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Department of Energy

Ohio Field Office
Fernald Area Office
P. O. Box 538705
Cincinnati, Ohio 45253-8705
(513) 648-3155
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DOE-0680-98

Mr. James A. Saric, Remedial Project Manager
U.S. Environmental Protection Agency

Region V-SRF-5J

77 West Jackson Boulevard

Chicago, lllinois 60604-3590

Mr. Tom Schneider, Project Manager
Ohio Environmental Protection Agency
401 East 5th Street

Dayton, Ohio 45402-2911

Dear Mr. Saric and Mr. Schneider:
TRANSMITTAL OF THE REAL-TIME RADIOLOGICAL CHARACTERIZATION USER MANUAL

The purpose of this letter is to transmit, for your review and approval, the "User Guidelines,
Measurement Strategies, and Operational Factors for Deployment of In-Situ Gamma
Spectrometry at the Fernald Site,” or also known as the "User's Manual.” The enclosed
draft User's Manual represents a revision to the informal draft version discussed at the last
Real-Time Radiological Work Group Meeting on March 25, 1998. Revisions were made to
the informal document to reflect the comments received on March 25, 1998.

As per discussions between Robert Janke and Gene Jablonowski, the Fernald Environmental
Management Project (FEMP) is preparing and looking forward to the next Real-Time
Radiological Work Group Meeting, which is scheduled to occur on May 20 and 21, 1998.
From these discussions, it is my understanding that the U.S. Environmental Protection
Agency (U.S. EPA), Air and Radiation Group from Las Vegas, Nevada will be visiting the
FEMP and participating in the work group discussions. The FEMP is looking forward to this
visit and continued real-time discussions as well as your comments from your review of the
enclosed User's Manual. We are hopeful that the fruitful discussions on the User's Manual,
which began at the March 25, 1998, real-time meeting, can continue and lead to a
document that addresses your concerns with the real-time program and at the same time
expedites the cleanup of the Southern Waste Units.
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If you have any questions, please contact Robert Janke at (513) 648-3124.

Sincerely,

FEMP:R.J. Janke ' ohnny W. Reising
Fernald Remedial Action
Project Manager

Enclosure: As Stated
cc w/enc:

K. Miller, DOE-EML

G. Jablonowski, USEPA-V, SRF-5J

C. Petullo, USEPA-AIr & Radiation Division (total of 2 copies of enc.)
R. Beaumier, TPSS/DERR, OEPA-Columbus

T. Schneider, OEPA-Dayton (total of 3 copies of enc.)
M. Davis, ANL (total of 3 copies of enc.)

F. Bell, ATSDR

M. Schupe, HSI GeoTrans

R. Vandegrift, ODH

F. Barker, Tetra Tech

D. Carr, FDF/52-2

J. D. Chiou, FDF/52-5

T. Hagen, FDF/65-2

J. Harmon, FDF/90

C. Sutton, FDF/35

‘AR Coordinator, FDF/78

cc w/o enc:

N. Hallein, EM-42/CLOV
A. Tanner, DOE-FEMP
R. Heck, FDF/2

S. Hinnefeld, FDF/2
EDC, FDF/52-7
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DEFINITIONS

. The definitions given below refer to terms that might not be clear to readers of this manual. Below
each definition, the reader is directed to the most important topic (or topics) in the main body of the
document to which the defined term applies.

Aggregated Measurements - the number of individual RTRAK measurements that must be averaged in
order to meet a specified degree of precision or a specified MDC.

See Also: 4.5 Trigger Levels
4.15 Mapping Conventions

Comparability - Comparability refers to one of five criteria identified by the USEPA to ensure data
quality. It is a qualitative expression of the confidence with which one data set can be compared to
another. Analytical data generated by the same analytical procedures are comparable provided that
relevant, specified quality control elements, such as detection limits, initial and continuing calibration
performance, accuracy, precision, and matrix interference acceptance criteria; are met or exceeded.
Data for the same analytes generated by different analytical procedures are also comparable provided
that relevant QC performance criteria similar to those above are met or exceeded.

See Also: 1.0 Introduction

Coverage (%) - refers to the ratio of the cumulative area of fields of view of a number of
measurements (either RTRAK or HPGe) divided by the total surface area of the area under
investigation.

See Also: 4.10 HPGe Measurement Grid Configuration
4.3 RTRAK Multiple Measurement Field of View

Data Acquisition Time - synonymous with "count time." The length of time a detector counts the
number of gamma photons impinging upon it. HPGe data acquisition times are typically 5 or 15
minutes; RTRAK data acquisition times are typically 2-4 seconds.

See Also: 4.4 HPGe Detector Height and Data Acquisition Time
3.1 Individual HPGe Measurements
3.2 RTRAK Measurements

Data Quality Level - the comibined type, number, and degree of rigorousness of specific quality
assurance and quality control elements associated with analytical data.

See Also:' 2.1 Overview of HPGe and RTRAK Usage
Data Quality Objective (DQO) - qualitative and quantitative statements which specify study
objectives, domains, limitations, the most appropriate type of data to collect, and the levels of decision

error that will be acceptable for decision-making based upon the data.

See Also: 2.1 Overview of HPGe and RTRAK Usage

FEMP\USER-MANUAL\DEFINITIONS\REVISION-A\April 13, 1998 ix

060013




1408

DQO Process - a quality management tool based on the scientific method and developed by the US
Environmental Protection Agency to facilitate the planning of environmental data collection activities.
The DQO Process enables planners to focus their planning efforts by specifying the use of the data (the
decision), the decision criteria (action level), and the decision makers' acceptable error rates. The
products of the DQO process are the DQOs. ‘ ' :

See Also: 2.1 Overview of HPGe and RTRAK Usage

Detector Calibration - The process of calibration converts counts per unit time to pCi/g. At the
FEMP, in-situ gamma detector calibration uses a geometric integration model to determine these
conversion factors at gamma photon energies ranging between 32 and 1408 keV.

See Also: 5.7 Field Quality Control Considerations

Detector Resolution - the ability in a detection device to distinguish between different measurement
data. In a gamma spectrometer, detector energy resolution, or simply detector resolution, is expressed
as the full peak width in energy units, keV, at half the maximum peak height counts (FWHM) of a
spectrum energy peak. On a comparison basis, sodium iodide detectors have a high FWHM (usually
50-60 keV) and poor resolution, while high purity germanium detectors have low FWHM (usually 2-3
keV) and good resolution. As a matter of convention, the resolution of all gamma spectrometers is
evaluated at the 1332.5 keV peak of Cobalt-60.

See Also: 5.7 Field Quality Control Considerations

Field of View - the surface area that corresponds to the volume of earth from which 85% to 90% of the
detected gamma photons originate.

See Also: 4.1 HPGe Detector Field of View
4.2 RTRAK Single Measurement Field of View

Field Quality Control Station - the field analog of a laboratory control standard that has been adopted |
to address the influence of environmental factors such as soil moisture, atmospheric temperature and
humidity on in-situ gamma spectrometry measurements.

See Also: 4.11 Environmental Influences on Gamma Spectrometry Data
Fluenee; Fluence Rate - the eumulative number of gamma photons per unit area of soil per unit time
impinging upon a detector; can be specified as a function of radial distance from the detector, depth in

a soil column, or both. Typical units for this quantity are photons/cm? per second.

See Also: 4.1 HPGe Detector Field of View
4.9 Topographic Effects

Gamma Rays, Gamma Photons - electromagnetic radiation emitted as a by-product of alpha or beta
decay, whereby a nucleus loses surplus energy as it transitions from a higher excited state (higher

energy level) to a lower excited state (lower energy level).

See Also: 4.1 HPGe Detector Field of View
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Heterogeneity - the degree of non-uniformity of radionuclide concentrations in soil within the field of
view of a HPGe or RTRAK detector. Heterogeneity must be specified in terms of scale of the non-
uniformity (i.e., non-uniform at the 1-inch scale, 1-foot scale, 1-meter scale, 10s of meters scale etc.).

See Also: 5.5 Heterogeneity
High Purity Germanium Detector (HPGe) - the solid state hyperpure germanium deteeters crystal

used for in-situ collection of gamma spectra at specified field locations. This:crystalis: 1s ‘mountéd-in-a
cryostate:and-connected.to.an:electronics system for signal amplification and anal

See Also: 2.1 Overview of HPGe and RTRAK Usage

Mlmmum Detectable Concentratlon (MDC) W

See Also: 5.1 MDCs

Pass - the length Mo 'lem nt of an RTRAK run in a single, specified direction. RTRAK typically
surveys a given area by moving in alternate back and forth passes.

See Also: 4.3 RTRAK Multiple Measurement Field of View

Radiation Trackmg (RTRAK) System Name given to the a Nal gamma photon counting system
mounted on a tractor thatis: At

See Also: 2.1 Overview of HPGe and RTRAK Usage

Remediation - For soils, remediation is the process whereby soil is progressively excavated until
residual soil attains a regulatory limit. Thus, soil can be remediated with respect 1o WAC, with respect
to hot spots, or with respect to FRLs.

Representativeness - Expresses the degree to which data accurately and precisely represent a
characteristic of a population, a parameter variation at a sampling point, a process condition, or an
environmental condition. Data representativeness is a function of sampling strategy; therefore, the
sampling scheme should be designed to maximize representativeness.

FEMPAUSER-MANUAL\DEFINITIONS\REVISION-A\April 7. 1998 xi 000015
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See Also: 5.5 Heterogeneity

Shine - shine-is-to-a-samma-Speetrometry-measurement-wha RAtOR-S
laboratory-analysis—litrefersto gamma rays detected by an RTRAK or HPGe detector that orxgmate
outside the field of view of that detector.

See Also: 4.12 Shine

Sodium Yodide (Nal) Detector - the scintillation detectors made of Nal that are used for detection and
measurement of gamma photons emitted by radioactive decay processes occurring in soil.

See Also: 3.2 RTRAK Measurements

Trigger Level - a specified radionuclide concentration that, if exceeded by a HPGe or RTRAK
measurement, provides the basis for some subsequent action to be taken.

See Also: 4.5 Trigger Levels

WAC Exceedance - the waste acceptance criterion for total uranium is 1030 ppm. Soil concentrations

_ of total uranium’equal:to’or exceeding 1030 ppm may not be placed in the on-site dlsposal fac111ty

See Also: 4.6 WAC Exceedance Detection
3.4 Excavation of Above-WAC Surface Soil

000016
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'1.0 INTRODUCTION 1

‘ This document addresses two basic questions: :
, 4

1. "How exactly will in-situ gamma spectrometry be used at the FEMP?" 5

2. "How will FEMP personnel handle variables that have a potential impact on in-situ :

gamma spectrometry data?" 8

The answers to these questions are presented in the form of an extensive user's "help document" for 12

- conducting in-situ gamma spectrometry at t.he FEMP. 1
12

1.1 BACKGROUND 13
In 1997, a series of method validation studies pertaining to in-situ gamma spectrometry were issued. 14
These studies addressed analytical aspects of in-situ gamma spectrometry such as precision, accuracy, S5
detectfon limits, robustness, comparability with laboratory analytical data, and data quality levels. One 16
report and three addenda concerned High Purity Germanium (HPGe) detectors, and one report and one 17
addendum dealt with the Radiation Tracking System (RTRAK). These reports and addenda are listed 18
below and-it AppendixB. 19
‘ 20
® Comparability of In-Situ Gamma Spectrometry and Laboratory Data, July 1997 - 21

® Comparability of Total Uranium Data as Measured by In-Situ Gamma Spectrometry and 2

Four Laboratory Methods, September 1997 (Addendum' #1) 23

® Comparability of In-Situ Gamma Spectrometry and Laboratory Measurements of Radium- 2

226, October 1997 (Addendum #2) 25
e Effect of Environmental Variables upon In-Situ Gamma Spectrometry Data, December 26 .

1997 (Addendum #3) ' 27

® RTRAK Applicability Study, July 1997 28

e RTRAK Applicability Measurements in Locations of Elevated Radionuclide ' 29
Concentrations, September 1997 (Addendum #1) ) 30

) 31

Questions and comments from the US Environmental Protection Agency (EPA), Ohio EPA (OEPA), . 32
US Department of Energy (DOE) personnel and Soil Characterization and Excavation Project (SCEP) 33
personnel have indicated a need to bridge the gap between the primarily analytical information 34
‘ contained in the above reports and programmatic rémediation design documents such as the Waste 35
Acceptance Criteria Plan (WAC Plan), the Sitewide Excavation Plan (SEP), and Integrated Remedial 36

FEMP\USER-MANUAL\SECTION-NREVISION-A\April 13, 1998 1-1
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Design Packages(IRDPs). This document bridges that gap by providing user guidelines, data o

interpretation guidelines, and measurement strategies and approaches; by discuésing operational and 2

technical factors that could adversely affect data; and by delineating strengths and limitations of in-situ 3

gamma spectrometry. While this document will be beneficial to anyone involved with any aspecf of in- 4

situ gamma spectrometry, it is primarily aimed toward FEMP project personnel who: 5

: ]

e plan in-situ gamma spectrometry data collection; ' 7

e collect in-situ gamma spectrometry data; 89

e interpret in-situ gamma spectrometry data; . ;(1’

* integrate in-situ gamma spectrometry data with other data sets or into engineering designs; ;:

and : 1

' 15

e make decisions based upon in-situ gamma spectrometry data. . 16

The primary users of this manual are intended to be Characterization Leads, PSP Writers, and ;:

technical personnel assisting Characterization Leads. 19

20

Figure 1.0-1 indicates the relationship between this document (hereafter referred to as the "User's 21

Manual") and other driver documents: analytical, quality assurance, and remediation operations. To 2
summarize Figure 1.0-1, the User's Manual contains information based upon method validation studies p] |
that has also been integrated into technical guideline§ contained in the SEP. In turn, the overall % i
approach to remediation at the FEMP as delineated in the SEP has been expressed in the form of in-situ | 2 ‘

gamma spectrometry measurement strategies and approaches delineated in the User's Manual. The 2%

User's Manual also contains guidance that can be incorporated into area-specific reports such as the 77

IRDPs and certification reports. Finally, the User's Manual contains information that can be placed 28

into PSPs in order to provide direction to field crews. Table 1.0-1 summarizes the types of information 29

contained in the User's Manual. As implied in Figure 1.0-1 and Table 1.0-1, the User's Manual is the 30

key document relative to incorporating in-situ gamma spectrometry into routine soil remediation 31

operations. 2

3

1.2 MANDATORY VS RECOMMENDED 34

This manual is not meant to be overly prescriptive. Sofne of the guidelines and text are recommended-- 35

to be followed or not as the professional judgement and the experience of the user dictates. Some of 36

000018
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the guidelines and text are to be followed exactly, however. In this regard, the language below 1
‘ specifies whether a particular guidance or section of text is mandatory, recommended, or explanatory. 2
' 3
Shall, Will, Must: These words refer to practices and/or operations that are mandatory. The user is to 4
follow the guidance or text exactly. 5
6
Would, Should: These words connote a recommendation to the user on how to proceed or what to do. 7
Flexibility is implicit in these words and professional experience and judgement may suggest 8
alternatives to be followed. ' ' 9
10
Could, Can Be, May: These words indicate that multiple possibilities exist for a particular practice, 1
operation, or usage. They neither imply mandatoriness nor recommended guidance. Rather, they 12
simply point out to-the user that options are present. 3
| 14
Sometimes action verbs direct the user to perform certain operations or practices. The nature of the 15
verb and associated adverbs will denote manditoriness or flexibility. Theicontext ofithesword’ *énsure’ 16
‘ iS/dictated byathe; precedingIverbs Ashall VS ESHouId; Hor EXaTpIE! z
18
1.3 OBJECTIVES 19
Information relevant to carrying out in-situ gamma spectrometry measurements at the FEMP is 20
contained not only in the method validation studies listed earlier, but is also derived from the scientific 2
literature, experience of DOE personnel at other DOE institutions, and from the cumulative experience 2
gained at the FEMP by FEMP personnel. Much of this information is discussed in the references listed 23
in Appendix B. Information from these diverse sources has been used to achieve the following User's 2
Manual objectives: 25
26
¢ Translate pertinent analytical information contained in the various method validation studies 1)
into "easy to understand” user guidelines. 28
¢ Integrate diverse technical information contained in the scientific literature with method ;9)
validation information and with in-situ gamma spectrometry data already acquired in 31
support of soils remediation operations to establish "easy to understand” user guidelines. 2
® Document "lessons learned" type information based upon the cumulative experience of ;3:
‘ FDF and DQE personnel attained in carrying out comparability studies, Area 1 _Phase I 35
(A1PI) studies, Area 1 Phase II (A1PII) studies, and Area 2 Phase I (A2PI) studies. 36
37

FEMP\USER-MANUAL\SECTION-I\REVISION-A\April 7, 1998 13
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e Delineate strengths and lhﬂitations of the in-situ gamma spectrometry technique for use in 1
‘ soil remediation. 2
3
. 4
1.4 REPORT FORMAT 5
The general format and organization of the User's Manual are loosely patterned after "help” software 6
programs such as those in Excel, Word Perfect, etc. The manual has several sections of relatéd topics; 7
each topic has a stand-alone discussion. As applicable, each topic also has a guidance section which 8
provides rules, suggestions, and "how-to" comments. At the end of the discussion, the reader is 9
directed to other related topics. Additionally, there is a glossary of definitions that directs the reader to 10
various topics. ‘ It
12
This document is divided into four general categories of topics: investigation approach/measurement 13
strategy topics; measurement approach topics; characterization guidelines, data interpretation guidelines 14
and operational factors topics; and technical topics. Each topic is stand-alone. It has a unique topic 15
identifier number, unique revision number and revision date, and separate numbering scheme for 16
figures and tables. Thus, each topic can be revised independently from the other topics without 17
‘ revising the entire document. Further, new topics can be added to the document without revising it 18

entirely as experienée at the FEMP with routine deployment of in-situ gamma spectrometry increases. 19
- 20
In addition, the report has two appendices and a glossary. Appendix A contains a list of procedures 21
under which in-siru gamma spectrometry data are collected and processed. These include procedures 2

unique to in-situ gamma spectrometry as well as relevant SCEP project, Soil and Water Division, and
Site procedures. Lastly, Appendix B contains a list of references in the scientific literature, in relevant 24
FEMP publications, and in publications produced by institutions external to the FEMP. The glossary 25
appears before the introductory section (1.0) of the report and directs readers to topics related to a 26
given definition. : 27

FEMP\USER-MANUAL\SECTION-1\REVISION-A\April 7, 1998 1-4 O O 0 O 2 O
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TABLE 1.0-1 ‘ 1
‘ TYPES OF INFORMATION CONTAINED IN USER'S MANUAL 2
3
4 4
Technical Guidelines WAC, SEP, IRDP 5
Measurement Strategies IRDPs, Certification Report 6
Measurement Approaches IRDPs, PSPs, Certification Report A 7
Technical Direction PSPs 8
Data Interpretation Guidelines Pre-Design Investigation Reports, IRDPs, 9

Certification Reports

Factors Potentially Impacting Data : IRDPs, PSPs 10
Strengths and Limitations IRDPs, PSPs u

12

FEMP\USER-MANUAL\SECTION-1\REVISION-A\April 7, 1998 1-5 U O U 0 21
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‘ 2.0 INVESTIGATION APPROACHES/MEASUREMENT STRATEGIES 1
2
The purpose of this section is to provide a general overview of the use of in-situ gamma spectrometry 3
to support soil remediation operations, as well as an overview of approaches and measurement 4.
strategies to be used for investigations at the FEMP. More detail on general investigation approaches 5
and issues related to individual areas are provided in the SEP. Because this document addresses the use 6
of in-situ gamma spectrometry, this section provides little or no discussion of those portions of ' 7
investigations that are based entirely on other analytical measurement approaches. In particular, no 8
discussion is included related to RCRA issues, such as lead shot in the old Trap Range. 9
10
A number of potential uses for HPGe and RTRAK measurements exist in remediation operations at the . 1
FEMP. As noted in Figure 2.0-1 (Figure 1-1 of the SEP), these uses fall into four general categories: 12
pre-design activities, soil excavtion and segregation activities, precertiﬁcétion activities, and 13
certification activities. Measurement strategies and investigation approaches for each of these 14
applications are discussed as separate topics in this .section. ‘ 15

FEMP\USER-MANUAL\SECTION-2\REVISION-A\April 13, 1998 2-1 00 002 3
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2.1 OVERVIEW OF RTRAK AND HPGe USAGE

Both the HPGe and RTRAK systems perform in-situ gamma spectrometry and are used at the FEMP
for data collection. However, certain situations and conditions exist which are more favorable for
using one system than the other. Similarly; certain soil remediation operations require measurements
which can be best provided by one or the other of the two in-situ gamma spectrometry systems. In
order to decide which piece of equipment is more appropriate, project personnel need to know what the
measurement objectives are; for this reason, the data quality objectives (DQO) and associated data
quality levels must be completed in advance of actual field work. Tables 2.1-1 and 2.1-2 provide a
basic overview of the possible uses of HPGe and RTRAK, and also specify the data quality levels
which are likely to be required for these uses. Data quality levels have been taken from those specified

for similar data measurement investigations in the A2PI and A1PII IRDPs.

The RTRAK and HPGe systems complement each other. The RTRAK is able to provide rapid, 100%
coverage of an area. Its precision and detection limits are sufficient to determine the general patterns
of contamination within a given area with respect to total uranium, thorium-232 and radium-226. Its
data output is amenable to mapping and spatial averaging. The latter attribute makes RTRAK very
useful for determining the average concentrations of soil contaminants. Finally, the RTRAK is ideal as
a front-end survey tool to help focus and guide the use of HPGe. Table 2.1-2 contains specific
measurement objectives and associated data quality levels for RTRAK. Unlike measurement objectives
for HPGe, which may have associated data quality levels of A, B or D, all RTRAK measurements have
associated data quality levels of A. In‘practicaliterims; whether or not RTRAK can accomplish a given

measurement objective €

rather-it depends on whether a sufficient number of measurements can be aggregated to achieve
sufficiently low MDCs and system uncertainties to meet the data objectives without compromising

necessary spatial resolution of the data.

The uses of HPGe reflect its ability to accurately quantify a variety of isotopes; its high degree of
energy resolution (which makes interferences less likely), its ability to average data over a large area
(wide field of view), thereby minimizing heterogeneity effects associated with sampling discrete points
and maximizing data representativeness; and its capability to focus on small areas (delineate hot spot
footprints or waste acceptance criteria (WAC) exceedances) by lowering the detector height. These

characteristics indicate the HPGe would be useful in providing high quality data for

1408
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14
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16
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19

21
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33
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certification/verification activities to remediate soils for hot spots, WAC exceedances, and FRLs.

Additionally, the ability to raise or lower the HPGe detector allows it to be used as a confirmatory tool

to evaluate potential hot spot and WAC exceedance areas noted by RTRAK surveys. Table 2.1-1

delineates data quality levels expected to be associated with HPGe measurement objectives and

indicates whether HPGe can currently achieve those data quality levels (i.e., can be used for the

measurement objectives). However, measurementsirequiring ASLFDidata qualityslevelsidoiiot

appear:iii ‘Table 2:1-1."Regulatory approvalito use HPGe for ASL:DIdata qualityzlevels'must:be

obtained separately ffom tie approval of:thisTUser!s Manal.

2.1.1 Guidance

HPGe measurements for total uranium and thorium-232 can be used for any investigation
requiring data quality levels A5-B-er-B A orB.

HPGe measurements for radium-226 can be used for any investigation requiring data
quality levels A-B-er-B A 0i’B provided the measurements are corrected as explained in
the "radium-226 correction” topic.

For environmental decisions to be reviewed by the regulators, RTRAK data shall only be
used for investigations requiring ASL A data quality levels. (It can be used at DOE's risk
for any other investigation as-DOE-sees-fit.)

HPGe measurements may also be used for gamma emitters that are secondary COCs, such
as cesium-137. ILijcertaifiiSituations;’ HPGe measurementsimay be; used&to%detect«}thonum

230. zConsultiwithizthe In= S’Lectrometry\;g {

2.1.2 See Also

2.2 Predesign Investigations

2.4 Precertification Investigations

2.5 Certification

3.1 Individual HPGe Measurements
3.2 RTRAK Measurements

3.3 Hot Spot Evaluations
3.4 Evaluation of Above-WAC Surface Soil

3.6 Horizontal Excavation Boundary Delineation

3.7 Certification Measurements

5.6 Strengths and Limitations

FEMP\USER-MANUAL\SECTION-2.NREVISION-A\April 13, 1998 2.12
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TABLE 2.1-1 :
UTILIZATION OF HPGe AS A FUNCTION OF DATA QUALITY LEVEL

Develop a general sense of contamination Total U,
patterns Th-232, Ra-226 A : yes
Identify WAC exceedance areas Total U A yes
Delineate excavation footprint of above-
WAC soil _ Total U B yes
Determine the excavation extent of below
WAC (for total U) but above FRL material Total U,
and determine excavation boundaries for Th-232, B yes
FRL attainment, taking ALARA into Ra-226
consideration. '
Evaluate whether soil is suitable for re-use Total U,
(below FRLs) Th-232, Ra-226 B - yes
‘ Excavation of Above WAC Soil
Verify horizontal extent of above- Total U B yes

WAC material as identified by
RTRAK as excavation proceeds

Identify potential additional above- Total U A yes
WAC material exposed during
excavation in situations where
RTRAK cannot be used

Verify presence of above WAC Total U B yes
material identified by RTRAK on :
design-based floor of excavation

Scan design-based floor of Total U A yes
excavation for above-WAC and
above FRL material in situations
‘where RTRAK cannot be used

*There are no specific QC requirements for ASL A in the SCQ.

FEMP\USER-MANUAL\SECTION-2.\REVISION-A\April 7, 1998 2.13 000027
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Below WAC - Above FRL Excavation

excavation for above-WAC and
above FRL material in situations
where RTRAK cannot be used

Verify presence of potentially Total U yes
above-WAC material identified by

RTRAK during excavation

Scan lift surfaces exposed during Total U yes

actually do exceed FRLs

Confirm and evaluate potential Total U, yes
residual hot spots identified by Th-232, Ra-226
RTRAK

_Verify residual soils no longer Total U, yes
exceed hot spot criteria after pre- Th-232, Ra-226
certification excavation
Verify that average activity of total Total U, yes
U, Th-232, and Ra-226 are below Th-232, Ra-226
FRLs where the FRL for total U is
20 ppm or less
Verify if areas identified by RTRAK Total U, yes
as potentially exceeding FRLs Th-232, Ra-226

certification

Delineate size of hot spot area and Total U, yes
determine average concentration Th-232, Ra-226
Delineate size of FRL exceedance Total U, yes
area if certification unit fails Th-232, Ra-226

* There are no specific QC requirements for ASL A in the SCQ.

FEMP\USER-MANUAL\SECTION-2.1\REVISION-A\April 7, 1998
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consideration

Develop a general sense of contamination Gross-Counts Yes. Gross-counts {Totaliactivity
patterns and radioactivity patterns Total“Activity, can distinguish between low and
Total U, high levels of contamination.
Th-232, Ra-226 Gross-eounts [Totaljactivity can
not discriminate between
isotopic differences.
Identify potential WAC exceedance areas Gross-Counts .Yes for Total U.
Total Activity, Gress-eountsiTotal activity
Total U should be confirmed by other
measurement approaches
Fh-232Ra-226 10-0r-20-pprr—Y-es-when FRE
13-82-ppm
Determine the preliminary excavation extent Total U, No for total U when FRLs are
of above FRL but below WAC (for total U) Th-232, Ra-226 10 or 20 ppm Yes when FRL is
excavation boundaries, taking ALARA into 82 ppm

Excavation of Above WAC Soil

Assess horizontal and vertical
removal of above WAC material as
excavation proceeds

yes

Survey design-based floor of
excavation to identify potential
above WAC areas

Total U

yes

Below WAC - Above FRL Excavation

Scan lift surfaces exposed during
excavation for above-WAC material

yes

*There are no specific QC requirements for ASL A in the SCQ.

FEMPWUSER-MANUAL\SECTION-2.1\REVISION-A\April 7, 1998
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residual soils Th-232, Ra-226

Evaluate patterns of residual Gress-Counts A Yes, to delineate high areas
radioactivity on design-based TotalzActivity, from low areas, but more subtle
excavation floor and-evaluate Total U, differences may not be
average-coneentrations | Th-232, Ra-226 resolvable.

Détermiinie average Concentration for A Yes
certification-unit Ra:22¢

Identify potential hot spots in Total U, A Yes, but total U cannot be used

to identify hot spots for FRLs
of 10 or 20 ppm

* There are no specific QC requirements for ASL A in the SCQ.

FEMPAUSER-MANUAL\SECTION-2. N\REVISION-A\April 7, 1998 2.1-6
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2.2 PRE-DESIGN INVESTIGATIONS

In many remediation areas, data generated from RI activities are not sufficiently comprehensive to
prepare detailed engineering designs and excavation drawings; therefore, additional radiological
surveys and sampling programs must be implemented to collect additional needed data. Real-time,
field-deployable instruments have the capability to satisfy a major portion of these additional data
needs, and their use will be integrated with discrete sampling and subsequent laboratory analysis to

maintain quality in the remediation process.

The purpose of investigations carried out during pre-engineering design activities is to provide
information on the extent of soil contaminated above FRL levels or above the ALARA goal of 50 ppm
total uranium, to provide information needed for area excavation design (establish horizontal and
vertical excavation boundaries) and to delineate the extent of soil contaminated with uranium above
1030 ppm, and to supply data needed to ensure compliance with the WAC for the On-Site Disposal

Facility. The overall pre-design investigation approach strategy is to combine pre-eXisting soil

characterization data fio ples with supplemental data generated from in-situ

FLMELET

gamma spectrometry measurements and frem With the laboratory analysis of soil borings at'dépthi to

i,

establish tlitéezdimensional boundaries of soil contaminated above FRL or WAC levels. Figure 2.2-1

R e

(Figure 3-2 of the SEP) summarizes the general pre-design investigation process.

2.2.1 Guidance

e Use RTRAK (where terrain permits) preferentially to establish general patterns of
contamination, to identify potential hot spots and WAC exceedance areas, and to determine
above FRL but below WAC excavation boundaries.

e Use HPGe preferentially to delineate excavation footprints, to determine boundaries for
FRL attainment, and to determine if soil is potentially suitable for reuse.
2.2.2 See Also:
3.4 Evaluation of Above-WAC Surface Soil
3.6 Horizontal Excavation Boundary Delineation

2.1 Overview of RTRAK and HPGe Usage

1408
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. 2.3 SOIL EXCAVATION AND SEGREGATION 1
2

In the remediation process, a number of different drivers control soil excavation. The soil excavation 3
hierarchy as related to potential uses of in-situ gamma spectrometry is given in Figure 2.3-1 (Figure 4
3.4 of the SEP); the types of excavations are listed below: 5
6

e Site preparation _ 7

‘ 8

e  WAC-driven excavation 9
10

e FRL-driven excavation 1

12

e ALARA-driven excavation B

14

The overall analytical objective for excavation control is to provide real-time data on exposed 15
excavation surfaces to construction personnel during the excavation process so that "dig/no dig" 16
decisions can be made with minimal delay. In-situ gamma spectrometry is the primary instrument to 17
supply this type of data for primary radionuclides. 18
19

‘ 2.3.1 Guidance A 2
e Use RTRAK to scan exposed lift surfaces for large areas (> 0.25 acre). 21

' b

e Use HPGe to scan exposed lift surfaces for small areas (< 0.25 acre) or in terrain in which 23
RTRAK cannot operate, such as steeply sloped surfaces and trenches. %

: 2

e Use HPGe for all measurements requiring verification of previously acquired data or 26
verification of hot spot/WAC exceedance removal. 27

o i

2.3.2 See Also: , 29
2.1 Overview of RTRAK and HPGe Usage. ' 30

3.5 Excavation Control For Lifts 3l

3.6 Horizontal Excavation Boundary Delineation n
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2.4 PRECERTIFICATION INVESTIGATIONS

The purpose of precertification is to ensure that an area is ready for certification. Therefore,
measurements must be performed to delineate areas where further excavation is needed due to the
average activity of primary radionuclides exceeding FRLs as well as to identify potential hot spots in
residual soils. The investigation strategy for precertification measurements is to perform a complete
silrvey of the area, generally with the RTRAK. Physical sampling may also be required if
contaminants other than the primary radiological COCs determine excavation extent. On the basis of
the complete survey, the general level of radiological contamination can be determined and the need for
any additional remediation established. If the general level of contamination is below the FRLs for the
primary- radiological contaminants, the results of the RTRAK survey should be reviewed to determine if
radiological hot spots are potentially present. If potential hot spots are detected, they need to be

confirmed and delineated with HPGe, then removed, and surveyed again with the HPGe. Once hot

" spots are addressed, the overall area should be divided into certification units and the average

concentrations of the primary radiological contaminants determined for each certification unit using the
RTRAK results for the area. If on the basis of the RTRAK survey results, a certification unit appears
likely to meet requirements for certification, the certification units should proceed through the
certification process. If a CU appears unlikely to meet requirements for certification, further
remediation, and/or redefinition of the CU is needed. Where FRLs for total uranium are 10 or 20
ppm, HPGe should be used to perform the area survey. Figure 2.4-1 (Figure 3-6 of the SEP)

summarizes general precertification activities.

2.4.1 Guidance

e Use RTRAK (where terrain allows) preferentially to provide a general survey of the
excavation floor.

e Use HPGe to provide general survey information (see Topic 4.10) where total uranium
FRLs are 10 or 20 ppm. '

e Use HPGe for situations in which confirmation and/or verification data are required.

2.4.2 See Also:
3.2 RTRAK Measurements
3.3 Hot Spot Evaluation
4.15 Mapping Conventions
2.1 Overview of RTRAK and HPGe Usage
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‘ 2.5 CERTIFICATION 1
2

{[o:be-added:at alatet date:whei regulatory-approval for-use:of HPGe'for cettification is'granted. 3
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3.0 MEASUREMENT APPROACHES 1
2
The purpose of this section is to describe the general approaches to be used for meeting specific : , 3
measurement objectives. A series of measurements can be combined to carry out an activity such as -_ 4
certification. The strategies for certification and other activities are discussed under the "Investigation 5
Approaches/Measurement Strategies" topic and in the SEP. Area-specific issues are discussed in the 6
SEP and the relevant IRDPs as needed. Details on specific approaches are also provided in area- 7
specific and activity-specific PSPs. : 8

0090039
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3.1 INDIVIDUAL HPGe MEASUREMENTS

HPGe measurements may be used for certification purposes, for checking levels of contamination in an
area (for excavation control, for example), for confirming other measurements, or for delineating areas
that have contamination levels above FRLs, hot-spot criteria, or WAC. To achieve those measurement
objectives, the HPGe instrument measures total uranium, radium-226 (with corrections as described in
Section 5.3), and thorium-232 (and by assuming secular equilibrium with thorium-232, thorium-228
and radium-228 concentrations can also be inferred). Table 3.1-1 shows the gamma rays that are
measured to detect and quantify concentrations of radionuclides. The general approach to all
measurements is the same. Individual HPGe measurements are usually part of a program of multiple
measurements carried out to achieve some objective. Some of these measurement programs are

described in other topics, for example, hot-spot evaluation.

The user has control over four factors that affect HPGe measurements: the measurement location,
detector height, data acquisition time, and the time of day and year of the measurement. Measurement
location is determined by the context in which the measurement is made. For certification, it will be
specified in the Certification Design Letter. For the delineation of contaminated areas, it will be
determined using approaches discussed under “Hot-Spot Evaluation,” “Evaluation of Above-WAC
Surface Soil,” and “Horizontal Excavation Boundary Delineation.” Detector height is typically one
meter; however, lower heights (31 cm and 15 cm) may be used, as necessary, for confirmation or
delineation activities, as is discussed under “Hot-Spot Evaluation,” “Evaluation of Above-WAC
Surface Soil,” and “Horizontal Excavation Boundary Delineation.” Typical data acquisition time is 15
minutes, although shorter (5-minute) data acquisition times are sufficient for certain types of
measurements such as those that provide information on WAC exceedances. Fer-eertification;-deteetor
hetght—ns+m—aﬂd-aeqmﬂﬂen-ﬁmeﬂs—l—5-m&ees— The time of day or year of the measurement may
affect results due to diurnal (radon-222 dlsequlhbrlum in soil, for example) or annual changes in

environmental conditions (snow, rain, for example).

3.1.1 Guidance

* Project personnel must specify a data quality level for HPGe measurements.

¢ Ensure that all QC requirements specified in ADM-16, "In-Situ Gamma Spectrometry
Quality Control Measurements," are met for the data quality level required for the
measurement.

e Detector height and data acquisition time shewld must be specified in PSPs

1
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* Detector heiglit and data’a ata‘acquisition time are a function of particular data'objectives. Refer 1
to Sect » ector-hieight-and data -acquisition time: relevant to'l  hot:spot 2

ction:3 4 for detector height. andwdata acqmsmon times:pertaining 3

to evaluanon of above WA surface soils; refer 10 Secn“fl*~3§6 for ‘detector: helght'é'ﬁ‘d"dﬁta 4
acqulsxtlon ‘times for- honzontal’excavatxon bougdgty delineatior ';:tmaUy,xreter to Sections 5
4.5,4.10;and 5.1-for: detectorﬁhelghts and/or.data acqmsmenxtnnes relatedito trigger 6
|evels, measurement grid.configurations, mininium: detectable‘concentratlons ;and:Section 7

5.4 for detector Heighits'relatedito heterogeneities; 8

9

3.1.2 See Also: 10
4.1 HPGe Detector Field of View n
4.4 HPGe Detector Height and Data Acquisition Time 12
5.1 MDCs ' 13
4.5 Trigger Levels 14
5.2 Moisture Corrected Data ’ 15
5.3 Radium-226 Corrections 16
5747 Heterogeneity 17
4.12 Shine ' 18
2.1 Overview of HPGe and RTRAK Usage 19
. 4.10 HPGe Measurement Grid Configurations ' ' 20
4.9 Topographic Effects 21
4.11 Environmental Influences on In-Situ Gamma Spectrometry Data b7
4.14 Seasonal Precautions | p]
5.7 Field Quality Control Considerations 2%
5.8 Positioning and Surveying 25
4.13 Time Required for In-Situ Gamma Spectrometry Measurements 2
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TABLE 3.1-1 1
‘ GAMMA PHOTONS USED IN HPGe MEASUREMENTS 2
TO QUANTIFY U-238, TH-232, AND RA-226 ' 3
4
5
6

U-238 Th-234 63.2 3.9
Th-234 92.6 5.41
Pa-234m 1001.0 0.845
Th-232* Pb-212 238.6 45.0
T1-208 583.1 30.6*
Ac-228 911.1 29.0
Ra-226 Pb-214 351.9 35.0
Bi-214 609.3 43.0
Bi-214 1120.4 17.0

* Includes 0.359 branching ratio from decay of Bi-212.

A hot‘dﬁ?ét%969‘ﬁl»z‘kevggpm§actunum‘*-“228 i§als0" specmed to us‘e
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3.2 RTRAK MEASUREMENTS : 1
2
Assuming areas are accessible to the RTRAK system, results obtained with the RTRAK can be used to 3
provide complete coverage to support pre-design investigations, excavation control for horizontal surfaces, 4
and precertification activities. The instrument can be used to measure total uranium, radium-226 Ewith 5
correetions-deseribed-in-Seetion-5-3), thorium-232, and gross activity. Gamma p_hotdns used to detect and 6
quantify these analytes are shown in Table 3.2-1. RTRAK can be used in a mobile mode to provide 7
essentially complete coverage of an area or in a static mode to provide results for a particular location. 8
For virtually all applications, however, it is used in the mobile mode. , 9
A ) 10
The user has control over five factors that affect RTRAK measurements in the mobile mode: path followed, 1
data acquisition time, speed, the degree of overlap between adjacent passes, and the time of day and year 12
the measurements are made. For all RTRAK applications, the detector height is fixed at 1.0 ft (31 cm) 13
above the ground. For the mobile mode, data acquisition time and speed are typically 4 seconds and 1 14
mph. Overlap is typically 0.4 m (between adjacent passes, Figure 4.3-2). The path to be followed will 15
be specified in general terms in the appropriate PSP considering the nature of the area io be surveyed and 16
‘. the application, but generally the path will consist of alternate back and forth passes. The time of day and 17
time of year during which measurements are made may affect results due to changes in environmental 18
conditions. ' A | 19
_ 20
Both' thofium-232°andiradiumm-2267 emit gamma“ photons: which interfere” with” the detection“of gammia 21
photonsifor theiquantification of Uranium:238 ZHoweyer, these interferences:are compensated for ifithe 2
uranium;calibrationzequation(RTRAK Applicability Study, April 1998)“Above:120 ppm of {otal:uranium, B
any’interference efféctsiof:thorium; 232 and Tadium-2267on measured concentrations’oftotal uranium-are 24
likelyztoibe negligible =Below 50 ppm totaliuranium,sinterference effects of thorium:232 and radium-226 2
or ‘measuiéd concentrations of‘total-uranium may be appreciable. “However, whethier ‘the-effect 1€ads’io 26
falsely”higher:concentrations, -or. falsely-lower concentrations; cannot:be:predicted: 27
28
3.2.1 Guidance | 2
¢ For general survey applications, use RTRAK wherever thé areal extent of soil to be surveyed 30
is greater than 0.25 acres. Use HPGe whenever the areal extent is less than 0.25 acre. 31
e For certain data usages, such as WAC exceédance detection, individual fneasurements should ;z
be used. For other applications, such as FRL attainment, individual measurements must be 3
‘ aggregated. (The process of combining a number of measurements to yield an average value). 35
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Be sure that a sufficient number of measurements are aggregated to provide acceptable MDCs 1
(Table 5.1-3) and precision for the data usage. 2
3
¢ Gress-eounts Total:activity data are easy to obtain quickly since they do not require processing 4
of gamma photon spectra and can be mapped very quickly. However, these data are more 5
difficult to interpret and can mask real differences in spatial variations of individual 6
radionuclides. Consult the "Gross Total Activity” topic for interpretation guidelines for gross 7
activity data. 8
9
] 10
1
12
13
3.2.2 See Also: : 14
4.2 RTRAK Single Measurement Field of View 15
5.1 MDCs ' : 16
4.5 Trigger Levels , 1
5.3 Radium-226 Corrected Data 18
4.8 RTRAK Total Activity Data Interpretation : ' 19
4.12 Shine 2

' 4.15 Mapping Conventions : 21

4.11 Environmental Influences on In-Situ Gamma Spectrometry Data
4.14 Seasonal Precautions '
5.7 Field Quality Control Considerations

5.8 Positioning and Surveying .

B & ® 8 B
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U-238 Pa-234m 1001.0 0.845 943.1 -
' 1058.9
Th-232 T1-208 2614.44 199.8 2405.4 -
2823.8
Ra-226 Bi-214 1764.49 15.8 1699.3 -
1850.9

3.23
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3.3 HOT SPOT EVALUATION

Hot spots are localized areas for which levels of radiological contamination are at least twice FRLs.
Formal hot spot criteria that relate the acceptable magnitude of contamination to the area of the

contamination apply at the FEMP and are summarized below.

1) No individual location may have concentrations greater than 30 tlmes the FRL for the three
primary radionuclides.

2) Areas that are less than or.equal to 10 m? in size must have average concentrations less than
3 times the FRL for the three primary radionuclides.

3) Areas that are less greater than er-equal-te-25 10 m? in size must have average
concentrations less than 2 times theFRL for the three primary radlonuclldes

Evaluation of a hot spot consists of up to three steps: preliminary detection of the hot spot,
confirmation of its presence (if necessary), followed by delineation of its extent and magnitude. Hot
spots will be excavated and the removal of the hot spot will be verified. The evaluation of hot spots
will be carried out during either precertification or certification, depending upon when the hot spot is
detected. During precertification, the evaluation generally involves the use of the RTRAK and HPGe
instruments in tandem. It is expected that most hot spots will be detected during precertification.
However, during certification the potential exists to detect some hot spots that may have been missed
during precertification. In the latter case (certification), only the HPGe will be used for evaluation of
the hot spot, since the RTRAK is not used during certification. In general, during precertification,
screening is carried out with the RTRAK to obtain a preliminary detection of any hot spots present and
an initial estimate of their areal extent. Any detection is confirmed with the HPGe instrument, and the
extent of the hot spot is then delineated using the HPGe. Before evaluation of hot spots begins,
remediation should be carried out until the average soil concentrations for total uranium, thorium-232,
and radium-226 are below their FRLs on the basis of RTRAK measurements. FEigure373-2:(Figurez3-9

in the SEP) summarizes the’hotispot criteria”and remediation”implementation strategy:

FRLs vary, and thus hot spot criteria vary, depending on the area being remediated. In off-property
areas, the FRLs for total uranium, thorium-232, and radium-226 are somewhat lower than for most
on-property areas. In the former production area and in portions of OU2, the FRL for uranium is

much lower than in other areas. In the production area, the FRL for total uranium is 20 ppm, and in

part of OU2 the FRL is 10 ppm and-is-based-upon-the FREfor-uranium—238.

29
30
3
n

33

35
36

37
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The HPGe and RTRAK can be used for detection of radium-226 and thorium-232 hot spots in all areas;

the HPGe can also be used for detection of uranium hot spots in all areas. However, the MDC for

uranium for the RTRAK using a 4-second acquisition time is well above hot-spot levels (three times the

FRL) for areas with an FRL for total uranium of 20 ppm or less. Therefore, detection of uranium hot

spots in these areas using the RTRAK is possible only if many individual measurements are aggregated.

3.3.1 Detection

Hot spots will generally be identified and removed during precertification. Following the survey of an
area with the RTRAK, the data collected will be evaluated. If for any location the two-point moving
average of these measurements exceeds three time the FRL for radium-226, thorium-232, or total
uranium or the lowest detection limit of the system if the system cannot meet the three times the FRL
limit, a hot spot may be present. For FRLs for total uranium of 10 or 20 ppm, individual
measurements must be aggregated (see comment about aggregated measurements in eemment guidarnce |
section). The possible presence of a hot spot detected during precertification shall be confirmed and, if

confirmed, the area will require further delineation.

If results for radium-226, thorium-232, or total uranium obtained at any certification location from
either the HPGe or from the analysis of physical samples exceed twice the relevant FRLs, soil with -
contaminant concentrations at or above twice the relevant FRLs will be considered to be present and

further delineation will be required.

3.3.2 Confirmation

Confirmation of a potential hot spot identified by the RTRAK is necessary because of the substantial
raté of false positive detections expected from the RTRAK and will be performed using the HPGe
instrument. The HPGe measurement will be made at the location that yielded the maximum result for
the RTRAK, using an acquisition time of 15 minutes and detector heights of both 15 cm and 1 m.
Measurements should be made at two heights to minimize the potential for missing a hot spot due to
any errors in determining its location during confirmation and to provide additional information on its
extent. A hot spot is confirmed if an HPGe measurement exceeds twice the FRL for th_e relevant
constituent at either height. If the hot spot is confirmed, the area generally will be further delineated
using the HPGe. However, if the results exceed twice the FRL at only the 31 cm height, the hot spot
will be excavated (the size of the excavation will be 20 square meters, which is the field of view at a 31

~ cm detector height) to a depth of 6-inehes 15:¢th without further delineation.
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3.3.3 Delineation 1
’ The process presented here represents the minimum delineation that will be done for a hot spot; in 2
some cases more detailed delineation may be appropriate. Essentially the same process will be carried 3
out irrespective of whether the hot spot is detected during precertification or certification. However, if 4
the hot spot is detected during precertification and its presence is confirmed, more details on the extent 5
of the hot spot will be available prior to delineation than if the hot spot is detected during certification. 6
If the hot spot is detected during certification as the result of the analysis of a physical sample or a 7
HPGe measurement taken at a 31 cm detector height, initial delineation will begin using the HPGe . 8
instrument to examine further the location where the hot spot was detected. If the hot spot was 9
detected using the HPGe instrument, then a second measurement will be taken at the same location ' 10
using a 1 m detector height. If results do not exceed twice the FRL at the 1 m height, the hot spot will n
be excavated (the size of the excavation will be 20 square meters which is the field of view at 31 cm _ 12
detector height) to a depth of é-inehes 15.cm with no further delineation. If results from the 1 m 3
measurement exceed twice the FRL, then the general delineation approach described below will be 1
followed. If the hot spot was detected as the result of the analysis of a physical sample, HPGe 15
measurements will be made at the location of the physical sample at heights of 31 cm and 1 m. If 16
' results do not exceed twice the FRL for the 1 m measurement, the hot spot will be excavated (the size m
of the excavation will be 20 square meters which is the field view at a 31 cm detector height) to 15 cm 18
without further delineation on the basis of the results provided by the HPGe. Otherwise, the general 19
delineation approach given below will be followed. ' 20

N
—

The general process of delineation of hot spots uses the HPGe instrument. Four locations just outside 2
the estimated perimeter of the hot spot (identified on the basis of detection and confirmation results) and px]
located on perpendicular axes that pass through the center of the hot spot will be defined and HPGe 2
measurements will be made at those locations using a detector height of 15 cm and an acquisition time 25
of 15 minutes. If results from any measurement location are below twice the FRL for the constituent of ‘ 26
concern, then the location defines the outer limit of the hot spot. If the result for any measurement 27
location exceeds twice the FRL for the constituent, the thﬁt measurement location will be moved 2 m 28
farther away from the center of the hot spot and the measurement made again. This process will be 29

‘ repeated, as needed, until the boundary of the hot spot has been reached (i.e., until concentrations are 30
below twice the FRLs). The hot spot then will have-beer be delineated on the basis of the four )|
boundary locations that have been identified by constructing a smooth, continuous boundary that passes 2
‘ through the four locations. An example of the general process is provided in Figure 3.3-1. The soil 3
within the boundary of the delineated hot spot will be excavated to a depth of 6 inches. If the hot spot u
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was found during precertification, the general area of the excavated hot spot will be surveyed again

with the RTRAK. If the hot spot still appears to be present, the confirmation and delineation processes
will be repeated. If the hot spot was found during certification, its removal will be verified using the -
HPGe in With complete coverage at a 31 cm detector he.ight (see section 4.10, HPGe measurement grid

configurations). (The delineation process should be refined as the relative costs of delineation versus

excavation become better know.)

efforts,;the-:exteﬂt{ofg%hoggﬁspot@temoyalg_excayatlon; rand;me;resu,lt§igt;pqstﬁg;;ﬁgg‘sdpdt_zremoy‘ 4,;d

collectionito verifyithat the:iot;spothasibeeniremoved:

3.3.5 Guidance
L A rule of thumb is that a hot spot (ife.Flocatiom:with:soiliconcentration;greatersthanior

FRL) can be recognized ‘if it is at least 2/3 (O 66) of the size of the field of view,
1rrespect1ve of where it is centered within the field of view.

* Hot spot definitions only apply to the primary radiological COCs.

* Hot spot definitions include three tW0 criteria: a-hever-to-exeeed-30xFRE+ue; a not to
exceed 3xFRL upper limit that applies to areas less than orie”qii'él?fﬁ‘lo square meters, and

e Hot spot evaluation will be performed during precertification and certification data
collection activities.

¢ The RTRAK will be used to evaluate areas for the potential presence of hot spots. If a two-
point moving average RTRAK value exceeds 3xFRL, a potential hot spot has been
identified and additional action must be taken.

¢ Detection of total uranium hot spots when FRLs are less than 20 ppm is only possible if
many individual RTRAK measurements are aggregated. While aggregation of individual
RTRAK measurements can lower MDCs and improve precision to allow hot spot criteria to
be met, aggregation also results in loss of spatial resolution. For example, the area
represented by the aggregation of measurements may be so large compared to the size of a

hot spot, that the hot spot cannot be recognized. Hot.spots:less than 25 square - meters:may,
notiberrecogiizable:whemntotaluranium FRLs areé 20 ppm or less
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operatmg parame_ters to ‘illistrate the

measurements will measure-4,291: m2 and each measurement nas anvaverage»nelcl ‘of .View
of 4. 41 m}. I f for example 1t takeSs40 aggregated measurementS‘to havesa*sutnmentlyel_owE

(40 %4 4 41“ 2) Usmgesthe first: gu1dapce~bullet€abovewfxa?hotzspot will bexrecogmzedﬂt,xtsls
at’ least 2/3 ot the size of” the ag aggregation:area, or:116:4m27(0766°X’ ’176“'4”"2)’?

e The HPGe may be used to evaluate areas for the potential presence of hot spots if it is not
practical to use the RTRAK. In this case HPGe measurements will be taken at a height of
1 foot on a triangular grid that provides 100% coverage for the area of concern..

e If any HPGe or discrete sample result is greater than 2xFRL during precertification or
certification activities, a petentiat hot spot has been identified and additional action must be
taken.

¢ Very small hot spots may be recognizable Visually, such as by noticing changes in soil
color, and elevated activity may be detected via hand-held survey meters.

3.3.6 See Also:
3.1 Individual HPGe Measurements
3.2 RTRAK Measurements
5.1 MDCs
4.5 Trigger Levels
3.3 Hot Spot Evaluation
4.10 HPGe Measurement Grid Configurations
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FIGURE 3.3-1 EXAMPLE OF HOT SPOT DELINEATION
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3.4 EVALUATION OF ABOVE-WAC SURFACE SOIL
BRAFT-SECTION)
Evaluation of surface soil having uranium concentrations potentially above WAC levels follows an
approach similar to that used for hot spots. The evaluation generally involves detection of soil with
above-WAC concentrations of total uranium with the RTRAK, followed by confirmation, and then by
delineation of the area with the HPGe. This evaluation will normally be done during pre-design

investigations when the extent of excavation of above-WAC material will be defined.

3.4.1 Detection

Detection of soil with above-WAC concentrations of total uranium using the RTRAK does not require
aggregation of measurements when the system is operated with an acquisition time of 4 sec and a speed
of 1 mph. If a single measurement exceeds a trigger level for total uranium of 721 ppm, then soil with
elevated uranium concentrations is present that requires confirmation to determine if those elevated
uranium concentrations are actually above WAC levels. Surveys of an area using the RTRAK can
identify the general extent of regions contaminated above WAC levels, but the boundary of the region

should be delineated using the HPGe instrument. If above-WAC concentrations of total uranium have

been detected on the basis of historic physical samples, those areas sheuld must also be confirmed by

HPGe, regardless of RTRAK results.

@ e,

expected, HPGe: will'be used toperform area surveysitodetect above:WAC concentrations:

uranium. - A-détector:height of :1:0-meters; a S-minute€ data’acquisitionitime 7and-a’ triangulargrid

utilized to denote;the existence of apossible‘hot'spot. /Hand-held survey metersiwill:be used:to-locate

areas within thefi€ld-of view:giving tise’to measurements greater’than:400 ppmtotal uranium::"When

such areéas-are located; theyzwill'be confirmed witi"HPGe measirements ar3 1 cmiand 15 cnias

described below:

3.4.2 Confirmation
Confirmation of the presence of soil with potential above-WAC concentrations of uranium identified

using the RTRAK will be performed using the HPGe instrument. Confirmation measurements will be
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made at the location that yielded the maximum result. wiﬂl the RTRAK, with the measurement location
adjusted in the field using a hand-held instrument to determine the location of maximum activity. The
confirmation measurement will be made using detector heights of both 31 cm and 15 cm and an
acquisition time of 5 minutes. If either measurement exceeds a HPGe trigger level of 928 ppm (Table
4.5-1), then the area of the above-WAC contamination will be further delineated with the HPGe. Use
of both 31 and 15 cm for the HPGe detector height provides fields of view of about 20 and 3 m?,
respectively, bracketing the 9 m? field of view of the RTRAK. If the HPGe trigger level of 928 ppm is
not exceeded, but the HPGe results still confirm the presence of a hot spot (i.e., results exceed twice
the FRL for total uranium), the identified hot spot will have to be delineated. If above WAC
concentrations of total uranium were detected on the basis of results from historic physical samples, the
confirmation process should be carried out to establish if above WAC concentrations are in fact

taken at using detector heights of 31 and 15 cm, as indicated above.

3.4.3 Delineation

The HPGe instrument is used to confirm and refine the boundaries of above-WAC soil. For
delineation, HPGe measuréments generally should be made at a height of 15 cm with an aéquisition
time of 5 minutes on a 2-m triangular grid (note that the radius of the field of view is 1.0 meter for a 15
cm detector height; therefore, a two meter grid spacing has no overlap between adjacent fields of view)
- that covers the entire area indicated by RTRAK results or HPGe confirmation results as being above-

WAC. This.is consistent with"the guidance givenzin:Section4%10,:guidancelbullet #1. Howévér, if the

circumscribed area appears to contain only above-WAC soil or it is not realistic to expect that soil can
be segregated to minimize off-site shipment of soil, then the grid should only cover the boundary of the
area identified using RTRAK or HPGe confirmation results. The trigger level for above-WAC areas
for the HPGe instrument with a S-minute acquisition time is 928 ppm. Definition of the vertical extent
of the above-WAC soil will require analysis of borings. An example of the delineation process is
provided in Figure 3.4-1. The soil in the delineated area should be excavated and the area surveyed
again with the RTRAK. If soil with above-WAC concentrations of total uranium still appears to be
present, confirmation and delineation measurements must be performed again. (The delineation
procedure should be reﬁned as more information becomes available on the relative costs of delineation

and management of above-WAC soil.)
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‘ 3.4.4°WAC Identification and Delineation Mapping Requirements | 1

Maps-shoiild be provided that show-the extent of RTRAK data collection, and that indicate:locations 2

where individual RTRAK readings éxceeded-the WAC trigger level. “In'the event that'the*RTRAK 3

identifies potential-WAC-exceedaice-problems,-for eachlocation a-final’set of maps shiould besprovided 4

that'indicate the results'of verification and 'delineation - data-collection"efforts; the extent 6f WAC 5

mateial'removal, and:the resultsiof postEWAC Temovaldata collection;to verify that'thie material 6
exceeding ‘WAC has:been'removed. ' 7-

8

3.4.5 Guidance 9

® A rule of thumb is that WAC exceedance areas can be recognized by HPGe using the 10

above trigger levels if the that'WAC €XcEEdance area is at least 66% of the area of the i

HPGE field of view for-a’given détector-higight and the concentration of total uranium is at 12

least 1500 ppm for that 66% WAC€xceedance area. : ‘ 13

14

o For WAC exceedances much smaller than the field of view of the HPGe detector, Table 15

4.6-1 can be used to provide guidance for WAC size, concentration, and recognizability at 16

a given detector height. 17

18

e Use a WAC trigger level for total uranium of 947-ppm-fer-15-minutc-eount-times-and 928 19

' ppm for 5-minute count times. (Ifi1SsmilutEicount tiies areused; hertriggenlevelsis'o4] 2

ppm?) | 2

2

¢ The delineation procedure described above is intended for areas of above WAC soil of . 23

about 100 m? or less in size. For substantially larger areas, the approach needs to be 2%

reetifted refined and the in-situ gamma spectrometry group should be consulted on the most 25
appropriate delineation approach. 2 -

27

3.4.6 See Also: 28

4.1 HPGe Detector Field of View , ' 29

3.1 Individual HPGe Measurements ' 30

3.2 RTRAK Measurements ) 3

4.5 Trigger Levels : 32

4.6 WAC Exceedance Detection 33

4.10 HPGe Measurement Grid Configuration 34

4.4 HPGe Detector Height and Data Acquisition Time 35
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Delineated boundary of RTRAK measurements

(total U concentration < 1030 ppm) ® HPGE measurement location

MDA1804

FIGURE 3.4-1 EXAMPLE OF DELINEATION OF ABOVE-WAC SOIL
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3.5 EXCAVATION CONTROL FOR LIFTS . 1
‘ During excavation that uses lifts, controls on excavation are required so that (1) all above-WAC soil is 2
identified, and (2) unnecessary excavation of uncontaminated soil is not carried 6ut,—aad—(-3)—ﬂae 4
ed. The processes to be used to define the 5
horizontal extent of excavation and the presence of soil with uranium concentrations above WAC levels 6
are the same as used for surface soil. After a lift is removed, the area should be surveyed with the 7
RTRAK. If the survey indicates the presence of any above-WAC soil, the presence of the above-WAC 8
soil will be confirmed and, if confirmed, its boundary will be delineated using the HPGe. Definition of 9
the vertical extent of above-WAC soil wilt may require analysis of borings. Def_mition of the 10
horizontal excavation extent for soil with concentrations of contaminants above FRLs or above the u
ALARA goal of 50 ppm for total uranium requires the use of HPGe measurements to improve the 12
delineation of the excavation boundary, as is done for surface soil. ' 13
: 14
3.5.1 Guidance: | 15

A L S i3 i e 8 22 o i £ 3 ) 3 19
Surface;Soil? 2

. 21

» Foridentification’andconfirmation'of:very small:possible:WAC exceedancejarea 2
Section’4:6,7:WACIExceedance Detection px)

u

3.5.2 See Also: 25
3.4 Excavation of Above-WAC surface soil 2

3.6 Horizontal Excavation Boundary Delineation 27

FEMP\USER-MANUAL\SECTION-3.5\REVISION-A\April 9, 1998 3.5-1
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3.6 HORIZONTAL EXCAVATION BOUNDARY DELINEATION

A combination of RTRAK and HPGe measurements may be used to help establish the necessary extent
of horizontal excavation. The RTRAK should be used to survey the entire area in question to identify
the general extent of soil contaminated with primary radiological COCs above their FRLs. Use of the
RTRAK for this purpose generally will require the aggregation of individual measurements, and
therefore spatial resolution may be reduced, particularly for uranium. The RTRAK results need to be
examined and the remediation area under investigation divided into three parts: (1) locations with soil
concentrations that are likely above the FRL for one or more COCs, (2) locations with soil
concentrations likely below FRLs for all COCs, and (3) a zone of uncertainty between (1) and (2) that
may be above FRLs for one or more COCs. Trigger levels for the RTRAK for establishing results
above and below FRLs are provided in Tables 3.6-1 and 3.6-2. If results are below the trigger levels
in Table 3.6-1, then soil concentrations are likely below FRLs (i.e., the false negative rate is less than
or equal to 5% if concentrations are actually at or above the FRL); if results are above the trigger
levels in Table 3.6-2, then soil concentrations are actually at or above FRLs (i.e., the false positive rate
is less than or equal to 5% if concentrations are actually at or below the FRL). RTRAK readings
between the trigger levels in Tables 3.6-1 and 3.6-2 define the zone of uncertainty that must be
resolved by HPGe. When available, results from the analysis of physical samples (e.g, RI/FS data)
should also be used to help refine boundaries. The delineation process focuses on defining the
excavation boundary, which is located in the band of uncertainty identified on the basis of RTRAK

results (i.e., locations in Category #3).

A preliminary excavation boundary should be located within the zone of uncertainty identified above,
using professional judgement. It would encompass all locations for which any COC has a
concentration above its FRL. HPGe measurement' transects would then be established at intervals along
and perpendicular to the preliminary boundary. The spacing between the transects will depend on the
scale of the region and the distribution of contamination in the area and should be determined using
professional judgment. HPGe measurements should be made at 2-m intervals along these transects,
beginning at the preliminary boundary; the measurements should be made at a height of 15 cm using an
acquisition time of 15 minutes. A comparison of HPGe results with the FRL trigger levels given in
Table 3.6-3 will be used as the basis for expanding or contracting the boundary along a given transect.
The process of obtaining measurements at 2-m intervals along transects should be continued until all

COCs are bounded (i.e., the COC that has the greatest spatial extent above its FRL along the transect).

FEMP\USER-MANUAL\SECTION-3.6\REVISION-A\April 9, 1998 3.6-1 00 00 5 8
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Analysis of physical samples may also be used to help define the excavation boundary. An example of I
‘ the approach is provided in Figure 3.6-1. (The delineation procedure should be refined as more 2
information becomes available on the relative costs of delineation and management of above-FRL soil.) 3

6
total activity-readingsiappropriately:color:coded by total activity level(see Section 4:15), -and thatiplot 7
aggregated:isotopic:information-foriraditm:226, thorium-232 ‘and total:uranium, withithe aggregates 8
color;coded by theiriconcentration: “A complete discussion of aggregation techniquesrandirequirements 9
canjbe found;int Section 47157 10
11
" 3.6.2 Guidance . 12
® For the case in which contaminant concentrations decrease smoothly with distance along a 13
transect, the boundary is established when adjacent HPGe measurements taken on the 14
transect are above and below the relevant trigger level. A 15
16 -
e In cases in which contaminant concentrations decrease very slowly with distance along the 17
transect or do not consistently decrease or increase, it may be necessary to make a series of 18
measurements to demonstrate that results are consistently below the trigger level in order to 19
establish the boundary. 20
21
3.6.3 See Also: 2
3.1 Individual HPGe Measurements n
3.2 RTRAK Measurements %

4.5 Trigger Levels.

FEMP\USER-MANUAL\SECTION-3.6\REVISION-A\April 13, 1998 3.62 0 O O 0 5 9



TABLE 3.6-1

Total Uranium

82

18

58

50**

20

10

Thorium-232

1.5

1.4

Radium-226

1.7

1.22

1.5

1408
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RTRAK TRIGGER LEVELS¥*, RESULTS BELOW FRLs (ACQUISITION TIME = 4 SEC)

* RTRAK readings between the trigger levels in Tables 3.6-1 and 3.6-2 define a zone of
uncertainty that needs to be resolved by HPGe or some other means.

** The ALARA goal.
. TABLE 3.6-2
RTRAK TRIGGER LEVELS*, RESULTS ABOVE FRLs (ACQUISITION TIME = 4 SEC)
Total Uranium 82 18 106
50%*
20
10
Thorium-232 1.5 2 1.89
1.4
Radium-226 1.7 5 2.18
1.5

* RTRAK readings between the trigger levels in Tables 3.6-1 and 3.6-2 define a zone of
uncertainty that needs to be resolved by HPGe or some other means.

**The ALARA goal.

FEMP\USER-MANUAL\SECTION-3.6\REVISION-A\April 9, 1998

3.6-3

0090060

26

27

28

29

30

31

32

33
34
35
36
37



1408

20701-RP-0006
1
. TABLE 3.6-3 2
HPGe TRIGGER LEVELS FOR FRLs (ACQUISITION TIME = 900 SEC) 3
4
5
Total Uranium 82 5 6
50% 4446 7
20 1718 » 8
10 89:0 A 9
Thorium-232 1.5 +321:37 10
1.4 231228 1
Radium-226 1.7 +391:48 12
1.5 13
* The ALARA goal. : 14
15
16

FEMP\USER-MANUAL\SECTION-3.6\REVISION-A\April 9, 1998 3.64
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. 3.7 CERTIFICATION MEASUREMENTS o
To'be

e added at'a latet daté wher Tegulatory approvalis granted for use of HPGe for certification. 3

10

11

12

29

30

31

32

33

35

000063




FEMP\USER-MANUAL\SECTION-3.7\REVISION-A\Aprii 9, 1998

372

1408

20701-RP-0006

000064

L= I - T " - VU R N

—
N o= O

13

21



1408

20701-RP-0006

3.8 FIELD MOISTURE MEASUREMENTS

The following general directions will govern the collection of moisture data in the field. Area-specific
instructions, if any, will be found in area-specific PSPs. Surface Troxler measurements will be
obtained at each HPGe measurement point and at a minimum of two locations per acre for R-TRAK
measurements. The Project Characterization Lead may increase the number of Troxler measurements

based on the visual variability of soil conditions at the time of the measurement. Troxler measurements

will be conducted within eight hours (as’soon‘as possible, but not to:fall*outside’the workingday) of the

HPGe and/or RTRAK measurements if environmental/weather conditions have not changed. If
environmental/weather conditions have changed (i.e., rain or snow), see guidance below. Technicians
cannot perform moisture measurements simultaneously with, and in the same vicinity as (within 75
meters of HPGe or RTRAK), RTRAK or HPGe measurements, because internal radioactive sources

contained in the Troxler moisture gauge can interfere with the HPGe or RTRAK measurements.

3.8.1 Guidance

e Surface Troxler measurements will be obtained at the center point of each HPGe
measurement, and a minimum of two Troxler measurements per acre will be taken for
RTRAK measurements.

* If surface soil conditions are unsuitable for Troxler moisture measurements, a 4-inch depth
core sample will be collected at each planned Troxler measurement location and submitted
to the on-site laboratory for moisture determination.

e If physical samples were not collected per above, soil moisture data will be estimated based
upon Troxler measurements and/or physical sample analyses made on days closest to those
on which in-situ gamma spectrometry measurements were performed and in areas closest to
that which in-situ gamma spectrometry runs were made (provided that no rainfall has
occurred in the intervening time period).

e If differences in weather conditions preclude the use of moisture data obtained on other
days and in other areas, a default value of 20% soil moisture will be utilized. The default
value will overcorrect (i.e., yield higher values) in-situ gamma spectrometry data in dry
conditions, and will undercorrect (i.e., yield lower values) in-situ gamma spectrometry data
in wet conditions.

e Do not take: measurcments ‘immediately: after a heavy ramfall m which’i t.he soxl may be

id su acé ,Measurements ,shoilld*not be taken the same day followmg a heavy

’easurements should not be: takén

FEMP\USER-MANUAL\SECTION -3.8\REVISION-A\March 3, 1998 3.8-1 : .
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3.8.2 See Also: 1
5.2 Moisture Corrected Data 2

FEMP\USER-MANUAL\SECTION -3.8\REVISION-A\March 3, 1998 3.8-2

000066



1408

20701-RP-0006

4.0 CHARACTERIZATION, DATA INTERPRETATION, AND OPERATIONAL GUIDELINES

This section contains practical information needed by project personnel who 1) plan'in-situ gamma -
spectrometry measurements, 2) interpret in-situ gamma spectrometry data, 3) integrate in-sifu gamma
spectrometry data with other data sets or into engineering designs, and 4) make decisions based upon
in-situ gamma spectrometry data. In particular, Characterization Leads should be familiar with this

section.

The information in this section is derived from multiple sources: the various comparability studies
referenced in Section 1, the scientific literature (including DOE in-house publications), and previously
unpublished calculations/interpretations based upon FEMP in-situ gamma spectrometry data. Where
information is derived from FEMP compérability studies or from the scientific literature, the reader is
directed to the appropriate publication for supporting documentation, justification, and background.
Where data, interpretations, or facts are unpublished, sufficient supporting documentation to justify

assertions is included in the topic text.

FEMP\USER-MANUAL\SECTION-4\REVISION-A\April 7, 1998 4-1 000067
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4.1 HPGe DETECTOR FIELD OF VIEW

The field of view of an in-situ gamma spectrometry detector is defined as the surface area that
corresponds to the volume of earth from which 85 to 90% of the detected gamma photons originate.
For a HPGe detector, the field of view primarily depends on the height of the detector above the
ground surface and the energy of the gamma photon. Detectors farther from the ground surface will
have larger fields of view than detectors closer to the ground surface. Because higher energy gamma
photons are less attenuated by soil and air than lower energy gamma photons, the field of view is larger

for higher energy photons than for lower energy photons (Miller et al., 1994, Figure 1).

Table 4.1-1 gives conventions that have been adopted at the FEMP for the HPGe field of view.
Because the field of view is dependent upon gamma photon energy, the numbers in Table 4.1-1
represent an approximate average of all gamma photons; however, the field of view will be somewhat

larger or smaller for higher or lower energy gamma photons, respectively (Miller, et. al., 1994).

TABLE 4.1-1
HPGe FIELDS OF VIEW AT DIFFERENT DETECTOR HEIGHTS

1.0(m) 6.0 113
31 (cm) 2.5 19.6
15 (cm) 1.0 3.1

Figures 4.1-1 and 4.1-2 provide additional quantitative perspective on the HPGe field of view. Figure
4.1-1 (see Miller et al., 1994, Figure 1 for more information on photon fluence) plots the cumulative
photon fluence (% of total photons impinging upon the detector) vs distance from a point under the
detector (1.0 meter height above the ground) for #-560 1007afd 10003KeV; gamma photons. About 30%
of the gamma photons impinging on the detector originate in the soil within 1.0 meter of the detector;
about 58% 56% originate within 2.0 meters of the detector; and about 86% originate within 6.0 meters
(the field of view) of the detector. Figure 4.1-2 adds insight relative to photon fluence as a function of
soil depth. Each cell in Figure 4.1-2 in a vertical or horizontal sequence represents 1.0% of the total
gamma photon fluence. (Each cell actually represents a three-dimensional circular tube of soil
surrounding the HPGe detector, and the "cells” in Figure 4.1-2 actually represent cross sections of

those tubes.) The practical significance of Figure 4.1-2 is that a HPGe detector can effectively detect

FEMP\USER-MANUAL\SECTION-4. \REVISION-A\April 13, 1998 4.1-1
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gamma photons only to a depth of about 10 to 15 cm., and this depth range is limited to within 2

meters of the detector.

4.1.1 Guidance

For general survey measurements;-and-for-eertification-measurements; a 1.0 meter detector
height should be used.

For boundary delineation measurements, particularly for small hot spots or WAC
exceedance areas, a 31 cm or 15 cm detector height should be used.

In areas where contamination is homogeneous, very similar results will be obtained at
different detector heights.

In areas where contamination is very heterogeneous, different results may be obtained at
different detector heights.

Refer to Section 5.5 (Heterogeneity) generally and Table§ 5.5-1 through§SsS:3 specifically
for a discussion of detector height as related to degree of heterogeneity-and-homegeneity.

4.1.2 See Also:
4.2 RTRAK Single Measurement Field of View

4.10 HPGe Measurement Grid Configuration

4.4 Detector Height and Data Acquisition Time

1408
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‘ 4.2 RTRAK SINGLE MEASUREMENT FIELD OF VIEW 1
In addition to gamma photon energy, the single measurement RTRAK field of view also depends upon ;
the forward speed of the tractor and the data acquisition time. The RTRAK single measurement field - 4
of view as a function of speed and data acquisition time is shown in Table 4.2-1. A 1.2 meter radius _ 5
(radius of field of view when RTRAK is stationary) is used to calculate the areal extent of the field of 6
view. Although the field of view depends upon detector height, the RTRAK detector remains a fixed A 7
distance above the ground (1.0 ft). Using operating parameters of 1.0 mph with a 4 second data 8
acquisition time, the RTRAK single measurement field of view is 8.8 square meters. (Although 0.5 9
mph gives a smaller field of view which may be desirable in some situations, tractor speed control at 10
0.5 mph is very difficult.) Figure 4.2-1 shows how the field of view is calculated for 1.0 mph with a 4 11
second data acquisition time. 12
' | A 13
TABLE 4.2-1 14
RTRAK FIELD OF VIEW 15
AS A FUNCTION OF SPEED AND DATA ACQUISITION TIME 16

17

18

* Numbers represent the area of the field of view in square meters.

22

. 23

4.2.1 Guidance : 2%

e  Whereas the HPGe field of view is circular, the RTRAK, because it moves, sweeps out a 25

field of view that resembles an elongated ellipse. 26

, 27

¢ The fields of view in Table 4.2-1 should not be used if static RTRAK measurements are 28

made. The static RTRAK field of view is approximately 4.5 square meters (see below). 29

30

¢ In reality, single measurement RTRAK fields of view are somewhat smaller than indicated 31

in Table 4.2-1 because of the shielding effect of the tractor tires. That shielding effect is 32

very difficult to quantify, however. 3

. 34

4.2.2 See Also: ‘ 35
4.1 HPGe Detector Field of View - | 6

‘ 4.3 RTRAK Multiple Measurement Field of View “

: L &
FEMP\USER-MANUAL\SECTION-4.2\REVISION-A\April 7, 1998 4.2-1 . O O OO 's Z
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4.3 RTRAK MULTIPLE MEASUREMENT FIELD OF VIEW

The general approach to RTRAK measurements consists of alternating, adjacent, back and forth passes.
A pass is defined as a series of consecutive measurements made in a single diréction. The
determination of the total field of view taking into account overlap of successive fields of view is more
complicated for RTRAK than for HPGe. Figures 4.3-1 and 4.3-2 depict cumulative (or total) fields of
view, the amount of overlap between consecutive measurements in a single pass, and the amount of

overlap between two measurements in adjacent passes.

An equation has been developed which estimates the total field of view for any given number of

measurements in a single pass and for any given number of passes.

Total Field of View (m?) = k(0.8941nrvt + 3.1416 r>+1-8) - [(k-l)((0;4471nvLH—1—.9) + L]

(1]
and
Average Field of View (m?) = Total Field of View/kn ' 2]
where:
n = number of measurements in a pass
k = number of passes (each pass is assumed to have the same number of measurements)

=_ radius of the field of view in meters (1.2 for the RTRAK as currently configured)
v = RTRAK speed in miles per hour
= data acquisition time in seconds
= Amount of overlap in meters between adjacent passes
= total number of measurements

Tables 4.3-1 through 4.3-3 show total fields of view and average fields of view per measurement
calculated from Equations 1 and 2 for typical RTRAK operating conditions (1.0 mph and 4.0 second
data acquisition time). Table 4.3-4 represents RTRAK operating conditions in which the RTRAK is
moving at 1.0 mph with a 2.0 second data acquisition time and in which each moving pair of 2.0
second measurements is combined as a moving average of four second count times. These operating
conditions are equivalent to 0.5 mph with a 8.0 second data acquisition time. Table 4.3-4 is included
because it simulates operating conditions which effectively result in a denser measurement grid without

sacrificing speed or reducing data acquisition time.

Several aspects about RTRAK operating conditions are quite evident from Tables 4.3-1 to 4.3-4. First,

with increasing amount of overlap between adjacent passes, the total field of view for a given number

FEMP\USER-GUIDE\SECTION-4.3\REVISION-A\April 7, 1998 4.3-1
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of easurements-decreases significantly~” Thus, for 10;000"measurements (K= 100;in=100)7the‘total
field of view for no overlap (43;342 43,369 m?) is nearly double that for a 1.0 meter overlap (25;550

25, 565 m?). Second, the effective coverage significantly increases as the amount of overlap increases.
Effective coverage is defined as the field of view for a single measurement (8.81 m?) divided by the
average field of view per measurement. For no overlap between adjacent passes; the effective
coverages vary between 100 and 200%. For a 1.0 meter overlap, the effective coverage varies
between 100 and 300%. Third, increasing the effective measurement density per the operating
conditions represented by Table 4.3-4 results in a significantly increased effective coverage of up to

nearly 500% without sacrificing speed.

Table 4.3-5 puts the above discussion into perspective relative to measuring one acre of soil with
RTRAK. (The fact that the tbtal field of view is somewhat larger than an acre (4,047 m?) results from

rounding off fractional measurements and using the next highest number.)

4.3.1 Guidance

e Unless special circumstances dictate otherwise, use 0.4 meter overlap on all adjacent
passes. Such7ai angover%m"s‘p‘ﬁnds to 4 separationzof thie center:line of therpassesiof 2:m:

The need for overlap is desirable because of the decrease photo uence from areas

distant from the detector. A-teleranec-of-8-4-meters-on-the An overlap 6f{074/m is tolerable

as it w1ll not leave either major areas without coverage or major areas with over coverage.

¢ Shielding effects of tires are diminished or minimized by alternating back and forth passes
with overlap.

¢ Data in Table 4.3-5 can be used to calculate the theoretical area represented by a given
number of aggregated measurements. For example, suppose that at 1.0 mph, a 4-second
data acquisition time and a 0.4 meter overlap, 100 measurements are aggregated for
mapping purposes. The area represented by 100 aggregated measurements is
100 x (4283/1152) = 372 m™.

¢ In reality, the area represented by an aggregated number of measurements could be
significantly greater or smaller than the area calculated above, depending upon driver skill
in driving straight lines with the exact degree of overlap on all passes, terrain obstructions,
and topographic features.

4.3.2 See Also:
4.2 RTRAK Single Measurement Field of View

4.15 Mapping Conventions
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4.4 HPGe DETECTOR HEIGHT AND DATA ACQUISITION TIME

In order to detect very small WAC exceedance areas (Section 4.6, WAC Exceedance Detection), or to
closely delineate excavation boundaries, it may be necessary to lower the HPGe detector to within six
inches of the ground surface. Further, when measuring areas of high total uranium concentration, such
as WAC exceedance concentrations, a reduced data acquisition time will result in more HPGe
measurements per day without compromising the validity of the data. The discussion below documents
that 5-minute data acquisition times and a 6-inch HPGe detector height yield very similar measurements
to those taken at greater detector heights and longer count times. These data are presented in this

document because they have not appeared in any comparability study to date.

Table 4.4-1 presents ten sets of measurements taken at the FEMP Field Quality Control Station (FCS)

over a six-day period in November, 1997. Each set of measurements consisted of 900-second (15 |
minutes) and 300-second (5 minutes) count times at detector heights of 1.0 meters, 31 cm (1.0 ft), and
15 cm (6.0 inches).

Table 4.4-1 summarizes the results of the above measurements and demonstrates that:

1) There is little difference between the means of 300-second and 900-second data for a given
isotope at a given detector height for total uranium, thorium-232, radium-226 and
potassium-40.

2) There is little difference between the means of 15 cm and 31 cm data for a given isotope at
a given count time for total uranium, thorium-232, radium-226 and potassium-40.

3) Although 100 cm data tend to be slightly lower than 15 cm and 31 cm data, the difference
is less than 10% for total uranium, less than 5% for thorium-232 and potassium-40, and
less than 3% for radium-226. The FCS is an area with elevated uranium relative to
immediately surrounding areas; therefore, the field of view when HPGe is 15 cm or 31 cm
does not include areas of lower total uranium concentration that are in the 1.0 meter field
of view.

4) Generally, the standard deviations are larger for shorter count times than for longer count
times. This is not surprising. However, these standard deviations should not be used to
calculate system uncertainties for trigger level purposes for 5S-minute count times. The
uncertainties used to calculate trigger levels for 15-minute count times (Section 4.5) are
based upon six months of data collected at the FCS under a variety of weather and climate
conditions.

4.4.1 Guidance
e A 5-minute count time and 15 cm detector height may be employed with confidence using
the HPGe where field measurement objectives require such conditions. Sections 3.3 and

FEMP\USER-MANUAL\SECTION-4.4\REVISION-A\April 7, 1998 4.4-1
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3.4 indicate that 15 cm HPGe detector height shall be used for hot spot and above-WAC
delineation.

Five-minute count times at any detector height may be used for detecting, confirming, and
delineating WAC exceedances. The number of HPGe measurements per day will increase
(greater productivity and less cost per measurement).

31 cm and 15 cm detector heights will increase the number of measurements required to
scan a given area (at 100% coverage) with an attendant increase in measurement cost per
unit area (cost per measurement depends upon count time).

~Use a lower trigger level for total uranium for WAC investigations measured with a 5-

minute count time (928 ppm) than with a 15-minute count time (947 ppm). This is
supported by the data in Table 4.4-1 which show larger standard deviations for 5-minute
count times than for 15-minute count times. See Table 4.5-1 for HPGe trigger level values.

4.4.2 See Also:
4.1 HPGe Detector Field of View

4.6 WAC Exceedance Detection

FEMP\USER-MANUAL\SECTION-4.4\REVISION-A\April 7, 1998 4.4-2
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4.5 TRIGGER LEVELS

This section establishes trigger levels that can be used to aid in decision making. A trigger level is
defined as a specified radionuclide concentration that, if exceeded by a HPGe or RTRAK measurement,
provides the basis for some subsequent action to be taken. This action could be excavation of soil,
additional in-situ gamma spectrometry measurements, or collection and analysis of physical samples,
for example. The general approach described below can be applied to any analytical method/data set,
but the tables provided are specific to the HPGe and RTRAK instruments as configured and used at the
FEMP. In practice, FEMP trigger levels are associated with regulatory limits such as FRLs d@id WAC
exceedance concentrations;-and-hot-spet-execedanee-coneentrations. The advantage of using a trigger
level is that it provides a single value against which data can be quickly compared to screen a location

relative to some limiting criterion.

Because every HPGe or RTRAK measurement has some corresponding uncertainty, trigger levels are
typically set below the actual regulatory level to reduce the chance of mistakenly classifying soil as
meeting the limit when it actually does not. The difference between the regulatory limit and the trigger

level is a function of the precision (total system uncertainty) of the measurement being performed and

the required level of confidence that a measurement at or below the trigger level will not exceed the

regulatory limit. Because the precision of a measurement method is radionuclide specific, the'trigger

level will also be radionuclide specific. The trigger level is defined as:

Trigger = L - kO, [1]
where:

L = the magnitude of the limiting criterion such as the FRL, hot spot criterion, or WAC

k =  the standard normal variate; a statistical factor related to the acceptable confidence

level of the measurement. At the 95% confidence level, k is equal to 1.645 for a
single-tailed distribution.
Oimx = the standard deviation expeeted dssiitiéd for measurements of soil concentrations that
' are numerically equal to the limit

Several factors are particularly important in establishing trigger levels for HPGe and RTRAK. First, a
95% confidence level for a one-sided distribution ensures that the regulatory limit will not likely be
exceeded. Second, from a practical perspective, a trigger level cannot be less than or nearly equal to
either the typical background concentration of a given radionuclide or to the detection limit of a given
radionuclide in order to prevent the trigger level from being frequently exceeded even though elevated

activity is not actually present. Third, the trigger levels presented below are most applicable when the

size of the potential WAC exceedance area or FRL exceedance area is approximately the same size as,

FEMPAUSER-MANUAL\SECTION-4.5\REVISION-A\April 13, 1998 4.5-1
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or larger than, the field of view of the detector. The trigger levels presented below become less
applicable if the potential regulatory exceedance area is smaller (particularly, much smaller) than the
field of view of the detector. This situation is discussed in the WAC Exceedance Detection topic
(Section 4.6).

4.5.1 HPGe Trigger I evels
HPGe trigger levels for a data acquisition time of 15 minutes are shown in Table 4.5-1 and have been

calculated using Equation 1. The standard deviation representing overall HPGe precision is taken from
information in Tables 2 and 3 in the December, 1997 report entitled "Effect of Environmental
Variables Upon In-Situ Gamma Spectrometry Data.” Data in Tables 2 and 3 of that report indicate that
the overall HPGe system uncertainty for 15-minute count times expressed as the relative standardA
deviation based upon measurements at the Field Quality Control Station is 4.88% for total uranium,
5.42% for thorium-232, and 7.84% for radium-226 (afternoon measurements). The assumption is
made that these estimates of the total HPGe system uncertainty as a percentage of the mean are also
valid at more elevated concentrations than were measured at the Field Quality Control Station (this is a
conservative assumption as the counting error will decrease in a relative sense as the concentration
increases). Conversely, the assumption is also made that the total uranium numbers for uncertainty as a
percentage of the mean are also valid at lower concentrations than were measured at the Field Quality
Control Station. This assumption probably underestimates the standard deviation at 10 and 20 ppm. By
multiplying the regulatory limit by the relative standard deviation for the total system, standard

deviations for measurements at regulatory limits can be calculated for use in Equation 1.

Most of the trigger levels in Table 4.5-1 are based upon data acquired for 15-minute count times. For
WAC measurements, however, 5-minute count times are adequate. Table 4.5-1 alIS0 shows a trigger

level for total uranium for 5-minute count times.

4.5.2 RTRAK Trigger Levels

As noted in the topic on MDCs (Section 5.1), at low analyte concentrations (near the FRLSs) of various
isotopes the single measurement MDC may be higher than the FRL. Similarly, the July 1997 RTRAK
Applicability Report noted that single measurements at low analyte concentrations yielded large
standard deviations. Both the large standard deviation and high MDCs complicate the use of trigger
levels for single measurement data. As stressed in the July 1997 RTRAK Applicability Study, both

FEMP\USER-MANUAL\SECTION-4.5\REVISION-A\April 7, 1998 4.5-2
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MDCs and measurement standard deviations (precision) can be reduced by aggregating a number of

measurements and using the aggregate as the basis for calculating a standard deviation and MDC.

The use of aggregate measurements complicates establishing a trigger level because Equation 1 can no
longer be used. Instead, a practical approach to setting a trigger level is to arbitrarily define a
minimum acceptable trigger level as a percentage of the applicable regulatory linﬁt. This percentage
must be a value such that the trigger level is well above the detection limit and is also well above the
radionuclide background concentration in soils. Equation 2, below, can then be solved for the
corresponding number of measurements that must be aggregated in order for the standard deviation to

be acceptably reduced.

Minimum Acceptable Trigger = L - koy,;,/(n)* ‘ [2]
where: :

L = the magnitude of the limiting criterion such as the FRL, hot spot criterion, or WAC

k = the standard normal variate, a statistical factor related to the acceptable confidence

level of the measurement. At the 95% confidence level, k is equal to 1.645 for a
single-tailed distribution. ‘

O,m = the standard deviation expeeted assuinéd for RTRAK measurements of soil
concentrations numerically equal to the limit '

n = the number of measurements that are aggregated

For the purposes of this discussion, the minimum acceptable RTRAK trigger level is set at 70% of the
applicable regulatory limit. This is not based on a rigorous statistical or quantitative evaluation, but

was chosen in part because at 70% of the limit, acceptable trigger levels can be achieved with single

measurements for uranium WAC exceedances-gane

eriteria. Using single measurements simplifies the use of the trigger level concept. In addition, the
Real-Time Working Group concluded that a trigger level lower than 750 ppm would be acceptable for
the uranium WAC; 70% of the WAC is 721 ppm.

The trigger levels and the number of measurements that must be aggregated (calculated using Equation
2) to achieve these levels are presented in Tables 4.5-2 through 4.5-6. Tables 4.5-2 through 4.5-4 are

for total uranium at FRLs of 10, 20, and 82 ppm respectively. Tables 4.5-5 and 4.5-6 are for thorium-
232 and radium-226, respectively. Each table lists trigger levels for the FRL and WAC (total uranium

only) at acquisition times of 2, 4, and 8 seconds.

FEMP\USER-MANUAL\SECTION-4.5\REVISION-A\April 13, 1998 4.5-3 GOO0OSs
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‘ The tables can be interpreted as follows:

1. The first and second columns define the applicable limiting criterion.

2. The third column is the mihimum acceptable trigger level calculated as 70% of the limiting
criterion.

3. Subsequent columns provide trigger level information for the three acquisition times.
4. The following information is provided for each acquisition time:

a. The column labeled "Single Measurement Trigger" shows the trigger level that would
be calculated for a single measurement using Equation 1. The column is annotated to
indicate whether this satisfies the requirement to exceed the minimum acceptable
trigger level. The notation "marginal” indicates that the single measurement trigger
level is less than 10% lower than the minimum acceptable trigger level.

b. The column labeled "No. Aggregated Measurements (Trigger)" shows the number of
measurements that must be aggregated in order to reduce the uncertainty to achieve the
minimum acceptable trigger level. This number is calculated using Equation 2 and
rounded up to the next whole measurement. Underneath the number of measurements,
in parentheses, is the actual calculated trigger level that would be obtained for the
aggregated measurements.

. 4.5.3 Guidance

thumb 1S that- WAL/exceedance areas; can/be recogmzed b")’{IHP(xe usmg the: abov%ingger
levelsiif thexWA CTexceedance: arcaiis at least’66 Bfofithe; area of ithefield:of :view of-the
HPGe detectorzat a given height*andithe concentration of ‘total uraniumiszat:least{1500 ppm
for:ther'WAC exceedance’area;

For.WACexceednces muchrsmallerithanithie:field7ofview of tie?H PGe/detector;

...... abl’é/?4”:;6az
Izcan’beused torproviderguidance - for:w: #ggw,,fconcenu'atlonf;%andgr@cggmzabﬂltyzﬁt?i
giveén:detector:héight’

o The trigger levels for FRL attainment are valid for all circumstances and situations.

e Care must be taken when aggregating RTRAK measurements to ascertain that the area
represented by the aggregated measurements is not significantly larger than the hot spot of
interest. This can be a practical limitation to the use of RTRAK to detect hot spots.

Section 4.3-1 gives a method to determine the approximate size of an area represented by a -
number of aggregated measurements.

‘ 4.5.4 See Also

4.6 WAC Exceedance Detection

FEMP\USER-MANUAL\SECTION-4.S\RE\'IlSlON-A\April 7, 1998 4.54 . 00 0089
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33-Heot-Spet-Evaluation
‘ 3.4 Evaluation of Above-WAC Surface Soil
3.5 Excavation Control for Lifts

3.6 Horizontal Excavation Boundary Delineation

FEMP\USER-MANUAL\SECTION4.5\REVISION-A\April 13, 1998 4.5-5
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HPGe TRIGGER LEVELS FOR FRL;-HOT-SPOTF; AND WAC EXCEEDANCES

(IS:MINUEE

COUNIFTIME)

1408

-RP-0006

Total Uranium (ppm) FRL 82 75
FRL 20 18
FRL 10 9.0
Total Uranium (ppm) WAC 1030 947 (928%*)
Thorium-232 (pCi/g) FRL 1.50 1.37
Radium-226 (pCi/g) FRL 1.70 1.48

* Trigger level for a 5-minute count time

FEMP\USER-MANUAL\SECTION-4.5\REVISION-A\April 7, 1998
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4.6 WAC EXCEEDANCE DETECTION

WAC exceedance trigger levels, as presented in the "Trigger Level" topic (Section 4.5), are designed
to detect areas of elevated contamination whose area Size approaches or exceeds the field of view area
of either the HPGe detector or the RTRAK detector. However, experience in carrying out both the
HPGe and RTRAK Comparability Studies and experienee-in-earrying-out thie remediation operations in
the South Field has shown that areas of very elevated contamination can be considerably smaller than
the field of view of the detector. In fact some areas of elevated contamination may be no more than
several inches in diameter. Table 4.6-1 shows eeneentration actiofl levels for total uranium as a
function of hypothetical WAC exceedance size, W-AC-exeeedanee-coneentration; and detector height.
Concentration Action level is defined Fiere as the highest concentration that} ean-be-recognized;if

exceaded by G HPGe Fieasurenient for-a-given-sice-WAC-exeeedance-area-having-a-given-uniform

Table 4.6-1 is solely for the convenience of the4Characterization Lead to help detect small WAC
exceedances. The eoneentration aCtion levels in the Table 4.6-1 are calculated based ﬁpon the
percentage of photons impinging upon the detector as shown in Miller et al. (1994, Eiguregl). These
calculations assume the hypothetical WAC exceedance area is centered directly below the detector and
that all soil surrounding the WAC exceedance area has zero total uranium concentration. Thus, the
eoneentration action level will reflect only the photon fluence coming from the WAC material. In this
case, the eoneentration action level is simply the percentage photon fluence (as determined from Figure
1 in the paper by Miller et. al. using the uniform depth distribution model) times the total uranium
concentration of the hypothetical WAC material. (For the values in Table 4.6-1, 1030 ppm was used
as the concentration of above WAC material.) (Eluencerrates:for:ailsicmdetectoriheiglitiareibased
Zounmulativerfluenceragaz1t0

uniformidistributionicurvesinzki

upon a thoretical’cuifveparallelitojthes3 s OImetets

Miller et. al. (1994).This'curye:wasiconstructed suchithatiitihasia;

meter distance fromithe:dstector;)The;actionlevels i Table 4762 ICiaveibeen rolindedidownward;to

the nearest.100 for-simplicity of use7anditoibuildiiniex(ra:Conservatism:

The eeneentration action levels in Table 4.6-1 are meant to be used to confirm and to delineate
suspected WAC exceedances smaller than the field of view of the HPGe at a given detector height.
Typically these suspected WAC exceedances will have been identified by some other means; for
example, by visual recognition of exposed product, construction rubble, soil discoloration, or by

frisking with a hand-held survey meter.

FEMP\USER-MANUAL\SECTION=4.6\REVISION-A\April 13, 1998 4.6-1
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AAn alternativeTuse.of Table 4:6-1"is for detecting for WAC exceedances by HPGe. when RTRAK

cannot'be used for some Teason, . Séction 3:74<1°("Hot Spot:Detection ") describes the:use of the-action

leveliof:400 ppmi-for.a.1:0 meter detector hieight when searching for WAC ‘exceedarnce.areasiwith

HPGe]

4.6.1 Guidance

Suspect objects or soil spots shall be checked with a hand-held survey meter for gross
beta/gamma activity.

Frisk the suspect area with a hand-held survey meter to delineate the area of elevated
activity.

Center the HPGe detector over the area of elevated activity.

Use Table 4.6-1 to choose concentration levels that are representative of the suspect WAC
exceedance areas when searching for WAC exceedance areas smaller in size than 5666% of
the field of view. borzexample»“suppose?”*Ha’ﬁﬂ“helﬁﬂsmu“:wggyi”ﬁiétéﬁﬁméﬁtedmé”ﬁf
eIevated?a MMW

- etector«helﬁht“ﬁ“leldéa;af,total
W"’A exceedancezlssprobaﬁle.

uramumﬁc ’ncentratl n%grev ater’ than 700 ppm ,

Consult the In-Situ Gamma Spectrometry Group if different\size WAC exceedances than -
those in Table 4.6-1 are to be detectedifof7a’givenidetector ieight.

It is not realistic to expect to detect single small (several inches or less in diameter) areas of
radioactive material exceeding WAC with HPGe or RTRAK. Note that the chances of
collecting such material with physical samples is also extremely problematic.

4.6.2 See Also:
3.4 Evaluation of Above WAC Surface Soil

FEMP\USER-MANUAL\SECTION-4.6\REVISION-AVApril 7, 1998 4.6-2
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HPGe Radius (m?) of WAC Exceedance Area to be Detected
Detector Height 0.2 0.5 1.25 1.5° 3.0
1.0m —* - - 400*% 700
31cm 400 766800 - --
15 cm 460300 700 - - -
¥ ActionlevelsTotcalculated?
** Coneentration ACtion level (ppm) for WAC exceedance area to be detected.
FEMP\USER-MANUAL\SECTION-4.6\REVISION-A\April 7, 1998 4.6-3 o 0 0 097
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4.7 USE'OF HAND-HELD SURVEY METERS

Hand-held survey meters, some versions of which are-commonly called friskers, can be useful'tools for

measuring radiation and radioactivity:levels to-support measurements of soil§ at the FEMP. "Like their

more sophisticated spectrometer counterparts, they can be used in the field in real'time. The

advantages of a hand-held survey meter include low cost, ruggedness, small'size, and ease of use. This

type of instrument is effective for quicklyassessing the general contamination level in an area or of

objects of sinall areas of coricern such.as discolored soil;

The lifiting Tactor for tie application fOFhe ypical SUFvey mieters Used at thie FEMPis that ey only

measure gross radiation”of Tadioactivity’levels. Thus, one generally cannot make a distifiction:between

the principal contaminants of CONCET, i:€., uranium isotopes, thorium-232 series nuclides, and Tadium;

226 nuclides. "Not only aré these instruments non-radionuclide specific, buttheir response;can vary,

widely for the various:radiations emitted:by-different radionuclides.” Thus; the -same.meter reading

could translate to different concentrationis/depending uponithe mix of Tadionuclides’present:

Despite the above limitations,: a simple survey meter.provides a reasonable:overall:measureiof

contamiiiation. “WhereTaTeading {STobsErVeditoibe i eXcess of the:ormal-back ground; it pointsito

elevated radionucliderlevelswithithepotential for a WACFRL; oFHot/spoticritetia exceedance: Given

RN

some knowledge of theéContaminant;miX;7arrough conversion from count'rate to Concentration'can be

determined. At sufficiently-elevated tadionuclide 1evels, survey meters are quite sensitive and capable

of delineating the area of contamination;when used:-in a scanning mode:

Two hand-held instruments"that can be used to support Teal time soil measurements'are the"Bicron

MICRO-REM meter and. q’ﬂ_liuglumiﬁM««.probe;and ratemeter. Their description and uses are described

in more detail’in the following two:sections.

a fairly flat enérgy response to gamma radiation.and reasonable sensitivity at background levels.. It

provides a reading of’tlie.external dose rate (which is'closely related to"theé exposeure 1ate’for

environemtnal radidtioii fields) from all gamma-emittiig sources present: “When held at waistheight, it

essentially sees the saini radiation field a5 HPGe at ofi Tiiter above the gFotind: It Tésponds to both

primary and scattered radiation s0 its radiation so its readig is geriefallyproportional to the total count
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rate (peaks + continuum) in ~a—HPGé“(Yr-‘Nil ‘spectrum.  It'is used in two ways to support the real time

mstrument program;

e

to identify external radiation source mterferences ‘when using in situ Spectrometers, as in
theé cab of the RTRAK; :

® o serve.as:a quality control'measurement to. confirm the Telative radiation:intensity at7a
spectrum measurement-location;

rvey Meter

g

{ The: GM CSUIvey 1 meter consists-of a-nominal 2= dlameterm(xexger-Muller pancake probe. dnd‘"a«gatéj

thehand or attached tma%pole 'to

A

over, 1€ surface using a scan rate of about:

o s

1000 disinteprations P@Bi%}?’éﬂp@j}é%@l% Gyt

supportireal time’ spectrc

Welev ted7area (poten

the vxclmty of :suspected "WAC dréa Jz:

core;iﬁtervalsawerez;analyzed«:fé'thotalzuramu i

AS ”pﬁft/of’mx’s?"’a”’étlvny,f?/Z60zsoﬂ”/7§amples¢ffromfscreened

PR e

meEter-can sprovxde/aggood ‘qualitativesindication?of mg%presencefor/absence ‘ofito

WAC levels. ‘Inigeneral; GM:survey readingsithat pr g¥}4?$59@§9592%0999§zper‘%mmut'“e”;f?(mmy168,§

than 450 indicate that uranium concentrations’are below - WAC concein.’

above 1000 ccpni’almost always:ifidicate total iranium conceéntrationsiabove. WAC~'levels ZGM survey,

readings$ between 450"and 1000-ccpm-indicate ‘the ‘potential:for WAC’problems. Part:of the uncertainty

e e Pt At
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associated with' interpreting GM survey meter readings for the presence of WAC material is%a result of

the contributions from thorium-232 and Tadium-226 when these are at levels elevated.above

background:

With'this 45071000 ruleof thumb, the GM survey meter can be used for-screening small‘aréas for

WAC concerms (i.€. soil cores or surface areas where thiere is visual'evidence of Contamination), and

also-can be used for providing a rough estimate of the lateral-extent of above"WAC" surficial’soils;

the"HPGe-at ahieiglit'of ‘onie meter:or the'RTRAK “Forrareas where GM Tesults-areiambiguous and

prESn

WAC Taterial is a potentialiconcern; thie use7of the/GM Survey. meter shiould:be Supported eithierrwithi

discretersampling or witlithe’ HPGeZFor isotopic 1evels between FRIsiand hot spotlevelsi(2:

portitheruserofthe’GM surveymeter/asia method

yTifor estimating the approximate

Is gained.

we:

iprovided:for
StETfEl

may;requesta’Hl
Characteristics.
A R TR il il R

overiisolate

e

reference matetial-of Knownractivity-and ‘radionuclide mix7shiould*be’performed:”

Rerefmber that a survey meter;does: not provide a-defiflitive Measuremment; particularly if
the Tadionuiclide mix-is7different:froni the’calibration source: Consult withithie In-Sifi

Gamma Spectromety Group.with respect to calibration.
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e If arough concentration valu€ is desired, a calibration (correlation) based on source.or 1
' reference material of known activity and radionuclide mix should be performed. | 2
ngngl_ber ‘that a survey fieter does not provide a-definitive measurement, particularly if 3
the tadionuclide mix is different-from’the calibration'source. Consult withithe Tn-Situ 4
Gamma Spectromety: Group withrespect to: callbratlon ) 5
s Reésort to a spectrometric-or other radionuclide-specific: measurement’if a’Clear 6
interpretation of the survey “Tieter Measurenient cannot be made of there are doubts as'to 7
the-actual radionuclide mix. : 8
¢ Usethe MICRO-RHEM meter-in conjunction withithe RTRAK' GE Systems to 9
screen for possible shine effects; and:to: -eévaluating anomaliesin:the;gamma 10
spectmm information provided:by” ‘RTRAK and HPGe: 1
_ 12
3:3:Hot Spot Evaluation 1
3:4°Evaluationrof Above:-WAC Surface’Soil 14
476 WAC:Exceedance:Detection 15
5:5Heterogeneity. 16
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4.8 RTRAK TOTAL ACTIVITY DATA INTERPRETATION

Total activity data (or gross counts) are obtained by simply summing all of the counts in the RTRAK
gamma spectrum. Based upon data presented in the July 1997 RTRAK Applicability Smdy (DOE
1997b), the following conclusions concerning gress-ceunts {Otalfactivity data were drawn.

* Gressecounts Total7activity measurements exhibit a high degree of precision.
e The counting uncertainty is relatively low.

* Grosseounts TOWITACLVity measurements can be effective in defining general patterns of

elevated activity.

* Grosseounts Totalfactivity measurements do not provide radionuclide-specific information.
Data in Table 4.8-1 supperts demonstrates the third conclusion above. These data are derived from
Tables 1-4 of the September 1997 addendum to the July 1997 RTRAK Applicability Study, entitled
"RTRAK Applicability Measurements in Locations of Elevated Radionuclide Concentrations.” Cleasly;
Elevated concentrations of uranium, thorium-232, and radium-226 are reflected in an increased number

of gross counts.

Because both thorium-232 an and radium-226 have relatively high gamma ray intensities, gross-eeunts
are totaljactivityzis affected much more by their presence at elevated levels in the soil as compared to
total uranium which has low gamma intensities. A doubling of the thorium-232 or radium-226
concentration above background will have a marked effect on gress-eeunts fotalfactiyity whereas
doubling backgroun_d uranium would produce no measurable effect. Only where uranium

concentrations are in the range of hundreds of ppm will gress-eeunts {Gtal7activity be affected.

The data in Table 4.8-1 show a danger in interpreting gress-eounts {GtAlfactiVity data. The gross-counts
totalfactivity in the South Field are i about 17% higher than these tlidt in the USID area. However,
the uranium-238 concentration in the South Field is approximately half the concentration of uranium-
238 in the USID area. Conversely, the radium-226 concentration in the South Field is approximately
1.75 times higher than in the USID area. Thus, although the gress-eounts—are totdlfactivityzis

approximately 400 cps greater for the South Field area than for the USID area, the concentrations of
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individual isotopes in both areas are low and isotopic concentration differences between the two areas 1
‘ are not readily correlative with the difference in gress-eeunts (Otal7aCtivity, between the two areas. 2

Additional perspectives on interpreting gress-eounts total7activity; data can be garnered by examination 3
of Figure 4.8-1. Based upon RTRAK measurements collected in the drum baling area (where total 4
uranium concentrations range from low to very high), Figure 4.8-1 displays a trend of increasing 5
RTRAK gross-eounts total'activity, with increasing RTRAK total uranium concentrations. Bounding the 6
data by upper and lower 95% confidence intervals, a trigger level of 18,000 cps can be assigned for 7
WAC exceedances. ' 8
4.8.1 Guidance ' 9
In consideration of the data in Table 4.8-1, and data displayed on Figure 4.8-1,fand datatinithe:RTRAK 10
Applicability;Studyi(DOE?1997b); the following guidance for using gress-eounts (GtalaCtivity, data is 11
presented. 12
* Grosscounts [OAIJaCHiVity less than 3000 cps likely indicate§ that total uranium, thorium- B

‘ 232, and radium-226 do not exceed their FRLs. This guidance is for a uranium FRL of 82 14
ppm; it does not hold for uranium FRLs of 10 or 20 ppm. 15

* Grosscounts [Tofal7activity between 5000 and 15,000 cps likely indicate§ that one or more 16

of the following analytes--total uranium, thorium-232, or radium-226--exceed their FRLs, 17

and may indicate a hot spot exceedance. 18

* Gress-eounts {fotalactivity above 18,000 cps may indicate a WAC exceedance. Areas with 19
gross-eeunts tOtAlZaCtivity in excess of 18,000 Cps should be confirmed by HPGe. 20

e Ina given area, a range of 50% increase (in high gress-eeunts tOtalfactivity, relative to low ' 21
gross-eounts OtAl7aCtivity) may indicate a significant increase in concentration for one or 2

more isotopes.

‘ - help-interpret-gress-eetivity-data- {Total’activity"datatare’primarily-designed forifielduse’to

EMP\USER-MANUAL\SECTION-4. \REVISION-A\April 7, 1998 4.8-2 0 O 0 1 0 3
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‘ guide additiona’RTRAK or HPGe measurements. * Total uranium, thorium-2327and 1
radium-226"data should be used for final"interpretation of contamination:patterns) 2
4.8.2 See Also: : 3
4.5 Trigger Levels 4
4.6 WAC Exceedance Detection . 5
2.1 Overview of HPGe and RTRAK Usage 6
4:12 Shine 7

EMP\USER-MANUAL\SECTION-4. \REVISION-A\April 7, 1998 4.8-3 00 O 10 fal
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‘ ' 4.9 TOPOGRAPHIC EFFECTS 1
Topographic effects need to be assessed to determine the appropriateness of using standard field 2
calibration factors for real-time spectrometry measurements. An in-sifu spectrometer, such as the 3
HPGe or RTRAK, responds to the incidence of photons per unit area per unit time (fluence rate) at its 4
position, and this quantity can be directly related to the amount of radioactivity (concentration or 5
activity per unit mass) in the volume of soil being measured. Calibration factors derived for in-situ 6
gamma spectrometry measurements utilize the concept of an infinite half-space; that is, a volume of soil 7
that extends infinitely deep below a detector and out to the horizon. This can be considered analogous 8
to the standard counting geometry employed for laboratory gamma spectrometry measurements, except 9
that with in-situ gamma spectrometry the "sample” can be considered very large while the detector is a 10
point instead of vice-versa as in the laboratory. Due to the effect of soil and air attenuation on the 1
photons, the amount of soil being measured in the field is, practically speaking, finite in size and the 12
detector response varies principally with the detector height above the ground. The following sections | 13
will address potential departures from this idealized half-space geometry (principally deviations from an 14
idealized flat soil surface, i.e., topographic effects) as they relate to producing bias in the results of 15

‘ measurements. _ .16
4.9.1 Surface Cover - 17
One of the most important topographic factors to consider is surface cover; that is, matter that could 18
shield the underlying soil and thus attenuate the photon fluence arriving at the detector. Surface cover 19
would bias results low. Grass or similar vegetation is common to many ground areas at the FEMP. 20
While this factor must be taken into account for measuring surface source distributions, it becomes less 21
important for deeply distributed sources, i.e.', radioactive contamination that can be approximated as 2
homogeneous with depth, as is the usual case for soils at the FEMP. Tall, uncut grass (knee high) can 23
be expected to have a wet mass per unit area on the order of 0.1 to 0.3 g/cm?. As a worst case ]
scenario, a 0.3 g/cm? mass thickness would result in a decrease (i.e, concentrations will be biased low) 25
in the fluence rate of about 18 percent for 100 keV photons and about 9 percent for 1000 keV photons 26
for source profiles that are uniform with depth. Where these types of mass loadings are present, 27
correction factors can be applied to data based on measurements of wet weight per unit area. To avoid 8
making these type of corrections, measurements can be performed over clipped grass, where the 29
attenuation correction is negligible (1% or less). : 3
FEMP\USER-MANUAL\SECTION-4.9\REVISION-A\April 7, 19§8 4.9-1
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Rubble, such as loose stones or man-made debris that might cover the surface of the ground, is of -1

greater potential concern. Because the density of these objects is much greater than that of grass, 2
corrections would be required if a significant fraction of the surface was covered. It should be noted 3
that stones do not represent a pure attenuating layer, in as much as they may contain concentrations of 4
radionuclides similar to those found in the soil. However, where contamination is associated with the 5
underlying soil at concentrations well above those associated with natural background radioactivity in 6
the stones, they can be treated as an attenuation layer, and the net effect is to decrease the gamma 7
photon fluence rate at the detector from the contaminated soil (i.e., concentrations biased low). 8
Snow or ice cover and standing water (puddles) also represent an attenuating layer which would bias 9
measurements low. In the case of snow, it is the water equivalent (again, in terms of mass per unit 10
area) that is the fundamental controlling parameter. A 10 cm snow layer with a water equivalent of . 1
1 cm (1 g/cm? surface layer) would bias results low by 33 percent at 100 keV and 19 percent at 1000 12
keV. 13
A puddle (or any other surface object such as a rock) off to the side of a detector may not unduly 14
influence a measurement. Figure 4.9-1 can be used to roughly estimate the fluence rate contribution at 15
the detector for various ground areas. Clearly, objects a few meters away, even though they may be 16
several square meters in size, would block only a very small fraction of the half space and could be 17
ignored. Smaller objects closer in can also be‘ tolerated. An example evaluation of shielding effects by 18
objects is provided at the end of this section. 19
4.9.2 Density : 20
Although soil density is not usually considered a topographical effect, density variations do not 21
measurably affect the results of in-situ spectrometry when concentrations in soil are being measured. n
This is true because the detector calibration factor incorporates terms which convert count rate to px]
activity per unit mass of soil with the density terms canceling out. Consideration shoiildibeigiven of to 2
density effects should-be-given if comparisons are being made between in-situ measurements and 25
physical soil samples. Sampling depths may need to be adjusted proportionately as an in-situ detector 26
~ sees deeper into the soil for light soils and shallower for dense soils. For calculations of depth of view 27
at the FEMP, a default density of 1.5 g/cm® has been used. 28

FEMP\USER-MANUAL\SECTION-4 9\REVISION-A\April 7, 1998 492 O O 0 i 0 8



1408

20701-RP-0006
4.9.3 Slope of Ground Surface 1
Measurements can be performed on a sloped surface since this does not fundamentally change the 2
assumed source geometry, only the frame of reference. A detector can be inclined at the same angle as 3
the slope to keep the detector-source geometry the same (i.e., the cylinder axis of the HPGe detector is 4
perpendicular to the ground). However, if necessary to maintain physical stability, a tripod mounted 5
detector can be adjusted to incline at a different angle than that of the ground slope without producing 6
undue bias. Any difference in count rate that might arise would result from the angular response of the 7
detector. This response is measured at various energies during an in-situ calibration so that the effect 8
can be estimated. The difference between a measurement performed at some inclination angle and that 9
of the normal position would be bounded by the range in the relative angular response of the detector ' 10
and could be either positive or negative depending upon the dimensions of the detector crystal. 1
Experiments with a HPGe detector having a relatively large variation in angular response have shown - 12
that for a full 90 degree tilt (axis of Ge crystal parallel to the ground instead of perpendicular to the 13
ground as is the normal case), the effect is only on the order of 5 to 10 percent. It can be expected that 14
for more typical coaxial Ge crystals, the effect would be negligible for small tilt angles. (Note that this 15
is not an issue for RTRAK.) 16
4.9.4 Ground Roughness 17.
In a recent publication (Laedermann et al, 1998), the effects of ground roughness on in-situ 18
spectrometry results were examined using a model that incorporated closely spaced bumps in the 19
terrain in place of a smooth surface. It was concluded in this study that bumps of up to 20 cm in height 20
(the largest studied) were negligible for sources that were well aged, i.e., deeply distributed or uniform 21
radionuclide concentrations with depth in the soil (such as occurs at the FEMP). The effect is 2
pronounced only in cases where the activity is on or close to the surface, such as immediately after bx]
deposition. This is because the field of view is rather large (on the order of 100 m? area) for a surface %
or near surface deposit and the outer edges of the field are shielded by the bumps. 25

Substituting single large bumps in place of numerous small bumps also has a minimal effect. _ 26
Calculations performed for this guidance document show that a mound of soil 50 cm high and 1 meter 27
wide at a distance of 1 meter from the detector and circling the detector half way around (a crescent 28
shaped mound) would result in biasing a measurement performed at a height of 1 meter by less than a 29
half percent. | . 30
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4.9.5 Other Topographic Deviations

The results discussed above clearly indicate the robustness of the in-situ technique for concentration
measurements of deeply distributed sources. However, the qﬁestion arises as to the effect of major
departures from the model of flat, open-ground areas. This would include geometries that could be
modeled as cones with the detector at the apex (the top of a hill or mound), and geometries such as
wells with the detector at the bottom (pits with walls extending up to and even above the detector

~ height). In the following discussion the contaminant distribution in soil with topographic features is
assumed to be the same as in soil with flat surfaces; that is, the contaminants have a uniform, vertical

distribution with depth into the soil.

The cone geometry represents a case where there is less fluence rate than from flat ground, and results
will be biased low if the standard calibration factors are used. For situations where the cone is
infinitely wide, as a rough rule of thumb, each percent in the slope of the cone (i.e. the grade leading
down from the top of the hill) would result in a 1% loss in the amount of fluence reaching the detector.
For a more realistic geometry, one can consider a cone with finite dimensions superimposed over flat
ground. Figures 4.9-2 to 4.9-4 give the results of calculations for a number of different size and shape
iidicated: SISy

drawn’tosfitithemagThervaluesiaresrelativetoFth

cones. iTheicalcuilatedjvaluesyare) andfaismoothicuryejhasibeen

encefforsflat’eround§#lt can be seen that the effect

is a few percent or less for these cases. In the limit, the result of positioning a detector at the apex of a
finite-size cone geometry is equivalent to performing the measurement at a greater height above the

ground as the cone width becomes vanishingly smélI.

The well geometry, in effect, represents a ground half space that has had its outer regions folded up
into walls. In this situation the results of a measurement would be biased high as more fluence would
reach the detector for a given concentration in the soil. Figures 4.9-5 and 4.9-6 show the results of
calculations for a well geometry. As can be seen, where the height of the wall does not exceed the
height of the detector (Figure 4.9-5), there is less than a 5 percent effect. The effect is small because
the fraction of the horizontal ground area not seen is replaced by the wall. (The horizontal surface
normally viewed is simply brought closer to, and at a more beneficial angle to, the detector.) However,
as the wall extends above the height of the detector (Figure 4.9-6), the situation increasingly begins to
approach that of a situation in which the detector is surrounded by the source. The increased fluence
rate for a very deep well can thus be double (or somewhat more so due to less air attenuation) than that

of the flat ground geometry.
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In situations where the wall of a pit is close (within 3 meters) to a detector position, and thus represents
a significant fraction (more than 10 percent) of the half space, one must take into account whether the
wall contains the radionuclide being measured. As in the case of loose stones on the soil surface, a pit
wall may or may not be considered part of the source geometry. If it is not, then a correction factor
based on the fraction of missing ground must be applied in order to avoid biasing the measurements
low. If the pit wall does contain the radionuclide being measured, then no correjction is necessary. If
the pit wall is higher than the fevel hi€iglit of the detector, results will be biased high by an amount that

depends upon the relative proximity of the wall and its height.

Source geometries such as a cone or pit will affect not only the total fluence arriving at the detector but
also the areas from where the fluence originates. In the case of a cone geometryh, a higher fraction will
be incident at angles close to the normal detector face as opposed to flat ground.-. For the situation of a
pit, and in particular a pit with a small radius and high walls, a larger fraction will be incident to the
sidewall of the detector. Normally, a coaxial HPGe detector does not require a correction for source
geometries deviating from an idealized flat surface for medium and high energy photons. For energies
below 200 keV, corrections may become necessary for source geometries that are very different from

~ those of flat ground.

Other source geometries may arise in the course of FEMP remediation activities. These may include,
for instance, trenches. Photon fluence calculations will be performed for these sjtuations where needed
on a project specific basis. In the case of trenches, detectors that are positioned at the top level of the
trench would not require any modification of the normal half space calibration factor. Intuitively, this
can be understood because a trench geometry is like that of a pit. The photon fluence from ground
areas at far distances is replaced by the contribution from the walls of the trench. There will not be a

significant overestimate as long as the detector is not placed below the trench top.

4.9.6 Example of Topographic Corrections
As an example of a measurement location where one should consider the need for corrections to the

results of measurements, consider a case where there is a puddle of water, a large tree trunk, and a pile
of excavated clean soil (a2 wall, in effect) near a measurement point. Assume that the natural
background content of the soil in the excavation wall is well below that of the contaminated area to be
measured. All three "objects” block out some fraction of the full ground area normally seen by the

detector. The characteristics of these objects are given below.
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1408

10
T
12
13
14
15

16
Y]
18

19

21

27

29

30

000111




1408

20701-RP-0006

Excavation Wall no source rectangular 30x50 3
Water Puddle no source - irregular 2x35 1.5
Tree obstruction circle 1 (diameter) 2

Offhand, the above information might be grounds to disqualify this measurement as not appropriate for
the assﬁmed detector calibration geometry. However, mapping these objects and overlaying the
fluence rate cell chart from Figure 4.9-1 allows for a realistic evaluation. Figure 4.9-7 shows the
results. For easy visual computation while maintaining adequate accuracy, the percent fluence rate
deficit for each cell is rounded to the nearest half percent. As a conservative estimate, the water in the
puddle is considered to be deep enough to essentially block all of the photons originating in the soil
beneath it. The following table summarizes the fluence rate deficit for all objects, broken down
according to the rings in which they fall. Note that the tree not only blocks the part of the cell it covers

but also shadows the same fraction of each cell beyond it in the outer rings.

Approximate Percent Deficit of Fluence Rate for Measurement Location in Figure 4.9-7

Excavation Wall 0 0 2 3.5 4 9.5
Water Puddle 1 1.5 1 0 0 3.5
Tree 0 0.5 0.5 0.5

All Objects 1.0 2 3.5 4

The total deficit is seen to be 15 percent, which is not unduly large. The multiplicative correction that
should then be applied to the radionuclide concentration that is measured at this location would be
1/(1.0-.15) or 1.18.

As previously pointed out, the radionuclide being measured and whether it is contained within the
objects in the detector field of view must be considered. For instance, if the Th-232 series is being
measured, the soil in the excavation wall could be considered as a source if the measurement is being
performed near natural background concentrations. Under these circumstances, it would not be

appropriate to eliminate it as part of the source geometry. If the radionuclide concentration of any

FEMP\USER-MANUAL\SECTION-4.9\REVISION-A\April 7, 1998 4.9-6
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‘ particular "background"” soil within the field of view of the detector is known, then the following 1

generalized equation can be applied to correct any measured concentration: 2

Cc = (Cm - XCb)/(l—X) : [l] 3

where C, is the concentration in the contaminated portion in the detector field of view C,,, is the 4
measured concentration, C, is the background concentration, and x if the fraction of the fluence rate at 5

the detector associated with the background area. : _ 6

4.9.7 Guidance _ | 7
Vegetative cover should not exceed a mass loading of 0.1 gram per cm?. Grass clipped to 8

AL ~ an average height not to exceed 5 cm is ideal. Grass heights between 5 cm and knee beight 9

\ W may result in measurements that are low by 10% to 20%. Measurements shall not be 10
C & performed in grass taller than knee height. 1
Soil areas must be cleared of loose debris within 6 meters of a detector mounted at a height 12

of 1 meter. Measurements cannot be performed where surface rubble exceeds 10 percent 13

of the ground cover. For detector heights less than 1.0 meter, smaller cleared areas are 14

permissible (i.e., 2.5 meters for a 31 cm detector height and 1.0 meter for a 15 cm detector 15

height). 16

. ¢ No measurements will be performed with 100% snow cover. If snow patches, standing 17
water or other objects block more than 10 percent of the fluence arriving at the detector 18

(using Figure 4.9-1 as a guide), corrections will be made. See¢alsoibullet#27in Section 19

4aer s Environmental Influences onsln=Situs Gamiman % tromery;Da@as” 20

- &  Measurements may be performed with the horizontal plane (face) of the detector inclined at 21

an angle to the plane of the ground not to exceed 20 degrees. Angles of inclination greater 2

than 20° may incur errors of 5% to 10%. px)
o For a 1 m high detector within 3 meters of a vertical soil wall surface, measurements using U

the standard calibration factor can be performed if the height of the wall does not exceed 1 25

meter. 2

e Variations of more than 20 percent in the detector response across the range of photon 7

incident angles for a given source geometry other than that of the normal soil half space 28

shall be cause to evaluate the necessity of an angular correction factor. 29

¢ Forunusual/specialitopographicisituation/orgeometriesconsultitie In:Siti Garmma 30
Spectrometry’ Group forguidancerpriortormakingimeasurements? Sichisifaations could 31

owing: 32

; : 33

;Trenches 34

> Steepslopes 35

‘ Measurements»next?’tofbuudmgs : 36
ffMeagurem;ntsinext tojexcavation:sideiwalls ' 37

FEMP\USER-MANUAL\SECTION-4.9\REVISION-A\April 7, 1998 4.9-7

000113




14VU8

20701-RP-0006
# Measurements’in woodediterrain - : 1
# Measurements ‘in:-rockKy:soul . 2
* Measurements in-gravel]
4.9.8 See Also: _ 4
4.1 HPGe Detector Field of View 5
4.10 HPGe Measurement Grid Configuration : 6
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4.10 HPGe MEASUREMENT GRID CONFIGURATIONS

For area coverage applications or measurement grid applications with HPGe, the FEMP uses a
triangular grid pattern with varying degrees of overlap of adjacent fields of view to achieve the desired
coverage levels. Figure 4.10-1 shows triangular grid patterns, the extent of fields of view overlap, and
the number of measurements per acre to achieve the desired percent coverage. The number of

measurements is given as a function of detector height. Table 4.10-1 shows the amount of overlap

necessary to give a specified percent coverage for a given detector height. Figure 4.10-2 demonstrates

how a grid pattern with no overlap can be used to determine the number of measurements per acre.

Note that-although Figure 4.10-1displays the degree.of overlap in térms of splieres havingidefinite

boundariés (the spheres represéntifields of view), the uséishould rémember-that the boundaries

represent 85 %:to 90%:of the total’photon-fluence (Section 4:1). Thus;:even in the no overlap

configiiration, there will"be F9=te~+5% overlap-ofthe area measured:by the detector,,é,a@v” M

QA

4.10.1 Guidance

Using information in Figure 4.10-1, the FEMP will employ the following measurement strategies:

® To establish general contamination pattems (when RTRAK:cannot béfused) or to establish
above-WAC er-het-spet-area boundaries, the no overlap configuration will be used.

* To verify hot spot removal er-WAC-exeeedanec-area-remeoval, use the 99.1% coverage
configuration with the detector height set at 31 cm.

e Use either or both the no overlap or the 99.1% coverage configuration, depending on the

objective of precertification HPGe measurements (s€e ‘guidance bulletsbelow).

¢ For preeertification HPGe-measurement those Cases (reférito; Section’2:4; "Précertification
Investigations® ) i which"HPGeisiused for;precertification/measurements in areas where
hot spots or WAC exceedances have been excavated, use the 99.1% coverage configuration
as specified above with the HPGe detector height set at 31 cm. '

¢ For preeertification HPGe-measurements those ‘cases (fefér to.Section 214, "Piecertification

Investigations") in which“'HPGe’is:used:for precertification” measurements in areas where no

elevated contamination levels have been identified, use the no overlap conﬁguratlon with
1.0 meter detector height.

¢ In situations where a 6-inch (15 cm) detector height is specified to delineate hot spot or
WAC exceedance boundaries, or for grid space measurements, use the no overlap
configuration.
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4.10.2 See Also: ' - !
. 3.3 Hot Spot Evaluation 2
3.4 Excavation of Above-WAC Surface Soil ‘ 3
3.6 Horizontal Excavation Boundary Delineation 4
3.5 Excavation Control for Lifts | 5
4.1 HPGe Detector Field of View 6
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4.11 ENVIRONMENTAL INFLUENCES ON IN-SITU GAMMA SPECTROMETRY DATA

The effect of environmental variables upon in-situ gamma spectrometry measurements was delineated
in a report entitled "Effect of Environmental Variables Upon /n-Situ Gamma Spectrometry Data" issued

in December 1997. Environmental influences are the same on both HPGe and RTRAK measurements.

To understand the effect of environmental conditions upon HPGe measurements, daily measurements
were made at a single field location. Such measurements are the field analogue of a laboratory control
standard. The basic concept is that measurement variations over an extended period of time at a single
field location can be related to environmental variables. Trends, peaks, and valleys in data may be
related to both long-term and short-term environmental conditions. In the above report, environmental
variables refer to weather-related phenomena such as soil moisture, rainfall, atmospheric temperature,
and humidity. Field Quality Control Station (FCS) measurements thus offer the possibility of
normalizing all in-situ gamma spectrometry measurements to a standard set of conditions, thereby

enabling real-time project personnel to tell when the HPGe spectrometer is "in control."

The following conclusions were the most important ones noted in the environmental effects report:

1. Soil moisture has a significant effect upon the magnitude of HPGe measurements when
concentrations of radionuclides are calculated on a wet weight basis. Wet weight
concentrations can be as much as 50% higher in dryer soils than in wetter soils. (The
attenuation effect of water or gamma photons is minor over the range of soil moistures to
be encountered at the FEMP. The rule of thumb is that for every 10% absolute increase in
soil moisture, gamma photons are attenuated 1%).

2. Temperature has a minor effect upon HPGe measurements over the range of 20° to 90° F.
This effect, minor though it is, may be related to gradients of moisture from the surface of
soils to soils at depth (10 to 15 centimeters).

3. Humidity has no observable effect upon HPGe measurements.

4. Time of day and weather conditions have significant effects upon HPGe measurements to
~ determine radium-226 concentrations. Because HPGe actually measures gamma photons
emitted by radon-222 daughters to calculate radium-226, weather conditions leading to the
buildup and dissipation of radon in surface soils greatly affect the concentration of radium-
226 calculated from HPGe measurements.

5. Typically, morning radium-226 concentrations are higher than afternoon radium-226
concentrations as calculated from HPGe measurements. From April 8 through October 14,
morning radium-226 concentrations averaged over 30% higher than afternoon
concentrations with a high degree of variability associated with that average.
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6. Control charts were established for total uranium and thorium-232 based upon the standard

deviation of all measurements made at the FCS from April 8 to October 14. Excellent
long-term precision was observed for these two analytes; the standard deviations of the
measurement populations averaged only 5% of the population means.

Control charts were established for radium-226 based upon the standard deviation
associated with all afternoon measurements. Long-term precision is good as the standard
deviation of the measurement population averaged 7.84% of the population mean.

4.11.1 Guidance
The following items represent practical "dos" and "don'ts" relative to environmental effects on in-situ

gamma spectrometry data:

Always convert wet weight HPGe and RTRAK data to dry weight data in order to
minimize soil moisture effects. Comparison of in-situ results to FRLs, hot spot criteria, or
WAC should always be made on a dry weight basis.

Do not take measurements immediately after a heavy rainfall in which the soil may be
completely saturated with water. Even dry weight concentrations may be anomalously low,
necessitating rework. The same situation applies for days in which snow has accumulated
on the ground surface. Measurement should not be taken o the same day following a
heavy rain; measurements should not be taken on a muddy surface, and measurement
should not be taken if standing water is present within the field of view. (IfiStandingiwater
isiless ARzl 0 %ior e ield ofiView yarcorrectioniacorimaylbeTappliediper bulletw3fin
Section’4:9:7:7Howevers concentrationsimayzstilliberanomalouslyzlow die; tofsoil saturated
withwater?)

Measurements may be taken throughout the day without concern for the magnitude of
temperature variations. Any temperature effects upon data will probably be less than 5%
of the value of any given datum.

Both HPGe and RTRAK measurements can be taken without concern over humidity
effects. :

If only a few HPGe measurements are made, or if only a small area is surveyed by
RTRAK, those measurements should be made in the afternoon if at all possible. Morning
measurements may lead to falsely elevated radium-226 measurements.

If morning HPGe and RTRAK measurements are necessary, a "radon monitor" should be
set up in the area of interest in order to provide "full day" information on radon emanation
from soils. The results of such a monitor can be used to correct radium-226 data.

Heavy dew, fog, no wind, and large differences between daily high and low temperatures
are likely to result in conditions conducive to the buildup of radon in soil. In turn, these
conditions may cause falsely elevated radium-226 concentrations to be determined from
morning measurements.
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® For HPGe, control charts, based upon field quality control measurements, must be utilized 1

‘ in order to assess the cumulative effects of environmental variables upon HPGe data. 2
Warning and control limits specified in Addendum #3, "Effects of En_vironmental Variables 3

Upon In-Situ Gamma Spectrometry,” (December 1997), shall be utilized until revised. 4

Situations in which data are "out of control," either due to environmental reasons or for 5
instrumental reasons, can be readily recognized. Procedure ADM-16 (Appendix B) 6

provides guidelines on how to interpret control charts and how to proceed when 7
measurements are out of control. : 8

4.11.2 See Also: 9
3.8 Field Moisture Measurements 10

5.2 Moisture Corrected Data 11

5.3 Radium-226 Corrections A 12

5.7 Field Quality Control Considerations 13

4.14 Seasonal Precautions ) 14

FEMP\USER-MANUAL\SECTION-4. I \REVISION-A\April 7, 1998 4.11-3

0001<s



20701-RP-0006

Shine relatt

laberatory-analysis—It refers to the effect of detecting radiation is USifig an HPGe or RTRAK
measurement instrument from a radiation source that is outside the normal or expected field of view.
For example, gamma photon peaks in an in-situ spectrum collected over soil may exhibit an artificially
higher count rate from photons coming from radioactive material stored in a nearby building. This
form of shine will bias results high. Another form of shine can occur where the gamma photon peaks
are relatively unaffected because there is no direct line of sight to the sourcé; however, the continuum,
or background, under the peak is elevated because scattered radiation impinges on the detector. This

will cause the statistical counting error to be higher than normal.

Shine can be recognized by the relative count rate of the continuum in various energy regions as
compared to the count rate in the full absorption peaks under study. However, if a variety of
radionuclides are present and the concentrations of each are varying significantly relative to one

another, it may be difficult to associate changes in the peak/continuum ratio with shine.

Significant differences in ealeulated concentrations of a given radionuclide gglculated using gamma
photons of different energies can also point to shine. This is because of variable attenuation of gamma
photons as a function of photon energy. Low energy lines would be reduced in count rate relative to

high energy lines due to the increase attenuation of intervening air, soil, or structural shielding.

Thick lead or steel collimators can be used to restrict the field of view of a detector and thus block out
extraneous sources where shine is unavoidable and interferes to an intolerable extent. Comparison of
collimated and uncollimated spectra collected at the same location is a good way to identify the

presence of shine.

Shielding blocks can also be used to shadow out the interfering source without unduly restricting the

view of the ground area under study.

4.12.1 Guidance

¢ Disagreement of more than 20 percent between low and high energy lines for the same
radionuclide that cannot be attributed to statistical counting uncertainty at the 95 percent
confidence level warrants further investigation.

FEMP\USER-MANUAL\SECTION-4.12\REVISION-A\April 7, 1998 4.12-1
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® Because of its superior resofution, shine-ean-be HEGEXCaN? more readily identified 1
‘ identifyfshine by HPGe than by ¢an the RTRAK. 2

® Comparison of measurement data taken at 1.0 meter, and 1.0 feet may help distinguish
shine from a "deeply" buried source (deeper than 15 cm in the soil). - 4

FEMP\USER-MANUAL\SECTION-4.12\REVISION-A\April 7, 1998 4.12-2
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4.13 TIME REQUIRED FOR IN-SITU GAMMA SPECTROMETRY MEASUREMENTS 1

From a practical perspective, two questions must be answered in order to properly plan an in-situ 2
gamma spectrometry program:

1. How many measurements (HPGe) can be made in one day? ) ’ 4

2. How long does it take to measure one acre of ground with either the RTRAK or HPGe? 5

At first glance, these may seem like trivial questions. For example, if the data acquisition time for 6

HPGe is 15 minutes, then theoretically, 32 measurements can be made in an 8-hour day. At a one 7

meter detector height, this would correspond to 60-90% mesasurement OVETage of an acre depending 8

on the degree of overlap (Table 4.10-1). Similarly, as shown in Table 4.3-5, it theoretically takes from 9

972 to 1656 four-second measurements (655tG§110ZMINGLES) to cover an acre of ground with RTRAK at 10

1 mph, ¢65-te-HO-minutes) depending upon degree of overlap. _ n

However, these "theoretical times" do not take into account daily briefings and plans, pre-operational A 12

and post-operational QA/QC checks, instrument calibrations, transportation/movement of equipment to 13

and from the area of measurement, transportation and setup of equipment between measurements "

‘ (HPGe), and various tasks (such as donning and doffing PPE, frisking tools) associated with working in 15

radiologically controlled areas. : 16

Taking all of these factors into account, the following guidance is offered. 1Y)

4.13.1 Guidance . ' . 18

1. Allow two hours per acre for RTRAK with a 4-second data acquisition time, moving at 1.0 19

mph, and a 0.4 meter overlap. 20

2. Allow for 30 HPGe {3-deteetors) measurements per day in a non-radiological area¥ 21

ings : ; sjarejused (Figure 4.10-1 can be consulted to translate 2

measurements per day to acres measured per day). b ]

3. Non-contiguous areas and partial coverage will take longer to measure by RTRAK than 24

contiguous areas of the same size with full coverage. . 25

4. Radiologically controlled areas will reduce the number of possible measurements per day 26

by RTRAK. It will take RTRAK the same length of time to measure an acre, only the n

number of measurement hours per day will be reduced. 28

5. Workingzin radiologically controlled areas will reduce the number of possible 15-minute 29

HPGe measurements to 18 per day (3 detectors). Figure 4.10-1 can be consulted to 30

translate measurements per day to acres measured per day. 31
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6. If the 5-minute data acquisition times are used for WAC evaluations, 40 HPGe 1
‘ measurements per day (3 detectors) can be made in non-radiological areas and 24 2
measurements per day can be made in radiologically controlled areas. 3
4.13.2 See Also: 4
4.10 HPGe Measurement Grid Configuration ’ 5
4.3 RTRAK Multiple Measurement Field of View 6
5.9 Cost of RTRAK and HPGe Measurements ‘ 7
4.14 Seasonal Precautions 8
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4.14 SEASONAL PRECAUTIONS

Certain weather and seasonal factors have the potential to affect equipment, personnel, and

productivity. All of the factors described below represent guidance pertaining to weather and seasonal

factors.

4.14.1 Guidance

Summer
Physical:

a. Heat stress and dehydration can become a factor during prolonged field work during
excessive heat. Frequent breaks to rest and rehydrate are needed. If work is being

performed in a contamination area and Personal Protective Equipment (PPE) is worn,
heat stress can become a problem at cooler temperatures, sometimes as low as 70-80°

F.

b. Biological hazards increase in the summer due to chiggers, ticks and poison ivy

prevalent in the field. Ensure the field is mowed prior to data collection to reduce the

hazard.

c. The longer daylight hours enable increased field acquisition time resulﬁng in increased

field productivity. Overtime to make up a slipped schedule can be arranged on
evenings or weekends.

Equipment:

a. Wind-blown soil over the very dry ground can present a problem by getting grit into
the computers and detectors. ‘

b. Amplifiers tend to drift more in high heat conditions. Amplifier operating temperature

is approximately 72° £ 15° (estimated), extreme heat or cold can affect stability.
(Amplifier gain circuit stabilization limits can be exceeded in extreme heat or during

large temperature gradient transition periods, especially for large volume scintillation

detectors). ’

¢. Liquid nitrogen usage increases at ambient air temperature above 80° F. The liquid

nitrogen tends to get used up, quickly warming the detectors; need to watch them more

closely to ensure they do not warm up.

d. Detectors are designed to operate optimally between approximately 40-90° F. Summer

temperatures may exceed 90° F.

€. Morning fog creates "bad radon days" which must be compensated for by using a
detector to monitor the radon during field activities.

13
14
15
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18
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fl Rain must be'kept off the computers and detectors to reduce the risk of equipment 1
‘ damage. “At the slightest drizzle"work ‘must stop .| 2
e Fall 3
Physical: T 4

a. Fall is the best season for real time data collection unless it is a wet fall. Temperatures
are comfortable even if PPE is needed. 6
b. Freezing and thawing of saturated ground (if it is a wet fall) create slick and hazardous 7
ground conditions. 8
Equipment: 9
a. High winds may topple over the detectors and computers. 10
b. Rain must be kept off the computers and detectors to reduce the risk of equipment 1
damage. At the slightest drizzle work must stop. 12
e Winter 13
Physical: T4
‘ a. Extreme cold can be a deterrent to work being performed in the field especially on the 15
exposed face and hands. Frequently gloves need to be removed to work computer keys 16
and fingers get cold easily. 17
b. The short daylight hours result in shortened data collection periods. Overtime to make 18
up slipped schedule can only occur on weekends. 19
c. Winter snow prohibits the collection of data until the snow melts. This usually is 20
accompanied by standing water and mud for several days until enough drying has 21
occurred to make the fields accessible again. p7)
d. Working on muddy ground presents a slip and fall hazard while working in the field. 23
Equipment: : %
a. At the first hint of snow flurries, HPGe work must stop to prevent snow from melting 25
on the computer and detector. 26
b. Detectors are designed to operate optimally between approximately 40-90° F. Winter 27
temperatures frequently drop below 40° F. 28
c. Temperatures below 32° F will affect computer battery life; below 15° F, it will start 29
affecting the electronic display device which will become sluggish and eventually 30

‘ "freeze." . a1
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d] Rain’must'be:kept off ‘the‘computers.and.detectors to:reduce the:risk of equipment 1
. damage <At thesslighitest:drizzleiworkimust StopJ 2
e Spring ' 3
Physical: . 4

a. Rain and sudden violent storms are the limiting factors governing work during the

spring.

b. Data collection cannot be performed while there is standing water on the ground. 7
c. Slick, muddy soil makes for hazardous working conditions. Carrying the HPGe over : 8
slick mud requires additional care. Driving the RTRAK over slick slopes can be 9
hazardous. Some work areas, especially plowed or excavated areas are not accessible 10
when muddy. A period of drying must occur before such areas are accessible to 1
equipment. 12
Equipment: ' 13
a. Excessive winds may overturn detectors and computers. ' 14
b. Rain must be kept off the computers and detectors to reduce the risk of equipment 15
‘ damage. At the slightest drizzle, work must stop. 16
c. Morning fog creates conditions conducive to the buildup of radon in surface soils which 17
must be compensated for by using a separate radon monitor. 18
4.14.2 See Also: | 19
4.11 Environmental Influences on In-Situ Gamma Spectrometry Data 20
4.13 Time Required for In-Situ Gamma Spectrometry Measurements 21
5.3 Radium-226 Corrections 2

yrs
FEMP\USER-MANUAL\SECTION-4. I\REVISION-A\April 7, 1998 4.14-3 00 01.3-)



20701-RP-0006

4.15 MAPPING CONVENTIONS

The use of maps for displaying and interpreting real-time in-situ gamma spectroscopy data is crucial for
proper analysis and decision-making. This section discusses mapping protocols, including minimum
mapping requirements to support various in-sifu gamma spectroscopy uses, color maps and

measurement aggregation strategies for RTRAK data.

4.15.1 RTRAK Aggregation Strategies
The RTRAK produces concentration data points with associated coordinate data attached. These data

points typically include gross activity values as well as isotopic concentrations calculated from those
activity levels. Because of the relatively high MDCs and measurement errors associated with the
isotopic concentration estimates of individual readings, for many applications RTRAK data points must
be aggregated. The number of points that need to be aggregated depends on the application and may

range from as little.as two for hot spot analyses to as many as 100 or more for FRL evaluations.

strategies 4ndn

e st

brief discussior: that-follows summarizes the/RTRAK Applicability:Study

i s A Bt

associated withindividual RTRAKisotopic resultsiare ranidomrand normally. distributed:7Atia’speed of

1 mph anid an‘acquisition time’of 47seconds;therstandard deviations of individual;RTRAK?isotopic -

232.

Measurementerror can‘be reduced by:increasingieffective countitime

the standard deviations associatedwittindividual sationary RTRAK

of two,”” Effective countingtimes'can-be’increased in‘one of two-ways, by either’increasing the

acquisition time ‘associated with an individual:measurement value, -or'by basing:a measurement-value on

a pooléd of aggregated’sét of ifdividual RTRAK: measurements. ~For example, increasing the’count

time by afactor of four (from'1to4 seconds) hias exactly”the same ‘impact on measurement erfor-as

averaging the results of 4 one-second RTRAK readings.” Note that as long as.the RTRAK's speed

1408
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femains constant, the overall field of view for 1 four-second scan will be exactly the same as the total

field of view for the four consecutive one-second scans.

measurénient error can be reducedtornegligable levels by simply averaging enough individualRTRAK

data points.” The trade=off is that;as;tlhie number of data points contributing to the average grows, the

associated total ‘field of vView:growsjasiwell; -although ata slightly slower rate because of ‘the inherent

overlap-in adjacent individual RTRAK¢measurements. *Forexample;-for RTRAK data:collected at 1

imph witli"a:4-second acquisition time, aggregating two consecutive' RTRAK ‘Tneasuremients:together

reduces thie Tiieasurement erfor associated with'a total Uranilm estimate (WHen thie actual conicentration

is.arounid the FRL) from 62 ppiii to 44 ppm, but inCreases the total figld of view from'8:8mA o 13:1

m?. . Avéraging 100 adjacent:R TRAKSTeadings together reduces thie overall measurement:error

associated ‘withithe average to-only:6:ppm;’butiincreases the ol field -of view totapproximately 500

m’,

Because. of the-increasing total fieldrofiview;‘only enough-data aggregation-is done toisatisty’the MDES

and levéls of measurement error required by/thedata collection program:” For example,’if the purpose

" of the investigatiofi'ist6 fifid WAC 7o aggregation’of individual RTRAK heasurements'is required; "If

the purpose is-to fifid Hot spots, two consecutive RTRAK ‘Tieasuremmentsiis required. “Ifthe purposetis

to find hot spots; two'consecutive’RTRAK: easuremeits averaged together provide acceptable

measurement rror rates:If the purpose-is to-define-excavation bouridaries, as many-as7100 individual

adjacent measurements would:be‘aggregated.

The process of aggregating RTRAK data points are-aggregated begiiis by laying a relatively tight grid
over the area of interest, where tight is defined as a grid spacing that is less than or equal to the
average spacing between RTRAK data points along a single run. For example, when the RTRAK is
operated at a speed of 1 mph and a data acquisition time of 4 seconds, the spacing between consecutive
measurements is slightly less than 6 feet, so a 5 foot grid spacing would be appropriate. Every
RTRAK data point is then assigned to its closest grid node. In the case where more than one data point
is assigned a grid node, the node carries the average parameter values of all of the node points assigned

to the node as well as the number of points contributing to the average. Each grid node and the data it
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contains represents the base unit for all aggregating analyses done--in the case of a 5 foot grid, the base

unit has an area of 25 square feet, or 2.3 square meters.

Aggregation then takes place as moving averages built from this grid. For example, using a 5 foot
grid, a hot spot analysis requiring the evaluation of RTRAK data over 10 square meters (approximately
100 square feet) would require constructing moving averages from the data contained in blocks of four
grid cells (2x2). A hot spot analysis requiring the evaluation of RTRAK data over 25 square meters
(approximately 270 square feet) would require constructing moving averages from the data contained in
blocks for approximately 9 grid cells (3x3). FRL evaluation may involve the aggregation of data from
as many as 225 individual grid cells (15x15). The degree of spatial resolution required depends on the
application. For example, in the case of hot spots, one would calculate a moving average at every 5
foot grid node since one is looking for isolated elevated areas of contamination. For FRL attainment,
‘however, a moving average might be calculated every 40 feet since the probable use is either the
development of general excavation footprints, or for verifying that an area will likely pass certification
before moving into certification. Whenever moving averages are used, the minimum items to be
reported are the average values obtained from a moving average calculation, and the number of

individual data points that contributed to that average.

4.15.2 Color Maps
When practical, color coding will be used for measurement points on maps to provide a visual

indication of the level of contamination observed and its relationship to FRL, hot spot and WAC. To
ensure consistency between color maps, the general guidelines for the selection of mapping colors are
that shades of green are reserved for concentration levels that range from background to something
below the FRL, yellows are reserved for concentrations in the vicinity of the FRL, oranges and reds
are reserved for values in the range of 2xFRL to 3xFRL, and violet is reserved for levels that would

pose WAC concerns. Table 4.15-1 provides an example color set for total U where the FRL is 82

Maps based on gross activity values such as counts per second (cps) may also be.used to evaluate the
general spatial patterns of contamination. For maps displaying cps in color, the general guidelines are
for color ramps that begin with green, move through yellow and finish in reds, with greens
corresponding to low levels of activity and reds to high levels. Table 4.15-2 provides an example color

set for cps.
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4.15.3 Mapping for Spatial Distribution and FRI. Evaluation
One of the uses of RTRAK data is to determine the general spatial distribution of contamination across

an area. This can be done both with cps data and also with appropriately aggreg'ated isotopic
information. Minimum mapping requirements include one map that indicates the locations of
individual measurements and color codes those measurements by cps value, and one set of maps (one
for radium-226, one for thorium-232 and one for total uranium) that show aggrégated moving average
results for the RTRAK data sets. A method of quickly estimating the size of the.area represented by

the aggregates is in Section 4.3.

4.15.4 Mapping for Hot Spot Analysis
~ An analysis for the presence of hot spots is required in areas that have undergone remediation and are

slated for certification, and areas where no remediation based on FRL exceedances us is deemed
necessary. RTRAK data may be used to determine the presence or absence of hot spots in these areas.
Because of the measurement error associated with individual RTRAK measurements, individual total
uranium measurements cannot be used for determining the presence or absence of hot spots with
concentrations that are 3xFRL and below. This fact, coupled with hot spot definitions that are based on
areas larger than the field of view of an individual RTRAK reading, requires the use of aggregated

measurements.

The minimum mapping that is required for hot spots are maps that indicate the extent of the area that i_s.
being evaluated for the presence or absence of hot spots, and the locations of measurement aggregates
that fail the hot spot trigger levels, along with an .indication of which isotope presents the hot spot
concern. At a minimum, hot spot aggregation/evaluation will be based on a two-point running average,
with the results from this average compared to a 3xFRL standard. A two-point running average is

defined as the average of two consecutive RTRAK readings.
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In addition to this initial hot spot evaluation, additional aggregation/evaluation may be performed and
the results mapped if deemed necessary. Section 4.5 specifies the size of the measurement aggregate
and trigger levels to be used when evaluating RTRAK data for the presence of hot spots. A secondary
set of maps may also be developed for hot spot detection that show the probability of aggregate

measurements exceeding the hot spot criteria for radium-226, thorium-232 and total uranium.

In the event that the RTRAK identifies a potential hot spot, additional data collection will occur to
confirm the-presence of the hot spot-and,:if-confirmed, to delineate the extent of the hot spot material
using in-situ HPGe measurements (Section 3.3). For each location where a hot spot has been
potentially identified, a final set of maps will be prepared that indicate the results of the eentamination
confirmation and delineation data collection effort (including a best estimate of hot spot extent, if hot
spot material is found to exist) for use in excavating hot spots. and the final results of post-hot spot

removal data collection to verify that all the hot spot has been removed.

4.15.5 Mapping for WAC Exceedance
RTRAK will be used to assist in determining the presence or absence of WAC material in a given area.

For WAC exceedance detection purposes, individual RTRAK data points will be used. The minimum
mapping that is required are maps that indicate the lateral extent of the RTRAK data set that exceed the
WAC trigger levels. A more complete discussion of WAC trigger levels can be found in Section 4.5-2.

3-4- A secondary set of maps may also be developed for WAC exceedance detection that show the

probability of individual measurements exceeding the WAC criteria.

In the event that the RTRAK identifies potential WAC exceedance problems, additional data collection
will occur to confirm the presence of above-WAC material and, if necessary, to delineate its extent
using in-situ HPGe measurements (Section 3.4). For each location where above-WAC material has
been potentially identified, a final set of maps will be prepared that indicate the results of the
confirmation and delineation data collection effort (including a best estimate of above-WAC extent if
above-WAC material is found to exist) for use in excavation and the final results of post-excavation

data collection to verify that all above-WAC material has been removed.

4.15.6 Guidance

1. In all maps displaying radium-226 data, the radium-226 values should be corrected as
described in Section 5.3.
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2. As described in the "RTRAK Muitiple Measurement Field of View" topic and in the "Hot A 1
' Spot Detection" topic, care must be taken so that the area represented by aggregated 2
measurements does not greatly exceed the size of the potential hot spot. 3
3. Color codes for mapping total activity data should follow interpretation conventions 4
discussed in Section 4.15-2. ' ‘ 5
4.15.7 See Also: » 6
4.8 RTRAK Total Activity Data Interpretation 7
5.3 Radium-226 Corrections 8
4.3 RTRAK Multiple Measurement Field of View 9
3.3 Hot Spot Evaluation 10
3.4 Evaluation of Above-WAC Surface Soil 1
3.6 Horizontal Excavation Boundary Delineation 12
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‘ 5.0 TECHNICAL TOPICS : 1
Topics included in this section are related to more technical aspects of in-situ gamma spectrometry 2
usage than are topics in previous sections. Some of the topics, like "MDCs" and "Moisture 3
Corrections," are analytical in nature. Others, like "positioning and survey" and "field quality control 4
issues" are more related to field operations. These topics will be of interest not only to users of in-situ 5
gamma spectrometry data, but also to all personnel concerned with collecting the- data, processing the 6
data, and overseeing data quality. ' 7
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‘ 5.1 MINIMUM DETECTABLE CONCENTRATIONS (MDCs) 1
MDCs are discussed in this document from a data user's perspective. Detailed information may be 2
obtained from Section 5.4 of the July 1997 HPGe Comparability Study (DOE 1997a). ‘ 3
MDC refers to the statistically determined quantity of a radionuclide that can be measured at a ' 4
preselected confidence level. The'MDC'is the a"priori activity’concentrationithat:a.Specificiinstrument 5
anditechnique can-be:€xpected to:detect’95 % of ‘the:time ="“Whensstating:the ‘detection capabilityofian 6
instrument; thisvalue should:be'used:The’MDC'is" thefdetection limit L), multiplied by -anfappropriate 7
conversion:factor. to"give umnits of activity_ concentration(Marssim®1997)7 The magnitude of the MDC 8
is a function of instrument parameters, radiological background levels, and the measurement 9

‘ The concept of using the MDC for radionuclide measurements was first proposed by Currie (1968). 15
The MDC is intended to be an a priori estimate of the minimum activity concentration that a system or 16
technique can reliably measure under a given set of conditions. The MDC as defined here is not 17
intended to be used a posteriori to evaluate individual measurements. 18
5.1.1 HPGe MDCs o 19
By analogy with the statistical methodology used for certification iesting, the MDC criterion for a given 20
isotope will be that the 95% upper confidence limit of the MDC must be less than the regulatory limit 21
under investigation (in this report the final remediation level [FRL] is used as the default regulatory p>]
limit) for Analytical Support Level (ASL) D data quality levels. By analogy with the radiochemistry px}
performance specifications in the Sitewide CERCLA Quality Assurance Project Plan (SCQ), a less %
stringent criterion for ASL B data quality levels will be that the 90% upper confidence limit of the 25
MDC must be less than the FRL of concern. Table 5.1-1 shows the 90 and 95% upper confidence 26
limits in relation to the FRLs. Given the data in Table 5.1-1, the HPGe detector should easily be p1]
capable of reliably detecting each radionuclide when it is present at, or near, its FRL for a data 8

‘ acquisition time of 15 minutes. This statement holds true even for total uranium when its FRL is 10 29
ppm. 30
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HPGe MINIMUM DETECTABLE CONCENTRATIONS (15 MINUTE DATA ACQUISITION
TIME) COMPARED TO FRLs

Total Uranium 5.8 ppm 6.2 ppm 6.1 ppm 82 ppm®

Thorium-232

0.075 pCi/g

0.076 pCi/g

0.075 pCi/g

1.5 pCi/g

Radium-226

0.076 pCi/g

0.078 pCi/g

0.077 pCilg

1.7 pCi/g

a The method of calculating MDCs and UCLs is given in Section 5.4 of the July 1997
HPGe Comparability Study (DOE July 1997a).

b FRL for total uranium will be 20 ppm in the former production area and 10 ppm in certain
portions of the South Field. Off-property FRLs are also different than those in Table 5.1-1.

5.1.2 RTRAK MDCs

In addition to detector and system parameters, RTRAK MDCs are a function of the data acquisition

time and the number of multiple measurements which may be aggregated to yield an average value for

a given area. Table 5.1-2 shows single measurement MDCs as a function of data acquisition time.

Clearly, only the MDC for thorium-232 is consistently below its FRL. When multiple measurements
are aggregated (Tables 5.1-3 and 5.1-4), RTRAK MDC:s for individual isotopes may be well below

their FRLs depending upon the number of measurements aggregated. MDCs in Table 5.1-4 have been

estimated by multiplying data in Table 5.1-3 by 1.4 to obtain approximate MDCs for a 4 second data

acquisition time.
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Total Uranium (ppm) 215b 211 140 82
Thorium-232 (pCi/g) 1.1 1.2 0.8 1.5
Radium-226 (pCi/g) 2.2 2.2 1.4 1.7

a 8-second data acquisition time MDCs may be multiplied by 1.4 to obtain approximate MDCs

using a 4-second data acquisition time (DOEFI9975).

b Numbers are MDCs.

TABLE 5.1-3

RTRAK MDCs FOR AGGREGATED MEASUREMENTS

(0.5 mph/8 sec data acquisition time)®

1 5 10 50 100
Total Uranium (ppm) 82 140° | 63.0 45.0 19.8 14.1
Thorium:232 (pCi/g) 1.5 0.8 0.37 0.26 0.12 0.08
Radium:226 (pCi/g) 1.7 1.4 0.63 0.45 0.20 0.14

a 8-second data acquisition time MDCs may be multiplied by 1.4 to obtain approximate MDCs
using a 4-second data acquisition time (DOE#1997b). These are shown in Table 5.1-4.

b Numbers are MDCs.

TABLE 5.14
APPROXIMATE MDCs FOR
4 SECOND DATA ACQUISITION TIME

1
Uranium (ppm) 82 196 @ 88.2 63.0 27.7 19.7
Thorium-232 (pCi/g) 1.5 1.12 0.52 0.36 0.17 0.11
Radium=226(pCi/g) 1.7 274 0.88 0.63 0.28 0.20
196
a Numbers are MDCs.
FEMP\USER-MANUAL\SECTION-5. N\REVISION-A\April 13, 1998 5.1-3
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5.1.3 Guidance

1.

HPGe MDC:s are sufficiently low for all isotopes so that HPGe can be used to make
measurements relative to all soil regulatory limits.

Single measurement RTRAK MDCs are sufficiently high so that such RTRAK data should
only be used for hot spot and WAC exceedance measurements. Howeverqtheyicanibetused

forRFRLEapplications forthoTium2323 ]

RTRAK data collected in areas with low soil concentrations of radionuclides must be
handled and interpreted carefully. In this regard, the effective MDCs can be reduced by
using an aggregation of individual measurements rather than relying upon individual
measurements. This is equivalent to averaging the data over a larger area than the RTRAK
field of view for a single measurement. While this allows the applicability of RTRAK to be
extended to low concentrations, the spatial resolution of the data is reduced.

The number of points that must be aggregated for use of RTRAK for WAC and FRL
applications is given in Table 4.5-2 through 4.5-6 in the Trigger Level topic (Section 4.5).

5.1.4 See Also:
4.15 Mapping Conventions
4.3 RTRAK Multiple Measurement Field of View
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5.2 MOISTURE CORRECTED DATA

Measurements from HPGe and RTRAK detectors need to be adjusted to take into account the soil
moisture at or near the time of measurement. The instrument which measures soil moisture in the field
is a Troxler soil moisture/density gauge. It measures soil moisture differently than a laboratofy

determines soil moisture. In a laboratory, soil moisture is defined as:

Lab Moisture (decimal fraction) = weight water in soil (1]
wet weight soil sample

However, Troxler moisture is defined on a dry weight basis:

Troxler Moisture (decimal fraction) = weight water in soil 2]
dry weight in soil sample

Equations 3 and 4 below show how to convert Troxler moisture to laboratory moisture based upon the
definitions in Equations 1 and 2:

Troxler moisture (decimal fraction) = lab moisture (decimal fraction) [3]

1.0 - lab moisture (decimal factor)

Lab moisture (decimal fraction)= Troxler moistur Ci cti [4]
1.0 + Troxler moisture (decimal fraction)

Moisture corrected in-situ gamma spectrometry data are calculated as:

Data (dry weight basis) = Data (wet weight basis) 5]

1.0 - lab moisture (decimal fraction)

where the data may be in either units of ppm or pCi/g. By substituting Equation 4 into Equation 5, the
wet weight in-situ gamma spectrometry data may be converted to dry weight data using Troxler
moistures. ’

Data (dry weight basis) = Data (wet weight basis) (6]
1.0 - [Troxler moisture (decimal fraction)/(1.0 + Troxler moisture
(decimal fraction)]

Equation [6] simplifies to:
Data (dry weight basis)= Data (wet weight basis)[1.0+Troxler moisture (decimal fraction)] [7]

5.2.1 Guidance

1. All in-situ gamma spectrometry data should be displayed in maps or tables on a dry weight
basis. Comparison to limits such as FRLs on WAC shall be made on a dry weight basis.

2. If Troxler moisture data are presented in tables, the data shall be converted to a lab
moisture basis using Equation 4.
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3. If Troxler moisture data are entered into the SEP, the data shall be converted to a lab 1
moisture basis using Equation 4.

5.2.2 See Also:
3.8 Field Moisture Measurements

4.11 Environmental Influences on In-Situ Gamma Spectrometry Data 5
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5.3 RADIUM-226 CORRECTIONS
Radium-226 concentrations in soil are determined by in-situ gamma spectrometry at the FEMP by

measuring gamma photons emitted by radioactive daughters of radon-222. An abbreviated decay series

is shown below for radium-226:

2Pb™® < < < Bt < - B ~meemmr '

Table 5.3-1 shows the gamma photons used to quantify radium-226 for beth HPGe and RTRAK

measurements detectors. Sodium iodide detectors generally cannot resolve the lead and bismuth

gamma peaks below 1500 keV from other interfering peaks, and so the RTRAK system uses the 1764.5
keV bismuth peak to quantify radium-226.

TABLE 5.3-1
GAMMA PHOTONS USED TO QUANTIFY RADIUM-226
FOR HPGe AND RTRAK MEASUREMENTS

Pb-214 351.9. 35.0

HPGe Bi-214 609.3 43.0
Bi-214 1120.4 17.0

RTRAK Bi-214 1764.5 15.8

The problem with measuring radium-226 concentrations in soil is that its daughter, radon-222, is a gas.
Radon-222 may build up in soils, diffuse from soils, accumulate near the surface of soils, etc., in
response to a number of weather and soil conditions. Therefore, in-situ gamma spectrometry
measurements of radium-226 also reflect processes which lead to the accumulation or depletion of

radon-222 in soils, as well as the true concentration of radium-226 in soils.
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5.3.1 Correction of Afternoon Radium-226 Measureinents

Table 3 and Figure 6C in the "Effect of Environmental Variables Upon the /n-Situ Gamma
Spectrometry Data" (December 1997) report indicate that morning radium-226 measurements at a
given location average 30% higher than afternoon measurements at the same location with a larger
(relative) standard deviation. Afternoon radium-226 measurements represent sfeady-state dissipation of
radon-222 from soils, and lead to consistent values for the concentration of radium-226. The report
entitled "Comparability of In-situ Gamma Spectrometry and Laboratory Measurements of Radium-226"
(October 1997) demonstrates that afternoon in-situ gamma spectrometry data are consistently lower
than laboratory data, and that the difference between in-situ gamma spectrometry measurements and
laboratory measurements increases as the concentration of radium-226 in soils increases. That same
report derives a correction algorithm that empirically compensates for radon emanation from soils,
thereby allowing radium-226 concentrations to be calculated from in-situ gamma spectrometry
measurements that would be comparable to concentrations derived from laboratory analysis of physical

samples.

5.3.1.1 Guidance

1. Wet weight HPGe radium-226 concentrations based upon measurements taken between
12:00 pm and 6:00 pm may be corrected to concentrations that would be obtained if the
measurement were performed in a laboratory on a physical sample.

2. A correction factor for each measurement is calculated from the following equation:

Correction factor (PCi/g) = 0.4369 (HPGe concentration, pCi/g)’ + 0.167 (HPGe
concentration, pCi/g) + 0.0001

3. Add the correction factor to the HPGe radium-226 concentration:

Corrected radium-226 concentration (p€i/g) = correction factor (PCi/g) + uncorrected
radium-226 concentration (FCi/g) '

4. Convert corrected wet weight measurements to dry weight measurements as described in
the section on moisture corrections.

5. Do not use this correction algorithm with RTRAK data. Consult the In-Situ Gamma
Spectrometry Group for advice.

5.3.2 Correction of Morning Radium-226 Measurements
As noted above, morning radium-226 measurements are often higher than afternoon radium-226

measurements. Further, morning radium-226 measurements may exhibit considerable variability due to

variability in weather and soil conditions. In order for morning radium-226 measurements to be useful
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and quantitatively correct, they must be corrected or adjusted to compensate for variability in radon-

222 buildup and dissipation in soils. The guidance and example provided below illustrate how this will

be accomplished. Several different ways'to computationally adjust for morning radon-222 variability,

have been evaluated. The method presented below has been chosen for ease of implementation,

amenability to-automation, and SimpliCity .

5.3.2.1 Guidance

e

" monitoring data) will‘be calibrated:by-u

A "radon monitor" will be set up in the vicinity of the area in which HPGe measurements
will be made. This monitor will consist of a HPGe detector or a Nal gamma photon
detector. The monitor will make periodic measurements of radon-222 daughters (i.e., it
will determine radium-226 concentrations) throughout the period of HPGe measurements.

Fog large; ’relatlv“‘ly flatareas’ such as the East held tne radon monitor should'be within

'lhe detector llelgﬂt Ol the radon@momtor :should be: the same height'as: tnezm-sztwgamma
spectrometryfdetectorgpertomnng»the neldgmeasurements

Measurements to determine radium-226 will be taken using a 15-minute data acquisition
time. Thus, for an eight-hour work day, there could be as many as 32 measurements.
Figure 5.3-1 shows an example of measurements taken by a HPGe radon monitor
throughout the day at a given location Gn-this-example-measurements-were-takenevery
hour-for-simplieity). Clearly at this location, morning measurements for radium-226 are
substantially higher than afternoon measurements.

Calculate the ratio (hereafter called calibration ratio) of each radon monitor measurement to
the lowest afternoon radon monitor measurement and plot these ratios vs. time of day.
Figure 5.3-2 is an example of a plot of calibration ratios vs. time of day for the data in
Figure 5.3-1.

quadratic-equation-fitted-through-the-data- " A’"éﬁi“él"‘HPGé"dﬁ"fa?’?’(ﬁ?ﬁﬁ?)““sed”’tﬁ‘“fé"ﬂ'éﬁ

ill ing the.closest (in tirhe) calibration Tatio’to the
beginning dataz acqulsmonatxme “of ithie actual measurement ‘The beginning’ data&acquxsmon

time of the'measurement:isirecorded’e electromcally by thiesHPGe™ instrumentzand’is
subsequenﬂleoaQed into; thedinsitugamima Spectrometry database ‘The determination of

the closest (in'time) cahbratldn }atlo "is'made in the ¢ database. The closest (m tim ‘”)

calibration atio could be either before of after the beginningof data acquisition for 4. given

HPGe mieasurément.

Calibrate environmental HPGe data collected at a given time by dividing those data by the
corresponding calibration ratio (taken from the néarest calibration ratio eurve as'described
above) for that time. The resulting concentration will be equivalent to the concentration
that would have been determined if the measurement had taken place in the afternoon at the

L~ - IS B -
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) time of maximum radon-222 depletion in soils. Table 5.3-2 shows a set of HPGe 1
: ‘ measurements taken on 9eteber—2—l-99¥ J"Tlary 31 1998 from the east ﬁeld (Area 1 2
smpheﬁy—m—ﬂm—exmﬂple The callbratlon ratios from Flgure 5 3-}2 are used to calculate 4
eorreeted Calibrated radium-226 data valués (column 4 in Table 5.3- 2) as described above. 5
e Using correction factors, calculate final corrected radium-226 concentrations, following 6
the gundance in Sectlon 5.3.1. 1 These appear in Table 5.3- 2 in the fifth column called 7
R RFe-€ parab OFY 8
9
10
° of ; sht-bast p : 1
eeﬂvenﬂens-m-the-mmstufe-eeﬁeeﬁeﬂ-seeﬁeﬂ— [The last column in lable 5 3-2 shows:the 12
wet'weight Tadiim-226-data"converted to diy weight fadium-226'data; These:HPGe data 13
are comparablé to what'a laboratory. would have measSured by thie- analys:s -of physical 14
sample 15
e Do not use the above guidance for RTRAK measurements. Consult the In-Situ Gamma 16
Spectrometry Group. 1
5.3.3 See Also: ' : 18
4.11 Environmental Influences on In-Situ Gamma Spectrometry Data 19
‘ 5.2 Moisture Corrected Data 2
4.15 Mapping Conventions | . 21
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