq (Becquerel) = 1 dps (disintegration per 
second). 

- 

- 

time, e.g., cpm or cIR/hr. Those with SI meter faces use units microSievert ( ~ S V )  or _ _  

- 
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System: ALPHA SCINTILLATION SURVEY METER 
Labmield: Field 
Radiation Detected: Primary: Alpha Secondary: None 
Applicability to Site Surveys: The alpha scintiUator is usefbI for determining the presence or 
absence of alphaemitting contamination on nonporous surfaces, swipes, and-air filters, or on 
irregular suTf8ces ifthe degree of surface shielding is known. 
Operation: -1 - 

to 100 an2. The detector has a thin, aluminized window of mylar that blocks ambient light but 
allows alpha radiation to pass through. The detecting medium is silver activated zinc sulfide, 

photomultipliertube and passed to the survey meter. 
The probe is held close to the surface due to the short range of alpha particles in air. A 

scanning survey is used to identib areas of elevated surface contamination and then a static 
survey is performed to obtain actual measurements. Integrating the teadings over time improv6 - 

the sensitivity enough to make the instrument very useful for alpha surface contamination 
measurements for many isotopes. The readings are displayed in counts per minute, but factors 
can usually be OW-3 to convert rtiadings h m  cpm to dpm. Conversion factors, however, can 
be adversely afFi&d by-the short range of alpha particles which allows them to be shielded to 
oRenun&ain de@%s ifhey are embedded in the surfhce. 

Systems tyliidly use 2 to 6 "C" or "D" cells and will operate for 100-300 hours. 
Sp'ecificityBensitivithritg: 

The alpha scintillator measures only alpha radiation, even if there are other radiations 
present. A scanning survey gives a quick indication of the presence or absence of surface 
contamination, while integrating the readings provides a measure of the activity on a surface, 
swipe, or filter. Alpha radiation is easily shielded by irregular, porous, moist, or overpainted 
surfaces, and this should be carefidly considered when converting count rate data to surface 
contamination levels. This also requires wet swipes and filters to be dried before counting. The 
minimum sensitivity is around 10 cpm using the needle deflection or headphones, and around 1-2 
cpm when counts are integrated. Some headphones or scalers give one click for every two 
counts, so the manual should be consulted to preclude underestimating the radioactivity by a 
factor of two. 
Cost of Equipment: $1000 
Cost per Measurement: $5 

"his survey meter uses an alpha radiation detector with a sensitive area of approximately SO 

ZnS(Ag), which is sensitive only to alpha radiation. Light pulses am amplified by a / 
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System : ALPHA TRACK DETECTOR 
Lab/Field: - Field (Indoor Surfaces) 
Radiation Detected: Primary: Alpha Secondary: 
Applicability to Site Suryeys:- Alpha track detectors measure gross alpha surface 
contamination, soil activity levels, or the.'depth profile of contamination. 
Operation: 

material which is deployed diredy on the soil surface or in close proximity to the contaminated 
d a c e .  When alpha particles strike the detector s d a c e  they cause microscopic damage centers 
to form in the plastic matrix After deployment, the detector is etched in a caustic solution which 
preferentially attacks the damage centers. The etch pits may then be counted in an optical 
scanner. The density of etch pits, divided by the deployment time, is proportional to the soil or 
surface alpha activity. The measurement may be converted to isotopic c0nce4.on ifthe 
isotopes are knpwn or measured separately. 

to suit particular needs. 
s p ecifi,city/sens i I tivity 1 ,  ,. : 

response to bt?a/garnmaradiation. 4. .. .- They provide a gross alpha measurement 
where the-lower limit of detection is a function of deployment time. For-surface contamhation it 
is 200 dpm(lOOcm2 @ 1 hour, 30 dpm/100cm2 @ 8 hours, and 10 dpm/100cm2 @ 48 hours. For 
soil con&i&ition it is 10 Bq/g (300 pWg) @ 1 hour, 4 Bq/g (100 pWg) @ 8 hours, and 0.7 
Bq/g (20 pCi/g) @ 96 hours. High surface contamination or soil activity levels may be measured 
with deployment times of a few minutes, while activity down to background levels may require 
deployment times of 48-96 hours. When placed on a surface, they provide an estimate of alpha 
surface contamination or soil concentration. When deployed against the side of a trench, they can 
provide an estimate of the depth profile of contamination. They may also be used in pipes and 
underhide of equipment. 
Cost of Equipment: 
Cost per Measurement: $5 to $10 

This is a passive integrating detector. It consists of a 1 mm-thick sheet of polycarbonate 
- 

- 
The area of a standard detector is 2 an2, but it may be cut into a variety of shapes and size? 

Alpha . tra'ck r-.w.-.3.. detectors.are I / L  relatively inexpensive, simple, passive, and have no measurable 
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System : ELECTRET ION CHAMBER 
La b/Field : Field 
Radiation Detected: Primary: Alpha, beta, gamma, or radon Secondary: 
Applicability to Site Surveys: An electret is a passive integrating detector for measurements of 
alpha- or betaemitting contaminants on surfaces and in soils, gamma radiation dose; or-mdon. air 
concentration. 
Operation: 

The system consists of acharged Teflon disk (electret), open-faced ionization chamber, and 
elektret voltage reader/dafa logger. When the electret is screwed into the chamber, a static 
elect+ GPV ;C -4dishprl pnA * rlwi- ionization chamber is formed. For alpha or beta radiation 
*e c ; i ~ h .  ii, u,cned ~,l ,pi directly on the surface or soil to be measured so the particles 
can enter the chamber. For gammas, however, the chamber is left closed and the gamma rays 
incident on the c h b e r  penetrate the 2 mm-thick-plasticdetector wall. These particles or rays 
ionize the air mo1ecules;the ions are attracted to the charged electret, and the electret's charge is 
reduced. The e l m  charge is measured before and after deployment with the voltmeter, and the 
rate of change of the charge is proportional to the alpha or beta surface or soil activity. 

measuremeats, the electret is sealed inside a Mylar bag during deployment to minimize radon 
interference: For alpha and beta measurements, corrections must be made for background gamma 
radiation and,radon:response. This &rection is accomplished by deploying additional gamma or 
radon-sensitive detectors in parallel with the alpha or beta detector. 

Electrets am simple and can usually be reused several times before recharging by a vendor. 
Due to their small size 0.5" tall x 3" diameter) they may be deployed in hard-to-access locations. 
SpecificityBensitivity : 

The lower limit of detection depends on the exposure time and the volume of the chamber used. 
High surface alpha or beta contamination levels or high gamma radiation levels may be measured 
with deployment times of a few minutes. Much lower levels can3be measured by extending the 
deployment time to 24 hours or longer. For gamma radiation, the response of the detector is 
nearly independent of energy fiom 15 to 1200 keV, and fading corrections are not required. To 
quantify ambient gamma radiation fields of 10 pR/hr, a 1000 mL chamber may be deployed for 
two days or a 50 mL chamber deployed for 30 days. The smallest chamber is particularly useful 
for long-term monitoring and reporting of monthly or quarterly measurements. For alpha and 
beta particles, the measurement may be converted to isotopic concentration if the isotopes are 
known or measured separately. The lower limit of detection for alpha radiation is 50 dpm/100 
cm2 @ 1 hour, 15 dpd100 cm2 @ 8 hours, and 8 dpd100 cm2 @ 24 hours. For beta radiation 
from tritium it is 6000 dpm/cm2 @ 1 hour and 300 dpm/cm2 @ 24 hours. For beta radiation from 
99Tc it is 500 dpm/cm2@ 1 hour and 20 dpm/cm2@ 24 hours. 
Cost of Equipment: $4000 to $25000, for system if purchased. 
Cost per Measurement: $8-$25, for use under service contract 

- 

A thin Mylar window may be used to protect the electret from dust In low-level gamma 

This method gives a gross alpha, gross beta, gross gamma, or gross radon measurement. 

, 
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System: GAS-FLOW SURFACE CONTAMINATION MOMTOR 
Labmield: Field 
Radiation Detected: 
Applicability to Site Surveys: This equipment measures gross alpha or gross beta/gmma 
d a c e  contamination levels on relatively flat surfaces like the floorsand walls of facilities. It 
would serve as a screen to determine whether or not more nuclide-specific analyses were needed. 
Operation: This system consists of a gas-flow detector, gas bottle, supporting electronics, and a 
scaler or rate meter. Small detectors (-100 cm3 
an3 are mounted on a rolling GI& 'The detector entrance window can be <1 to almost 10 
mg/cmz depending on whether alpha, alpha-beta, or gamma radiation is monitored. The gas used 
is normally P-10, a mixture of 10% methane and 90% Ar. The detector is positioned close to the 
surface being monitored for good Counting &ciency without risking damage fiom the detector 
touching the surface. The surface is scanned slowly to indicate surface contamination levels, or 
held in place with counts integrated for more accurate results. Quick d i ~ c o ~ e c t  fittings allow the 
system to be d i s c ~ ~ e c t e d  Erom the gas bottle for hours with little loss of counting efficiency. 

n, or to beta and low energy gamma radiation. These voltages are 
by placing either an alpha source, such as DDrh or "'Am, or a beta 
and near the detector window, then increasing the high voltage in 

Primary: Alpha, Beta Secondary: Gamma 

hand-held and large detectors (400-600 

- 

- 

- 
The d&or operat&g voltage c811 be set to make it sensitive only to alpha radiation, to - 

incremental . steps.until ~ ~ . . + -  the count rate becomes constant The alpha plateau, the region of constant 
count rate, will be almost flat. The beta plateau will have a slope of 1.05 to 1.15 per 100 volts. 
Operation on the beta plateau allows detection of some gamma radiation, but the efficiency is very 
low. The normal mode of operation is to detect all alpha events, or all beta and gamma events. 
Some systems use a spectrometer to separate alpha, and betdgamma events, allowing 
simultaneous determination of both the alpha and bdgamma surface contamination levels 
Specificity/Sensitivity: These systems do not identify the alpha or beta energies detected and 
cannot be used to identifjr specific radionuclides. 

is higher than for laboratory detectors because of the larger detector size. Background for 
operation on the beta plateau is dependent on the ambient gamma and cosmic ray background, 
and typically ranges from several hundred to a thousand counts per minute. 

Typical efficiencies for very thin alpha sources are 15-200/0. Beta efficiency depends on the 
window thickness and the beta energy. For g o S r m  in equilibrium, efficiencies range from 5% for 
thick sources to about 35% for very thin sources. Typical gamma ray efficiency is -4% 

The presence of natural radionuclides in the surfaces could interfere with the detection of 
other contaminants. Unless the nature of the contaminant and any naturally-occumng 
radionuclides is well known, this system is better used for assessing gross surface contamination 
levels. The texture and porosity of the surface can hide or shield radioactive material from the 
detector, causing levels to be underestimated. 

Condensation in the gas lines or using the quick disconnect fittings can cause count rate 
instability. 
Cost of Equipment: $2000 to $4000 

Background for operation on the alpha plateau is very low, 2 to 3 counts per minute, which 

Incomplete flushing with gas can cause a nonuniform response over the detector's surface 

Cost per Measurement: $ 2 4  10 per m2 
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System: 
Labmield: Field 
Radiation Detected: Primary: Alpha Secondary: None 
Applicability to Site Surveys: The LRAD is a rugged field-type unit for measuring alpha 
surface soil concentration over a variety of dry, solid, flat terrains. 
Operation: The LRAD system consists of a large (1 m x 1 m) aluminum box, open on the 
bottom side, containing copper plates that collect ions produced in the soil or d a c e  under the 
box, and used to measure alpha-surf'ace contamination or soil concentration. It is attached to a 
lifting device on the front of a tractor and can be readily moved to new locations. Bias power is 
supplied by a 300-V dry cell battery, and the electrometer and computer are powered by an 
automobile battery and DC-to-AC inverter. A 50 cm grounding rod provides electrical 
grounding. A notebook computer is used for data logging and graphical interpretation of the 
data. 

These alpha particles interact with the air and produce ions that travel considerably farther. The - -  
LRAD detector box is lowered to the ground in a manner that seals out air currents that can 
spread contamination. The copper detector plate is raised to +300V along with a guard detector 
mounted above the detector plate to control leakage current. The ions are then allowed to collect 
on the copper plate producing a current that is measured With a sensitive electrometer. The signal 
is then averaged and processed &a computer. The electric current produced is proportional to 
the ionization inside the box and to the ainount of alpha contamination present on the surface soil. 

Due to its size and weight (300 lb), the unit can be mounted on a tractor for ease of 
movement. All metal surfaces are covered with plastic to reduce the contribution fiom ion 
sources outside the detector box. At each site, a ground rod is driven into the ground. 

Each location is monitored for at least 5 min. After each location is monitored, its data is 
fed into a notebook computer and an interpolative graph of alpha concentration produced. The 
unit is calibrated using standard alpha sources. 
Sensitivity/Specificity: The terrain over which this system is used must be dry to prevent the 
shielding of alpha particles, and flat to prevent air infiltration from outside the detector, both of 
which can lead to large errors. The unit can detect a thin layer of alpha surface contamination at 
levels of 20-50 dpm/100cm2, but does not measure alpha contamination of deeper layers. Alpha 
concentration errors are 5.07-0.7 Bq/g e2-20 pCi/g), with daily repeat accuracies of 20.4-4 
Bq/g eI0-I00 pCi/g), depending on the conkmination level. The dynamic measurement range 
appears to be 0.4-100 Bq/g (10-3,000 pCi/g). 
Cost of Equipment: $25,000 (est for tractor, computer, software, electrometer, and detector) 
Cost per Measurement: $80 (based on 30 min per point and a 2 person team) 

LONG RANGE ALPHA DETECTOR (LW) 

When uranium isotopes decay they emit alpha particles that travel only about 3 an in air. 

293 
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304 System: ELECTRET ION CHAMBER 
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Labnield: Field 
Radiation Detected: 

Applicability to Site Surveys: This system measures alpha- or beta-emitting contaminants on 
surfaces and in soils, gamma radiation dose, or radon air concentration, depending on how it is 

Operation, Specificity/SensitiWy, and Cost: This system is described under field survey 
equipment, alpha particle detectors. 

Primary: Low energy beta (e.g. tritium, 99Tc, “C, 9oSr, %i), 
- 9- - -  . alpha, gamma, or radon Secondary: 

Configured. 

- 
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System: GAS-FLOW SURFACE CONTAMINATION MONTI'OR 
Labmield: Field 
Radiation Detected: 
Applicability to Site Surveys: This equipment measures gross alpha or gross bedgamma 
surface contamination levels on relatively flat surfaces like the floors and walls of facilities. It 
would sewe as a screen to determine whether or not more nuclide-specific analyses were needed 
Operation, Sensitivity/Specificity, and Cost: See the Gas-Flow Surface Contamination 
Monitor description under field-Suivey equipment, alpha particle detectors. 

Primary: Alpha, Beta Secondary: Gamma 
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System : 
Lab/Field: Field 
Radiation Detected: Primary: Beta Secondary: Gamma and alpha 
Applicability to Site Surveys: This instrument is used to find and measure low levels of 
bedgamma contamination on relatively flat surfaces. 
Operation: This instrument consists of a rather flat "pancake" type Geiger-Mueller detector 
connected to a survey meter which measures radiation response in counts per minute. 

The detector housing is typically a rigid metal on all sides except the radiation entrance face 
or window, which is made of Mylar, mica, or a similar material. A steel, aluminum, lead, or tung- 
sten housing surrounds the detector on all sides except the window, giving the detector a 
directional response. 

The detector requires approximately 900 volts for operation. It is held within a few cm of 
the surface tominimize the thickness of air shielding in between the radioactive material and the 
detector. It is moved slowly to scan the surface in search of elevated readings, then held in place 
long enough to obtain a stable measurement. Radiation entering the detector ionizes the gas, 
causes a discharge throughout the entire tube, and -results in a single count being sent to the 
meter. The counts per minute meter reading is converted to a beta surface contamination level in 
pCiAOO cm2 using isotope specific factors. 
Speeificity/Sensitivity: Pancake type GM detectors primarily measure beta count rate in close 
contact with surfaces to indicate the presence of contamination. They are sensitive to any alpha, 
beta, or gamma radiation that enters the detector and causes ionization. As a result, they cannot 
determine the type or energy of that radiation, except by using an absorber set 

To be detected, beta particles must have enough energy to penetrate through any surface 
material that the contamination is absorbed in, plus the detector window, and the layer of air and 
other shielding materials in between. Low energy beta particles fiom emitters like 'H (1 7 keV) 
that cannot penetrate the window alone are not detectable, while higher energy betas like those 
from @'Co (3 14 keV) can be readily detected. The beta detection efficiency at a field site is 
primarily a fbncti,on of the beta energy, window thickness, and the surface condition. The 
sensitivity and/or counting geometry can be improved by using headphones or the audible 
response during scans, by integrating the count rate over a longer period, or, for removable 
activity, by collecting the radioactive material on a swipe rubbed over 100 cm2 of the surface. 
The typical 2 inch diameter detector can measure' an increase of around 100 cpm above 
background, which equates to 92 Bq (2500 pCi) per 100 cm2 of @Co on a surface under the de- 
tector or 20 Bq (500 pCi) on a swipe. Larger 100 cm' detectors improve sensitivity and 
eliminate the need to swipe. A swipe's collection efficiency may be below loo%, and depends on 
the wiping technique, the actual surface area covered, the texture and porosity of the surface, the 
affinity of the contamination for the swipe material, and the dryness of the swipe. This will 
proportionately change the values above. 

alpha detection efficiency is difficult to evaluate. 
Cost of equipment: $400 to $1500 
Cost per Measurement: $5 to $10 per location plus the cost of any requested isotopic analysis 
of the swipes using a multichannel analyzer, liquid scintillation counter, etc. 

GM SURVEY METER WITH BETA PANCAKE PROBE 

The sensitivity to gamma radiation is around 10% or less of the beta sensitivity, while the 
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System: ELECTRET ION CHAMBER 
Labmield: Field 
Radiation Detected: Primary: Alpha, beta, gamma, or radon Secondary: 
Applicability to Site Surveys: This is a passive integrating detector for measurements of alpha- 
or betaemitting contaminants on surfaces and in soils, gamma radiation dose, or radon air 
concentration, depending on how it is configured. 
Operation, Sensitivity/Specificity, and Cost: 

I 

This system is described ~hder field survey equipment, alpha particle detectors. 
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System: 
LablField: Field 
Radiation Detected: Primary: Gamma Secondary: Beta 
Applicability to Site Surveys: 

Due to its high detection limit, the GM survey meter may be useful during characterization 
surveys but may not meet the needs of final status surveys. 
Operation: 

This instrument consists of a cylindrical Geiger Mueller detector connected to a survey 
meter. It is calibrated to measure gamma exposure rate in m W .  The detector is surrounded on 
all sides by a protective rigid metal housing. Some units called end window or side window have 
a hinged door that opens to expose a window of Mylar, mica, or a similar material, and this allows 
it to see if the radiation field contains beta radiation. 

height, but is sometimes placed in contact with an item be evaluated. It is walked slowly over the- 
area to scan for elevated readings, observing the meter or, preferably, listening to the Cudible 
signal. Then it is held in place long enough to obtain a stable measurement. Radiation entering 
the detector ionizes the gas, causes a discharge throughout the entire Gbe, and results in a single 
count being sent to the meter. Conversion from count rate to exposure rate is accomplished at 
calibration by exposing the detector at discrete levels and adjusting the meter scale(s) to read 
accordingly. In the field, the expos& rate is read directly from the meter. If the detector 
housing has a door, an increase in open door over closed door readings indicates the presence of 
beta radiation in the radiation field, but the difference is not a measure of the beta radiation level. 
Specificity/Sensitivity : 

GM meters measure gamma exposure rate, and those with a door to the detector can 
identi@ if the radiation field includes beta radiation. Since GM detectors are sensitive to any 
enerzy of alpha, beta, or gamma radiation that enters the detector, instruments that use these 
detectors cannot identify the type or energy of that radiation, or the specific radionuclide(s) 
present. The sensitivity can be improved by using headphones or the audible response during 
scans, or by integrating the exposure rate over time. The instrument has two primary limitations 
for environmental work. First, its minimum sensitivity is high, around 0.1 mR/hr in rate meter 
mode or 0.01 mR/hr in integrate mode. Some instruments use a large detector to improve low 
end sensitivity. However, the instrument is not sensitive enough for site survey work. Second, 
the detector's energy response is nonlinear. Energy compensated survey meters are commercially 
available, but they shield out some radiation and degrade the instrument's minimum sensitivity 
Cost of Equipment: $400 to $1,500. 
Cost per Measurement: $5 per point for survey and report 

GM SURVEY METER WITH GAMMA PROBE 

This instrument is used to give a quick indication of gamma radiation levels present at a site. 

- I  - 

The detector requires approximately 900 volts for operation. It is normally held at waist 
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Appendix H 

System: . HAND-HELD ION CHAMBER SURVEY METER - 
Labmield: Field 8 

Radiation Detected: Primary: Gamma Secondary: None 
Applicability to Site Surveys: 

contrast to most other survey metedprobe combinations which are calibrated to measure exposure 
rate at one energy and approximate the exposure rate at all other energies. Due to their high 
detection limit, these instrumen& &e not considered useful for site swareys. 
Operation: 

pairs created by the passage of ionizing radiation, but not sufficiently high to amplie or increase 
the number of ion pairs as a propdonal counter does. It is held at waist level and walked 
through an area to measure radiation level, or held in place to obtain a stable or integrated 
reading. The units of readout are mR/hr, or some multiple of mR/hr. If equipped with an 

The instrument may operate'on two "D" cells that will last tor 100 to 200 hours of 

The hand-held ion chamber survey meter measures true gamma radiation exposure rate, in 

- 

This device uses an air ion chamber operated at a bias voltage sufficient to collect all ion - 

- integrating mode, the operator can measure the total exposure over a period of time. - 

operation. 
Specificity/Sensitivity: , 

Ion chamber instruments respond only to gamma or x-radiation. They have no means to 
provide the identity of contaminants. Typical ion chamber instruments have a lower limit of 
detection of 0.5 mR/hr. These instruments can display readings below this, but the readings may 
be erratic and have large errors associated with them. In integrate mode, the instrument may see 
as low as 0.05 mwhr. 
Cost of Equipment: 

$800 to $1200 
Cost per Measurement: 

$5, or higher for making integrated exposure measurements 
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AppendixH . 

System: HAND-HELD PRESSURIZED ION CHAMBER SURVEY METER 
Labmield: Field 
Radiation Detected: Primary: Gamma Secondary: None 
Applicability to Site Surveys: - -  

The hand-held pressurized ion chamber survey meter measures true gamma radiation 
exposure rate, in contrast to most other survey metedprobe combinations which are calibrated to 
measure exposure rate at one energy and approximate the exposure rate at all other energies. 
Due to their high detection limii'these instruments are not considered useful for site suveys. 
Operation: 

This device uses a pressurized * air ion chamber operated at a bias voltage sufkient to collect 
all ion pairs created by the passage of ionizing radiation, but not sufficiently high to amplify or 
increase the number of ion pairs as a proportional counter does. The instrument is identical to the 
ion chamber meter on the previous page, except that the ion chamber is sealed and pressurized to 
2 to 3 atmospheres to increase the sensitivity of the instrument by the same factors. It is held at 
waist level m-d walked through an area to measure radiation level, or held in place to obtain a - - 
stable or integrated reading. The units of readout are pwhr or mR/hr. A digital meterwill allow 
an operator to determine the total exposure over a period of time. 

operation. . 2 - ..*I * 

Specificity/Sensitty: I 

Pressurized ion chamber instruments respond only to gamma or X-radiation. They have no 
means to provide the identity of contaminants. Typical instruments have a lower limit of 
detection of 0.1 mR/hr, or as low as 0.01 mRhr in integrate mode. These instruments can display 
readings below this, but the readings may be erratic and have large errors associated with them. 
Cost of Equipment: 

$1000 to $1500 
Cost per Measurement: 

$5, or higher for making integrated exposure measurements. 

The unit may use two "D" cells or a 9-volt battery that will last for 100 to 200 hours of 

_. .. 
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Appendix H 

System: IN-SITU GERMANIUM SPECTROMETER 
Labmield: Field 
Radiation Detected: Primary: Gamma Secondary: X-rays over about 20 keV 
Applicability for Site Surveys: 

and experienced analyst It is not suitable for the casual user since a great deal of data 
interpretation is necessary. Applications and the end users of data are limited. 
Operation: I 

This system is excellent for environmental characterization when used by a highly skilled 

-1 . - 
This is an adaptation of the standard laboratoq germanium detector with a smaller liquid 

nitrogen dewar and a portable multichannel analyzer so that it may be used in field conditions to 
identify gamma isotopes and to quantify them by concentration, activity per unit area, and dose 
rate (see later write-up for details of operation of typical germanium detector and spectrometer.) 
The detector is connected to a multiattitude dewar that can be oriented in almost any direction 
and still retain its liquid nitrogen. The detector is typically attached to a surveyor-type tripod at a 
desired height above the ground and left in place while the multichannel analyzer collects data. 

It is especially useM for qualitative and (based on carem field calibration or appropriate 

- 

v J  algorithms)quantitative analysis of fieshly deposited contamination. Additionally, with prior 
knowiedgelof:thedepth/distribution of the primary radionuclides of h- which is usuallymot 
known, or using algorithms that match the site, the in-situ system is excellent for estimating the 
content!of radionuclides distributed below the surface (dependent, of course, on adequate 
detection capability.) 

An important component to the accurate use of field spectrometry, when it is not feasible or 
desirable to use real radioactive sources, is calibration based on Monte Carlo modeling of the 
assumed source-todetector geometry or computation of fluence rates with analytical expressions. 
Such modeling used in conjunction with field spectrometry is becoming much more common 
recently, especially using the MCNP Monte Carlo computer software system. 
Specificity/Sensitivity: 

concentrations of gamma emitting radionuclides in the middle to upper energy range (i.e., greater 
than 60 keV with a P-type detector or 10 keV with an N-type detector). 

For lower energy photons, as are important for plutonium and americium, an n-type 
detector or a planar crystal is preferred with a very thin Be window. This configuration allows 
measurement of photons in the energy range 5 to 80 keV. The Be window is quite fiagile and a 
target of corrosion, and should be protected accordingly. 

liquid nitrogen for several hours. 
Cost of Equipment: 

Cost per Measurement: 

increase toward $800 if a quick turnaround is requested 

With proper calibration or algorithms, field spectrometers can identifj and quantify 

. 

The detector high voltage should only be applied when the cryostat has contained sufficient 

$30,000 - $130,000 based on detector efficiency 

$150 - $200 depending on measured activity and corresponding counting times. Can 
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Appendix H 

System: - PORTABLE GERMANIUM MULTICHANNEL ANALYZER (MCA) 

Labmield: Field 
Radiation Detected: Primary: Gamma Secondary:. None 
Applicability for Site Surveys: This system produces semiquhtitative estimates of 
concentration of uranium and plutonium in soil, water, air filters, and quantitative estimates of 
many other gamma-emitting isotopes. 
Operation: This system consi& of a portable germanium detector connected to a dewar of 
liquid nitrogen, high voltage power supply, and multichannel analyzer. It is used to identie and 
quanti@ gamma-emitting isotopes in soil or other &aces. 

Germanium is a semiconductor material. When a gamma ray interacts with a germanium 
crystal, it produces electron-hole pairs. An electric field is applied which causes the electrons to 
move in the conduction band and the holes to pass the charge from atom to neighboring atoms. 
The charge is collected rapidly and is proportional to the deposited energy. 

The typical system consists of a portable MCA weighing about 7-10,lbs with batteries, a 
special portable low energy germanium detector with a built-in shield, and the aquisition control 
and spectnun analysis software;: The detector is integrally mounted to a liquid nitrogen dewar. 
The liquid nitrogen is added 2 4  hours before use and replenished every 4-24 hours based on 

SYSTEM 

- 

I I :.,. .. . . ,  ~ 

‘r : The-MCA includes all required fiont end electronics, such as a high voltage power supply, 
an amplifier, a digital stabilizer, and an ADC, which are h l l y  controllable fiom a laptop computer 
and software. 

“fiesh” or aged materials. It requires virtually no user input or calibration. The source-to- 
detector distance for this method does not need to be calibrated as long as there are enough 
counts in the spectrum to perform the analysis. 
S p ecificity/Sensi tivity : 

These systems can accurately ‘identify plutonium, uranium, and many gamma-emitting 
isotopes in environmental media, even if a mixture of radionuclides is-present. That is where 
germanium has an advantage over sodium iodide. It can produce a quantitative estimate of 
concentrations of multiple radionuclides in samples like soil, water, and air filters. 

One detector used to analyze uranium and plutonium, or other gamma-emitting 
radionuclides, is a specially designed low enerjg germanium detector that exhibits very little 
deterioration in the resolution as a h c t i o n  of count rate. When equipped with a built-in shield, it 
is unnecessary to build complicated shielding arrangements while making field measurements. Tin 
filters can be used to reduce the count rate from the 241Am 59 keV line which allows the 
electronics to process more of the signal coming from Pu or U. 

One method uses the 94-104 keV peak region to analyze the plutonium isotopes from either 
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550 Cost of Equipment: $40,000 
55 1 Cost per Measurement: $100 

A plutonium content of 10 mg can be detected in a 55 gal& waste drum in about 30 
minutes, although with high uncertainty. A uranium analysis can be perfomed for an enrichments 
range fiom depleted to 93% enrichment. The best accuracy is obtained in the 3 - 20 % 
enrichment range. The measurement time can be in the order of minutes depending on the 
enrichment and the attenuating materials. 

- I  . 
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Appendix H 

System: PRESSURIZED IONIZATION CHAMBER (PIC) 
La b/Field : Field 
Radiation Detected: 

Applicability to Site Surveys: 
The PIC is a highly accuate ionization chamber for measuring photon exposure rate in air, 

and for correcting the off responses of other instruments due to their energy sensitivities. It is 
excellent for characterizing and,qaluating the effectiveness of remediation of contaminated sites 
to be based on exposure rate, however, most remediation also requires nuclide-specific 
identification of the contributing radionuclides. Therefore, PICs must be used in conjunction with 
other soil sampling or spectrometry techniques to evaluate the success of remediation efforts. 
Operation: 

The PIC detector is a large sphere of compressed argon-nitrogen gas at 10 to 40 
atmospheres pressure surrounded by a protective box. The detector is normally mounted on a 
tripod and positioned to sit about three feet off the ground. It is co~ec ted  to an electronics box 
in which a stiip chart recorder or digital integrator measures instantaneous and integrated 
exposure rate. It operates at a bias voltage sufficient to collect all ion pairs created by the 
passage of ionizing radiation, but not sufficiently high to amplify or increase the number of ion 
pairs as a proportional counter does. The high pressure inside the detector and the integrate 
feature make the PIC much more sensitive and precise than other ion chambers for measuring low 
exposures. The average exposure rate is calculated fiom the total exposure and the operating 
time. 

from a central and remote location. 
S peci fici ty/Sens it iviiy : 

The PIC measures only gamma or x-radiation. It is highly stable, relatively energy 
independent, and serves as an excellent tool to calibrate (in the field) other survey equipment to 
measure exposure rate. Since the PIC is normally uncollimated, it measures cosmic, terrestrial, 
and foreign source contributions without discrimination. Its rugged and stable behavior makes it 
an excellent choice for an unattended sensor where area monitors for gamma emitters are needed 
PICs are highly sensitive, precise, and equally accurate to vast changes in exposure rate (1 pR/ hr 
up to 10 or 100 R/hr). PICs lack any ability to distinguish either energy spectral charicteristics or 
source type. However, the data can be processed using algorithms that employ time and 
frequency domain analysis of the recorded systems to effectively separate terrestrial, cosmic, and 
“foreign” source contributions. One major advantage of PIC systems is that they can record 
exposure rate over ranges of 1 to 10,000,000 pR per hour (i.e. pWhr to 10 R/hr) with good 
precision and accuracy. 
Cost of Equipment: $15K - $50K depending on the associated electronics, data processing, 
and telecommunications equipment. 
Cost per Measurement: $50-500 based on the operating time at each site. 

Primary: Moderate (>80 keV) to high energy photons 
Secondary: None 

- 

Arrays of PIC systems can be linked by telecommunications so their data can be observed 
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Appendis H 

SODIUM IODIDE SURVEY METER - Sys tern : 
La b/Field: Field 
Radiation Detected: Primary: Gamma Secondary: None 

... , .. . .  - Applicability to Site Surveys:. - .. 

Sodium iodide survey meters can be response checked against a PIC and then used in its 
place So readings can be taken more quickly. They are usell  for determining ambient radiation 
levels and for estimating the concentration of radioactive materials at a site. 
Operation: 7 ,  ': 

The sodium iodide survey meter measures gamma radiation levels in pR/hr (IO6 R/hr) or 
_. counts per minute (cpm). Its response is energy and count rate dependent, so comparison with a 

pressurized ion chamber necessitates a conversion factor for adjusting the meter readings to true 
pRhr values. 

The detector is held at waist level or suspended near the surface and walked through an 
area listening to the audio (if under about 500 cpm) and watching the display for changes. It is 
held in place and the response allowed to stabilize before each.measurement is taken, ivith longer .- 

times requires for lower responses. Generally, the center of the needle swing or the integrated 
reading is recorded. 

The detector is a sodium iodide crystal inside an aluminum container with an optical glass 
window that is connected to a photomultiplier tube. A gamma ray that interacts with the crystal 
produces light that travels out of the crystal and into a connected photomultipliertube. There, 
electrons are produced and multiplied into a readily measurable pulse whose.magnitude is 
proportional to the energy the gamma ray imparted to the crystal. 

Electronic filtersaccept the pulse as a count if certain discrimination height restrictions are 
met. This translates into a' meter response. Instruments with pulse height discrimination circuitry 
can be calibrated to view the primary gamma decay energy of a particular isotope. If labor. r?? 
analysis has shown a particular isotope to be present, the discrimination circuitry can be adj zjted 
to partially tune out other isotopes, but this also limits its ability to measure exposure rate. 
S p ec i fici ty/Sen s it ivi ty : 

Sodium iodide survey meters measure gamma ray radiation in FRAU or cpm with a 
minimum sensitivity of around 1-5 pR per hour, or 200-1000 cpm, or lower in digital inteipii: 
mode. The reading error of 50% can occur at low count rates because of a large needle swing, 
but this decreases with increased count rate. The instrument is quite energy sensitive, with the 
greatest response around 100-120 keV and decreasing in either direction. Measuring the 
radiation level at a location with both a pressurized ion chamber (PIC) and the survey meter gives 
a factor for converting subsequent readings to actual exposure rates. This ratio can change with 
location. Some meters have circuitry that looks at a few selected ranges of gam.ma energies. This 
feature is used to determine if a particular isotope is likely present. 

.-  

.- 
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63 3 surveys. 
634 Cost of Equipment: $2,000 
635 

The detector should be protected against thermal or mechanical shock which can break the 
sodium iodide crystal or the photomultiplier tube. Covering at least the crystal end with padding 
is often sufticient. The detector is heavy, so adding a carrying strap to the meter and a means of 
easily attaching andsdetaching the detector from the meter case helps the user endure long 

Cost per Measurement: $5 plus $10 for radioactivity concentrations calculated. 
- 4  . 

. . . .  :z.L. 
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Appendix H 

System : THERMOLUMINESCENT DOSIMETERS (TLD's) 
Labmield: Field and lab 
Radiation Detected: Primary: Gamma Secondary: Neutron, beta, x-ray 
Applicability to Site Surveys: TLDs can be used to determine if site levels are below 0.15 
mSv/y (15 mredy)  above natural background. TLDs would be placed in areas outside the site 
but over similar soils to determine the average natural background radiation level in the area. 
Other TLDs would be posted on site to determine the difference from background. Groups 
would be posted quarterly for days to quarters and compared to identify locations of excessive 
onsite doses. -1  . 
Operation: A TLD is a crystal that measures long term radiation dose. It is posted at points of 
interest typically at waist height, or at another height if the situation, e.g. potential for theft, 
dictates. When radiation hits the crystal, the signal is stored and the dose is integrated over the 
entire posting period. The TLD is left in the field for a period of a day to a quarter and then 
removed from the field and read in the laboratory on a calibration-matched TLD reader. The 
reading is the total dose received by the TLD during the posting period. 

side), and materials (CaF2, CaSO,, 6LiF, 'LiF, Lao,, and A.I2O3). "he TLD crystals can be held 
loosely inside a holder, sandwiched between layers of Teflon, affixed to a substrate, or attached to 
a heater strip and surrounded by a glass envelope. Most are surrounded by special thin shields to 
reduce their over response to certain energies. Many have special radiation filters to allow the 
same type TLD to measure various types and energies of radiation. 

TLDs are semiconductor crystals that contain small amounts of added impurities. When 
radiation interacts with the crystal, electrons in the valence band are excited into the conduction 
band. Many lose their energy and return directly to the valence band, but some are trapped at an 
elevated energy state by the impurity atoms. This trapped energy can be stored for long periods, 
but the signal can fade with age, temperature, and light. Heating the TLD in a TLD reader 
releases the excess energy in the form of heat and light. The quantity or intensity of the light 
given off gives a measure of the radiation dose the TLD received. 
Specificitylsensitivity: TLDs are primarily sensitive to gamma radiation, but selected TLD/filter 
arrangements can be used to measure beta, x-ray, and neutron radiation. They are posted both on 
site and off site in comparable areas. Their readings are compared to determine if the site can 
cause personnel to receive over 0.15 mSv (1 5 mrem) in a year above what they would receive 
from background radiation. TLDs have wide response ranges that generally start around 0 1 to 
10 mrads and end at several thousand rads The low end value can be reduced by specially 
calibrating each TLD and selecting those with high accuracy and good precision. The new A120, 
TLD may be capable of measuring doses as low as 0.1 pSv (0.0 1 mrem) while specially calibrated 
CaF, TLDs posted quarterly can measure dose differences as low as 0.05 mSv/y (5 mrem/y) This 
is in contrast to standard TLDs from dosimetry vendors that are posted monthly and may not 
measure doses below 1 mSv/y (100 mrem/y) 

sensitive to visible light, direct sunlight, fluorescent light, excessive heat, or high humidity 
Cost of Equipment: $5K-$50K (reader), $25440 (TLD) TLDs cost $5 to $40 per rental 
Cost per Measurement: $100-$500/yr to calibrate, post, read, and assess the results 

- 

_ _  

TLDs come in various shapes (thin-rectangles, rods, and powder), sizes (1/32" to 1/4" on a 

. 

. TLDs should be protected from various insults as the manufacturer recommends. Some are 
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682 - System: ACTIVATED CHARCOAL ADSORPTION 
683 Labmield: Field - 
684 Radiation Detected: Primary: Radon gas Secondary: None 
685 Applicability to Site Surveys: 
686 . -- - Activated charcoal adsorption is a passive low cost screening method for measuring indoor 
687 
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air radon concentration. The charcoal adsorption method is not designed for outdoor 
measurements due to the harsh environmental conditions. For contaminated structures charcoal is 
a good short-term indicator of qadon contamination. 
Operation: 

sampled and radon in the air adsorbs onto the charcoal. The detector, depending on its design, is 
deployed for2 to 7 days. At the end of the sampling period, the container is sealed and sent to a 
laboratory for analysis. Proper deployment and analysis will yield accurate results. 

Two analysis methods are commonly used in activated charcoal adsorption. The first 
method calculates the radon concentration based on the gamma decay fiom the radon progeny 
analyzed on a gamma scintillation or semiconductor detection system. The second method is- 
liquid Scintillation which employs a small Vial containing activated charcoal for sampling. After 
exposure, scintillation fluid is added to the vial and the radon concentration is determined by the 
alpha and beta decay of the radon and progeny counted in a liquid scintillation detector. 
SpecificityBensitivity : 

Charcoal absorbers are designed to measure radon concentrations in indoor air. Some 
charcoal absorbers are sensitive to drafts, temperature and humidity. However, the use of a 
diffusion barrier over the charcoal reduces these effects. The minimum detectable concentration 
for this method ranges from 0.007-0.04 Bqk (0.2-1 .O pCi/L). 
Cost of Equipment: $10,000 for a liquid scintillation counter, $10,000 for a sodium iodide 
multichannel analyzer system, or $30,000+ for a germanium multichannel analyzer system The 
cost of the activated charcoal itself is minimal 
Cost per Measurement: $5 to $30 including canister 

For this method, an airtight container with activated charcoal is opened in the area to be 

- 
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System: ALPHA TRACK DETECTION 
La b/Field: Field 
Radiation Detected: Primary: Radon Gas (Alpha Particles) Secondary: None 
Applicability to Site Surveys: 

Alpha track detectors can be used for both indoor and outdoor site assessment. 
Operation: 

Alpha track detectors employ a small piece of special plastic or film inside a small container. 
Air being t&ed diffuses through's filtering mechanism into the container. When alpha particles 
fiom the decay of radon and its progeny strike the detector, they cause damage tracks. At the end 
of exposure the container is sealed and returned to the laboratory for analysis. 

tracks over a predetermined area are counted using a microscope, optical reader, or spark 
counter. The radon concentration is determined by the number of tracks per area. 

used when m ' h n g  high radon concentrations. 
S pecificity/Sensitivity : 

detectors amavailable for outdoor onsite measurements. Alpha track results are usually 
expressed as the radon concentration over the exposure period (BqLdays). The sensitivity is a 
function of detector design and exposure duration, and is on the order of 0.04 BqL-day 
(1 pCilGday). 
Cost of Equipment: 
Cost per Measurement: $10 to $60 

. Alpha track detection is a passive, low cost, long term measurement method for radon gas. 

The plastic or film detector is chemically treated to ampIifL the damage tracks and then the 

Detectors are usually exposed for 3 to 12 months, although shorter time fiames may be - 

Alpha trackfdetectors are primarily used for indoor air measurements but specially designed 

Not applicable when provided by a vendor 
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Appendix H 

System: CONTINUOUS RADON MONITOR 
LabLField: Field 
Radiation Detected: Primary: Radon gas Secondary: None 
Applicability to Site Surveys: 

Continuous radon monitors are devices that track and recod real-time measurements of 
radon gas or variations in radon concentration on an hourly basis. Since continuous monitors 
display real-time hourly radon measurements, they are useful for short-term site investigation. 

Continuous radon monitors are precision devices that track and record real-time 
measurements and variations in radon gas concentration on an houriy basis. Air either diffuses or 
is pumped into a Counting chamber. The counting chamber is typically a scintillation cell or 
ionization chamber. Using a calibration factor, the counts are processed electronically, and radon 
concentrations for predetexmined intervals are stored in memory or directly transmitted to a 
printer. 

days. These devices do require some operator skills and often have a ramp up period to 
equilibrate with the m u n d i n g  atmosphere. This ramp up time can range from .1 to 4 hours 
depending on the size of the Counting chamber and rate of air movement into the chamber. 
Specificity/Sensitivity : 

The limiting factor for outdoor usage is the need for electrical power which depends on the 
battery lifetime of the monitor. The minimum detectable concentration for these detectors ranges 
from 0.004-0.04 BqL (0.1-1.0 pCi/L). 
Cost of Equipment: $1,000 to $5,000. 
Cost per Measurement: $80+ based on duration of survey. 

Operation: - 4  . 

- 

Most continuous monitors are used for a relatively short measurement period, usually 1-to 7 

Most continuous monitors are designed for both indoor and outdoor radon measurements. 
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System: ELECTRET ION CHAMBER 
Labmield: Field 
Radiation Detected: Primary: Radon gas (alpha, beta, gamma) Secondary: None 
Applicability to Site Surveys: - -  

Electrets are used to measure radon concentration in indoor environments: For 
contaminated structures, the electret ion chamber is a good indicator of short-term and long-term 
radon concentrations. 
Operation: -1  . 

For this method, an electrostatically charged disk (electret) is situated within a small 
container (ion chamber). During the measurement period, radon diffbses through a filter into the 
ion chamber, where the ionization produced by the decay of radon and its progeny reduces the 
voltage of the electret A calibration factor relates the voltage drop to the radon concentration. 
Variations in electret design enable the detector to make long-term or Short-term measurements. 
Short-term detectors are deployed for 2 to 7 days, whereas long-term detectors may be deployed 
fiom--l.to 12months. - 

Electrets are relatively inexpensive, passive and can be used several times before discarding 
or recharging;’except in areas of extreme radon concentrations. These detectors need to be 
corrected-for the background gamma radiation during exposure since this ionization alsp 
discharges the electret. 
Specificity/Sensitivity : 

Care must be taken to measure the background gamma radiation at the site during the exposure 
period. Extreme temperatures and humidity encountered outdoors may affect electret voltage. 
The minimum detectable concentration ranges from 0.007-0.02 BqL (0.2-0.5 pCiL). 
Cost of Equipment: Included in rental price 
Cost per Measurement: $8 to $25 rental for an electret supplied by a vendor 

Electrets are designed to make radon measurements primarily in indoor environments. 
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System: 
Labmield: Field 
Radiation Detected: Primary: Radon gas Secondary: None 
Applicability to Site.Surveys: 

gas) and involves the adsorption of radon on activated carbon in a large area collector. Since 

concentration in the field. -, . 

Operation: 

grid, retainer pad with screen, and a steel retainer spring. Between 170 and 200 grams of 
activated charcoal is spread in the distribution grid and held in place by the retainer pad and 
spring. 

The collector is deployed by firmly twisting the end cap into the sufface of the material to 
be measured. After 24 hours of exposure, the activated charcoal is removed and transferred to 
plastic containers. The amount of radon adsorbed on the activated c h a r d  is determined by - 
gamma spectroscopy. This data is used to calculate the radon flux in units of Bq m-’s-’. 
Specificity/Sensitivity : 

rate from a material. The minimum detectable concentration of this method is 0.007 Bq m” s-’ 
(0.2 pCi m-* SI’). 

Exposures greater than 24 hours are not recommended due to atmospheric and surface 
moisture and temperature extremes which may affect charcoal efficiency. 
Cost of Equipment: Not applicable 
Cost per Measurement: $20 - $50 including canister 

LARGE AREA ACTIVATED CHARCOAL COLLECTOR 

This method is used-to m-&e radon flux measurements (the surface emanation rate of radon 

is the parent of radon gas, these collectors are used to quantify elevated radium 
- 

The collector consists of a 10 inch diameter PVC end cap, spacer pads, charcoal distribution 

These collectors give an accurate short-term assessment of the radon gas surface emanation 
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FIELD SURVEY EQUIPMENT - 

X-Ray and Low Energy Gamma Detectors 
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.. . System: 
LabEield: Field 
Radiation Detected: 
Applicability to Site Surveys: The FIDLER (Field Instrument for the Detedon of Low 
Energy Radiation) probe is a specialized detector optimized to detect gamma and x-radiation 
below 100 keV. It is most usefbl for determining the presence of Pu and 241Am, and can be used 
for estimating radionuclide concentrations in the field. 

quartz light pipe, and photomultiplier tube. The probe can have either a 3" or 5" crystal. The 
discussion below is applicable to 5" probes. The survey meter has electronics capable of setting a 
window about an x-ray or gamma ray energy. This window allows the probe and meter to detect 
specific energies, and. in most cases, provide information about a single element or radionuclide. 
The window also lowers the background count. 

Two types of survey meters are generally used with FIDLER probes. One type resembles 
those used with GM and alpha scintillation probes. They have an analog meter and range swijch. 

in a scaler mode for a preset length of time. Both types have adjustable high voltage and window 
settings. The advantage of the digital meter is that both background and sample counts can be 
acquired in scaler mode, yielding a net count above background. The activity of a radionuclide 
can then be estimated in the field. 
Specificity/Sensitivity: The FIDLER probe is quite sensitive to x-ray and low energy gamma 
radiation. Since it can discriminate energies, an energy window can be set that makes it possible 
to determine the'presence of specific radionuclides when the nature of the contamination is 
known. If the identity of a contaminant is known, the FDLER can be used to quantitatively 
determine its activity per gram, however, interferences can causeierroneous results if other 

the presence of x-ray or low energy gamma contaminates, and to determine the extent of the 
contamination. 

FIDLER probes are most usefbl for determining the presence of Pu and 24'Am These 
isotopes have a complex of x-rays from 13-21 keV that is centered around 17 keV, and '"Am has 
a gamma at 59 keV. There is an interference at 13 keV from both an Am x-ray and a U x-ray. 
The FlDLER cannot distinguish which isotope of Pu is present. '"Am can be identified based on 
the 59 keV gamma. 

Typical sensitivities for "'Pu and * 3 ~ ~  at one foot above the surface of a contaminated area 
are 500 to 700 and 250 to 350 counts per minute per pCi per square meter (cpm/pCi/m2), 
respectively. Assuming a soil density of 1.5, uniform contamination of the first 1 mm of soil, and 
a typical background of 400 counts per minute, the MDC for usPu and "%I would be 0.4 and 0.7 
Bq/g (10 and 20 pCi/g), or 550 and 1,100 Bq/m' (15,000 and 30,000 pCi/m'). This MDC is for 
fresh deposition; it will be significantly less as the plutonium migrates into the soil. 

FIDLER PROBE WITH SURVEY METER 

Primary: X-ray Secondary: Low Energy Gamma 

Operation: It consists of a very fragile beryllium window, a thin crystal of sodium iodide, a - 

- 

The second type is a digital survey meter, which can display the count rate or accumulate counts I 

I 

i 
I 

I 
I 

radionuclides are present. Otherwise, the FDLER can be used as a suwey instrument to detect I 
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853 
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855 Cost of Equipment: $6K-$7K 
856 

Because the beryllium window is so fragile, most operations with a FIDLER probe require a 
low mass protective cover to prevent damaging the window. Styrofoam, cardboard, and other 
cushioning materials are very good choices for a protective cover. 

Cost per Measurement: $10-$20, $200 for isotopic analysis. 
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System: FIELD X-RAY FLUORESCENCE SPECTROMETER - 

Labmield: Field 
Radiation Detected: 

Applicability to Site Surveys: 

samples down to the ppm range. 

Primary: X-ray and low energy gamma radiation 
Secondary: None 

The system accurately measures relative concentrations of metal atoms in soil or water 

Operation: ' I  . 

This system is a rugged f o n  of x-ray fluorescence system that measures the characteristic 
x-rays of metals as they are released fiom excited electron structures. The associated electronic 
and multi-channel analyzer systems are essentially identical to those used with germanium 
spectrometry systems. The spectra of characteristic x-rays gives information for both quantitative 
and qualitative analysis, however, most frequently, the systems are only calibrated for relative 
atomic abundance or percent composition. 
Specificity/Sensitivity : 

100 keV. Application for quantification of the transition metals on the periodic table) is most 
common because of the x-ray emissions. Adequate operation of h i s  equipment may be learned 
with only a moderate amount of training. The sensitivity ranges fiom a few percent to ppm 
depending on the particular atoms and their characteristic x-rays. When converted to activity 
concentration, the minimum detectable concentration for =*U is around 2 Bq/g (50 pCi/g) for 
typical soil matrices. 
Cost of Equipment: $15K - $75K depending on size, speed of operation and auxiliary features 
employed for automatic analysis of the results. 
Cost per Measurement: $200 

- 

This is id& for cases of contamination by metals that have strong x-ray emissions within 5- 
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CHEMICAL SPECIES LASER ABLATION MASS SPECTROMETER 
Field 

System : 
Labmield: 
Radiation Detected: None 
Applicability to Site Surveys: 

analysis of organic and inorganic molecular species in condensed material With high sensitivity and 
specificity. 
Operation: -1  . 

Solids can be converted into aerosol particles which contain much of the original molecular 
species information present in the original material. (One way this is done is by laser excitation of 
one component of a solid mixture which, when volatilized, carries along the other molecular 
species without fmgmentation.) Aerosol particles can be Carried hundreds of feet without 
significant loss in a confined or directed air stream before analysis by mass spectrometry. Some 
analytes of interest already exist in the fozm of aerosol particles. Laser ablation is also found to be 
preferred to traditional means for the conversion of the aerosol particles into molecular ions for 
mass s p e d  analysis. Instrument manufacturers are working with scientists at national 
laboratories and universities in the development of compact portable laser ablation mass 
spectrometry instrumentation for field based analyses. 
Specificitj;/Sensitivity: 

This system can analyze soils and surfaces for organic and inorganic molecular species, with 
extremely good sensitivity. Environmental concentrations range 10-9 - lo’“ g/g, depending on 
environmental conditions. It is highly effective when used by a skilled operator, but of limited use 
due to high costs. 

It may be possible to quantify an individual radionuclide if no other nuclides of that isotope 
are present in the sample matrix. Potential MDC’s are 4x10” Bq/g (lo9 pCi/g) for ~*U;4x1Os 
Bq/g ( lo3 pCi/g) for 23?u, 0.04 Bq/g (1 pCi/g) for I3’Cs, and 0.4 Bq/g (10 pCi/g) for &Co. 
Cost of Equipment: 

Cost per Measurement: 

spectrometry (LA-ICP-AES) and laser ablation inductiveIy coupled plasma mass spectrometry 
(LA-ICP-MS). When using the Atomic Emission Spectrometer, the reported cost is $4,000 per 
sample, or 80% of conventional sampling and analysis costs. This high cost for conventional 
samples is partly due to the 2-3 day time to analyze a sample for thorium by conventional 
methods. When using the mass spectrometer, the time required is about 30 minutes per sample. 
A dollar price was not provided. 

- 

Chemical Species Laser Ablation Mass Spectromeky h&’been successfblly applied to the 

- 

._ 

Very expensive (prototype) 

May be comparable to laser ablation inductively coupled plasma atomic emission 
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- System: LA-ICP-AES AND LA-ICP-MS 
Labmield: Field 
Radiation Detected: None 
Applicability to'Site Surveys: LA-ICP:AES and LA-ICP-MS are acronyms for Laser Ablation- 
Inductively Coupled Plasma-Atodc Emission Spectrometry or Mass Spectrometry. LA-ICP- 
AESMS'techniques are used to screedcharacterize very small d p l e s  of soils and concrete 
(nondestructively) in-situ to determine the extent of contamination. It is particularly suited to 
measuring the surface concentration of uranium and thorium. With a device to dig into the 
ground, the unit may be able to assess the concentrations at various depths. It has the advantages 
of not Consuming surface material, providing real time response, reducing sampling and analysis 
time, and keeping personnel clear of the materials being sampled. This would help direct where to 
excavate and where not to. It is currently in testing. 
Operation: 

potable watec.supply, cryogenic and high-pressure gas supply, a robotics arm, control computers, - 
inductively coupled plasma torch, and video monitor. 

Sampling probes have been developed and prototyped that will screen/characterize surface 
soils, concrete floors or pads, and s u b d a c e  soils. The sampling probes, both surface and 
subsurface, contain the laser (a 50 Hz Nd YAG laser), associated optics, and control circuitry to 

. . raster,the laser.(abl+on) energy across one square inch of sample surface. Either sampling probe 
,is cobected by an.umbid&l, currently 20 m long, to the Mobile Demonstration Caboratory for 

laboratory containing the instrumentation to immediately analyze the samples generated by the 
laser ablation. 

A fiber optic cable delivers laser light to the surface of interest. This ablates a small 
quantity of material that is canied away in a stream of argon gas. The material enters the plasma 
torch where it is vaporized, atomized, ionized, and electrically excited at about 8,000 K. This 
produces an ionic emission spectrum that is analyzed on the atomic emission spectrometer. 

The analysis instrumentation (ICP-AESMS) in the MDLEST does not depend on 
radioactive decay (disintegrations per second) for detection but looks directly at the atomic make 
up of the element@) of interest. A large number of metals including the longer half-life 
radioactive elements can be detected and quantified. The spectrometer is set up using either 
hardware, software, or both to simultaneously detect all elements of interest in each sample. 

Surface soils are screendcharacterized and areas having elevated contamination levels are 
identified. The next step is to determine the extent of contamination penetration into the 
subsurface. Near surface samples, depths less than S', are obtained using a manual core sampler 
with the samples being brought to the MDLEST for analysis using the laser ablation manual 
sampling mode. If these near surface samples indicate that the contamination has penetrated 
deeper, more than S', then the subsurface in situ sampling probe is employed. The subsurface 
probe prototype is designed to operate at depths between 5' and 90'. The combined use of 
surface and subsurface sampling will identify the extent of the contamination and the level of 

Components of the system include a sampling system, fiber optics cables, spectrometer, 

, - c  \ .%d-$ t l  . d L . . >  

Screening Technologies O L E S T ) ,  a completely self-contained mobile 
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remediation needed. Sample characterization, determining the contaminant and level present, will 
help select the remediation treatment process to be used. This important piece of information will 
provide information about the risk involved using an in situ remediation process, or whether the 
contaminated soil must be removed before treatment incurring additional expense. 

After collecting the results for a number of samples, a 3-D site map showing the areas and 
levels of contamination can be generated. This information is immediately available to help 
remediation managers and contractors to make field decisions. 

enables the remediation manager to monitor, in real time, the treatment processes removing the 
contaminants and ensure that satisfactory agreement with both regulatory agency and QC/QA 
requirements is attained. 
Specificity/Sensitivity : This system measures the surface or depth concentration of atomic 
species, and is particularly suited to uranium and thorium analysis. It is highly effective with 
skilled operators. Some advantages are no contact with the soil, real time results, and no samples 
to dispose of. The sample results are immediately available for field remediation decisions, with 
the LA-ICP-AES taking about 10 minutes and LA-ICP-MS taking about 30 minutes. 

The MDLEST can be set qp  on site to monitor soil treatment processes. This hnction - 

- 

The detection limits for the two spectrometers that have been used are as follows. 
1. The AES (atomic emission spectrometer) can see ppm levels for some 70 elements and 

reportedly detects uranium and thorium concentrations at 1 ppm, or 0.01 Bq/g (0.3 pCi/g) for 
238U and 0.004 Bq/g (0.1 pCi/g) for a2Th. However, the technique is only sensitive to elements; it 
cannot discriminate between the different isotopes of uranium and thorium. This prevents it from 
being used for assessing lower 2 elements that have stable isotopes, or from determining relative 
abundances of isotopes of any element. This may significantly limit its use at some sites. 

uranium and thorium isotopes. This system has been used to search for 
reportedly useful in reaching 0.8 ppm or 0 6 Bqlg (1 5 pCi/g) for Z3"Th content for remediated soil 
It appears to measure uranium and thorium concentration of soil more sensitively than the LA- 
ICP-AES system 
Cost of Equipment: Very expensive, >SlM 
Cost per Measurement: When using the Atomic Emission Spectrometer, the reported cost is 
$4,000 per sample, or 80% of conventional sampling and analysis costs. This high cost for 
conventional samples is partly due to the 2-3 day time to analyze a sample for thorium by 
conventional methods. When using the mass spectrometer, a dollar price was not provided. 

2. The MS (mass spectrometer) can see sub-ppb levels and is capable of quantieing the 
and 226Ra and is 
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System: 
La b/Field: Lab 
Radiation Detected: Primary: Alpha Secondary: None 
Applicability to Site: 

This is a very powem tool for accurately idenming and quantifying the activity of 
multiple alpha-emitting radionuclides in a sample of soil, water, air filters, etc. Samples must first 
be prepared in a chemistry lab to isolate the radionuclides of interest from the environmental 
matrix. -1 . 
Operation: 

supply, amplifier, analog-to-digital converter, multichannel analyzer, and computer. The bias is 
typically 25 to- 100 volts. The vacuum is typically less than 10 microns (0.1 millitom). 

create electron-hole pairs; the number of pairs is directly related to the energy of each alpha. 
These pairs cause a breakdown of the diode and a w e n t  pulse to flow. The charge is collected 
by a preamplifier and converted to a voltage pulse which is proportional to the alpha energy. -It is 
amplified and shaped by an amplifier. The MCA stores the resultant pulses and displays a 
histogram of the number of counts vs. alpha energy. Since most alphas will loose all of their 
energy to the diode, peaks are seen on the MCA display that can be identified by as specific alpha 
energies. 

Two system calibrations are necessary. A source with at least two known alpha energies is 
counted to cokelate the voltage pulses with alpha energy. A standard source of known activity is 
analyzed to determine the system efficiency for detecting alphas. Since the sample and detector 
are in a vacuum, all alpha energies will be detected with the same efficiency. 

Samples are prepared in a chemistry lab. The sample is placed in solution and the element 
of interest (uranium, plutonium, etc.) separated. A tracer of known activity is added before 
separation to determine the overall recovery of the sample from the chemical procedures. The 
sample is converted to a particulate having very little mass and collected on a special filter, or i t  is 
collected from solution by electroplating onto a metal disk. It is then placed in the vacuum 
chamber at a known distance from the diode and analyzed. For environmental levels, samples are 
typically analyzed for 1000 minutes. 
Specificity/Sensitivity: 

The system can accurately identi@ and quantify the various radioactive isotopes of each 
elemental species. For soils, a radionuclide can be measured below 0.004 Bq/g (0.1 pCi/g) very 
accurately. The system is appropriate for all alphas except those from gaseous radionuclides. 
Cost of Equipment: 

$10,000 - $100,000 based on the number of detectors and sophistication of the computer 
and data reduction software. This does not include the cost of equipment for the chemistry lab. 
Cost per Measurement: 

additional element cost depends on the separation chemistry involved and may not always be less 
$200-$300 additional for a rush analysis. 

ALPHA SPECTROSCOPY WITH MULTICHANNEL ANALYZER 

- 

This system consists of an alpha detector housed in a light-tight vacuum chamber, a bias 

The detector is a silicon diode that is reverse biased. Alpha particles which strike the diode - 

- 

, 

t 

$250-$400 for the first element, $100-200 for each additional elemeni per sample. The 
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System: GAS-FLOW PROPORTIONAL COUNTER 
LabEield: Lab 
Radiation Detected: 
Applicability to Site Surveys: This system can determine the gross alpha or gross beta activity 
of water, soil, air filters, or swipes. Results can indicate if nuclidespecific analysis is needed. 
Operation: This system consists of a gas-flow detector, supporting electronics, and an optional 
guard detector for reducing background count rate. A thin window can be placed between the 
gas-flow dgtector and sample tolprotect the detector from contamination, or the sample can be 
placed directly into the detector. 

The detector high voltage and discriminator are set to count alpha radiation, beta radiation, 
or both simultaneously. The alpha and beta operating voltages are determined for each system by 
placing an alpha source, like UOTh or %'Am, in the detector and increasing the high voltage 
incrementally until the count rate becomes constant, then repeating with a beta source, like %Sr. 
The alpha plateau, or region of constant count rate, should slope <2%/1OOV and be >800V long. 
The beta plateau should have a slope of <2.50/0/100V and be >200V long. Operation on the beta 
plateau will also allow detection of some gamma radiation and bremsstrahlung, but the efficiency 
is cery low. Counts crosstalking fiom a-to-p channels is typically around 1Ooh while P-to-a 
channels should be 4 % .  Systems with guard detectors operate sample and guard detectors in 

The activity in soil samples is chemically extracted, separated if necessary, deposited in a 

Primary: Alpha, Beta Secondary: Gamma 

- 

anticoincidence mode to reduce the background and MDC. ..*- , 

thin layer in a planchet to minimize self absorption, and heated to dryness. Liquids deposited 
and dried, while air filters and swipes are placed directly in the planchet After each sample is 
placed under the detector, P-10 counting gas is constantly pumped through the detector. Systems 
with automatic sample changers can analyze tens to hundreds of planchet samples in a single run. 
Specificity/Sensitivity: Natural radionuclides present in soil samples can interfere with the 
detection of other contaminants. Unless the nature of the contaminant and any 
naturally-occurring radionuclides is well known, this system is better used for screening samples. 
Although it is possible to use a proportional counter to roughly determine the energies of alpha 
and beta radiation, the normal mode of operation is to detect all alpha events or all alpha and beta 
events. Some systems use a discriminator to separate alpha and beta events, allowing 
simultaneous determination of both the alpha and beta activity in a sample. These systems do not 

_. . 

.07 1 
* 072 
.073 
074 

identify the alpha or beta energies detected and cannot be used to identify specific radionuclides. 
The alpha channel background is very low, cO.2 cpm (<OB4 cpm guarded), depending on 

detector size. Typical efficiencies for very thin alpha sources are 3545% (window) and 40-50% 
(windowless). Efficiency depends on window thickness, particle energy, and detector size. 
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The beta channel background ranges from 2 to 15 cpm (<OS cpm guarded). The efficiency 
for a thin 9oSrm source is >50% (window) to >60% (windowless), but can reduce to ~ 5 %  for a 
thick source. MDA's for guarded gas-flow proportional counters are somewhat lower for beta 
emitters than for internal proportional counters because of the lower backgrounds, -- 

flow rate can suspend fine particles and contaminate the detector. 
'Cost of Equipment: $4K-$5K (manual), $25K-$3OK (automatic) 
Cost per Measurement: $5O-plus radiochemistry 

. 

. 
Analyzing a highly radioactivity sample or flushing the detector with PlO'gas at too high a 
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System: LIQUID SCINTILLATION SPECTROMETER 
Labmield: Lab (primarily), field (secondarily) 
Radiation Detected: Primary: Alpha, beta Secondary: Gamma 
Applicability to Site Surveys: Liquid Scintillation c8n be a very.effeCtive tool for measuring the 
concentration of radionuclides in soil, water, air filters, and swig.  -An additional purpose for 
initial scoping surveys may be done (particularly for loose surface contamination) with surface 
swipes or air particulate filters. They may be counted directly in liquid scintillation cocktails with 

Operation: The liquid scintillation process involves detection of light pulses (usually in the near 
visible range) by photo-multiplier tubes (or conceptually similar devices). The detected light 
pulses originate from the re-structuring of previously excited molecular electron structures. The 
molecular species that first absorb and then re-admit the visible light are called “liquid 
scintillators” and the solutions in which they reside are called “liquid scintillation cocktails.” 

For gross type work, samples may be placed directly into a LSC vial of cocktail, and 
counted with no preparation. Inaccuracies result when the sample itself absorbs the radiation 
before it can reach the LSC cocktail, or when the sample absorbs the light produced by the 
cocktail. For accurate results, these interferences are minimized. Interferences in liquid 
scintillation counting due to the inability of the solution to deliver the fbll energy pulse to the 
photo-multiplier detector, for a variety of reasons, are called “pulse quenching.” Raw samples 
that cloud or color the LSC cocktail so the resulting scintillations are absorbed will “quench” the 
sample and result in underestimates of the activity. Such samples are first processed by ashing, 
radiochemical or solvent extraction, or pulverizing to place the sample in intimate contact with the 
LSC cocktail. Actions like bleaching the sample may also be necessary to make the cocktail 
solution transparent to the wavelength of light it emits. The analyst has several reliable 
computational or experimental procedures to account for “quenching.” One is by exposing the 
sample and pure cocktail to an external radioactive standard and measuring the difference in 
response 
Specificity/Sensitivity: Liquid scintillation has historically been applied more to beta emitters, 
particularly low energy beta emitters ’H and 14C, but is can apply well to other radionuclides 

The method is extremely flexible and accurate when used with proper calibration and 
compensation for quenching effects. Energy spectra are 10 to 100 times broader than gamma 
spectrum photopeaks so that quantitative determination of complex multi energy beta spectra is 
impossible. Sample preparation can range from none to complex chemical reactions. In some 
cases, liquid scintillation offers many unique advantages, no sample preparation before counting in 
contrast to conventional sample preparation for gas proportional counting. 

no  paper dissolution or other sample preparation. - 
- 
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.I19 
,120 
.I21 
.122 
.123 
.124 
.125 
.I26 
,127 

Recent advances in electronic stability and energy pulse shape discrimination has greatly 
expanded uses. Liquid scintillation counters are ideal instruments for moderate to high energy - 
b@ as well as alpha emitters, where the use of pulse shape discrimination has allowed dramatic 
increases in sensitivity by electronic discrimination against beta and gamma emitters. 

liquid scintillation-type equipment without using “liquid scintillation cocktails” by use of the 
Cerenkov light pulse emitted as high energy charged particles move through water or similar 
substances. -1  . - 
Cost of Equipment: $20K - $70 K based on the specific features and degree of automation 
Cost per Measurement: 

. Additionally, very high-enerjy beta emitters (practically above 1.5 MeV) may be counted in 

$100-200 plus cost of chemical separation, if required 
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System: LOW-RESOLUTION ALPHA SPECTROSCOPY 
Labmield: Lab (Soil Samples) 
Radiation Detected: Primary: Alpha Secondary: 
Applicability to Site Surveys: 

Some isotopic information can be obtained. 
Operation: 

multichannel analyzer, laptop or benchtop computer, and analysis software. Soil samples are 
dried, milled to improve homogeneity, distributed into 2" planchets, loaded into the vacuum 
chamber, and counted. The accumulated alpha spectrum is displayed in real time. When 
sufficient counts have been accumulated, the spectrum is transferred to a data file and the 
operator inputs the known or suspected contaminant isotopes. The analysis software then fits the 
alpha spectrum with a set of trapezoidal peaks, one for each isotope, and outputs an estimate of 
the specific activity of each isotope. - 
Specificity/Sensitivity : 

resolution alpha spectroscopy. 

low-resolution technique, isotopes with energies closer than -0.2 MeV cannot be separated. For 
example, =*U (4.20 MeV) can be readily distinguished from ='U (4.78 MeV), but =?t'h (4.69 
MeV) cannot be distinguished from =U. 

Because no chemical separation of isotopes is involved, only modest MDA's in the Bq/g 
range can be achieved. Detection limits are determined by the background alpha activity in the 
region of interest of the contaminant of concern, and also by the counting time. Typical MDA's 
are 1 Bq/g (40 pCi/g) @ 15 min counting time, 0 3 Bq/g (7 pCi/g) @ 8 hours, and 0.2 Bqlg 
(5 pCi/g) @ 24 hours. 

laboratory or highly-trained personnel 
Cost of Equipment: $1 1000 
Cost per Measurement: $25-$100 

This is a method for measuring alpha activity in soils with a minimum of sample preparation. 

The system consists of a 2" .diameter Si detector, small vacuum chamber, roughing pump, 

This method fills the gap between gross alpha analysis and radiochemical separationhigh- - 

Unlike gross alpha analysis, it does provide some isotopic information. Because this is a 

The method does not generate any new waste streams and does not require a sophisticated 
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LABORATORY INSTRUMENTS 

Beta Particle Analysis 
-------- 
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.162 System: - GAS-FLOW PROPORTIONAL COUNTER 
. .I63 Lab/Field: Lab 

.I64 Radiation Detected: Primary: Alpha, Beta Secondary: Gamma 
,165 
.166 
.167 
.168 instruments, alpha particle analysis. . 

Applicability to Site Surveys: This system can determine the gross alpha or gross beta activity 
of water, soil, air filters, or swipes. Results can indicate if nuclide-specific analysis is needed. 
Operation, Specificity/Sensitivity, and. Cost:This system is described under laboratory 

.I z 
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169 System: LIQUID SCINTILLATION SPECTROMETER 
170 Labmield: Lab (primarily), field (secondarily) 
171 Radiation Detected: Primary: Alpha, beta Secondary: Gamma 

,172 Applicability to Site Surveys: 
. i n  
. 174  instruments, alpha particle analysis. 

Operation, Specificity/Sensitivity, and Cost:This system is described under laboratory 

-. . .. . 
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LABORATORY INSTRUMENTS 

Gamma Ray Analysis 
-------- 
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System: 
Labmield: - Lab 
Radiation Detected: Primary: Gamma Secondary: None 
Applicability to Site: 

materials like soil, water, air filters, etc. With little preparation. Germakium is especially powefil 
in dealing with multiple radionuclides and complicated spectra. 
Operation: . 

This system consists of a gehknhm detector connected to a dewar of liquid nitrogen, high 
voltage power supply, spectroscopy grade amplifier, analog to digital converter, and a 
multichannel analyzer. P-type germanium detectors typically operate from +2000 to +5000 volts. 
N-type germanium detectors operate h m  -2000 to -5000 volts. 

Gennanium is a semiconductor material. When a gamma ray interacts with a germanium 
crystal, it produces electron-hole pairs. An electric field is applied which causes the electrons to 
move in the conduction band and the holes to pass the charge from atom to neighboring atom. 
The charge is collected rapidly and is proportional to the deposited energy. The count ratdene&y 
spectrum is displayed on the MCA screen with the fill energy photopeaks providing more useful 
information than the general smear of Compton scattering events shown in between. 

The system is enersy calibrated using isotopes that emit at least two known gamma ray 
energies, so the MCA data channels are given an energy equivalence. The MCA's CRT then 
becomes a display of intensity versus energy. 

Eficiency calibration is performed using known concentrations of mixed isotopes. A curve 
of gamma ray energy versus counting efficiency is generated, and it shows that p-type germanium 
is most sensitive at 120 keV and trails off to either side. Since the counting efficiency depends on 
the distance fiom the sample to the detector, each geometry must be given a separate efficiency 
calibration curve. From that point the center of each gaussian-shaped peak tells the gamma ray 
energy that produced it, the combination of peaks identifies each isotope, and the area under 
selected peaks is a measure of the amount of that isotope in the sample. 

Samples are placed in containers and tare weighed. Plastic petri dishes sit atop the detector 
and are useful for small volumes or low energies, while Marinelli beakers fit around the detector 
and provide exceptional counting efficiency for volume samples. Counting times of 1000 seconds 
to 1000 minutes are typical. The CRT display is scanned and each peak is identified by isotope. 
The counts-in each peak or energy band, the sample weight, the efficiency calibration curve, and 
the isotope's decay scheme are factored together to give the sample concentration. 
Specificity/Sensitivity: 

The system accurately identifies and quantifies the concentrations of multiple gamma- 
emitting radionuclides in samples like soil, water, and air filters with minimum preparation. A P- 
type detector is good for energies over 50 keV. An N-type or P-type planar (thin crystal) 
detector with beryllium-end window is good for 5-80 keV energies using a thinner sample placed 
over the window. 
Cost of Equipment: $35,000 - $150,000 based on detector efficiency and sophistication of 
MCNcomputer system 
Cost per Measurement: $150 ($500 or higher for rush requests) 

GERMANIUM DETECTOR WITH hIluLTICHpLNNEL ANALYZER 

This system accurately measures the activity of gamma-emitting radionuclides in a variety of 
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System : 
Labmield: Lab 
Radiation Detected: Primary: Gamma Secondary: None 
Applicability to Site Surveys: This system accurately measures the activity of gamma-emitting 
radionuclides in a variety of materials-like soil; water, air filters, etc. with little preparation. It is a 
weaker tool than germanium if multiple radionuclides and complicated spectra are involved. 
Operation: This system consists of a sodium iodide detector, a high voltage power supply, an 
amplifier, an analog to digital converter, and a multichannel analyzer. The detector is a sodium 
iodide crystal connected to a phbtomdtiplier tube (PMT). Crystal shapes can vary extensively 
since the material can be compress molded. Typical detector high voltage are 900-1,000 V. 

Sodium iodide is a scintillation mateial. A gamma ray interacting with a sodium iodide 
crystal produces light which is passed to the PMT. This light ejects electrons which the PMT 
multiplies into a pulse that is proportional to the energy the gamma ray imparted to the crystal. 
The MCA assesses the pulse size and places a count in the corresponding channel. The count rate 
and energy spectrum is displayed on the MCA screen with,the fill energy photopeaks providing 
more'usefd i&o&ation than the generat smear of Compton scattering events shown in between. - 

calibrated using isotopes that emit at least two gamma ray eher&es, so 
an energy equivalence. The MYA's CRT then becomes a 
. A near linear energy response makes isotopic idedification less 

Eficienky dibhtion is performed using known concentrations of single or daixed isotopes. 

SODIUM IODIDE DETECTOR WITH MULTICHANNEL ANALYZER 

The single isotope method develops a count rate to activity factor. The mixed isotope method 
produces a gamma ray energy versus counting efficiency m e  that shows that sodium iodide is 
most sensitive around 100-120 keV and trails off to either side. Counting efficiency is a hnction 
of sample to detector distance, so each geometry must have a separate efficiency calibration 
curve. The center of each parabolic-shaped peak tells the gamma ray energy that produced it and 
the combination of peaks identifies each isotope. Although the area under a peak relates to that 
isotope's activity in the sample, integrating a band of channels often provides better sensitivity. 

Samples are placed in containers and tare weighed. Plastic petri dishes sit atop the detector 
and are usefid for small volumes or low energies, while Marinelli beakers fit around the detector 
and provide exceptional counting efficiency for volume samples. Counting times of 60 seconds to 
1000 minutes are typical. The CRT display is scanned and each peak is identified by isotope. The 
counts in each peak or energy band, the sample weight, the efficiency calibration curve, and the 
isotope's decay scheme are factored together to @ve the sample concentration. 
Specificity/Sensitivity: This system analyzes gammaemitting isotopes with minimum 
preparation and with better efficiency than most germanium detectors. Germanium detectors do 
reach efficiencies of 150% compared with a 3" x 3" sodium iodide detector, but the cost is around 
$100,000 each compared with $3,000. Sodium iodide measures energies over 80 keV. Its 
response is energy dependent, its resolution is not superb, and its energy calibration is not totally 
linear, so care should be taken when identifLing or quantifying multiple isotopes. Software can 
help unravel complicated spectra. Sodium iodide is fragile and should be shock protected. 
CoSt of Equipment: $6K-$20K Cost per Measurement: $100-$500 per sample. 
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LIST OF OTHER MISCELLANEOUS INSTRUMENTS 

List of Other Lab Instruments for Alpha Analysis: 
Fluorimetry 
Passivated ion implanted detectors 

List of Other Lab Instnunents fa Beta Analysis: 
Cerenkov counter 
PERALS scintillation counter 

List of Other Lab Instruments for Gamma Analysis: 
Cd-Zn-Telluride 
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EQUIPMENT SUMMARY TABLES 

Radiation Detectors with Applications to Alpha Surveys 

Radiation Detectors with Applications to Beta Surveys 

Radiation Detectors with Applications to Gamma Surveys 
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Systems that Measure Atomic Mass or Emissions 
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Table H.l Radiation Detectors with Applications to Alpha Surveys . -  , 

Alpha spectroscopy ‘A system where a Accurately identifies 
‘sample mixed with and measures the 
liquid scintillation activity of multiple 
cocktail emits light for alpha radionuclides in a 
the spectrometer to thin extracted sample o 
measure soil. water. or air filters 

Mpha scintillation <1 mglcm’ window, Field measurement of 
survey meter probe face area 50 to presence or absence of 

100 cm2. . alpha contamination on 
c nonporous surfaces, 

swipes, and air filters, 
or on irregular surfaces 
if the degree of surface 
shielding is known. 

surface contamination, 
soil activity level, or thc 

Mpha Track Detector Polycarbonate plastic Measures gross alpha 
sheet is placed in 
contact with a 
contaminated surface depth profile of 
and kept in place contamination 
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Table H.l Radiation Detectors with Applications to Alpha Surveys (continued) 

ilectret ion chamber A charged Teflon disk Measures alpha or beta . .  The type of radiation is $4,000- 
in an open-faced ion 
:hamber 

contamination on 
surfaces and in soils, 
plus gamma radiation , kept closed and bagged in 
dose or radon plastic to measure gammas 8 

determined by how the electret $5,000 
is- employed, e.g., the unit is 

I 

.ong range alpha 
letector ( L W )  

concentration 
lm x lm detector Measures surface Alpha detection limit is 20-50 $25,000 
measures ionization contamination or soil dpm/100 cm2 or 0.4 Bq/g 
inside the box. concentration at grid (10 pCi/g). 
Attached to tractor for points and plots curves 
movement. Has of constant 
location finder and contamination. 
plots graph of Intended for large . 

;as-flow proportional 
:ounter (fie1 d) 

contamination. areas. 
A detector through Surface scanning, Natural radionuclides in samples $2K-$4K , 

which P10 gas flows surface activity 
' 

and which measures measurement,'or 'field i .  of other.contaminants. Requires 
alpha and beta evaluation ofwipes. ! Pi0  gas, but can be 
radiation. < 1-10 Serves as a screen to :;.. . .  disconnected for hours. 
mg/cm2 window, probq determine if more . . *  .:. . . :' 

face area:50 to 100 cm2 nuclide-specific 

can interfere with the detection 

I. .... . :  , .. . 
. , .. . , :!: . . . .  ,, . . . ._._.. . . .  . . . I '  . 

I lanalyses are needed. I I 
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Table H.2 Radiation Detectors with Applications to Beta Surveys 

iM survey meter with Thin I .4 mgkm’ It has a high detection limit 
)eta pancake probe window detector, personnel, working making it of limited value in 

Surface scanning of 

probe area 10 to 100 areas, equipment, and environmental surveys. 
crn’ swipes for beta 

contamination. 
Laboratory 
measurement of swipes 
when connected to a 
scaler. 

;as-flow proportional A detector through Surface scanning, Natural radionuclides in 
.oun ter (Eel d) which P10 gas flows surface activity samples can interfere with the 

and which measures measurement, or field detection of other 
alpha and beta evaluation of swipes. contaminants. Requires P10 
radiation. < 1-10 gas, but can be disconnected 
mg/cm2 window, probe determine if more for hours. 
face area 50 to 100 cm’ nuclide-specific 

Serves as a screen to 

analyses are needed. 
6 
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Table H.2 Radiation Detectors with Applications to Beta Surveys (continued) 

MK-%30K $50 

probe face area 10 to 

detector to reduce 

$20K-$70K !§ 1002$200 

1 
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Table H.3 Radiatioii Detectors with Applications to  Gamma and X-Ray Surveys 

GM survey meter with Thick-walled 30 
gamma probe mg/cm2 detector I 

radiation levels than 
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Measure radiation Its non-linear energy 
levels above 0.1 mR/hr. response can be corrected 

by using an energy 
1 compensated probe. 

Excellent for meakring Is used in conjunction with 
gamma exposure rate' radionuclide identification 

$400-$1,000 c I). 
during site-remediation. equipment. I I 
Measures true gamma Not very usefbl for site 
exposure rate. surveys because of high 

detection limit above 
background levels. ' 

Measures true gamma Not very usefbl for site 
I cxposure rate with surveys because of high 
more sensitivity than detection limit above 
,the unpressurized ion background levels. 
chamber. 

$800-$1,200 $5 

$1,000-$1,500 $5 
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Table H.3 Radiation Detectors with Applications to Gamma and X-Ray Surveys (continued) 

hmanium detector Intrinsic germanium 
N i t h  multichannel 
mal yzer n-type configuration 

semiconductor in p- or 

and without a beryllium 
window. 

I 

Laboratory gamma 
spectroscopy to 
determine the identity contamination. Is 
and concentration of 
gamma emitting 
radionuclides in a 

Vety sensitive for surface 
. soil or groundwater 

especially powerful when 
more than one radionuclide 
is present in a sample. 

sample. 
n-situ germanium A portable version of a Excellent during 
pectrometer laboratory based characterization and nitrogen or a mechanical 

germanium detector remediation to identifjl cooling system, as well as 
and multichannel and quanti@ the highly trained operators. 
analyzer. concentration of 

Requires a supply of liquid $30K-$130K 

gamma ray emitting 
radionuclides 

{and held germanium A portable version of a Excellent during 
letector with portable laboratory based characterization and nitrogen or a mechanical 
nultichannel analyzer germanium detector remediation to identi@ cooling system, as well as 

and multichannel . and quanti@ the highly trained operators. 
analyzer. concentration of 

Requires a supply of liquid $40K 

gamma ray emitting 
radionuclides 
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Table H.3 Radiation Detectors with Applications to Gamma and X-Ray Surveys (continued) 

Field x-ray Uses silicon or Determining fmctional 
fluorescence germanium abundance of low 
spectrometer semiconductor percentage metal I 
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Table H.4 Radiation Detectors with Applications to Radon Surveys 

Large area activated 
;harcoal collector activated charcoal is measurements (9.2 pCi rn-'s-'). 

A canister containing 

twisted into the surface 
and left for 24 hours. 

scintillation cell or 
ionization chamber 

Short term radon flux The LLD is 0.007 Bq m-*d 

Continuous radon Air pump and 
nonitor 

Track the real time Takes 1 to 4 hours for system 
concentration of radon to equilibrate before starting. 

The LLD is 0.004-0.04 BqL 
(0.1 - 1 .O pCi/L). 

Activated charcoal Activated charcoal is Measure radon Detector is deployed for 2 to 7 
idsorption opened to the ambient concentration in indoor days. The LLD is 0.007-0.04 

air, then gamma air BqL (0.2 to 1.0 pCiL). 
counted on a gamma 
scintillator or in a liquid 
scintillation counter. 
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Table H.4 Radiation Detectors with Applications to Radon Surveys (continued) 

ensitive to extremes of 

small container. concentration in air. 
Damage tracks from 

. . .  ..:. , 
, .  
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Table H.5 Systems that Measure Atomic Mass or Emissions 
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1 

2 

3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

- 21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

. .  

APPENDIX I 

STATISTICAL TABLES 

I. 1 Normal Distribution 

Table L1 Cumulative Normal Distribution Function O(z) 

Z I  0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0.00 I 0.5OOO 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319' 0.5359 -. 

.- 

.;:I 

Negative values of z can be obtained from the relationship O(-z) = 1 - O(z). 

MARSSIM I- 1 . 12/6/96 -- 
DRAFT FOR PUBLIC COMMENT DO NOT USE, CITE OR QUOTE 



Appendix I . ,  

. .. 

43 1.2 Sample Sizes  for Statistical Tests 

44 
45 

Table I.2a Sample Sues for Sign Test 
(Number of measurements to be performed in each survey unit) 

i 

46 

47 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

48 
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69 
70 

.i' 
Table I.2b Sample Sizes for Wilcoxon Rank Sum Test 

(Number of measurements to be performed in the reference area and in each survey unit) 
I 

71 

72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
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98. 

99 

100 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
i i 3 .  
114 ' 

115 
1 I6 
117 
118 
119 
120 
121 
122 
123 
124 

, I  25 
126 
127 

1.3 Critical Values for the SignTest 

Table L3 Critical Values for the Sign Test Statistic S+ 

I ,  

. .  
, .- 

N 
4 
5 
6 
7 
8 
9 
IO 
11 

. I 2  
-13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 

24 

25 
26 
27 

28 
29 
30 

MARSSIM 1-4 
DRAFT FOR PUBLIC COMMENT 

... 

. .. 

._ 

1 2/61 96 
DO NOT USE, CITE OR QUOTE -- 



128 

129 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 

i 
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Table 1.3 Critical Values fot the Sign Test Statistic S+ (continued) 

N 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
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150 1.4 Critical Values for the WRS Test 

151 Table 1.4 Critical Values for the WRS test 

152 

153 
154 
155 
1 56 

'157 
158 
159 

160 
161 
162 
163 
164 
165 
166 

167 
168 
169 
170 
171 
I72 
173 

I74 
I75 
176 
177 
178 
179 
180 

m is the number of reference area samples and n is the number of survey unit samples. 

n o  2 3 4 5 6 :,7: 8 9 10 11 12 13 14 15 16 17 18 19 20 
m-2  a-O.OO1 7: 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 

a-O.005 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 40 42 
a-O.01 7 9 11 13 15 17 19 21 23 25 27 28 30 32 34 36 38 39 41 
a-O.025 7 9 11 13 15 17 18 20 22 23 25 27 29 31 33 34 36 38 40 
a-O.05 7 9 11 12 14 16 17 19 21 23 24 26 27 24 31 33 34 36 38 
aQ.1 7 8 ,  10 11 13 15 16 18 19 21 22' 24 26 27 29' 30 32 33 35 

n- .:.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19. 20 
m-3  aQ.00f12. '  15 18 21 24 27 30 33 36 39 42 45 48 51 54 56 59 62 65 

. : . aQ.005..12:..15 18 21 24 - 2 7  30 32. 35 38 40 43 46 48 . 5 1 .  54' 57 59. 62 
a-O.Ol:.: 12. 15 18 21 24 26 29 31 34 37 39 42 45 47 50 52 55 58 60 

~a-0 .025 '12~ 15 18 20 '  22 25 27 30 32 35 37 40 42 45 47 50 52 55 57 
a-O.05: .12:.-14. 17. -19.. 21 24 26 28 31 33 36 38 40 43 45 :47 50 52. 54 
aQ.1 . 11 13 16 18 20 22 24 27 29 31 33 35 37 40 42 44' 46 48 5 0 .  . . . .  . 

n- .2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m u 4  a-O.001 18 22 26 30 38 42 46 49 53 57 60 64 68 71 75 78 82 86 

a-O.005 18 22 26 30 33 37 40 44 47 51 54 58 61 64 68 71 75 78 81 
aQ.01. 18 22 26 29 32 36 39 42 46 49 52 56 59 62 66 69 12 76 79 
a-O.025 18 22 25 28 31 34 37 41 44 47 50 53.56 59 62 66 69 72 75 
a-O.05 18 21 24 27 30 33 36 39 42 45 48 51' 54 57 59 62 65 68 71 
a4.1 17 20 22 25 28 31 34 36 39 42 45 48 50 53 56 59 61 64 67 

n =  2 3 4 5 6 7 8 9 ' IO 1 1  12 13 14 15 16 17 18 19 20 
r n = 5  a=O.OOl 25 30 35 40 45 50 54 58 63 67 72 76 81 85 89 94 98 102 107 

a-0.005 25 30 35 39 43 48 52 56 60 64 68 72 77 81 85 89 93 97 '101 
a-0.01 25 30 34 38 42 P6 50 54 58 62 66 70 74 78 82 86 90 94 98 
a-0.025 25 29 33 37 41 44 48 52 56 60 63 67 71 75 79 82 86 90 94 . 
a-0.05 24 28 32 35 39 43 46 50 53 57 61 64 68 71 75 79 82 86 89 
a4.1 23 27 30 34 37. 41 44 47 51 54 57 61 64 67 71 74 77 81 84 

181 n -  2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 
182 m = 6  a-0.001 33 39 45 51 57 63 67 72 77 82 88 93 98 103 108 113 118 123 128 
183 a=O.005 33 39 44 49 54 59 64 69 74 79 83 88 93 98 103 107 112 117 122 
184 a-O.0l 33 39 43 48 53 58 62 67 72 77 81 86 91 95 100 104 109 114 118 
185 a-0.025 33 37 42 47 51 56 60 64 69 73 78 82 '87 '91 95 100 104 109 113 
186 a q . 0 5  32 36 41 45 49 54 58 62 66 70 75 79 83 87 91 96 100 104 108 
187 a=0.1 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 9 4 .  98 102 
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188 Table L4 Critical Values for the WRS Test (continued) - 

189 n- 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
190 - m-7 a10.001 42 49 56 63 69 75 81 87 92 98 104 110 116 I 2 2  128 133 139 145 151 
191 0 . 0 0 5  42 49 55 61 66 72 77 83 88 94 99 105 110 116 121 127 132 138 143 
192 aQ.01 42 48 54 59 65 70 76 81 86 92 97 102 108 113 118 123 129 134 139 
193 aQ.025 42 47 52 57 63 68 73 78 83 88 93 98 103 108 113 118 123 128 133 
194 d . 0 5  41 46 51 56 61 65 70 75 80 85 90 94 99 104 109 113 118 123 128 
195 qe0.l 40 44 49 54 58 53 67 72 76 81 85 90 94 99 103 108 112 117 121 

- 
1% n -  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
197 rn-8 aQ.OO1 52 60 68 75 82 89 95 102 109 115 122 128 135 141 148 154 161 167 174 
198 H . 0 0 5  52 60 66 73 79 85 92 98 104 110 116 122 129 135 141 147 153 159 165 

200 H . 0 2 5  51 57 63 69 75 81 86 92 98 104 109 115 121 126 132 137 143 149 154 
20 1 a-O.05 50 56 62 67 73 78 84 89 95 100 105 111 116 122 127 132 138 143 148 
202 apO.1 49 54 60 65 70 75 80 85 91 96 101 106 111 116 121 126 131 136 141 

I 

199 H . 0 1  52 59 65 71 77 84 90 % 102 108 114 120 125 131 137 143 149 155 161 _ _  

- .  

203 n- 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
204 m - 9  d.001 63 72 81 88 96 104 111 118 126 133 140 147 155 162 169 176 183 190 198 
205 ap0.005 63 71 79 86 93 100 107 114 121 127 134 141 148 155 161 168 175 182 188 
206 d . 0 1  63 70 77 84 91 98 105 111 118 125 131 138 144 151 157 164 170 177-184 
207 d . 0 2 5  62 69 76 82 88 95 101 108 114 120 126 133 139 145 151 lS8-i64 170 176 
208 0 . 0 5  61 67 74 80 86 92 98 104 110 116 122 128 134 140 146 IS2 158 164 170 
209 d . 1  60 66 71 77 83 89 94 100.106 112 117 123 129 134 140 145 151 157 162 

210 n-  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
21 1 rn- 10 a-O.001 75 85 94 103 111 119 128 136 144 152 160 167 175 183 191 199 207 215 222 
212 a=0.005 75 84 92 100 108 115 123 131 138 146 153 160 168 175 183 190 197 205 212 
213 a4.01 75 83 91 98 106 113 '121 128 135 142 150 157 164 171 178 186 193 200 207 
214 a-0.025 74 81 89 96 103 110 117 124 131 138 145 151 158 165 172 179 186 192 199 
215 a4 .05  73 80 87 93 100 107 114 120 117 133 140 147 153 160 166 173 179 186 192 
216 a4.1 71 78 84 91 97 103 110 116 122 128 135 141 147 153 160 166 172 178 184 

217 n -  2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 
218 m =  1 1  a=O.OOl 88 99 109 118 127 136 145 154 163 171 180 188 197 206 214 223 231 240 248 
219 98 107 115 124 1'32 140 148 157 165 173 181 189 197 205 213 221 229 237 
220 a-O.01 88 97 105 113 122 130 138 146 153 161 169 177 185 193 200 208 216 224 232 
22 1 a-0.025 87 95 103 111 118 126 134 141 149 156 164 171 179 186 194 201 208 216 223 
222 a-O.05 86 93 101 108 115 123 130 137 144 152 159 166 173 180 187 195 202 209 216 
223 a-0.1 84 91 98 I05 112 119 126 133 139 146 153 160 167 173 180 187 194 201 207 

a-O.005 88 
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224 

225 
226 

- 221 
228 
229 
230 
23 1 

232 
233 
234 
235 
236 
237 
238 

239 
240 
24 1 
242 
243 
244 
245 

246 
247 
248 
249 
250 
25 1 
252 

253 
254 
255 
256 
257 
258 
259 
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Table L4 Critical Values for the WRS Test (continued) 

n- 2 3 4 5 6 7 8 9 10 11  12 13 14 I S  16 17 18 19 20 
m a  12 aQ.001 102 114 125 135 145 154 164 173 183 192 202 210 220 230 238 247 256 266 275 

a-O.005 102 112 122 131 140 149 158 167 176 185 194 202 211 220 228 237 246 254 263 
aQ.01 102 111 120 129 138 147 156 164 173 181 190 198 207 215 223 232 240 249 257 
d . 0 2 5  100 109 118 126 135 143 151 159 168 176 184 192 200 208 216 224 232 240 248 
M . 0 5  99 108 116 124 132 140 147 155 165 171 179 186 194 202 209 217 225 233 240 
aQ.1 97 105 113 120 1Zg .!35 143 150 158 165 172 180 187 194 202 209 216 224 231 

n -  2 3 4 5 6 7 8 9 10 11 12 13 14 I5  16 17 18 19 20 
m = 13 kQ.001 117 130 141 152 163 173 183 193 203 213 223 233 243 253 263 273 282 292 302 

a-O.005 117 128 139 148 158 168 177 187 196 206 215 225 234 243 253 262 271 280 290 
a-O.01 116 127 137 146 156 165 174 184 193 202 211 220 229 238 247 256 265 274 283 
~-0.025 115 125 134 143 152 161 170 179 187 1% 205 214 222 231 239 248 257 265 274 
aQ.05 114 123 132 140 149 157 166 174 183 191 199 208 216 224 233 241 249 257 266 
a-O.1 112 120 129 137 145 153 161 169 177 185 193 201 209 217 224 232 240 248 256 

- .  

n u  2 3. 4 5 6 7 8 9 IO 11 12 13 14 I5 16 17 18 19 20 
m a 14 aQ.001 133 147 159 171 182 193 204 215 225 236 247 257 268 278 289 299 310 320 330 

a4.005 133 145 156 167 177 187 198 208 218 228 238 248 258 268 278 288 298 307 317 
~ 0 . 0 1  132 144 154 164 175 185 194 204 214 224 234 243 253 263 272 282 291 301 311 
rrO.025 131 141 151 161 171 180 190 199 208 218 227 236 245 255 264 273 282 292 301 
a-0.05 129 139 149 158 167 176.185 194 203.212 221 230 239 248 257 265 274 283 292 
H . 1  128 136 145 154 163 171 180 189 .I97 206 214 223 231 240 248 257 265 273 282 

n =  2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 17 18 19 20 
a-O.001 150 165 178 190 202 212 225 237 248 260 271 282 293 304 316 327 338 349 360 
aQ.005 150 162 174 186 197 208 219 230 240 251 262 272 283 293 304 314 325 335 346 
a=O.Ol 149 ,161 172 183 194 205 215 226 236 247 257 267 278 288 298 308 319 329 339 
a-0.025 148 159 169 180 190 200 210 220 230 240 250 260 270 280 289 299 309 319 329 
a-O.05 146 157 167 176 186 196 206 215 225 234 244 253 263 272 282 291 301 310 319 
a-0.1 144 154 163 172 182 191 200 209 218 227 236 246 255 264 273 282 291 300 309 

m -  I5 

n =  2 3 4 5 6 7 8 9 10 1 1  12 13 14 I5 16 17 18 19 20 
m = 16 a-0.001 168 184 197 210 223 236 248 260 272 284 296 308 320 332 343 355 367 379 390 

a-O.005 168 181 194 206 218 229 241 252 264 275 286 298 309 320 331 342 353 365 376 
a-O.01 167 180 192 203 215 226 237 248 259 270 281 292 303 314 325 336 347 357 368. 
a-0.025 166 177 188 200 210 221 232 242 253 264 274 284 295 ‘305 316 326 337 347 357 
aQ.05 164 175 185 196 206 217 227 237 247 257 267 278 288 298 308 318 328 338 348 
a-0.l 162 172 182 192 202 211 221 231 241 250 260 269 279 289 298 308 317 327 336 

MARSSIM 1-8 
DRAFT FOR PUBLIC COMMENT - 

12/6/96 
DO NOT USE, CITE OR QUOTE -- 



Appendix I 

260 Table L4 Critical Values for the WRS Test (continued) 

26 1 n -  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
262 
263 
264 
265 
266 
267 

m -  17 aQ.OO1 187 203-218 232-245 258 271 284 297 310 322 335 347 360 372 384 397 409 422 
aQ.005 187 201 214 227 239 252 264 276 288 300 312 324 336 347 359 371 383 394 406 
aQ.01 186 199 212 224 236 248 260 272 284 295 307 318 330 341 353 364 376 387 399 
aQ.025 184 197 209 220 232 243 254 266 277 288 299 310 321 332 343 354 365 376 387 
aQ.05, 183 194 205 217 228 238 249 260 271 282 292 303 313 324 335 345 356 366 377 
opO.1 180 191 202 212 823 233 243 253 264 274 284 294 305 315 325 335 345 355 365 

268 n- 2 3 4 5 6 7 8 9 10 11 12 13 14 I5 16 17 18 19 20 
269 
270 
27 1 
272 
273 
274 

m =  18 0 . 0 0 1  207 224 239 254 268 282 296 309 323 336 349 362 376 389 402 415 428 441 454 
a-0.005 207 222 236 249 262 275 288 301 313 326 339 351 364 376 388 401 413 425 438 
a-O.01 206 220 233 246 259 272 284 2% 309 321 333 345 357 370 382 394 406 418 430 
a-O.025 204 217 230 242 254 266 278 290 302 313 325 337 348 360 372 383 395 406 418 
a-0.05 202 215 226 238 250 261 273 284 295 307 318 329 340 352 363 374 385 3% 407 
aQ.1 200 211 222 233 244 255 266 277 288 299 309 320 331 342 352 363 374 384 395 - 

275 
276 , m-19 
277 
278 
279 
280 
28 1 

282 
283 rn = 20 
284 
285 
286 
287 
288 

n- 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
M.001 228 246 262 277 292 307 321 335 350 364 377 391 405 419 433 446 460 473 487 
aQ.005 227 243 258 272 286 300 313 327 340 353 366 379 392 405 419 431 444 457 470 
a-O.01 226 242 256 269 283 296 309 322 335 348 361 373 386 399 411 424 437 449 462 
a-0.025 225 239 252 265 278 290 303 315 327 340 352 364 377 389 401 413 425 437 450 

aQ.1 220 232 244 256 267 279 290 302 313 325 336 347 358 370 381 392 403 415 426 
a-0.05 223 236 248 261 m 285 297 309 321 333 345 356 368 380 392 403 415 427 439 - 

n- 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
a-O.OO1 250 269 286 302 317 333 348 363 377 392 407 421 435 450 464 479 493 507 521 
aQ.005 249 266 281 296 31 1 325 339 353 367 381 395 409 422 436 450 463 477 490 504 
a-O.01 248 264 279 293 307 321 335 349 362 376 389 402 416 429 442 456 469 482 495 
aQ.025 247 261 275 289 302 315 319 341 354 367 380 393 406 419 431 444 457 470 482 
a-O.05 245 258 271 284 297 310 322 335 341 360 372 385 397 409 422 434 446 459 471 
a-O.1 242 254 267 279 291 303 315 317 339 351 363 375 381 399 410 422 434 446 458 
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289 
290 

Reject the null-hypothesis if the test statistic (WJ is greater than the table (critical) value. 
. For n or m greater than 20, the table (critical) value can be calculated from: 

- 

. *  
.- ..... .. .. . . .. 

m + 1)n ' .'+ . .  .. . z d m  (n +m+1)/12 (I. 1) 

29 1 if there are few or no ties, and f i ~ ;  

m(n+m+l)/2 + zj c E [ ( n + m + l ) - f L l  t t 1) 
(n +m)(n +m- 1) J=1 

292 
293 
294 

295 
2% 
297 
298 
299 
300 
30 1 

302 

if there are many ties, where g is the number of groups of tied measurements and \is the number of 
tied measurements in the jth group. z is the (1-a) percentile of a standard normal distribution, which 
can be found in the following table: 

- 

a z 
0.001 3.09 
0.005 2.575 
0.01 2.326 
0.025 1.960 
0.05 1.645 
0.1 1.282 

Other values can be found in Table C-1 . 
.. . . 
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305 
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1.5 Probability of Detecting an Elevated Area 

306 
307 
308 
309 
310 
31 1 
312 
313 
314 
315 
3 16 
317 
318 
319 
320 
32 1. 
322 
323 
324 
325 
326 
327 
328 
329 
330 
33 1 
332 
333 
334 
335 
336 

Table 1.5 Risk that an Elevated Area with Length L/G and Shape S will not be Detected 
and the Area (%) of the Elevated Area Relative to a Triangular Sample Grid Area of 0.866 G2 

0.29 I 0.97 I 3% 10.94 I 6% I 0.91 I 996 I 0.88 I 12% I 0.85 I 15% I 0.82 I 18% I 0.79 I 21% I 0.76 I 24% I 0.73 I 27% I 0.69 I 31% 

0.30 I 0.97 I 3% I 0.93 I 7% I 0.90 1 10% I 0.87 1 13% I 0.84 I 16% I 0.80 I 20% I 0.77 I 23% I 0.74 I 26% 1 0.71 I 29% I 0.67 I 33% 
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, 0.63 

0.64 

0.65 

337 
338 
339 

0.86 14% 0.72 29% 0.58 43% 0.45 58% 0.32 72% 0.20 86% 0.09 101% 0.01 115% 0.00 130% 0.00 144% 

0.85 15% 0.71 30% 0.57 45% 0.43 590% 0.30 74% 0.18 89% 0.07 104% 0.00 119% 0.00 134% 0.00 149% 

0.85 15% 0.70 31% 0.56 46% 0.42 61% 0.29 77% 0.16 92% 0.06 107% 0.00 123% 0.00 138% 0.00 153% 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
36 1 
362 
363 
364 
365 
366 
367 
368 
369 
370 
37 1 
372 
373 
374 
375 

Table 1.5 Risk that an Elevated Area with Length L/C and Shape S will not be Detected 
and the Area (YO) of the Elevated Area Relative to a Triangular Sample Grid Area of 0.866 GZ 

(continued) 
1 
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Rlak 
o m  
0.25 
0.24 
0.22 
0.21 
0.20 

0.18 
0.17 
0.15 
0.14 

0.13 
0.12 
0.10 
0.09 
0.08 
0.07 
0.06 

0.05 
0.05 
0.04 
0.03 

0.02 
0.02 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

376 
377 
378 

0.50 

A m  
79% 
81% 
84% 
86% 
89% 
91% 

94% 
97% 
99% 
102% 
1OS% 
108% 
110% 
113% 
116% 
119% 
122% 
125% 

128% 
131% 
134% 
137% 
140% 
144% 

147% 
1SO% 

1S4% 
1570.. 

1m 
164% 
167% 
171% 
174% 
178% 
181% 

Table4.5 Risk that an Elevated Area with Length L/G and Shape S will not be Detected 
and the Area (Yo) of the Elevated Area Relative to a Triangular Sample Grid Area of 0.866G' 

(continued) 
I 

RLL 
0.5s 
0.53 
0.52 
0.51 
0.50 
0.49 
0.48 
0.46 
0.45 
0.44 

0.43 
0.42 
0.40 
0.39 

Shape P 

A m  

47% 
49% 
50% 
s2% 
53% 
55% 
56% 
58% 
60% 
61% 
63% 

'6S% 
66% 
68% 

0.36 
035 
0.33 
0.32 
0.31 
0.30 
0.29 
0.28 
0.27 
0.26 
0.2s 
0.24 
0.23 
0.22 
0.21 
0.20 
0.19 
0.18 
0.17 

73% 
75% 
77% 
79% 
80% 
8 2 O h  

84% 
86% 
88% 
90% 
92% 
94% 
96% 
98% 
looo, 
1029 
1059 
1079 

1090, 

1 . .  . . .  . <  . .. .rameter, S - 
. uc 
a66 
a67 
0.68 
0.69 
0.70 
a71 
an 

a74 
a73 

0.75 
0.76 

an 
a79 

am 

a78 

0.80 

as2 
a83 
0.84 
ass 
0.86 
0.87 

0.88 
0.89 

0.90 

0.91 
0.92 
0.93 
0.94 

0.95 
0.96 
0.97 
0.98 
0.99 

1.00 

379 
380 
381 
382 
383 
3 84 
385 
386 
3 87 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
3 98 
399 
400 
40 1 
402 
403 
404 
405 
406 
407 
408 
409 

I 410 
41 1 

I 412 
413 
414 

I 

0.38 
0.36 
0.35 
0.33 
0.32 
0.3 1 

- - - - 
- - 
0.29 - 
0.28 
0.27 
025 
0.24 
0.23 

- - - - - 

67% 
69% 
71% 
73% 

75% 
77% 
7996 
82% 
84% 
86% 
88% 
91% 

- - - - - - - - - - - 
7 

0.02 I 12!4 0.00 I 1S1%1 0.00 I 172% 

037 
0.56 
0.55 
0.54 

- - - - 

038 
037 
- - 

70% 
71% 
- - 

0.00 1 2 0 4  0.00 I 23296 0.22 93% 
0.10 95% 
0.19 98% 
0.18 loooA 
0.17 102% 
0.16 105% 
0.14 1071 
0.13 1101 
0.12 1124 
0.11 115% 
0.10 1189 
0.10 1204 
0.09 1230, 
0.08 1260, 
0.07 1280, 
0.07 1319 

0.06 1349 
0.05 1379 
0.05 1399 
0.04 1424 
0.04 1459 

0.00 214%' 
0.00 220% 
0.00 225% 
0.00 230% 
0.00 236% 
0.00 241% 
0.00 24196 
0.00 25306 
0.00 2s9vo 
0.00 264O.b 
0.00 270Sb 

0.00 276% 
0.00 ,282% 
0.00 288% 
0.00 295% 
0.00 301% 
0.00 307% 
O h  314% 
0.00 320% 
0.00 326% 

0.76 
0.75 
0.74 

0.74 

0.73 
0.73 
0.72 
0.72 
0.71 

0.71 
0.70 

- - 
- 
- 
- - 
- - 
- - 
- 

0.53 5131 
0.52 52% 
0.51 54% 

0.50 SS% 

0.50 56% 
0.49 5Ph 
0.48 S9?4 
0.47 60% 
0.46 61% 
0.45 63% 
0.44 64% 
0.43 6Ss1 
0.42 67% 
0.41 68% 
0.40 709 
0.40 71% 
0.39 73% 

26% 
26% 
27% 
27% 

- - 
- 
- 
2 8% 
29% 
2 9 0  

3oo/b 
3 1% 
31Oh 
32Oh 
33% 

- 
- 
- 
- 
- 
- - 

, - 
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415 

416 

417 
418 
419 
420 
42 1 
422 
423 
424 
425 
426 
427 
428 
429 
430 
43 I 
432 
433 
.434 
435 
436 
437 
438 
439 
440  
44 1 
442 
4:4 3 
444 

. 445 
446 
447 
448 
449 

. 450 
45 1 
452 
453 
454 

Appendix I 

1.6 Random Numbers 

Table 1.6 1000 Random Numbers Uniformly Distributed between Zero and One 
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455 
456 

457 
458 
459 
460 
46 1 
462 
463 
464 
465 
466 
467 
468 
469 
470 
47 1 
472 
473 
474 
475 

477 
478 
419 
3 SO 
48 I 
4 82 
483 
484 
485 
486 
481 
488 
489 
490 
3 9  I 
492 
493 
4.94 
495 

476 

4 
Table 1.6 1000 Random Numbers Uniformly Distributed between Zero and One 

(con tin ued) 
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496 
497 

498 
499 
500 
50 1 
502 
503 
504 
505 
506 
507 
508 
509 
510 
51 1 
512 
513 
514 
515 
516 
517 
518 
519 
520 

0.027171 0.058193 0.726183 0.057705 0.935493 0.688071 
0.768066 0.387888 0.655990 0.690208 0.746739 0.936409 

Appendix I 

.I 

0.752543 0.932781 0.048914 -0.591035 
0.685458 0.09093 1 0.242120 0.067899 

0.967761 
0.391874 
0.372748 
0.439594 
0.066152 
0.228607 
0.588574 
0.537793 
0.860466 
0.346358 
0.393330 
0.979875 
0.244433 
-0:07m 
0.329001 
0.972838. 
0.405575 
0.618925 
0.058556 

1 0.095675 
, 0.606715 

0.772790 0.785028 
0.901289 0.774379 
0.373705 0.370345 
0.885420 0.919787 
0.40661 1 0.539543 
,0.179839 0.41 3809 
0.674917 0.572689 
0.740170 0.423514 
0.6553 14 0.046701 
0.571558 0.482449 
0.634642 0.033 1 1 1 
0.204828 0.83 1460 
0.197074 0.679568 
-0.475395- -01068207 
0.866481 0.925783 
0.308849 0.4 18976 
0.581618 0.284410 
0.980045 0.237797 

0.588503 
0.810022 
0.965550 
0.460586 
0.885414 
ai362857 
0.596215 
0.877436 
0.8481 12 
0.795845 
0.105093 
0.566627 
0.786084 
0.353248 
0.327832 
0.452438 
0.362205 
0.670767 
0.292400 
0.831670 
0.758190 

0.814902 
0,87 1674 

' 0.043950 

0.896590 
0.437879 

~ 0.39481 1 

0.874416 
0.629443 
.0.857606 
' 0.826932 
0.639 101 
0.5 12284 
0.5 15684 
0.207558 
0.328848 
0.056160 
0.337991 
0.461 960 
0.844681 
0.600528 
0.427077 

-. 

. _  

~ 

i 

I 

I 

MARSSlM 1-16 
DRAFT FOR PUBLIC COMMENT 

12/6/96 _ _  
D b  NOT USE, CITE OR QUOTE 



Appendix I 

52 1 

522 
523 
524 

525 
526 

527 
528 
529 
530 
53 1 
532 
533 

534 
535 
536 

537 
538 

539 
540 
53 I 

! + .  
1.7 Stem and Leaf Display 

The construction of a stem and leaf display is a simple way to generate a crude histogram of the 
data quickly. The "stems" of such a display are the most significant digits of the data. Consider the 
sample data of Section 8.2.2.2: 

90.7, 83.5, 86.4, 883,' 84.4, 74.2, 84.1, 87.6, 78.2, 77.6, 
86.4, 76.3, 86.5, 77.4, 90.3, 90.1, 79.1, 92.4, 75.5, 80.5. 

Here the data span three decades, so one might consider using the stems 70,80 and 90. However, 
three is too few stems to be informative, just as three intervals would be too few for constructing a 
histogram. Therefore, for this example, each decade is divided into two parts. This results in the six 
stems 70,75,80, 85,90,95. The leaves are the least significant digits, so 90.7 has the stem 90 and 
the leaf0.7. 77.4 has the stem 75 and the leaf 7.4. Note that even though the stem is 75, the leaf is 
not 2.4. The leaf is kept as 7.4 so that the data can be read directly from the display without any 
calculations. 

As shown in the top part of Figure I. 1 , simply arrange the leaves of the data into rows, one stem per 
row. The result is a quick histogram of the data. In order to ensure this, the Same number of digits 
should be used for each led, so that each occupies the same amount of horizontal space. 

- - 

If the stems are arranged in increasing order, as shown in the bottom half of Figure 1.1, it is easy to 
pick out the minimum (74.2), the maximum (92.4). and the median (between 84.1 and 84.4). 

A stem and leaf display (or histogram) with two peaks may indicate that residual radioactivity is 
distributed over only a portion of the survey unit. Further information on the construction and 
interpretation of data plots is given in EPA QMG-9 (EPA 1996a). 
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542 
543 
544 
545 
546 
547 
548 

549 
550 
551 
552 
553 
554 
555 

556 

- - -  
557 

558 
559 
560 
56 1 

562 
563 

564 
565 
566 
567 
568 

Stem Leaves 
70 4.2 
75 
80 3.5,4.4,4.1,0.5 
85 6.4, 8.5, 7.6,6.4, 6.5 
90 0.7, ., -, 0.3, 0.1,2.4 
95 

8.2, 7.6, 6.3, 7.4,9.1, 5.5 

Stem Sorted Leaves 
70 4.2 
75 5.5,6.3, 7.4,7.6, 8.2,g.I 

85 6.4,6.4, 6.5, 7.6, 8.5 
90 0.1,0.3,0.7, 2.4 
95 

80 0.5, 3.5;4.1,4.4 . 

Figure 1.1 Example of a Stem and Leaf Display 

A Quantile-plot is constructed by first ranking the data from smallest to largest. Sorting the 
data is easy once the stem and leaf display has been constructed. Then, each data value is simply 
plotted against the percentage of the samples with that value or less. This percentage is computed 
from : 

(1-3) 
100 (rank - 0.5) 

(number of data poinfs) 
Percent = 

The results for the example data of Section 1.7 are shown in Table 1.7. The Quantile plot for this 
example is shown in Figure 1.2. 

The slope of the curve in the Quantile plot is an indication of the amount of data in a given range 
of value$. A small amount of data in a range will result in a largd slope. A large amount of data 
in a range of values will result in a more horizonal slope. A sharp rise near the bottom or the top 
is an indication of asymmetry. Sudden changes in slope, or notably flat or notably steep areas may 
indicate peculiarities in the survey unit data needing further investigation. 
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569 

570 

57 1 

572 

573 

574 

575 

576 
577 
578 
579 
580 
58 1 
582 
583 
584 
585 
586 

581 

Appendix I 

Table 1.7 Data for Quantile Plot 
~ 

Data: 74.2 75.5 76.3 77.4 77.6 78.2 79.1 80.5 83.5 84.1 1 
Rank: 1 2 3 4 5 6 7 8 9 10 

Percent: 2.5 7.5 71' -12.5 17.5 22.5 27.5 32.5 37.5 42.5 47.5 

I Data: 84.4 86.4 86.4 86.5 87.6 88.5 90..1 90.3 90.7 92.4 

Rank: 11 12.5 12.5 14 15 16 17 18 19 20 

Percent: 52.5 60.0 60.0 67.5 72.5 77.5 82.5 87.5 92.5 97.5 
- .  

A usehl aid to interpreting the quantile plot is the addition of boxes containing the middle 50% 
and middle 75% of the data These are shown as the dashed lines in Figure 1.2. The 50% box has 
its upper right comer at the 75th percentile and its lower left comer at the 25th percentile. These 
points are also called the Quartiles. These are -78 and -88, respectively, as indicated by the 
dashed lines. They bracket fie middle half of the data values. The 75% box has its upper right 
corner at the 87.5t.h percentile and its lower left comer at the 1 2 3 1  percentile. A sharp increase 
within the 50% box can indicate two or more modes in the data. Outside the 75% box, sharp 
increases can indicate outliers. The median (50th percentile) is indicated by the heavy solid line at 
the value -84, and can be used as an aid to judging the symmetry of the data distribution. There 
are no especially unusual features in the example Quantile plot shown in Figure 1.2, other than the 
possibility of slight asymmetry around the median. 

Another Quantile plot, for the example data of Section 8.3.3, is shown in Figure 1.3. 
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Figure 1.2 Example of a Quantile Plot 
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Figure 1.3 Quantile Plot for Example Class 2 Exterior Survey Unit of Section 8.3.3. 
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588 
589 
590 

59 1 
592 

593 
594 
595 
596 
597 

598 

599 

600 

601 

602- 

603 
604 

505 
606 

A Quantile-Quantile plot is extremely usefbl for comparing two sets of data. Suppose the 
following 17 concentration values were obtained in a reference area corresponding to the example 

-survey unit data of Section 1.7: f 8  

92.1, 83.2, 81.7, 81.8, 88.5, 82.4, 81.5, 69.7, 82.4, 89.7, 
81.4, 79.4, 82.0, 79.9, 81.1, 59.4, 75.3. 

-1  . 
A Quantile-Quantile plot can be constructed to compare the distribution of the survey unit data, 
5.1, ... n, with the distribution of the reference area dataX,, +I , , . .  rn. (Ifthe reference area 
data set were the larger, the roles of X and Y would be reversed.) The data from each set are 
ranked separately from smallest to largest. This has already been done for the survey unit data in 
Table 1.7. For the reference area data, we obtain the results in Table 1.8. 

-. .. 
Table L8 Ranked Reference Area Concentrations 

Data: 59.4 69.7 75.3 79.4 79.9 81.1 81.4 81.5, 81.7 \ 81.8 
2 3 4 5 6 .  7 8,- 9 10 

v1 = 0.5(n/m)+0.5 and vi+l = v i+ (n /m)  for i.= 1, ... m - I ,  

607 
608 
609 

610 

where rn is the number of points in the smaller data set and n is the number of points in the larger 
data set. For each of the ranks; i, in the smaller data set, a corresponding value in the larger data 
set is found by first decomposing vi into its integer part,j, and its fractional pari, g. 

Then the interpolated values are computed from the relationship: 

The median for the reference area data is 81.7, the sample mean is 80.7, and the sample standard 
deviation is 7.5. 

For the 1arger.data set, the data must be interpolated to match the number of points in the smaller 
data set. This is done by computing 
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61 1 

612 

613 

614 
615 
616 
617 

618 
619 
620 
62 1 

622 
623 

624 
625 
626 
627 
628 
629 
630 
63 1 
632 
633 
634 

63 5 
636 

637 
638 

2, = (1-g) q . + g  q.+, . 

The results of these calculations are shown in Table 1.9. , _ .  I - .. : 
. .  

Table L9 Interpolated Ranks for Survey Unit Concentrations 

Rank 1 2 3 4 5 6  7 8 9 10 
vi . 1.09 2.26 3.44 4.62 5.79 6.97 8.15 9.33 10.50 11.68 
zi 74.3 75.7 76.8 77.5 78.1 79.1 80.9 83.7 '84.3 85.8 
Y 59.4 69.7 75.3 79.4 79.7 81.1 81.4 81.5 81.7 81.8 

Rank 11 12.5 12.5 14 15 16 17 

zi 86.4 86.5 87.8 89.1 90.2 90.6 92.3 
xi 82.0 82.4 82.4 83.2 88.5 89.7 92.1 

Vi 12.85 14.03 15.21 16.38 17.56 18.74 19.91 - .. 

Finally, 4 is plotted against X ,  to obtain the Quantile-Quantile plot. This example is shown. in 
Figure 1.4. 

(1-5) 

- 

_. 

. .. 

The Quantile-Quantile Plot is valuable because it provides a direct visual comparison of the two 
data sets. 'If the two data distributions differ only in location (e.g. mean) or scale (e.g. standard 
deviation), the points will lie on a straight line. If the two data distributions being compared are 
identical, all of the plotted points will lie on the line Y=X Any deviations from this would point to 
possible differences in these distributions. The middle data point plots the median of Y against the 
median of X That this point lies above the line Y=X, in the example of Figure 8.4, shows that the 
median of Y is larger than the median of X. Indeed, the cluster of points above the line Y = X in 
the region of the plot where the data points are dense, is an indication that the central portion of 
the survey dnit distribution is shifted toward higher values than the reference area distribution. 
This could imply that there is residual radiaactivity in the survey unit. This should be tested using 
the nonparametric statistical tests described in Chapter 8. 

Another Quantile-Quantile plot, for the Class 1 Interior Survey Unit example data, is shown in 
Figure A.8. 

Further information on the interpretation of Quantile and Quantile-Quantileplots are given in 
EPA QNG-9 (EPA 1996a). 
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95 

90 

85 
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65 

60 

- Example Q - Q Plot 

__- - 

55 
55 60 65 70 75 80' 85 90 95 

Reference Area 

. Figure 1.4 Example Quantile-Quantile Plot 

__. -- 

MARSSIM 1-24 
DRAFT FOR PUBLIC COMMENT 

12/6/96 
DO NOT USE, CITE OR QUOTE -- 



Appendix I 

639 1.9 Power Calculations for the Statistical Tests 

640 1.9.1 Power of the SignTest =- .~ - 

641 
642 

* -  

The power of the Sign test for detecting residual radioactivity at the concentration level LBGR = 
DGCE - A, may be found using equation 1-6. 

-1 . 

643 with 
- 

q' = @(Ah) (1-7) 

644 
'.. . 645 

646 
647 
648 
649 

650 
65 1 
652 

653 

654 
655 
656 
657 
658 
659 
660 
66 I 

The function @(z) is the standard normal cumulative distribution function tabulated in Table I. 1. 
Note that if N u  is large, q* approaches one, and the power also approaches one.-This calculation 
can be performed for other values, A*, in order to construct a power w e  for the test. These 
calculations can also be performed using the standard deviation of the actual measurement data, s, 
in order to construct a retrospective power curve for the test. This is an important step when the 
null hypothesis is not rejected, since it demonstrates whether the DQOs have been met. 

The retrospective power curve for the Sign test can be constructed using Equations 1-6 and 1-7, 
together with the actual number of concentration measurements obtained, N. The power as a 
hnction of A h  is calculated. The values of A/o are converted to concentration using 

Concentration = DCGL, - (A/u)(observed standard deviation). 

The results for the Class 3 Exterior Survey Unit example of Section 8.3.4 are plotted in Figure 
1.5. This figure shows the probability that the survey unit would have passed the release criterion 
using the Sign test versus concentration of residual radioactivity. This curve shows that the data 
quality objectives were met, despite the fact that the actual standard deviation was larger than that 
used in designing the survey. This is primarily due to the additional 20% that was added to the 
sample size, and also that sample sizes were always rounded up. The curve shows that a survey 
unit with less than 135 Bqkg would almost always pass, and that a survey unit with more than 
145 Bqkg would almost always fail. 

l 
e- 
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. ’ Retrospective Power 
. ?,OO 

0.80 

0.60 

0.40 

0.20 

0.00 
130 135 140 

Concentration (Bqlkg) 
145 150 

Figure 1.5 Retrospective Power Curve for Class 3 Exterior Survey Unit 
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666 

667 

668 

669 
670 

67 1 
672 
67 3 

674 

67 5 
676 
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' 679 

1.9.2 Power cd the Wilcoxon Rank Sum Test 

The power of the WRS test is computed from 

Appendix I 

where W;is the critical value found in Table 1.4 for the appropriate vales of a, n and M. Values of 
@(z), the standard normal cumulative distribution findon, are given in Table I. 1. 

_ _  

W,=W, -0.5m(m+l) is the Mann-Whitney form.of the WRS test statistic. Its mean is 

E(Wm) = mnP, (1-9) 

and its variance is 

(1-10) 2 Var(W,) = mnP,(l-P> +mn(n+m-2)(p2 -P,)  

Values of P, and pz as a f indon  of Ala are given in Table I. 10. 

The power calculated in Equation 1-8 is an approximation, but the results are generally accurate 
enough to be used to determine if the sample design achieves the DQOs. 

The retrospective power a w e  for the WRS test can be constructed using Equations 1-8, 1-9, and 
1-10, together with the actual number of concentration measurements obtained, N. The power as 
a function of A h  is calculated. The values of Ala are converted to dpd100 cm2 using:' 

dpd100 cm2 = DCGL - (A/a)(observed standard deviation). 

The results for this example are plotted in Figure 1.6, showing the probability that the survey unit 
would have passed the release criterion using the WRS test versus dpm of residual radioactivity. 
This curve shows that the data quality objectives were easily achieved. The curve shows that a 
survey unit with less than 4,500 dpm/100 cm2 above background would almost always pass, and 
that one with more than 5,100 dpm/100 cm2 above background would almost always fail. 
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680 Table L10 Values of P, andp, for Computing the Mean and Variance of W,, 

68 1 
682 
683 
684 
685 
686 

. 687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698- 
699 
700 
70 I 
702 
703 
704 
705 
706 
707 . 

708 
709 
7 10 
711 
712 
713 
714 

-6.0 
-5.0 
-4.0 
-3.5 
-3 .O 
-2.5 
-2.0 
-1.9 ' 

-1.8 
-1.7 
-1.6 
-1.5 
-1.4 
-1.3 . 

-1.2 
-1.1 
-1.0 
-0.9 
-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 
0.0 
0.1 
0.2 ; 

0.3 
0.4 
0.5 
0.6 

1.1 1E-05 
0.000204 
0.0023391 .: 

0.006664 
0.016947 
0.038550 
0.078650 
0.089555 
0.101546 
0.114666 
0.128950 
0.144422 
0.16 1099 
0.178985 
0.198072 
y- 0.21 833.8- 
0.239750 
0.262259 
0.285804 
0.3 10309 
0.3 3 5687 
0.36.1837 
0.388649 
0.4 16002 
0.443769 
0.47 1814 
0.500000 
0.528186 
0.55623 1 
0.583998 
0.611351 
0.638163 
0.6643 13 . 

... . . . . . . . . . . . . . 

1.16E-07 
6.14E-06 
0.000 174 
0.000738 
0.002690 
0.008465 
0.023066 
0.0277 14 
0.033114 , 

0.039348 
0.04650 1 
0.054656 
0.063897 
0.074301 
0.085944 

-0.098892- 
0.1 13202 
0.128920 
0.146077 
0.16469 1 
0.184760 
0.206266 
0.229172 
0.2534 19 
0.278930 
0.305606 
0.333333 
0.361978 
0.391392 
0.421415 
0.45 1875 
0.482593 
0.513387 

0.7 
0.8 
0.9 
1 .O 
1.1 
1.2 . 

I .3 
1.4 

. 1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 

--2;2- 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 

, 3.1 
3.2 
3.3 
3.4 
3.5 
4.0 
5.0 
6.0 

0.689691 
0.7141% 
0.737741 
0.760250 
0.781662 
0.801928 
0.82 10 1 5 
0.838901 
0.855578 
0.87 1050 
0.885334 
0.898454 
0.910445 
0.921350 
0.93 12 18 
0.940 103 
0.948062 
0.955 157 
0.961 450 
0.967004 
0.97 188 1 
0.976143 . 

0.979848 
0.983053 
0.98581 1 
0.988 174 
0.990188 
0.991895 
0.993336 
0.997661 
0.9997% 
0.999989 

.:.:.. . ..: ._..\_ ... .:.. __........ .. . . . . . . . . . ,+:.:. .. . . .... ..'.... :.: :._:. . .. ::p .. j . :.. ... .' ,~$;z...-"<... ~~..::.:.:,:,;:::< 

0.544073 
0.574469 
0.604402 
0.633702 
0.6622 16 
0.689800 
Oi71633 1 
0.74 1698 

0.788602 
0.810016 
0.830022 
0.848605 
0.865767 
0.881'527 
0.895917 

' 0.908982 
0.920777 

0.9408 17 
0.949208 
0.95661 6 
0.963 1 18 
0.968795 
0.97 37 2 5 
0.977981 
0.981636 
0.9847 58 
0.9874 10 
0.995497 
0.999599 
0.999978 

. ..* . ... . . . . . , , . . 

: 0.765812 

0.93 i 365 
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Figure 1.6 Retrospective Power Curve for Class 2 Interior Drywall Survey Unit 
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A B  C D E 
1 Data Area Adjusted Data Ranks Reference Area 

Ranks 
2 ,49 R =IF(B2~"Rn,A2+160.A2) aRANK(CZ.SCSZ:SCS23.1)+(COUNnF(SC~~.CZ)- 1) I2 =IF(B~P"R".E~,O) - 
3 35 R ~IF(B3="R".A3+160.A3) ~RANK(C3.scsZ:fcsu. I)+(COUNllF(SCS2:X523,C3) - 1) I 2 ~F(B~P"R".E~,O) 

d 45 I R ~IFfB4='R".A4+160.A4l ~ ~ ~ ~ . S C S Z : ~ . l ~ C O ~ F ( S C ~ : ~ . ~ 1  - 111 2 bIFfB+'R".E4.0) 

715 

716 
' 717 

718 
719 
720 
72 1 

722 

723 

724 
725 
726 
727 
728 
729 
730- 
73 1 
732 
733 
734 
735 

' 736 
737 
738 
739 
740 
74 1 

742 
743 
744 
745 
746 

-- 

1.10 Spreadsheet Formulas for the Wilcoxon Rank Sum Test 

14 
15 
16 

The analysis for the WRS test is very well suited for calculation on a spreadsheet. This is how the 
analysis discussed above-was done. This particular example was constructed using Excel 5.0fM. 
The formula sheet co&ponding to Table 8.10 is given in Table I. 1 1. The h c t i o n  in Column D 
of Table 8.11 calculates the ranks of the data. The RANK function in Excelm does not return 
tied ranks in the way needed for the WRS. The COUNTIF hnction is used to correct for this. 
Column E simply picks out the reference area ranks from Column D. 

~~~ 

94 S -aIF(B 14-.ii-,A14+ 160.Al4) LRANK(C 14.SCS2:SCS23.1 )+(COUhTIF(SCS2:kS23.C14) - I) I 2 =IF(B lG'R".E 140) 

98 S =IF(BlS~"R",AIS+160,AlS) ~RANK(C1S.SCS2:SCS23.I)+(COUh'TIF(SCS2:SCS23,ClS) - 1) I2 =IF(BlS~"R".EI5.0) 

99 S =IF(B16="R".A16+160.A16) ~RANK(C16.SCS2:SCS23.I)+(COUNTIF(fCS2:SCS23.C16) - 1) I2 bIF(B16='R'.E16.0) 

Table 1.11 Spreadsheet Formulas Used in Table 8.10 

17 
18 
19 

90 s =IF(B17="R".A17+l60.A17) ~RANK(C17,SCS2:SCS23.1)+(COUNTIF(SCS2:SCS23.Cil) - l)I2~~El7="R".EI7.0) 
104 S =IF(B18~"R",A18+160,A18) ~RANK(C~~,SCS~Z:SCS~~.~)+(COUNTIF(SCS~:SCS~~,C~~)- 1)/2 ~IF(B18~'R.E18.0) 

9S S ~IF(B19="R'.A19+160.A19) ~RANK(C19,SCS2:$CS23,I)~COUNTIF(SCS2:SCS23.C19) - I) I2 =IF(B19='R".E19,0) 
- _  

5 
6 
7 
8- 
9 
LO 
11 
I ?  

20 
2 1 
)7 

13 I 104 I S ~-IF(B13="R".A13+160.A13)~RANK(C13.SCS2:SCS23.I)+(COUNTIF(SC$2:SCS23,Cl3) - I) I2 bIF(B13='*R".E13.0) I 

~~~~ ~~ 

105 S =IF(B2O~"R',A20+160.A20) =RANK(C2O.SCS2:SCS23,I)+(COUNTIF(SCS2:SCS2-3,C20) - I )  I2 =IF(B2O="R".E20.0) 

93 =1F(B2 I~'R",A21+160,A21) ~RANK(C2I.fCS2:SCS23.l)+(COUNTIF(SCS2:SCS23,C21) - I) I 2 =IF(BZI=;"R",EZ 1,O) S 
IO 1 S -IF(B22="R'.A22+ 16O.AzZl =RANK(C22.SCCa:SCS23.1 )+(COUNTlF(SCSZ:SCS23.C22) - 11 I2 blF(B22="R".E22.0) 

13 
14 

92 S =IF(B23-"Rn,A23+160.A23) =RANK(C23,SCSZ:fCS23. I)+(COUNTlF(SCS2:SCS23.C23) - 1) I2 =IF(B23="R'.E23.0) 

SUm= =SUM(D2:D23) =SUM(E2:E23) 
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' 1  APPENDIX J 

2 DERIVATION OF ALPHA SCANNING EQUATIONS - 
3 PRESENTED IN SECTION 6.4.2.2 

4 

5 
6 
7 

For alpha survey instrumentation with a background around one to three counts per minute, a 
single count will give a surveyor sufficient cause to stop and investigate fiirther. Assuming this to 
be true, the probability of detecting given levels of alpha emitting radionuclides can be calculated 
by use of Poisson summation stathtics. 

. 

8 Discussion 
9 

10 
1 1  
12 

Experiments yi&iing numerical values for a random variable X, where X represents the number of 
outcomes occurring during a given time interval or a specified region in space are often called 
Poisson experiments (Walpole, 1989). The probability distribution of the Poisson random . 
variable X, representing the number of outcomes occurring in a given time interval t, is given by: 

, x=o,1,2 ,... e -Ar ( A  t )" P ( x ; A t )  = 
X! 

13 Where: 

15 A = Average number of outcomes per unit time 
16 At = . Average value expected 

_ _  14 P(x; At)= probability of x number of outcomes in time interval t 

17 To define this distribution for an alpha scanning system, substitutions may be made giving: 

18 
19 
20 
21 
22 

e-"m" 
n! 

P(n;nz) = 

1 

Where: 
P(n; m) = probability of getting n counts when the average number expected is 

m 
m = At, average number of counts expected 
n = x, number of counts actually detected 
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- 23 
24 

For a given detector size, source activity, and scanning rate the probability of getting 11 counts 
while passing over the source activity with the detector can be written as: 

[a‘]“ - 
n! 

-I . 
25 Where: 
26 G = source activity (dpm) 
27 E = detector efficiency (4x) 
28 d = width of the detector in the direction of scan (cm) 
29 V = scan speed (cds)  
30 t = dv ,  dwell time over source (s) 

. .  . . _  . - .. 

(5-3) 

- .  

31 
32 

If it is assumed that the detector background is equal to zero, then the probability of observing 
greater than or equal to 1 count, P(n2 I), within a time interval t is: 

P(n21)  = I - P ( n > O )  (5-4) I 

I 

____33__Tfit-is-hrther-assum.ed-th~t~~~e count is sufficient to cause a surveyor to stop and investigate I 

34 hrther then: I 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

GEd 
60 v 

-- 
P ( n 2 . l )  = I -P(n=O)  = 1-e  (J-5) 

Figures 1 through 3 show this hnction plotted for three different detector sizes and four different 
source activity levels. Note that the source activity levels are given in terms of areal activity 
values (dpm per 100 cm2), the probe sizes are the dimensions in the direction of scanning, and the 
detection efficiency has been assumed to be 15%. The assumption is made that the areal activity 
is contained within a 100 an2 area and that the detector completely passes over the area either in 
one or multiple passes. 

Once a count has been recorded and the surveyor stops, the surveyor should wait a sufficient 
period of time such that if the guideline level of contamination is present, then the probability of 
getting another count is at least 90%. This minimum time interval can be calculated for given 
contamination guideline values by substituting the following parameters into Equation 5 and 
solving: 
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46 
47 

48 

I 49 
~ 50 

51 

52 

53 
54 
55 
56 
57 
58 
59 

... 60 
61 

Appendix J 

P(21) = 0.9 
dv = t ,  

CA G 
100 
- - - 

where: 
C = contamination guideline (dpd100 an2) 
A =' Detector qea  (cm2 ) 

Giving:. 
13 800 I =  - 
CAE 

Equation 3 can be solved to give the probability of getting any number of counts while passing - 
over the source area, although the solutions can become long and complex Many portable 
proportional counters have background count rates on the order of 5 to 10 counts per minute and 
a single count will not give a surveyor cause to stop and investigate further. If a surveyor did 
stop for every count, and subsequently waited a saciently long period to make sure that the 
previous count either was or wasn't caused by an elevated contamination level, then little or no 
progress would be made. For these types of instruments, the surveyor usually will need to get at 
least 2 counts while passing over the source area before stopping for hrther investigation. 
Assuming this to be a valid assumption, Equation 3 can be solved for n = 2 as follows: 

P ( n 2 2 ) =  1 -P(n=O)-P(n= 1) 
(GE*B)f  (GE+B)r 

(GE+B ) r  -- e 'a = 1-e 60 - 
60 (5-7) 

(GE+B)t -- 60 ( 1+(G:Ir) 
= 1 - e  

62 Where: 

64 P(n22) = probability of getting 2 or more counts during the time interval t 
65 P(n=O) = probability of not getting any counts during the time interval t 
66 P(n=l) = probability of getting 1 count during the time interval t 
67 B = background count rate (cpm) 

63 
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68 All other variables are the same as in Equation B-3. ..- 

69, 
70 
71 

Figures 4 through 7 show this hnction plotted for three different probe sizes and three different 
source activity levels. The same assumptions were made when calculating these curves as were 
made for Figures 1 through 3 except that the background was assumed to be 7 counts per minute. 
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Alpha Surveys (500 dpm/lOO crn') I Probe Size 
1 

- - 
II 
A c - 
0- 

0 5 10 15 20 25 30 35 40 45 50 
Survey Speed (cm/s) 

Figure J.l Probability (P) of getting a single count when passing over a 100 cmz area 
contaminated at 500 dpm/100 cmz alpha. The chart shows the probability 
versus scanning speed for three different probe sizes. The probe size denotes 
the dimension of the probe in the direction of travel. A detection efficiency of 
15% (476) is assumed. 
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0 5 10 . 15 20 25 30 35" 40 45 50 
Survey Speed (cm/s) 

. .  

Figure 5.2 Probability (P) of getting a single count when passing over a 100 cm2 area 
contaminated at 1000 dpm/100 cmz alpha. The chart shows the probability 
versus scanning speed for three different probe sizes. The probe size denotes 
the dimension of the probe in the direction of travel. A detection efficiency of 
15% (47r) is assumed. 
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Alpho Surveys (5000 dpm/100 cm*) 1 Probe Size 1 

0 10 20 30 40 50 . 60 70 80 90 100 110 120 130 140 150 
Survey Speed (crn/s) 

..... 

Figure 5.3 Probability (P) of getting a single count when passing over a 100 cm’ area 
contaminated at 5000 dpm1100 cmz alpha. The chart shows the probability 
versus scanning speed for three different probe3izes. The probe size denotes 
the dimension of the probe in the direction of travel. A detection efficiency of 
15% (4x) is assumed. 
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Alphb Surveys (500 dpm/l00 cm') 

0 5 10 15 20 25 30 
Survey Speed (cm/s) . .  

Figure 5.4 Probability (P) of getting 2 counts when passing over a 100 cmz area 
contaminated at 500 dpmI100 cm2 alpha. The chart shows the probability 
versus scanning speed for three different probe sizes. The probe size denotes 
the dimension of the probe in the direction of travel. A detection efficiency of 
15% (4x) is assumed. 
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Alpho Surveys (1000 dpm/100 cm') 

. .. 

R I\ I I 

I \  70% ' 

30% I I 

5 10 15 20 25 30 0 '  
Survey Speed (cm/s) 

Figure J.5 Probability (P) of getting 2 counts when passing over a 100 cm2 area 
contaminated at 1000 dpmI100 cm2 alpha. The chart shows the probability 
versus scanning speed for three different probe sizes. The probe sue denotes 
the dimension of the probe in the direction of travel. A detection efficiency of 
15% ( 4 ~ )  is assumed. 
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0 .  10 20 30 40 50 ' 60 70 80 
Survey Speed (cm/s) 

-.-. 

Figure 5.6 Probability (P) of getting 2 counts when passing over a 100 cm2 area 
contaminated at 5000 dpm/100 cm2 alpha. The chart shows the.probability 
versus scanning speed for three different probe sues. The probe size denotes 
the dimension of the probe in the direction of travel. A detection efficiency of 
15% (4x) is assumed. 

. . -. 

-. 
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APPENDIX K 

- COMPARISON TABLES BETWEEN QUALITY 
ASSURANCE DOCUMENTS 

The comparison tables in this appendix provide a reference for the MARSSlM user who maqnot 
be familiar with developing a QAPP based on EPA Q A R - 5  (EPA 1994~). The tables relate the 
basic recommendations and requirements of EPA QA/R-5 and other quality assurance documents 
the reader may be more familiar-pdh. 

Each of the quality assurance documents compared in these tables was developed for a specific 
industry and scope. For this reason, there is not a direct comparison fiom one document to 
another. Rather, the tables are designed to show similarities between different quality assurance 

not have a counterpart in these comparison tables. 

- 

documents. In addition, there are topics specific to certain quality assurance documents that do - -  

If there is no section listed as being comparable with a section of &A QA/R-5, this does not - 

necessarily mean that the topic is not covered by the quality assurance document In some cases 
the topic may have been divided up into several subtopics that &e distributed between other 
sections of the particular document 

This appendix is not meant to provide a thorough cross-reference between different quality 
assurance documents. The purpose of these comparison tables is to demonstrate how QAPPs 
may be arrauged differently, but allow the user to locate important information concerning 
radiation s u r v e y s  and site investigations even if the QAPP is developed using guidance the 
reviewer is unfamiliar with. 

EPA QA/R-5 is compared with five quality assurance documents in the following tables: 

EPA QAMS-005/80 (EPA 1980d) 
ASMENQA-1 (ASME 1989) 

0 

IS0  9000 ( I S 0  1987) 

DOE Order 5700.6~ (DOE 199 1 c) 
’ MIL-Q-9858A@OD 1963) . .  .. 
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. -. 

- Table IC1 Comparison of EPA QA/R-5 and EPA QAMS-005/80 28 

2 9  

30 

. .  

A 1 Title and Approval Sheet ‘ I 1 .O Title Page with h & o n  f& Approval _ _  
Signa& 

2.0 Table of Contents 31 

32 

33 

34 

35 

36 
37 

38 

39 
40 

41 

42 

43 

44 

45- 

46 
47 

48 

49 
50 

51 

52 

53 

- 

~~~ ~ 

A2 Table of Contents 

A3 DishibutionList I 
4.0 Project Organization and Responsibility 
3.0 PmjectDesaiption 0 

A7 Quality Objectives and Criteria for 
Measlaanent Data‘ 

5.0 Quality Assurance Objectives for Measurement 
Data 

A8 PmiedNarrative I 
A9 S d  Traininn ReuukmenWCertScation 

6.0 Sampling-. . 

B2 S a m ~ l i n ~  Methods Reauhments 
B3 SamdeHandlinn a d  Custodp ReauiranentS _- 7.0 Sample Cust* 

I 1 .O Internal oualitv Control Checks and Fmencv 
B6 Instnrment/Equipment Testing, Inspection, and 13.0 Preventive Maintenance Pmcedures and 

B7 Instrument Calibration and Frequency 8.0 Calibration Procedures and Frequency 
88 I n s p e c t i o n / A ~ t a n ~  Requirements for 

Maintenance Requirements Schedules 

Sutmlies and Consumables 
B9 Data Acquisition Requirements 
B 10 Data Quality Management 
C 1 Assessments and Response Actions 12.b Assessment and Response Actions 

15.0 Corrective Actions 
16.0 
10.0 

10.0 

Quality Assurance Reports to Management 
Data Reduction, Validation, and Reporting 

Data Reduction, Validation, and Reporting 

54 

55 
56 
57 
58 

C2 Rewrts to Manaeanent 
D 1 Data Review, Validation, and Verification 

RtXpirelTlentS 
D2 Validation and Verification Methods 
D3 - Reconciliation with User Requirem ents 
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59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 . 

71 

72 
73 

74 

75 

76 

. .  

77 
78 

79 

80 

82 

83 

84 

s i  

85 

86 
87 

88 

89 

I ’  

Table K.2 Comparison of EPA QALR-5 and ASME NQA-1 

AI ’ Title and Approval Sheet 
A2 Table of Cbntents 

A3 DistributionList 
3-, L 

A4 Froject/TaskOrganization 1. organization 
A5 Problem D e f i i t i d a c k m u n d  
A6 Project/TaskDesaiptlon 3. Design Control 
A7 Quality Objedives and Criteria for 2. Q u a l i t y ~ c c ~ ~  

Measurement Data 

B5 Quality Conk1 Requirements Control of Processes I 71. Test Control 
B6 Instrument/Equipment Testing, Inspection, and 10. Inspection 

Maintenance Reauirements 12. Control of Measuring and Test Equipment 
B7 Instrument Calibration and Frequency 14. Inspection, Test, and Operating Status 

B8 InspectiodAweptance Requirements for 7. Control of Purchased Items and Services 

B9 Data Acquisition Requirements 
B 10 Data Quality Management 
C1 Assessments and Response Actions 15. Control of Nondoxming Items 

Supplies and Consumables 8. Identification and Control of Items 

16. Corrective Action 
18. Audits 

~~ ~ ~ 

C2 ~ Reports to Management 17. Quality Assurance Records 
D:l 

D2 Validation and Vdication Methods 
D3 Reconciliation with User Requirements 

Data Review, Validation, and Venfication 
Requirements 
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I 

8 Inspection and Acceptance-Testing 

10 Independent Assessment 

9 Management Assessment 

90 

k 

91 

92 

93 

94 

95 

96 

97 

98 
99 

00 
01 

102 

103 

,104 

105 

106- 

107 

108 
109 

110 

1 1 1  
112 

113 

1 I4 

115 

116 

1 I7 
1 I8 

119 
120 

- 

Appendix K 
. .. 

Table fc3 Comparison of EPA QA/R-5 and DOE Order 5700.6~ 

A1 Title and Auuroval Sheet I 
1 

A4 Project/Task Organization 

A7 

A8 ProjectNmtive 
A9 Special Training RequiremenWCertification 

A10 DocumenthonandRecords 

Quality Objectives and Criteria for 
Measurement Data 

B1 samPling-.P?b. ~. 
B2 . SarmplhgMethddSRequiremeats 
B3 Sample Handling and Custody-Rquirancnts-- 
B4 A n a l y t i c a l M e t h O d s ~ e a t s  

B5 Quality Control Requkments 
5 work Processes II 

B6 .InstnmentlEqupment Testing. Inspection, and 
Maintenance Requirements 

8 Inspection and Acceptance Testing ll 
~~~ __ 

B7 Instrument Calibration and Frequ&cy ~ 

B8 InspectiodAcceptance Requirements for 

B9 Data Acquisition Requirements 

Supplies and Consumables 

B 10 Data Quality Management 
CI Assessments and Response Adorn 

C2 Reports to Management 

D 1 

D2 Validation and Verification Methods 

Data Review, Validation. and Vaifcation 
Requirements 

II 
~ 

7 Procurement It 

D3 Reconciliation with User Requirements 1 3  Quality Improvement I1 
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121 

122 

123 

124 

125 

126 

127 

128 

129 
130 

131 

132 

133 

34 

35 

36 

37 

38 

39 
40 

41 

42 
43 

44 

45 

46 

47 

48 
49 

50 

51 

Table K.4 Comparison of EPA QA/R-5 and MILQ-9858A 

A I  Title and Approval Sheet 
A2 Table of Contents 
A3 DistributionList 
A4 ProjecVhskOrganization -1 'i 3.1 Organization 
A5 Problem Ddhition5ackground 
A6 ProjecVTask Description 
A7 Quality Objectives and Criteria for 3.2 Initial Quality Planning 

Measurement Data 
A8 Project Narrative 

. . . . .  . . . . .  A9 Special Trairiing ReqUirementslCdication' . . .  . . . . . . . . . . . .  

A10 Documentation . . . . . . . . . . . . . . . . . . . . . . . .  and Records . . . . . . . . . . .  
. -  3.4 ,Records ' . . .  ' . ' "  :. ' . . :  

. . . . . . . . . .  . . . .  . . . .  4.1 Drawhgs, Dornrmentaticm, and Ch&es ' : " 

B6 htruxmt/Equipment Testing, Inspection, and 4.2 Measuring and Test Equiment 

B7 Instruinent Calibration and Frequency 4.2 Measuring and Test Equipment 
B8 ~ t i o d A ~ t a n c e  Requirements for 5.0 Control of Purchases 

Supplies and Consumables 6.1 Materials and Material Control 

Maintenance Requirements 

B9 Data Acquisition Requirements 
B IO Data Quality Management 3.4 Records 
C 1 Assessments and Response Actions 3.5 Corrective Action 

6.5 Nonconforming Material 
~~~ ~~~ 

C2 Reports to Managem&t- 3.6 Costs Relatedto Quality 

D 1 Data Review, Validation, and Vdication 
ReaUiranents 

I 

D 2  Validation and Vdication Methods I 6.6 Statistical Quality Control 

.... 
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152 

153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 

165 
166 
167 
68 
69 

Table IC5 Comparison of EPA QNR-5 and IS0 9000 

I A 1 Title and Approval Sheet I 
A2 TableofConknts . 

A3 DistributionList 
4 Management Responsibility 

AS Problem Definition/Background 

A6 Projecflask Description 
A7 Quality Objedives and Criteria for 5 Quality System Principles 

A8 Project Narrative 
A9 Special Training RequiremenWCdication 
A 10 Documentation and Records 
B1 SamplingprocesSDesign 8 Quality m Specification and Design 

B3 SampleHandling aml custody Rtquknents 16 Handling and Postproduction Functions 

Measurement Data 5.2 Structure of the Quality System 

B2 SamplingMethodsRequk.ements 10 QualityinProducton 

10 OualitVmProduction 
B5 Quality Conml Requknents (-1-1---Conm13f piGiia6 __-- 

70- I€%-- Instnnnent/EquipmentTestin~Inspectianand I 13 Control of Measuring end Test Equipment - -  - _ .  

71 Maintenance Re&bments 
72 B7 , Instrument Calibration and Frequency 
73 

174 
175 
176 
177 

78 

79 
80 
81 

82 

" 
B8 InspectiodAuxptance Requirements for 9 Quality in Procurement 

B9. Data Acquisition Requirements 
B 10 Data Quality Management 

Supplies and Consumables 1 1.2 Matexial Control and Traceability 
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APPENDIX L 

REGIONAL RADIATION PROGRAM MANAGERS 

The following is a directory .list of regional program managers in Federal agencies who administer 
radiation control a&Gties k d  have responsibility for certain radiation protection activities. The 
telephone numbers and addresses in this appendix are subject to change without notice. A more 
complete directory list of professional personnel in state and local government agencies is 
available from the Conference o€Jtadiation Control Program Directors, Inc. (CRCPD). This 
directory is updated and distributed yearly. To obtain a copy of this annual publication please 
write to: 

CRCPD 
Attn: Ellen Steinberg 
205 Capital -Avenue 
Frankfort, KY 40601 

(502) 227-4543 

_. . 
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Appendix L 

L.l Department of Energy (DOE) 

Oak Ridge Operations Office 
- -_  - -  . - Department of Energy (EOC.) 

Oak Ridge, Tennessee 3783 1 
. i Post Ofice Box2001 

.. -. 

Telephone: (6 1 5) 576-1 005 
(615) 525-7885 

Savannah River Operations Office Telephone: (803) 725-3333 - 
Department of Energy 
Post Office Box A - 

Aiken, South Carolina 29801 

Albuquerque Operations Office 
Department of Energy 
Post Office Box 5400 
Albuquerque, New Mexico 871 15-5400 

Telephone: (505) 8444667 . 

- .. 

Chicago Operations Office - Telephone: (708) 252-4800 

9800 South Cass Avenue 
Department of Energy (708) 252-573 1 

Argonne, Illinois 60439 

Idaho Operations Office 
Department of Energy 
850 Energy Drive 
Idaho Falls, Idaho 83401 

Oakland Operations Office 
Department of Energy 
1303 Clay Street, 700 N 
Oakland, California 94612-5208 

Richland Operations Office 
Department of Energy 

-Richland, Washington 99352 
. Post Ofice Box 550 

Nevada Operations Ofice 
Department of Energy 
PO Box 985 18 
Las Vegas, NV 89 193-85 18 

Telephone: (208) 526-1 5 15 

Telephone: (5 10) 637-1 589 

Telephone: (509) 373-3800 

Telephone: (702) 295-7063 
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Appendix L 

L.2 Environmental Protection Agency (EPA) - 

Region 1 

Region 2 

Region 3 

Region 4 

Region 5 

MARSSIM 

(CT, MA, ME, NH, RI, VT) 
Radiation Program Manager - Telephone: (61 7) 565-4502 

John F. Kennedy Federal Building (ATR) 
One Congress Stqet 
Boston, Massachusetts 02203 

Environmental Protection Agency (61 7) 565-3420 

- 

(NJ, w, PR, VI) 
Chief, Radiation and Indoor Air Branch (2AWM:RAD) 

Environmental Protection Agency 
290 Broadway - 

New York, New York 10007-1866 

Telephone: (2 12) 637-40 10 
Division of Environmental Planning and Protection (212) 637-3000 - -  

@C, DE, MD, PA, VA, wv> 
Radiation Program Manager 
Radiation Program Section (3AT- 12) 
Environmental Protection Agency 
841 Chestnut Building 
Philadelphia, Pennsylvania 19 107 

(AL, FL, GA, KY, MS, NC, SC, TN) 
Radiation Program Manager 
Environmental Protection Agency 
Atlanta Federal Center 
1 00 Alabama Street, S. W. 
Atlanta, Georgia 30365 

(IL, M, MI, MN, OH, WI) 
Radiation Program Manager 
Environmental Protection Agency 
77 West Jackson Boulevard (AT-185) 
Chicago, Illinois 60604-3507 ' 
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Appendix L 

Region 6 

Region 7 

Region 8 

(AR, LA, NM, OK, TX) 
Radiation Program Manager 
Environmental Protection Agency 
Air Enforcement E3-h (6T-E) 
Air, Pesticides and Toxic5 Division 
1445 Ross Avenue 
12th Floor, Suite 1200 
Dallas, Texas 75202-2733 
a KS, MO, NE) 
Radiation Program Manager 
Environmental Protection Agency 
726 Minnesota Avenue 
Kansas City, Kansas 66101 

. -. 

Telephone: (214) 665-7224 
(2 14) 665-6444 

Telephone: (9 13) 55 1-7605 
(913) 551-7000 

(CO, MT, ND, SD, UT, WY) 
Radiation Program Manager Telephone:(303) 293-1440 

Environmental Protection Agency 
999 '1 8th Strm Suite 500 

- 

Radiation and Indoor Air Programs Branch (8ART-RP) (303) 293- 1603 

Denver, Colorado 80202-2466 

97 
98 Radiation Program Manager Telephone: (415) 744-1048 

100 75 Hawthorne Street, A-1-1 
101 

Region 9 (AZ, CA, HI, NV, American Samoa, Guam, and North'Mariana Islands) 

99 Environmental Protection Agency (415) 744-1305 

San Francisco, California 94 105 

102 Region 10 (AK, ID, OR, WA) 
103 Radiation Program Manager Telephone: (206) 553-7660 

105 
106 Seattle, Washington 98101 

104 Environmental Protection Agency (206) 553-1200 
1200 Sixth Avenue, Mail Stop AT-082 
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L.3 Nuclear Regulatory Commission (NRC) 

Region I 

Region II 

Region III 

Region IV 

(CT, DC, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT) 
Administrator 

475 Allendale Road 
King of Pxussia, Pennsylvania I .  19406-1415 

Te1epho;e: (61 0) 3 3 7-5299 
U.S. Nuclear Regulatory Commission (610) 337-5000 

- 
(AL, FL, GA, KY, MS, NC, PR, SC, TN, VA, VI, WV, Panama Canal) 
Administrator 

101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323-0199 

- 

Telephone: (404) 3 3 1 -5 500 
U.S. Nuclear Regulatory Commission (404) 33 1-4503 

04 L, MI, MN, MO, OY WI) 
- 

Administrator Telephone: (708) 829-9657 

801 Warrenville Road 
Lisle, Illinois 60532-435 1 

U.S. Nuclear Regulatory Commission (708) 829-9500 

(AR, co, ID, KS, LA, MT, NE, ND, w OK, SD, Tx, UT, wy> 
Administrator Telephone: (817) 860-8225 

61 1 Ryan Plaza Drive, Suite 400 
Arlington, Texas 7601 1-8064 

U.S. Nuclear Regulatory Commission (817) 860-8100 

(AK, AZ, CA, HI, NV, OR, WA, Pacific Trust Territories) 
U.S. Nuclear Regulatory Commission 
Walnut Creek Field Ofice 
1450 Maria Lane 
Walnut Creek, California 94596-5368 

Telephone: (8 17) 860-8 1 15 
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Appendix L 

L.4 Department of the Army 
. 

The following is a list of key personnel within the Department of the Army who administer 
radiation control activities and have responsibilities for certain radiation protection 
activities. 

Deputy for Environmental Safety & 
occupatidh ~ d t h  

Office of the Assistant Secretary of the A m y  
(Installations, Logistics, & Environment) 
110 Army Pentagon 
Washington, DC 203 10-01 10 

Telephone: (703) 695-7824 

- 

- 

Director of Army Radiation Safety 
Army Safety Office 
DACS-SF 
chief of staff 
200 Army Pentagon 
Washington, DC 203 10-0200 

Telephone: (703) 695-7291 
.. 

Radiological-Hygiene-Cont%iltant Telephone: (301) 427-5 107 
Office of The Surgeon General 
Walter Reed Army Medical Center 

150 
151 

153 Washington, DC 20307-5001 
152 Attn: MCHL-HP 
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154 L.5 Department of the Navy 

155 
156 
157 activities. 

The following is a list of key personnel within the Department of the Navy who administer 
radiation control activities and have responsibilities for certain radiation protection 

158 
159 
160 
161 
162 

163 
164 
165 

. 166 
167 

168 
169 
170 
171 

Navy Radiation Safety Committee 
Chief of Naval Operations (I’d455) 
221 1 Jefferson Davis Highway 
Crystal Plaza #5, Room 678 
Arlington, VA 22244-5 108 

Commander (SEA-07R) 
Radiological Controls Program 
Naval Sea Systems Command 
253 1 Jefferson Davis Highway 
Arlington, VA 22242-5 160 

Officer in Charge 
Radiological AfThirs Support Ofice 
P.O. Drawer 260 
Yorktown, VA 23691-0260 
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181 
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L.6 Department of the Air Force 

The following is a list of key personnel within the Department of the Air Force who 
administer radiation control activities and have responsibilities for certain -. radiation - 
protection activities. 

Associate Corps Chief, Health Physics 
Office of the USM:Surgeon General 
HQ AFMONSGPA 
170 Luke Avenue, Suite 400 
Bolling AFB, DC 20332-5133 

Chairperson, USAF Radioisotope Committee (RIC) 
AFMONSGPR 
8901 18th Street - 

Brooks AFB, TX 78235-5217 

Telephone: (202) 767-062 1 

Telephone: (210) 536-333 1 

Chief, Consultant Branch 
Radiation Services Division, Armstrong Laboratory 

Telephone: (210) 536-3486 

AYOEBZ 
2402 E Street 

189 --Brooks AFB, TX 78235-5 1 14 
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MARSSIM ROADMAP 

- 
Introduction 

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides 
detailed guidance for planning, implementing, and evaluating surveys to demonstrate compliance 
with a dose- or risk-based regulation. This roadmap presents a summary of the major steps in the 
Radiation Survey and Site Investigation Process and where guidance on these steps is located in 
the manual. A brief description of each step is included along with references to sections of 
MARSSlM providing more detailed guidance. 

This roadmap provides the user with basic guidance from MARSSIM combined with “rules of 

to be a stand-alone document. The roadmap is designed to be used with MARSSIM as a quick 
reference for users already familiar with the process of planning and performing surveys. Also 
provided in the roadmap are flow charts summarizing the major steps in the Radiation Survey -and 
Site Investigation Process combined with references to sections in MARSSIM where detailed 
guidance may be found. In addition, the roadmap serves as an overview and example for applying 
MARSSIM guidance at sites with radioactive contamination of surface soil and building surfaces. 
A working knowledge of MARSSIM terminology is assumed. Definitions of terms are provided 
in Section 2.2 as well as the glossary. 

thumb” (indicated by m) for performing compliance demonstration surveys, and is not designed ._ 

MARSSIM does not provide guidance for translating the release criterion into derived 
concentration guideline levels (DCGLs). While MARSSIM discusses contamination of surface 
soil and building surfaces in detail, other contaminated media (e.g., ground water, surface water, 
subsurface soil, equipment, vicinity properties, efc.) may require modifications to the survey 
design guidance and examples provided. Chapter 2 and Appendix D provide detailed guidance on 
developing appropriate survey designs using the Data Quality Objectives @QO) Process. 

Data Life Cycle 

Compliance demonstration is simply a decision as to whether or not a survey unit meets the 
release criterion. For most sites, this decision is supported by statistical tests based on the results 
of one or more surveys. The initial assumption used in MARSSIM is that each survey unit is 
contaminated above the release criterion until proven otherwise. The surveys are designed to 
provide the information needed to reject this initial assumption. MARSSIM recommends using 
the Data Life Cycle as a framework for planning, implementing, and evaluating survey results 
prior to making a decision. Figure 1 summarizes the major activities associated with each phase 
of the Data Life Cycle. 
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PLANNING PHASE 
Establish DQOs (re-evaluated f o r  each type of survey) 
Perform Preliminary Surveys 

Historical Site Assessment 
Scoplng. Survey 
Characterization Surv*y 
Remedial Act ion Support Survey 

Develop Final Status Survey Design 

- 

v 
I M P L E M E N TAT I 0 N P H A S E 

Perform Measurements and Collect Data 

I 

9 
ASSESSMENT PHASE 

Data Validation and Verification 
Review DQOs and Survey Design 
Conduct Preliminary Data Review 
Evaluate Individual Measurements using Elevated Measurement Comparison 
Evaluate Survey Unit Data using Statistical Tests 

I 

I 1 

DECISION MAKING PHASE 
1 - Evaluate the Results . I 

Figure 1 The Data L i f e  Cycle Applied to a Final Status Survey 
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MARSSIM Roadmap 
. -. 

Planning Stage 

The survey..design is developed and documented using the Data Quality Objectives (DQO) 
Process (Section 2;3,1, Appendix D). The DQOs for the project are established, and preliminary 
surveys are performed to provide information necessary to design the final status survey for 
compliance demonstration. The DQOs for the project are re-evaluated for each of the preliminary 
surveys. The preliminary survey8 may provide information for purposes other than compliance 
demonstration, and any of the preliminary surveys may be designed to demonstrate compliance 
with the release criterion as one of the survey objectives. These alternative survey designs are 
developed based on site-specific considerations (Section 2.6). The output of the planning phase 
of the Data Life Cycle is a final status survey design for demonstrating compliance with the 
release criterion, and a Quality Assurance Project Plan (QAPP, Chapter 9) to document planning 
results for survey operations. 

There is a minimum amount of information needed from the preliminary surveys to develop an 
effective final status survey design. This information includes: 

- -  

sufficient information to justify classification and specification of boundaries for survey 
units (the default is Class 1 which results in the highest level of survey effort) 
an estimate of the variability of the contaminant concentration in the survey unit (a,) and 
the reference area (03 if necessary 

After the preliminary surveys are completed, the final status survey design can be developed. 
Figure 2 presents the major steps in the development of a survey design that integrates scanning 
surveys with direct measurements and sampling. Most of the steps are easy to understand, and 
references to appropriate sections of MARSSIM are included in the flowchart. Several of these 
steps are important enough to justify additional discussion in this guide. These steps are: 

0 

0 

0 

0 Select Instrumentation 
0 

Classify Areas by Contamination Potential 
GroupISeparate Areas into Survey Units 
Determine Number of Data Points 

Develop an Integrated Survey Design 

MARSSIM 
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PREPARE SITE FOR 
SURVEY ACCESS I I 

Section 4.0 - 

. . .. 

IDENTI Pl I CONTAMINANTS Section 3.6.1, Section 4.3 I 

TI 

CLASSIFY AREAS BY 
CONTAMlNATlON - . POTENTIAL 

GROUPlSEPARATE 
AREAS INTO SURVEY 

UNITS 

I 

Section 4.3 . ESTABLISH 
DCGLs 

Section 2.5.2, Section 4.4 

Section 4.6 

1 
CONTAMINANT .I b. - I SELECT BKGD b 

PRESENT IN 

ESTABLISH SURVEY 
LOCATION REFERENCE 

DETERMINE NUMBER 
OF DATA POINTS 

Section 4.8.5 

Section 5.5.2 

SELECT 
INSTRUMENTATION 

DEVELOP AN INTEGRATED 
SURVEY DESIGN 

Chapter 6. Chapter 7. Appendix H 

Section 2.5.5. Section 515.3 

Figure 2 Flow Diagram for Designing a Final Status Survey 
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Land Areas 
Class 2 

Structures 

Land Areas 
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2,000 mz 

100 to 1,000rn’ 
2,000 to t 0,000 m’ 

. .  Classifv Areas b l ) W o n  P m  * (Section4.4) . 

Classification is a critical step in survey design because it determines the level of survey effort 
based on the potential for contaminatioi: Overestimating the potential for contamination results 
in an unnecessary increase in the level of survey effort. Underestimating the potential for 
contamination greatly increases the probability of failing to demonstrate compliance based on the 
survey results. The information obtained from the preliminary surveys is crucial for classieing 
areas (see Figure 2.5). 

Group/Swrate - Areas into Survey Units (Section 4.6) 

Survey units are limited in size based on classification, exposure pathway modeling assumptions, 
and site-specific bnditions. Table 1 provides typical survey unit areas based on area 
classification, - 

Table I Typical Survey Unit Areas 

Class 3 
structures no limit I 
Land Areas I nolimit 

k 

1.. Survey unit areas should be consistent with exposure pathway modeling assumptions used I 
I to develop DCGLs.‘ 1 
Determine Number of D e  Po& (Section 5.5.2) 

The number of data points is determined based on the selection of a statistical test, which in turn 
is based on whether or not the contaminant is present in background. Figure 3 presents a flow 
chart for determining the number of data points. 
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SPEUFY DECISION 
ERRORS 1 

I 

I , Section 5.5.2.1 

BKGM 

Section 5.5.2.3 Secbon 4.5 Section 5.5.2.2 

t 

I CALCULATE RELATIVE SHIFT CALCULATE RELATIVE SHIFT 
NO bl0 - - .  

Yes 

& 

1 

L 

I OBTAIN NUMBER OF DATA POINTS 
FOR SIGN TEST, N. FROM 

TABLE 5.5 

PREPARE SUMMARY OF DATA 
POINTS FROM SURVEY AREAS 

Section 5.5.2.3 

OBTAIN NUMBER OF DATA POINTS 
FOR WRS TEST. NR. FROM 

TABLE 5.3 FOR EACH SURVEY UNIT 
AND REFERENCE AREA . 

i 
I 
I 

PREPARE SUMMARY OF DATA 
POINTS FROM SURVEY AREAS 

Section 5.5.2.2 

Figure 3 Flow Diagram for Determining the Number of Data Points 
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96 
91 

The first step in determining the number of data points is to specify the acceptable decision error 
rates, a and 9. Decision error rates are selected site-specifically using the DQO process. 

. .  - .  . 

92 1.. Values for a and p are selected site-specifically using the DQO Process. 
I 1 

93 
94 
95 
96 
97 
98 

The next step, after determiningwhether or not the contaminant is present in background, is to 
estimate'the variability of the contaminant concentration, a. The'standard deviation of the 
contaminant concentration determined fiom the preliminary survey results should provide an 
appropriate estimate of a. Ifthe contaminant is present in background, the variability in the 
survey unit (a,) and the variability in the reference area (a,) should both be estimated. The larger 
of the two values should be selected for determining the number of data points. 

- 

_ _  
r 

99 It is better to overestimate values of as and a,. - I 
100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
I10 
1 1 1  
112 

10 
The third step is to calculate the relative shift, Ala. o is the variability of the contaminant 
concentration, and has already been determined. A is defined as the shift, and is equal to the width 
of the gray region. The upper bound of the gray region is defined as the DCGL.  The lower 
bound of the gray region (LBGR) is a site-specific parameter that is adjusted to provide a value 
for Ala between one and three. Nu can be adjusted using the following steps: 

0 

0 

0 

When a, and a, are different, select the larger of the two values. 1 

Initially select LBGR to equal one half the DCGL,i. This means A (DCGL, - LBGR) also 
equals one half the DCGL.  Calculate Ala. 
If A/a is between one and three, continue with the final step. 
If A/o is less than one, select a lower value for LBGR. Continue to select lower values for 
LBGR until A h  is greater than or equal to one, or until LBGR equals zero. 
If A h  is greater than three, select a higher value for LBGR. Continue to select higher 
values for LBGR until A/a is less than or equal to three. 

113 Alternatively, Ala can be adjusted by solving the following equation and calculating A h :  

LBGR = DCGL, - o 

114 If LBGR is less than zero, Ala can be calculated as DCGL,/o. 

I I5 1- Adjust the LBGR to provide a value for A h  between one and three. 1 
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116 
117 
I 18 
1 I 9 
120 0- 

The final step in determining the number of data points is to obtain the appropriate value from 
Table 5.3 or Table 5.5. Table 5.3 provides the number of data points for each survey unit and 
each reference area when the contaminantis present in background (N/2). Table 5.5 provides the 
number of data points for each survey u d t  when the contaminant is not present in background 

121 Select Instrumen- (Chapter 6, Chapter 7, Appendix H) 

122 
123 
124 
125 
126 
127 

128 

129 

Instrumentation or measurement techniques should be selected based on detection sensitivity to 
provide technically defensible results that meet the objectives of the survey. Because of the 
uncertainty associated with interpreting scanning results, the detection sensitivity of the selected 
instruments should be as far below the DCGL as possible. For direct measurements and sample 
analyses, minimum detectable concentrations (MDCs) less than 10% of the DCGL are preferable 
while MDCs up to 50% of the DCGL are acceptable. - 

It is better to provide conservative estimates of the MDC for planning purposes I 
PevelQp an Int-ey Desi= (Section 5.5.3) 

132 
133 
I34 
135 
136 
137 

138 
139 
140 

141 

142 
143 
144 
145 

130 
131 

. The integrated survey-desigmcombines scanning-surveys with-direct-measurements and sampling. 
The level of survey effort is determined by the potential for contamination indicated by the survey 
unit classification, as illustrated in Figure 4. Class 3 survey units receive judgmental scanning and 
randomly located measurements. Class 2 survey units receive scanning over a portion of the 
survey unit based on the potential for contamination combined with direct measurements and 
sampling performed on a systematic grid. Class 1 survey units receive scanning over 100% of the 
survey unit combined with direct measurements and sampling performed on a systematic grid, and 
the grid spacing is adjusted to account for the scan MDC (Section 5.5.2.4). 

Table 2 provides a summary of the recommended survey coverage for structures and land areas. 
Modifications to the example survey designs may be required to account for other contaminated 
media (e.g., ground water, subsurface soil, etc.). 

Implementation Phase 

The objectives outlined in the QAPP are incorporated into Standard Operating Procedures 
(SOPS). The final status survey design is carried out in accordance with the SOPs and the QAPP 
resulting in the generation of raw data. Chapter 6, Chapter 7, and Appendix H provide 
information on measurement techniques. 
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GENERATE A RANDOM 
STARTlNG POINT 

I CONDUCT SURFACE 
SCANS FOR 100% OF LAND 
AREAS AND STRUCTURES 

WHERE CONDITIONS 
PREVENT SURVEY OF 

IDENTIFIED LOCATIONS, 
SUPPLEMENT W 

ADDITIONAL RANDOMLY 
SELECTED LOCATIONS 

Sectkn6.22 

A 

DATA POINTS NEEDED 

Sedion 5.533 

CONTINUE UNTIL THE 
NECESSARY NUMBER OF 

DATA POINTS ARE 
IDENTIFIED 

-, 

I ADJUST SPACING BASED I ONSCANMDC 

I -n5.524 

Sectbn 5.5.2.5 

IDENTIFY DATA POINT 
GRID LOCATIONS 

Section 5.5.2.5 

WHERE CONDITIONS 
PREVENT SURVEY OF 

SUPPLEMENT WlTH 
ADDITIONAL RANDOMLY 
SELECTED LOCATIONS 

IDENTIFIED L m n w s ,  

PERFORM 
MEASUREMENTS AT DATA 
POINT GRID LOCATIONS 

Section 6.2.1 
Section 6.2.3 
Section 7.4 

I 
class2 

I'' - L 
CONDUCT SURFACE 

SCANS FOR 1O-looOk OF 
LAND AREAS AND 

STRUCTURES 

L 

Section 6.2.2 

I DETERMINE NUMBER OF 1 DATA POINTS NEEDED 

Section 5.5.2.2 
Section 5.5.2.3 

- 
CONDUCT JUDGMENTAL 

SURFACE SCANS FOR 
LAND AREAS AND 

STRUCTURES 

- 

Section 6.21. 

DETERMINE NUMBER OF 

Section 5.5.2.3 

GENERATE SETS OF 

Figure 4 Flow Diagram for Developing an Integrated Survey Design 
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'Table 2 Recommended Survey Coverage for Structures and Land Areas 

Class 1 

Class-3- 

100% '. 

- .  -.. .. .. .. - 7 .  . 
. . ,  , 

.. . . . .  
. .-*... . 

lOt01000/o - .  
(10 to 50% for upper 
walls and ceilings) 

Systematic and 
Judgmental 

, Judgmental 

152 Assessment Phase 

153 
154 
155 
156 
157 

158 
159 
160 

161 
162 
163 

Number of data points 
fiomiatisticaItests 
(Sections 5.5.2.2 and 
5.53.3); additional direct 
measurementsand 
samples may be 
necessary for small areas 
of elmated activity 
{Section 5.5.2.4) 

Number of data points 
h m  statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

. I  .- - 

Number of data points 
fromstatisticaltests 
(Sections 5.5.2.2 and 

100% 

10 to 100% 
Systematic and 

Judgmental. 

Number of data points 
from statistical tests 
(%&ions 5.5.22 and 
5.5.2.3); additional 
direct measurements and 
samples may be 
necessary for small 
areas of elevated activity 
(Section 5.5.2.4) - 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

-N~mber~of&i taFi i i i i i  
from statistical tests . 
(Sections 5.5.2.2 and 

The survey data are validated to ensure SOPS specified in the survey design were followed and 
that the measurement systems performed in accordance with the criteria specified in the QAPP. 
The data quality assessment @QA) process is then applied using the validated data to determine 
if the quality of the data satisfies the data user's.needs. DQA is described in Appendix E and 
applied in Chapter 8. 

The first step in DQA is to review the.DQOs and survey design to ensure they are still applicable. 
For example, if the data suggest that a survey unit was misclassified the DQOs and survey design 
would be modified for the new classification. 

The next step is to conduct a preliminary data review to learn about the structure of the data and 
to identie patterns, relationships, or potential anomalies. This review should include calculating 
basic statistical quantities ( ie . ,  mean, standard deviation, median) and graphically presenting the 

. . -. 

-. 

-e 
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174 
175 
176 
177 
178 

179 

180 

181 

' 182 

183 

184 
185 
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1 Power is Adequate 

MARSSIM Roadmap 

Spatial Independence 

Symmetry 

Data Variance 

data using at least a histogram and a posting plot. The results of the preliminary data review are 
also used to veri@ the assumptions of the tests. Some of the assumptions and possible methods 
for assessing them are summarized in Table 3. Infoxmation on diagnostic tests is provided in 
Section 8.2 and Appendix I. 

Posting Plot (Figure 8.1) 

Histogram (Figure 8.2) 
Quantile Plot (Figure 1.2) 

Sample Standard Deviation (Section 8.2) 

Table 3 Methods for Checking the Assumptions of Statistical Tests 
-1 . 

Any measurement greater than DCGL,,, ot the 
average less than DCGL, 

Conduct Sign test and elevated 
measurement comparison 

Retrospective Power Chart I (Sign Test, Figure 1.5) 
I (WRS Test, Figure 1.6) 

... 

The final step in interpreting the data is to draw conclusions from the data. Table 4 summarizes 
the statistical tests recommended in MARSSIM. Section 8.3 provides guidance on performing 
the Sign test when the contaminant is not present in background. Section 8.4 provides guidance 
on performing the Wilcoxon Rank Sum (WRS) test when the contaminant is present in 
background. 

Table 4 Summary of Statistical Tests 

Radionuclide not in background and radionuclide-specific measurements made: 

I AII measurements less than DCGL, I survey unit meets release criterion I '  
I Average greater than DCGLw I Survey unit does not meet release criterion I 

... 

MARSSIM Roadmap- 1 1 12/6/96 
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210 

21 1 

186 

187 

188 

189 
190 
191 

192 
193 

194 
195 
1 96 
197 

198 
199 

Class 2 > DCGL, > DCGL, or > MDC ' 

Class 3 > fraction of DCGL, > DCGL, or > MDC 

- 
Table 4 Summary of Statistical Tests (continued) 

Radionuclide in background o r  non-radionuclide-specific measurements made: - - 

Difference between maximum m e y  unit 
measurement and minimum ref&enw area 
measurements is less than DCGL, 

Difference of survey unit average and reference 
area average is greater than DCGL, 

Difference between any survey unit measurement 
and any reference area measurement greater than 
DCGL, or the difference of survey unit average 
and reference area average is less than D C G L  

Survey unit meets release criterion 

Survey unit does not meet release criterion 

Conduct WRS test and elevated 
measurement comparison - 

-. 

. -  

. .. . 

Table 5 summarizes the investigation levels appropriate for each survey unit classification and 
type of measurement. For a Class 1 survey unit, measurements-above-the-DGGkare-not 

200 
20 1 
202 
203 
204 
205 

necessarily-unexpectedTHowever, a measurement above the DCGL, at one of the discrete 
measurement locations might be considered unusual if it were much higher than all of the other 
discrete measurements. Thus, any discrete measurement that is both above the DCGL, and is 
three standard deviations above the mean of the measurements should be investigated further. 
Any measurement, either at a discrete location or from a scan, that is above the DCGLj ,  should 
be flagged for further investigation. 

206 Table 5 Summary of Investigation Levels. 

207 
208 

I > D C G h c  or 
' 209 I I > DCGL,,, and > mean + 3s' 
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219 
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222 
223 
224 

225 
226 
227 
228 
229 
230 
23 1 
232 
233 
234 

235 

236 
231 
238 

I 

I 24 1 

239 
240 

242 
243 
244 

I 
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In Class 2 or Class 3 areas, neither measurements above the DCGL, nor areas of elevated 
activity are expected. Any measurement at a discrete location exceeding the DCGL-,,, in these 
areas should be flagged for further investigation. Because the survey design for Class 2 and 
Class 3 survey units is not driven by the EMC, the scanning MDC might exceed the D C G L .  In 
this case, any indication of residual radioactivity during the scan would warrant further 
investigation. 

Because there is a low expectation for residual radioactivity in a Class 3 area, it may be prudent to 
investigate any measurement exceeding even a fraction of the DCGL. The level one chooses 
here depends on the site, the radionuclides of concern, and the measurement and scanning 
methods chosen. This level should be set using the DQO Process during the survey design phase 
of the Data Life Cycle. In some cases it may be prudent to follow this procedure for Class 2 and 
even Class 1 survey units as well. 

- 

- 

Both the measurements at discrete locations and the scans are subject to the elevated 
measurement comparison (EMC). The result of the EMC does not in itself lead to a conclusion as 
to whether the survey unit meets or exceeds the release criterion, but is a flag or trigger for 
fhther investigation. The investigation may involve taking hrther measurements in order to 
determine that the area and level of the elevated residual radioactivity are such that the resulting 

assurance that there are no other undiscovered areas of elevated residual radioactivity in the 
survey unit that might result in a dose exceeding the release criterion. This could lead to a 
re-classification of all or part of a survey unit-unless the results of the investigation indicate that 
reclassification is not necessary. 

- 

dose or risk meets the release criterion.' The investigation should also provide adequate ! 

Decision Making Phase 

A decision is made, in coordination with the responsible regulatory agency, based on the 
conclusions drawn from the assessment phase. The objective is to make technically defensible 
decisions with a specified level of confidence. 

The Elevated Measurement Comparison (EMC) consists of comparing each measurement from 
the survey unit with the investigation levels in Table 5 .  The EMC is performed for measurements 
obtained from the systematic or random sample locations as well as locations flagged by scanning 
surveys. Any measurement tiom the survey unit that is equal to or greater than the investigation 
level indicates an area of relatively high concentration that is investigated, regardless of the 
outcome of the nonparametric statistical tests. 

'Rather than, or in addition to, taking further measurements the investigation may involve assessing the 
adequacy of the exposure pathway model used to obtain the DCGLs and m a  factors, and the consi'stency of the results 
obtained with the Historid Site Assessment and the scoping. characterization and remedial action support surveys. 
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.- 

ET Any measurement from the survey unit that is equal to or greater than the investigation 
level indicates an area of relatively high concentration that is investigated, regardless of the 
outcome of the nonparametric statistical tests. 

The result of the Sign test or the WRS test is the decision to reject or not’to reject the null 
hypothesis that the survey unit is contaminated above the DCGL. Provided that the results of 
any investigations triggered by the EMC have been resolved, a rejection of the null hypothesis 
leads to the decision that the survey unit meets the release criterion. If necessary, the amount of 
residual radioactivity in the survey unit can be estimated so that dose or risk calculations can be 

. made. In most cases, the average concentration is the best estimate for the amount of residual 
radioactivity. 
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c 

. .  

a - area of elevated activity 2-3,4,26,-28, 

demonstrating compliance 2-27; 8-23,24 
determining data points 

see Type I decision e m r  30; 5-33 

5-33 - -  see Trpe N decision e-mr 
P 

. * ~ 3-5;c-23 flagging 8-23.24 
investigation level 8-10. 1 1  

91b material 
A m h  

action level 
activity 

area of elevatedactivity 

activity concentration 
distxibution 
ratios 
total activity 
lmits of activity 

-Phi! 

see elevated activity 
air 

ALARA 
alpha (a) radiation 

analysis 
detection sensitivity 

scanning 
detectors 
emitten 
measurement 
radon 
sPectro=PY 

alpha particle 
radon 

alternative hypothesis 
area 

evaluation & HSA 
classification 

directmeasurement 

contaminated 
land 
-ey 
reference coordinate system 
scanning 
site 
site diagram 
smctures 
m e y  unit 

final i t u s  survey design 2-30; 542 5-36; 8-24; D-23 
area factor 5-34; 8-24 D-8iS;E-S 

2-3; 3-1 1 
4-1.6 
6-24 
4-9 
3-7.8; 4-5 
4- 1 

7-10 
2-5; 5-48; c-10 
4-3.5; 64 
7-18 

6-18 
6-34; Am. J 

4-18 
6- 1 
6-4 1 
7-21 
4-5 
6-41; 7-1 1 
5-24 

6 4 1 4  

3i10 
2-4,18.28; 
4-10 
2-3 
4-21; 5-38 
5-1 1 
4-23 
2-3 1; 5-43 
4-17 
3-19 
4-19.21 
2-4; 4-13 

comtion 5-36 
arithmetic mean 

arithmetic standard deviation 
see mean 

see standad deviation 
background (radiation) 

activity 
decommissioning. 
detection sensitivity 
ground water 
indistinguishable from 
measurements 
samples 
statisticaltests 

see refirence aka 

see conversion table 

analysis 
detection sensitivity 

direct measurement 
scanning 

Becquerel (Bq) 

beta (p) radiation 

detectors 
emitters 
liquid scintillation 
measurement 
radon 

beta particle 
bias 

5-1.0; 6-6 
4-1 1 . 
6-18 
5-13 
2-33 
6-a; 7-13; 9-12 
5-1 1 
2-26; 4-9; 
5-29. 37 

4-5; 6-4 
7-18, 21 

6-18 
6-24 to 33 
6-4, 15 
4-18 
7-20 ' 

6- 1 
6-41 
4-5i6-41i7-11 
9-21 ' 

biased sample measurement 
see judgemeni measurement 

byproduct m'aterial 
by products 3-5 

CEDE (committed effective dose 
equivalent) 2-2 
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CERCLA ' 

compared to MARSSIM 
- chain of custody 

characterization survey 

area classifications 
checklist 
dat iduumty  
DCGLS 

see survey checklist 
checklist@) 

Class 1 area 

investigation level 
scanning 

Class 2 area 

investigation level 
scanning 

Class 3 area 

investigation level 
-I3 

classification 

APP. F 
74,23; 
9-10. 13.23 
2-15,21,23.24; 
5-7 to 16 
4-10 
5-15. 16 
6-36 
4-3 

3 ,  2 .  

2-5; 4-10; 
5 4 . 4 6  
8-10, 11 

computer code (continued) 
RESRAD 
RESRAD BUILD 

confidence interval 
alternate null hypothesis 

confirmatory survey 
survey design 
seejnal status survey 

contamination 

characterization w e y  
classification 

DCGLS 
decommissiOning. criteria 

5-34 . .. 
5-34 
6-40 
2-33 

.5-20 

1-1.3; 
2-27,29 
5-7 
24.5.28; 3-3; 
440; 5-44.46 
2-2.3; 4-3 
5-24 

2-3 1;.5-42 fdstastatussurvey 5-20 
2-5; 4-10; 
5-45.47 

HSA 
historical data 

idenming 
in soil 
in water 
in stluctures 
inair 

measurement 

=Ph? 

8-10; 11 reconnaissance 
2-3 1; 5-42 
2-5; 4-1 1; 
5-45,47 
8-10,ll 
2-3 1; 5-42 

2-4.18.28; remediation action 
' 4-10; 8-2,24 

areas 2 - 4 ~ 5  surrogate measuranents 
HSNscoping 2-23 see area of elevated activity 
see Class I ,  2, and 3 area see impacted area 

cleanup 1-1.3; 2-24; 5-17 core sample 
repiations 1 - 4 .  
release criterion 2-2 

cleanup standard 2-2 
cleanup (survey) unit 

see survey unif 
co rnpa ra bil ity 9-14, 18, 19 

data quality 9-15. 
corn pleteness 9-16. 18 

data 9-15 
documentation 9-13 

composite sample , 2-33 
. alternate survey design 2-33 

com positing 7-6; 9-20 
surface soil 7-6 
representativeness 9-20 

computer code 
DEFT D-20 
ELIPGRID D-23 
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soi I 
structures 
wells 

accuracy 

comparability 
completeness 
precision 
project assismen! 
quality assessment 

corrective action 

~ duplicates 

repreSentatiVeIleSS 
spikes 

2-17 . .. 

3 4  to 8, 10 
3-9 
3-1 1 -. .. 

3-13 
3-14 

,3-18. 
3-17 
6-2 

4-4 

7-7, 8 
4-2 1 ;- 5-1 0 
7-10 

9-22 
9-1 1 
9-19 
9-18 
9-21 

9-7 
9-20 
9-10 

943  

criterion 1-1 
alternate hypothesis 2733 
compliance 2-25 
DCGLs *' 4-3 
FSS .2-24 
measurement 6-1 
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criterion (continued) 
QMP 
Qc 
release criterion 
statistical tests 
W e y  Planning 
null hypothesis 

critical level (4) 
critical value 

curie (Ci): 

D 
data 

see conversion table 

conversion 
data interpretation checklist 
distribution 
number of points needed 

EMC 
Sign test 
WRStest 

preliminary review (DQA) 
skewness * 
spatial dependency 

9- 1 
9-17 
1-1,3; 2-2 
2-26 
5-1 
2-10 . 

6-18,24 ' 

8-14,21;D-17; 
14 to 10 

. .  

-1' : 

D-10 

8-2 . 

8-27 
8-4.6 
5-24.29.33 
5-33 
5-3 1 
5-27 
E-3 
8-6 
8 4  - -  

see mean, median, standotd deviation 
see posting plot ' 

see ranked a'ata 
see stem and leaf display 

Data Life Cycle 2 4  to 15 
figure 2-7 
steps: 

1. planning 2-9; App. D 

3. assessment 
4. decision making 2-8 

2. implementation 2-1 1 
2-1 1; App. E 

Data Quality Assessment @QA) 
2-6; 8-1 ; App. E 
2-8. 11; App. E assessment phase 

historical data 3-7 
Q M P  9- 1 
scanning 6-3 

Data Quality Objectives (DQOs) 
1-3; 2-9, 10; 7-1; 
8-1; D-1 

DQO Process 2-10,App. D 
iterations (figure) D-4 
state problem D-3 
identlfy decision D-5 
inputs D-6 

DQOs (continued) 
study boundaries D-7 

develop decision rule D-8 
decision errors D-13 
optimize design D-25 

HSA 3-2 
PlaIllliPg 2-6 

E- 1 
survey design 5-2 
measurement uncertainty 6-36 
Q N P  9-1 

. review for DQA 

data quality indicators 9-8.24 

Derived Concentration Guideline Level * - .  

data assessment 9-14, 15 

(DCGL) 
alpha, beta, gamma 

DCGLEMC 
DCGL, 

decommissioning 
decontamination 
HSA 
gross activity 

-eys 
decay 

see radioactive decay 
decision error 

error chart 
false positive 

see Type I error 
false negative 

see Type I I  error 
feasibility trials 

DEFT , 
speclfjing limits 
table 

decision maker 
alternate methods 
estimating uncertainty 
DQOs 

decision rule 
one-sample case 
power chart (example) 
two-sample case 

decision statement 
decommissioning 

sampling 

Characterization Survey, 
criteria 
documentation 

2-2, D-8.22 
4-5 
8-1.3.6, 10, 11 
8-10 
4: 1 
2-24 . 

3-1 
4-7 
7-1 
5-1 

-. .. 

D- 13.22 
D-25.27 

D-20 
D-15 
D-15 
2-6 
2-32 
2-1 1 
3-2; 7-1 
1-3; D-8.25 
D-11 
D-26 
D-12 
D-5 
1-1; 2-3 
5-7 
4- 1 ; 5-24 
5-49 ~ 
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decommissioning (continued) 
simplif-led procedure Aw. B 
site identification 2-17 
site investigation 4- 1 

delta (6) 8-24; D-10 
5-24; D-20 

. .. 
._ . . : . _ .  - . -. 

delta (A) 
- _. .= _ . . .  _ _  see relative shij  

detector(s) 'Chap 'L - 

' .  App.H. 
. alpha 6414.33; 7-21 

field survey H-6 4 11 
laboratory H-43 to 48 

beta 64.15 
field survey H-12 to I S  . 

laboratory H-50 to 5 1 
in situ spectrometry 
g- 64.16; 7-20 

field survey H-16 to 27 
laboratory H-53.54 

6-7 to 9 

. .,. . . H-3-5 .- 

. ., . low energy 
gross alphaheta 7-'18.- ' ,  

radon 6-41; 
H-29 to 33 

sensitivity' 6-18'to 23 
smears 7-18 
x-ray H-37 

direct measurement 2-4.31; 4-17; 
611T7- 1 

backgmund 66; 7-13 

detectors 6-12 
field blanks 9-12 
in situ 6-7 
ins tm m en ts 
methods 6-2 
QC 9-8 
radon 7-10 

data collection 9-4 

4-14; 6-1 

replicates 9-1 1 
sensitivity 6-18 
soil ' 7-5 
surface activity 6-2 
surveys 5- 1 

distribution coefficient (&) 3-17 
dose equivalent (dose) 1-1.3; 2-1.2 

compliance (FSS) 2-24.25 
DCGL 2-3; 5-34 
factors 5-35 
modeling 5-7.34 ' 

radon 6-4 1 
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dose equivalent (continued) 
rate 6-45; 7-12 
release criterion 2-2 

duplicate sample 9-8, 11, 17 
effective probe area 6-9. 10 
elevated area 

elevated m easurem en t 

Elevated Measurement Comparison 

see area of elevated activity 

see ana of elevated activity 

2-3.3 1; 
8-10.23 

(EMC) 

E G L ,  2-27 
example A-I6 

number of data points 5-32 to 37 
eXamPle(S) 5-37 

5-40 structure surfaces 
see area of elevated activity 

exposure pathway model 2-2.26; 5-34.35 
exposure rate 4-18; 6-1 1 

6-16 detectors 
measuranent 5-10,11; 6-5 
SCIUMDC 6-32 

field survey equipment App. H 

checkli? 
classif cation 
compliance 
data uncertainty 
DCGL 
example 
health and safety 
integrated design 
investigation process 
parameters (example) 
Planning 
QA 
sampling 

survey units 
fluence rate 

-. . 

5-20 to 52 
5-50 to 52 
2-2% 4-10 
2-25 
6-36 
4-3 

4-28 
2-30; 5-42 
2-15 
8-12 
2-9; 5-20 to 52 
4-28 ; 
7-4 
4-13 
6-5 

APP..A, 

frequency plot 84.6; 1-17 
gamma (y) radiation 6-4 

detection analysis sensitivity 7-20 

6-18 direct meaSuremcnt 
scanning 6:24 to 33 
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... :.-.., 
- - . .k?. 

,. :::.,:;I . .  . gamma (y) radiation (continued) 
detectors 
mcaslrrcmcnt 
radon 

spectromchy 

surfacemeaslaemeat 
graded approach 

graphical data review 
see jvquency plot 
see posting plot 
see stem and kafdisplay - gray. region 

. I  

example 
see decision envr 
see lower bound (LBGN 

grid 

spacing 
surveys 
triangular grid 

example 
half-life (tin) 

in example case 
radon 

histogram 
see jkquency plot 
see stem and leajdisplay 

6-16 
4-18; 6-1.2 
6-41; 7-1 1 
6-25 
4-14; 5-1 1.44. 
48; 745.14.20 
6-2 
2-4,5,9; 8-2; 
D-1 

-1 .. 

2-10.1 1; 5-25; 
D-16,20 
5-27.31 

2-24,3 1 ; 
4-23 to 26; 
5-1 3 
A-3.7.8 
6-45 
A-14 
4-U; 5-38 
4-24.25.26 
2-3 1; 5-42; 
6-3; 7-7 
5-36.40 
5-3 
5-33.41 
A-13 
16,4-5 
A-1; B-1 
6-4 1 

Historical Site Assessment @SA) 
1-3; 2-15, 17; 
3-1 to 23 

data  so^ 9-14 
information mutes Am. G 
-Y Planning 5-1 

hot measurement 

hot spot: 
see area of elevated activily 

see area of elevated activity 
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hypothesis 
alternative hypothesis 
decommissioning 
null hypothesis 

statistical testing 
approach explained 
sign ted 
WRStest 

impacted area 
classification 
DQO 
HSA 

non-impacted 

site diagram 
survey design 
see msidual radioactivity 

scoping survey 

2-26; 4-1 0 
2-33 
5-24 
2-10,26 
D-17 to 19 
1-3; 2-13.26 
2-26; D-14 ' 

8-13 
8-19 
2-4 
4-10 
3 -2 
2-17; 3-1. 10, 
11.23 
2-4 
2-23 
3-19 
2-3 1 

indistinguishable from background 
- 

2-33; D-19 
infltration rate 3-13, 15, 16 
inventory 3-7 
investigation level 2-3; 4-1; 5-17; 

6-4 
h g  6-3 
summary (table) 8-1 1 
meY-w 5-44 to 47 
see Elease criterion 
see action level 

judgement measurement 2-23,24,5-3 

laboratory equipment 
karst terrain 3-16 

detectors H-42 to 54 
less-than data: 2-14,8-19.20 

a license 1-1.6; 2-3. 3-7 
laboratory 7-3 
site 2-17; 3-3 

license termination 

lower bound of the gray region (LBGR) 
see decommissioning 

2-10; 5-25, D-20 
examples 8-15, 16, 21 
see gray regfon 

m 5-27 
mean * 2-27; D-9, 10 

of data (example) 8-3 
median 8-3.7. 13, 19,D-9 
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minimum detectable concentration 
(MDC): 2-11, 15; 

6-21,31 
elevated activity 5-34 ' 

land area scan 6-32 
m-f=t, " 6-18 .. .. .. ,_ - .. techniques : .-;.. .-4-14 _, 

missing or unusable: data' '- 5-26.27. 

model@) 
31.33; 9-18 

conceptual site model 14.2-3; 19, D-7 
defhhgSltdyboundaries D-7 
-.PathWsY 2-2, 15 

area factor (example) 5-34 
' determining DCGLs 4-3.6 

N 
FSS (example) A-IO. 11 
Signtest . . '5-29 to 33; 8-14 

example 5-31.33 
table . 5-32; 1-2 ; : 

. total ' 9-8 
WRSteSt 5-24 to 29; 8-20 

. .  example 5-27,29 
table 5-28.1-3 

n ' 5-27; 8-20 
NARM 34; c-12 

_nathrally-occurring-radionuclides 
6 4 7 ;  
7-10 

non-impacted area 2-4 
background (reference area) 4- 12 
classification 2-28; 4-10 
DQO 3-2 
HSA 2-17; 

3-10 to 12 
' survey design 2-3 1 

nonparametric test 2-26i.8-7.8 
alternate methods 2-32.33 
number of data points 

two-sample test D-10, 12 
onesample test D-10, 11 

5-24 to 3 1 
ex*ple(s) 5-27.29.3 1.33 

see Sign test 
see Wilcoxon Rank Sum test 
see Wilcoxon Signed Rank test 

normal (gaussian) distribution 
640,I-1 
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onesample test (case) 

examples 
see Sign test 

outlier 
pr 
physical probe area 
power (1-p) 

calculation 
Sign test 
W t e s t  
chart 
inadequate power 
powercwe 
example 
relativeshift , 

. verification 
Poisson observer 

ideal Poisson o b m e r  

4-9; 5-29 to 33; 
8-12; D-10. 11 
5-31.33; 8-15, 16 

8-24; 1-19 
5-25.26; 1-28' 
6-9.10 
9-1 8 to 20; 
D-15; 1-25 

1-25 
1-27 
D-26 
8-3 
2-30; 8-8; 1-25 
A-7.9, 11, 12 
5-25.26 
8-8; 1-25 
6-26 to 33 
6-27 to 30 

.. 

posting plot 8-4.5.8 
precision 9-15, 17,20,21 

duplicate samples 9-1 1 

-replicate samples- 9-1 1 
split samples 9-1 1 

global positioning system 6-46 
random emxs 2-13 - 

probe area 6-9.10.21 
quality 2-5. 8.9 

assessment data 2-1 1 
data quality 

HSA 3-10 
Characterization Survey 5-8 

data quality needs 
scanlung (FSS) 5-44,6-3 
professional judgement 3-19 
uncertainty 6-36 to 41 

1-3; 2-8; 7-2 

quality assurance (QA) 1-3; 2 4 ,  Chap. 9 

Quality Assurance Project Plan (QAPP) 

review of HSA 3-22; 7-1 
document comparison tables App. K 

2-6.4-28; 7-4; 
9-1 to 24 

quality control (QC) 1-3; 26; Chap. 9 
laboratory control 7-3 
review of HSA ' 3-22 

Quantile plot 8-9; A-17; 1-18 
Quantile-Quantile plot 1-22.23 

. 
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R 
R A  

radiation survey 

scoping -eY 

datalifecycle . 
HSA 

characterization survey 
remedial action support urvq 

final status swey 
measureinents 
P l u s  

, P== 
radioactive decay 

decay chain 
half-life 
radon 
SCanMDC 
statistical counting 
SUTvey design 

radioactivity 
induced 
natural 
see residual radioactivity 

radiological survey 
% see mdiarion survey 

radionuclide 
compliance/dose 
see unity rule 

measurement 
Pl-%*Y 

random error 
documenting 
reporting 

ranked data 
interpolated ranks 

RCRA 
amp& to MARSSLM 

reference area 
background radiation 
data points 
matrix sample spikes 
MDC 
p, 
relative shift 

survey 

radon 

WRS test 

5-26 ' 

D-23 
14.4-1 
2-16 

' 3-1 
5-1 
5-7 

5-17 
5-20; ; 

6-1 
2-8,9 to 16 
2-15, 18 to 22 
3-1 1 
4-5,6 
1 6 ;  4-5 
6-4 1 
6-32 
6-38 
5-8 

c-2 1 
c-21 

2-2.3.27 
2-25 

6-4 1 
6-42.45 
2- 13; 6-37 
9-14 
2-14 
1-22 
1-23 

App. F 
2-27; 4-1 1 
4-11; 66; 7-13 
5-27,29 
9-10 
4-14 . 

5-25 
5-25 
8-19 
5-1.2, 10 

reference coordinate system 

radiation program managers 

regulations & requirements 

see grid 

list by region App. L 

DOD c-20 to 25 
DOE c-4to12 
EPA C-1 to4 
NRC C-13 to 20 
states C-26 

relative shift @lo) 
calculate 5-24,29; D-20.2 1 - 

I -Pie 5-27; 8-14, 16,21 
DQO P- 2-1 1 
number of data points 5-25.27 
p, 5-25 
Sign P 5-30 
tables 

N (Sign test) 5-32;1-2 - - 
NO (WRS test) 5-28; 1-3 
pr 5-26 
sip P ' 5-30 

release criterion 1-1.3; 2-2 
alternate null hypothesis 2-33 
compliance 2-25 
DCGLs 4-3 
finalstatussurvey 2-23.24 
measurement 6- I 
null hypothesis 2-10 

statistical tests 2-26; 8-7, a 
quality control 9-17 

-ey Pl&g 5- 1 

see conversion table 1 

2-15.24; 
5-17.18.19 

rem (radiation equivalent man) 

remediaf action support survey 

checklist 5-19 
remediation 1-1.4 

combining surveys 2-34 
decommissiOning 2-3 
medial action survey 2-15.24; 5-17 
see mmedial action mpport survey 

measurements 7-4 
Qc 5-48 
see sugace contaminati6n 

removable activity 5-48; 8-25 
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removal 
criteria 2-23; App. F 
example A-7 
of smcturedquipment 4-2 1 
Superfund 

HSA 3-1 
=Ping -eY 5- 1 

replicate 
sample 9-8.9, 11 

data review 9-15 

measurement 9-1 1 
completeness 9-16 

9-1 1 
4-2 1 
9-19 
9-15 
9-20 

documentation 9-14-l .' 

representative measurement 
duplicate 
structures 

representativeness 

minimum considerations 
residual radioactivity 

dab quality indicators 

accessto 

characterization w e y s  
W c a l p r O c e d ~  

land'ar+ 
structures 

land areas 
structures 

measurements 
probability distnbution of 
remedial action design 
scanning 

human factors 

final status survey---- 

' Poisson Observer 
see sioface contamination 

see ratrestricted release 
restricted use 

S 
S+ 

sam ple( s) 
see test statistic 

air 
alternate survey design 
background 
blanks 
chain of custody 

sample(s) (continued) 
characterization 

stnlchnes 
land 

Class 1 BIucl 
confirmationhraificatiOll 
DCGLs 
dopmcatation 
duplicate 
estimating total number of 
frnalstatussurvcy 

lOCationS 
number of data points 

matrix spikes 

preservation of 
QA 
Qc 
radon 
remedial action 

3-1 1; 4-1,18; replicate 
8-1; A-2.19 sampling 
3-9; 4-20 designemor - 
7-16 field example 

5-1 1 -pine 
laboratory 

5-10 
5-1 1 
5 4 . 4 6  
2-25 . 

4-4 
9-13 
9-11, 17 
9-8 

- 
5-38 
5-24 to 37 
9-9 
7-24 
7-15; 9-20 
4-28 
2-1 1; 9-8 
7-10 
5-17' - .. 

9-11, ii 
24, 7-4 
D-13 
A-10 _' . 

Chapter 7 
5-2.3 

-. 

- 

. _. 

5-10 soii --5-42+7-5;6 
split 

5-38 
5-40 
6-2.6; 7-12 
D-10 
5-17 

6-26 
6-26 

5-7 

8-1 1 
8-14, 16, 17 

2-4; Chap. 7 
7-10 
2-33 
4-11; 7-13 
9-12, 17 
7-23 

&gate 
weier&sediments 

alpha 
alpha scanning equations 

beta 
data collection 
demonstrating compliance 
detectors 
elevated activity 
g-a 

gross activity 
M D C S  
paltern (example) 

scanning 

derivations 

indoorsloutdoors 

sensitivity 

surveytechniques 

Poisson Observer 
humen factor 

scan rates . 
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. .  
9-11, 17 
4-4 
5-12; 7-8.9 
2-4; 6-1 
6-4, 34.35.36 

APP- J 
6-4.24 to 33 
9-4 
2-3 1 
6-13 to 1 6  
2-28; 6-3 
5-1 1; 6-4.48 

.6-8,9 ' 

6-3; 24 to 36 
5-35.37 
A 4  
6-24 to 36 
6-26 to 30 
6-26 

, 4-14 
6-25 
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scanning (continued) 
~ g ~ q s  

-ping 

land areas 
shuchues 

remedial action 
finalstatus 

Class 1 areas 
class2areas 
Class 3 areas 

charactexbition 

scoping sufvey 

am classification 
checklist 
HSA & planning 
identifysweyunits 
QAPP 

sealed source 
FSS example 

Sieved (Sv) 
see comersfon table 

sign test 

... . 

a p p w g -  
-ple(5) 
hypothesis 

Sign P 
pow= 

number of data points 
example 

clearing for access 
decommissioning 
definition 
historical assessment 
identification 
investigation process 
site preparation 

site reconnaissance 
iden* umtmination 
site model 

sit e( s) 

smear (swipe) 

analysis 
sampling 
see removable activity 

MARSSIM 

6-3 
5-3 

5-1 1 
5-10 
5-18 

5-44 
545.47 
5-45.47 
1-$2:1Sp 23; 
5-1 to 6 
4-10, 11 
5-5.6 
3-1 
2-29 
9-3 

'A- 1 

. 2-27;5-24,2% 
8-7.8. 12 
8-14 
8-15. 16 
8-13 
1-25 
5-30 
5-30 to 33 
5-3 1.33 
Chap. 1 
4-20 
4-1 
2-3 
Chap. 3 
2-17; 3-3.4 
2-15 
4-17 . 

3-9 
3-12 
3-19 
5-3.10.48; 
6-3. 11. 14; 
8-25 
7-18, 19.20 
7-4 
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soil 
analysis. 
baqkground 

density & scan MDC 
field measurements 
in situ spectrometry 
radon 
=Piing 
Sign test example(s) 

Class 2 
Class 3 

-eYs 

w e y  coverage 

3-12 to 14 
7 -20 
4-1 1; 

6-32.33 
6- 1 
6-7. . . 

7-5.6 

66 .7  to 14 

6-41 to 45 

8-15 
8-16 
5-3.9, 11. 18. 
46.47 
5-42 

source material 6-22 

split 
source term 6-9 - 

' regulatory vdication 2-25 
sample 9-11, 12 - .- 

precision 9-2 1 
standard deviation 2-11; 5-45.46 

compositing 2-33 
confidence intervals 6-40 
instrument response 6-17 
relative shitt 5-24.29 
UIlCatainty 6-38 

standard operating procedure (SOP) 

statistical tests 
2-8; 7-5; 9- 13 
Chap. 8 App. I 

documenting 8-26 
interpreting results 8-9,24 
selecting a test 8-7; E-4 
summary (table) 8-9 
venfy assumptions 8-8; E-4 

stem & leaf display A-16; 1-17 
structures 

access 
HSA site plots 
meaSurements 
refemace coordinate system 
residual activity 
surface activity 
-eYs 
survey coverage 
survey example 
suttrey unit 
WRS test (example) ' 

Class 1 
Class 2 

3-18 
4-20 
3-8 ' 

4-14 
4-22 to 27 
4-19 
5-10 
5-10.40.44 
5-42 
APP A 
2-4; 4-12,13 

8-23; App. A 
8-2 1 
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Student's t-test 
subsurface soil (sample) 

characterization survey 
HSA 
-Pl@ 

detectors 
alpha 
beta 
g- 

identification 
in situ spectrometry 
land meas 

surface contamination 

-g 
sediment sampling 
soil 
d a c e  activity 

DCGLs 
surface measurements 
surrogateslDcGLs 

surface soil sample 
background 
in situ spectrometry 
=UPlin$Z 

8-7.8 

5-8.9, 11 , 

3-io. 13.14 
7-6 
1-3 

6-14 
6-15 
6-16 
3-1L :, 

6-7 
4-21; 5-1 1 
6-34 
7-8 
3-13 
6-9 
4-4,5,7 
6-2 
4-5 
3-13 
7-13 
6-7 
7-6 

survey checklist 
characterization 
final status 
remedial action 

statistical tests 

alternatedesigns . * 

design 
DQOs 

survey unit 

-Ping 

survey plan . - .  --- ,- 

optimizing survey 

characterization 
characteriwDQOs 
classifkation 

classify how chart 
. elevated activity 

HSA 
identifying 
investigation level 
statistics & FSS 
unifm contamination 
see survey 

5-15. 16 
5-50 to 53 
5-19 
5-5.6 
8-27 
1-5; 2-5.6 
2-32 to 34 
Chap. 4; Chap. 5 
2-9; 3-2 
2-30 
2-4 
5-9 
2-9 
2-28; 3- 1 ; 
4-10; 5-7; 8-2 
2-18 
2-27.28 
3-4 
4-12 
8-10 
5-20 
2-27.29 

-. 

-.. 

to it&&& contaminated media 3- 12 surveyor@) 
surrogate.measurements 4-4 to 6 . making measurements 6-30 
survey systematic error 2-13; 6-37 

approach 
compliance decisions 
DCGLs 
decommissioning criteria 
DQOs 
instruments/technique 
measurements 
overview 
Planning 
QMP 
sampling/preparation 
simplified procedure 
site investigation process 
statistical tests 
w e y  considerations 
UsingMARSsIM 
see characterization 
see final status 
see HSA 
see remedial action 
see scoping 
see Dara Lqe Cycle 
see survey unit 

Chap. 1; 2-4 
2-6 
4-3 
4- 1 
2-9 to 11; 7-1 
Chap. 6 
Chap. 6 
Chap. 2 

Chap. 9 
Chap.7 , 

APP. B 
2-15 , 

Chap. 8; App. I 
Chap. 4 
1-6; Road Map 

D- 1 

5-7 IO 16 
5-20 to 53 

5-1710 19 
Chapter 3 

5-1 to 6 

MARSSIM 
DRAFT FOR PUBLIC COMMENT 

systematic grid 2-30.3 1 ; 

test statistic D-17 
5-33.42; 8-23 

example (S+) S-16, 17 
see critical level 

total effective dose equivalent (TEDE) 

triangular sampling grid 5-33.40 
examples 5-37.4 1 
see systematic grid 

2-2 

two-sample test D-10. 12 
nonparametric test 4-8.9 
see Wilcoxon Ranked Sign test 

Type I decision error D-15. 21 
data review 9-15 
DQOs 2-1 1,30; 5-7, 

24.9-17 
examples 5-27.32.6- 19 

QAPP (tables) 9-17.20 to 24 
quality indicator , 9-15 
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Type I1 decision error 
background 
data review 
DQOs 

examples 
quality indicator 
QAPP (tables) 

uncertainty , 

confidence intervals 
decision error 
decision making 
estimating 
instruments 
measurement error 
propagation 
QA 
QWP 

statistical oounting 
statistical tests 
s u r v e y d t s  
systematidrandom 

adjusting X G L s  
sample calculation 

unrestricted release 
use 

wr 
see test sfatistic 

ws 

precision (table) 

unity rule (mixture rule) 

see test statistic 

D-15.21 
4-13 
9-15 
2-1 1.30; 
5-7.24; 9-1 7 
5-27.32; 6-1 9 
9-15 - _  
9-17. 18.22, 
23,24 

6-40. : 
D :I3 
2-6 
2-1 1 
6-16 
6-36 
6-38 
4-28 
9-13 to 15 
9-21 
6-38 
2-26 
2-13 
6-19.37 

4-6.7.9 
4-8 
3-19 
3- 10; 5-20 
8-20 

Wilcoxon Rank Sum (WRS) test 
2-27; 5-24 to 29; 
8-7 to 8. 18 

adjusted data 8-21.22 
example A-18 

applying the test 8-20 
Class 1 example 
Class 2 example 8-2 1 

spreadsheet formulas 1-30 

8-23; A- 17 to 20 

see two-sample test 

- Wilcoxon Signed Rank (WSR) test 
5-29 to 33 

see one-sample test 

working level 6-42,43 
validation 

assessment 2-1 1; E-1 - 
data 2-8; 9-4.5 
design 9-5 
labontoIy perfomance 9-10 

design 9-5 

verification 2-15.25; 5-26 
6-17; 9-4 

instrument calibration 9-15 

8-20 

MARSSIM . 

DRAFT FOR PUBLIC COMMENT 
-- Index- 1 1 12/6/96 

DO NOT USE, CITE OR QUOTE 



Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) 

D r a f t  f o r  Pub1 i c Comment 
DATE REPORT PUBLISHED 1- 1- December 

I 

6. TYPE OFREPORT , 

U.S. Department of Defense, U.S. Deparbnent of Energy, U.S. Environmental Protection 
Agency, U.S. Nudear Regulatory Commission :,. . Technical 

I 
PERFORMING ORGANIZATION - NAME AND ADDRESS WNRC, CMSW O m o s o r ~ ,  U.S N u d e s r - M S S W  MdmW ~ & ~ W . X U ~ .  
~ n v n e ~ ~ s d d n u z )  

Division of Regulatory Applications 
ofiice of Nudear Regulatory Research 
U.S. Nudear Regulatory Commission 
Washingtion, DC 20555OOO1 - .. 

SPONSORING ORGANIZATION - NAME AND ADDRESS (aNi?C, t.ppe 'Same u m: ifcageclol. W NRC OHce wRsgion. US. NvdeVRwdarOry -, 
u d m - 1  

Same as above. 

1. SUPPLEMENTARY NOTES 
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document. 
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