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Department of Energy

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

JUL 16 1998
DOE-1014-98

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 REVISED USER GUIDELINES, MEASUREMENT STRATEGIES, AND
OPERATIONAL FACTORS FOR DEPLOYMENT OF IN-SITU GAMMA SPECTROMETRY AT
THE FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

References: (1)

(2)

(3)

Letter, G. Jablonowski to J. Reising, “Technical Review Comments
on the User Guidelines, Measurement Strategies, and Operational .
Factors for Development of In-Situ Gamma Spectrometry at the
Fernaid Site,” dated May 1998.

Letter, J. Reising to J. Saric, “Responses to the U.S. Environmental
Protection Agency Technical Review Comments on the User
Guidelines, Measurement Strategies, and Operational Factors for
Deployment of In-Situ Gamma Spectrometry at the Fernald Site”,

~ dated June 5, 1998.

Letter, T. Schneider to J. Reising, “DOE-FEMP Comments User
Guidelines”, dated June 9, 1998.

The purpose of this letter is to transmit, for your review and approval, the revised “User
Guidelines, Measurement Strategies, and Operational Factors for Deployment of In-Situ

Gamma Spectrometry at the Fernald Site” (User’s Manual). The enclosed User’s Manual
has been revised to incorporate all U.S. Environmental Protection Agency (U.S. EPA) and
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Ohio Environmental Protection Agency (OEPA) comments, as provided in References (1)
and (3) above. Responses to the U.S. EPA comments were transmitted to the U.S. EPA
and OEPA for review on June 5, 1998 (Reference 2). The responses to the OEPA
comments were informally discussed in a conference call on June 17, 1998. Additionally,
draft responses to the OEPA comments are provided in the front pocket of the binder
containing the User's Manual.

The enclosed revision of the User’s Manual includes seven significant changes:
1. Section 3.3 (Hot Spot Evaluation) has been revised to include information on

the delineation of hot spots as a function of their size per DOE’s response to
EPA General Comment No. 1 and OEPA Specific Comment No. 40.

2. Section 3.2 (RTRAK and RSS Measurements) has been revised to include a
discussion of RSS Utilization per DOE’s response to EPA General Comment
No. 4.

3. Section 3.2 (RTRAK and RSS Measurements) has been further changed to
incorporate the information on interferences that appeared in Revision 1 of
the RTRAK Applicability Study per DOE’s response to OEPA Specific
Comment No. 6.

4. Guidance for the correction of RTRAK Radium-226 data was added to
Section 5.3 (Radium-226 Corrections) per DOE’s response to EPA General
Comment No. 3.

5. Section 4.12 (Shine) has been entirely rewritten to reflect the results of a
shine study conducted at Soil Pile 5 per DOE’s response to EPA General
Comment No. 2 and OEPA Specific Comment Nos. 36 and 37.

6. An entirely new section (Section 5.4, Data Review) has been added to
provide detailed guidance on the review and flagging of both HPGe and
RTRAK data. This information will also appear in a procedure entitled
“Review and Reporting of In-Situ Gamma Spectrometry Data.” This new
section implements DOE’s response to OEPA Specific Comment Nos. 30,
32, 34, 38, and 41, and EPA Specific Comment No. 15.

7. Section 4.9 (Topographic Effects) incorporates the results of a study on the

attenuation of gamma rays by grass per DOE’s response to OEPA Specific
Comment No. 29. '




If you should have any questions or comments, please contact Robert Janke at
{513) 648-3124.

e
FEMP:R.J. Janke Johnny V‘Ais\ing

Fernald Remedial Action
Project Manager

Enclosure: As Stated
cc w/enc:

N. Hallein, EM-42, CLOV

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

R. Beaumier, TPSS/DERR, OEPA-Columbus
T. Schneider, OEPA-Dayton (total 3 copies of enc.)
K. Miller, DOE-EML

M. Davis, ANL (3 copies)

F. Bell, ATSDR

M. Schupe, HSI Geo Trans

R. Vandegrift, ODH

F. Barker, Tetra Tech

S. Pastor, Tetra Tech

T. Hagen, FDF, 65-2

J. Harmon, FDF, 90

AR Coordinator, FDF, 78

cc w/o enc:

A. Tanner, DOE-FEMP
J. Chiou, FDF, 52-5
R. Heck, FDF, 2

S. Hinnefeld, FDF, 2
C. Sutton, FDF, 35
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 combined 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

000015
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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 Inﬂuenceé on Gamma Spectrometry Data

Fluence Rate - the 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 élpha 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

v "'
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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 crystal used for in-
situ collection of gamma spectra at specified field locations. This crystal is mounted in a cryostate and
connected to an electronics system for signal amplification and analysis.

See Also: 2.1 Overview of HPGe and RTRAK Usage

Minimum Detectable Concentration (MDC) - The MDC is the a priori activity concentration that a
specific instrument and technique can be expected to detect 95% of the time. When stating the
detection capability of an instrument, this value should be used. The MDC is the detection limit Ly,
multiplied by an appropriate conversion factor to give units of activity concentration (Marssim 1997).

See Also: 5.1 MDCs

Pass - the movement 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 Scanning System (RSS) - Name given to the Nal gammaphoton countingsyster mounted
on a 1.0 manpower; 3-wheeled, modified jogging stroller: -

Sruilielhad

Radiation Tracking (RTRAK) System - Name given to a Nal gamma photon counting system
mounted on a tractor that is used at the FEMP.

,See Also: 2.1 Overview of HPGe and RTRAK Usagé

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 to 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.

See Also: 5.5 Heterogeneity

Shine - gamma rays detected by an RTRAK or HPGe detector that originate outside the field of view
of that detector.

See Also: 4.12 Shine

00017
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Sodium Iodide (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
Total Activity - the summation of all of the counts per unit time in a gamfna spectrum. Total activity
is typically expresed as counts per second and is obtained by dividing the total number of counts by the

data acquisition time. Total activity is a parameter used to interpret RTRAK data.

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 disposal facility.

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

s
TR L)
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1.0 INTRODUCTION
This document addresses iwo basic questions:
1. "How exactly will in-situ gamma spectrometry be used at the FEMP?"
2. "How will FEMP personnel handle variables that have a potential impact on in-situ

gamma spectrometry data?"

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

conducting in-situ gamma spectrometry at the FEMP.

1.1 BACKGROUND

In 1997, a series of method validation studies pertaining to in-sizu gamma spectrometry were issued.
These studies addressed analytical aspects of in-situ gamma spectrometry such as precision, accuracy,
detection limits, robustness, comparability with laboratory analytical data, and data quality levels. One
report and three addenda concerned High Purity Germanium (HPGe) detectors, and one report and one
addendum dealt with the Radiation Tracking System (RTRAK). Thesé reports and addenda are listed
below and in Appendix B.

® Comparability of In-Situ Gamma Spectrometry and Laboratory Data, July 1997

® Comparability of Total Uranium Data as Measured by /n-Situ Gamma Spectrometry and
Four Laboratory Methods, September 1997 (Addendum #1) -

® Comparability of In-Sitru Gamma Spectrometry and Laboratory Measurements of Radium-
226, October 1997 (Addendum #2)

e Effect of Environmental Variables upon /n-Situ Gamma Spectrometry Data, December
1997 (Addendum #3)

® RTRAK Applicability Study, July 1997

® RTRAK Applicability Measurements in deations of Elevated Radionuclide
Concentrations, September 1997 (Addendum #1)

Questions and comments from the US Environmental Protection Agency (EPA), Ohio EPA (OEPA),
US Department of Energy (DOE) personnel and Soil Characterization and Excavation Project (SCEP)
personnel have indicated a need to bridge the gap between the primarily analytical information
contained in the above reports and prog'rammatic remediation design documents such as the Waste

Acceptance Criteria Plan (WAC Plan), the Sitewide Excavation Plan (SEP), and Integrated Remedial
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Design Packages(IRDPs). This document bridges that gap by providing user guidelines, data ‘1

interpretation guidelines, and measurement strategies and approaches; by discussing 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 aspect of in- .4

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

6

e plan in-situ gamma spectrometry data collection; 7

o collect in-situ gamma spectrometry data; :

e interpret in-situ gamma spectrometry data; , I(l)

e integrate in-situ gamma specﬁomeUy data with other data .sets or into engineering designs; :z

and . 14

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 i;

technical personnel assisting Characterization Leads. 19

‘o

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 | 23

that has also been integrated into technical guidelines contained in the SEP. In turn, the overall 2%

approach to remediation at the FEMP as delineated in the SEP has been expressed in the form of in- 25

situ gamma spectrometry measurement strategies and approaches delineated in the User's Manual. The 26

User's Manuél also contains guidance that can be incorporated into area-specific reports such as the 27

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 : 29

information contained in the User's Manual. As implied in Figure 1.0-1 and Table 1.0-1, the User's 30
Manual is the key document relative to incorporating in-situ gamma spectrométry into routine soil 31 ‘
remediation operations. ‘ ' 32 ;

33

1.2 MANDATORY VS RECOMMENDED : 34

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

- to be followed or not as the professional judgement and the experience of the user dictates. Some of .6

»  FEMP\USER-MANUAL\SECTION-I\REVISION-BVuly 13, 1998 12
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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. 13

' 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. The context of the word "ensure” 16
is dictated by the precedihg verbs: "shall" vs. "should," for example. : 17

_ 18
1.3 OBIECTIVES , | ‘ 19
Information relevant to carrying out in-sify gamma spectrometry meésurements at the FEMP is L0
contained not only in the method validation studies listed earlier, but is also derived from the scientific 21
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 inf(;rmation is discussed in the references !
listed in Appgndix B. Information from these diverse sources has been used to achieve the following ' 2
User's Manual objectives: 25

. 26

e Translate pertinent analytical information contained in the various method validation 27

studies into "easy to understand” user guidelines. : 28

' 29

¢ Integrate diverse technical information contained in the scientific literature with method - 30

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. 32

e Document "lessons learned” type-information based upon the cumulative experience of 22

. FDF and DOE personnel attained in carrying out comparability studies, Area 1 Phase I W3S
(A1P]) studies, Area 1 Phase II (A1PII) studies, and Area 2 Phase I (A2P]) studies. 36

+000021,”
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e Delineate strengths and limitations of the in-situ gamma spectrometry technique for use in
soil remediation. '

1.4 REPORT FORMAT

The general format and organization of the User's Manual are loosely patterned after "help” software
programs such as those in Excel, Word Perfect, etc. The manual has several sections of related topics;
each topic has a stand-alone discussion. As applicable, each topic also has a guidance section which |
provides rules, suggestions, and "how-to" comments. At the end of the discussion, the reader is
directed to other related topics. Additionally, there is a glossary of definitions that directs the reader

to various topics.

This document is divided into four general categories of topics: investigation approach/measurement
strategy topics; measurement approach topics; characterization guidelines, data interpretation
guidelines and operational factors topics; and technical topics. Each topic is stand-alone. It has a
unique topic identifier number, unique revision number and revision date, and separate numbering
scheme for figures and tables. Thus, each topic can be revised independently from the other topics
without revising the entire document. Further, new topics can be added to the document without
revising it entirely as experience at the FEMP with routine deployment of in-situ gamma spectrometry

increases.

In addition, the report has two appendices and a glossary. Appendix A cdntains a list of prdcedures
under which in-situ gamma spectrometry data are collected and processed.” These include procedures
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
FEMP publications, and in publications produced by institutions external to the FEMP. The glossary
appears before the introductory section (1.0) of the report and directs readers to topics related to a

given definition.
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TABLE 1.0-1

TYPES OF INFORMATION CONTAINED IN USER'S MANUAL

Technical Guidelines

WAC, SEP, IRDP

Measurement Strategies

IRDPs, Certification Report

Measurement Approéches

IRDPs, PSPs, Certification Report

Technical Direction

PSPs

Data Interpretation Guidelines-

Pre-Design Investigation Reports, IRDPs,
Certification Reports '

Factors Potentially Impacting Data

IRDPs, PSPs

Strengths and Limitations

IRDPs, PSPs
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2.0 INVESTIGATION APPROACHES/MEASUREMENT STRATEGIES

The purpose of this section is to provide a general overview of the use of in-situ gamma spectrometry
to support soil remediation operations, as well as an overview of approaches and measurement
strategies to be used for investigations at the FEMP. More detail on general investigation approaches
and issues related to individual areas are provided in the SEP. Because this document addresses the
use of in-situ gamma spectrometry, this section provides little or no discussion of those portions of
investigations that are based entirely on other analytical measurement approaches. In particular, no

discussion is included related to RCRA issues, such as lead shot in the old Trap Range.

A number of potential uses for HPGe and RTRAK measurements exist in remediation operations at the
FEMP. As noted in Figure 2.0-1 (Figure 1-1 of the SEP), these uses féll into four general categories:
pre-design activities, soil excavtion and segregation activities, precertification activities, and
certification activities. Measurement strategies and investigation approaches for each of these

applications are discussed as separate topics in this section.
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‘ FIGURE 2.0-1 GENERAL AREA-SPECIFIC SOIL REMEDIATION PROCESS
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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 personnei 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 fdr RTRAK. Unlike measurement objectives
for HPGe, which may have associated data quality levels of A or B or-B, all RTRAK measurements
have associated data quality levels of A. In practical terms, whether or nof RTRAK can accomplish a
given measurement objective depends upon whether a-sufficient number-of- measurements-canbe

aggregated-to the quisition’tithe;7speed; and figld” ‘canibeioptimizediic

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 -

ooou@gl
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characteristics indicate the HPGe would be useful in providing high quality data for
eertifieationfverification SUpport 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, measurements requiring ASL D data quality levels do not
appear in Table 2.1-1. Regulatory approval to use HPGe for ASL D data quality levels must be
obtained separately from the approval of this User's Manual.

2.1.1 Guidance

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

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

e 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 .)

2.1.2 See Also
2.2 Predesign Investigations
2.4 Precertification Investigations
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
5.6 Strengths and Limitations
000028
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UTILIZATION OF HPGe AS A FUNCTION OF DATA QUALITY LEVEL

Develop a general sense of contamination . Total U,

patterns Th-232, Ra-226 yes
Identify WAC exceedance areas Total U yes
Delineate excavation footprint of above- .

WAC soil Total U yes
Determine the excavation extent of below

WAC (for total U) but above FRL material Total U,

and determine excavation boundaries for Th-232, 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 yes

Excavation of Above WAC Soil

Verify horizontal extent of above-.
WAC material as identified by
RTRAK as excavation proceeds

Total U

yes

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

Total U

yes

Verify presence of above WAC
material identified by RTRAK on
design-based floor of excavation

Total U

yes

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

Total U

yes

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

FEMP\USER-MANUAL\SECTION-2. \REVISION-B\July 13, 1998
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S ——

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

Total U,

actually do exceed FRLs

Th-232, Ra-226

Confirm and evaluate potential 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

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.
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UTILIZATION OF RTRAK

TABLE 2.1-2
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Develop a general sense of contamination
patterns and radioactivity patterns

[ Total Activity,
Total U,
Th-232, Ra-226

Yes. Total activity can
distinguish between low and
high levels of contamination.
Total activity can not
discriminate between isotopic
differences.

Identify potential WAC exceedance areas

Yes for Total U.

consideration

Total Activity, Total activity should be
Total U confirmed by other
measurement approaches
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 yes
removal of above WAC material as Total Activity,
excavation proceeds Total U
Survey design-based floor of " yes
excdvation to identify potential Total Activity,
above WAC areas Total U -
| Below WAC - Above FRL Excavation
Scan lift surfaces exposed during yes
excavation for above-WAC material Total Activity,
Total U

*There are no épeciﬁc QC requirements for ASL A in the SCQ.
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TABLE 2.1-2 20701-RP-0006
(continued) .

Evaluate patterns of residual A Yes, to delineate high areas

radioactivity on design-based Total Activity, from low areas, but more subtle

excavation floor : Total U, differences may not be
Th-232, Ra-226 , resolvable.

Determine average concentration for { Total U, Th-232, A Yes

certification unit Ra-226

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

residual soils Th-232, Ra-226 to identify hot spots for FRLs

of 10 or 20 ppm

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

‘,_00003%

" FEMP\USER-MANUAL\SECTION-2. \REVISION-BVuly 13, 1998 2.1-6




1601

s

20701-RP-0006

2.2 PRE-DESIGN INVESTIGATIONS

In many remediation areas, data generated from Rl 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 sampiing and subsequent laboratory analysis to

maintain quality in the remediation process.

The purpose of investigations carried out duﬁng 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 from surface physical samples with supplemental data generafed from in-situ
gamma spectrometry measurements and with the laboratory analysis of soil borings at depth to
establish three-dimensional boundaries of soil contaminated above FRL or WAC levels. Figure 2.2-1

(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

11

12

13

14

15

16

17

18

19

20

21

22
contamination, to identify potential hot spots and WAC exceedance areas, and to determine pi]
above FRL but below WAC excavation boundaries. ’ 2

. ' ) 25
e Use HPGe preferentially to delineate excavation footprints, to determine boundaries for 26
FRL attainment, and to determine if soil is potentially suitable for reuse. 27
28
2.2.2 See Also: 29
2.1 Overview of RTRAK and HPGe Usage 30
3.4 Evaluation of Above-WAC Surface Soil 31
3.6 Horizontal Excavation Boundary Delineation 32
33
34
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2.3 SOIL EXCAVATION AND SEGREGATION

In the remediation process, a number of different drivers control soil excavation. The soil excavation
hierarchy as related to potential uses of in-situ gamma spectrometry is given in Figure 2.3-1 (Figure

3.4 of the SEP); the types of excavations are listed below:
e Site preparation
e  WAC-driven excavation
e FRL-driven excavation

o ALARA-driven excavation

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

supply this type of data for primary radionuclides.

2.3.1 Guidance

e Use RTRAK to scan exposed lift surfaces for large areas (> 0.25 acre).

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

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

2.3.2 See Also: }
2.1 Overview of RTRAK and HPGe Usage
3.5 Excavation Contro! For Lifts

3.6 Horizontal Excavation Boundary Delineation
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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

" survey 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 thé 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.

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

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

FEMP\USER-MANUAL\SECTION-2.4REVISION-B\uly 13, 1998 2.4-1 0000 3Im;u

10

11

12

13

24

26
27
28
29
30
31
32

33 .

34

35

36



.- 1601

START
Field Activity Area-Wide Field Scan
Logs ¥ Using RTRAK or Other Appropriate
Scanning Equipment

Evaluate Residual
Contamination Pattern

v

CU Size Determination
Based on Pre-Excavation Conditions and
Results of The Pre-Certification Scan

Group 1 Area: Group 2 Area: ‘
Generally Had Concentrations Above Generally Had Concentrations Below
. FRL Before Remediation @ FRL Before Remediation -
(up to 250° by 250) (up to 500° by S00")
|
‘ Yy
Area-Wide CU Delineation
Based on Results of The Pre-Certification
Scan and Other Physical Conditions
Identify CU-Specific
Certification COCs
Field Activity HPGe Field Scan at Elevated
Logs [* " Contamination Spots, e
‘ As Needed
i
t
. Evaluate Concentrations FRL/Hot Spot
Detected by HPGe Excavation

Certification Re-Scan with RTRAK or Othe
e-Scan or T
a‘n%tiitoetnipm I Problem Appropriate Scanning Equipments

NO
YES .

Problem

YES

Certification
Design Letter

e
&
FIGURE 2.4-1 GENERAL PRE-CERTIFICATION ACTIVITIES 000038




275 FO'BE:DETERMINED

FEMPAUSER-MANUAL\SECTION-2.5\REVISION-BVuly 13, 1998 2.5-1

-

1601

20701-RP-0006

000039




_1601

- -

20701-RP-0006

3.0 MEASUREMENT APPROACHES

The purpose of this section is to describe the general approaches to be used for meeting specific
measurement objectives. A series of measurements can be combined to carry out an activity such as
certification. The strategies for certification and other activities are discussed under the "Investigation
Approaches/Measurement Strategies” topic and in the SEP. Area-specific issues are discussed in the
SEP and the relevant IRDPs as needed. Details on specific approaches are also provided in area-

specific and activity-specific PSPs.
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3.1 INDIVIDUAL HPGe MEASUREMENTS

HPGe measurements may be used for prescertification 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-eertification—it-wittbe
speeified-n-the-CertificationPestgaEetter—For the delineation of contaminated areas, it will be
determined using approaches discussed under "Hot-Spot Evaluation,"” "Evaluation of Above-WAé

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. The time of day or year
of the measurement may affect results due to diurnal (radon-222 disequilibrium in soil, for éxample) or

annual changes in environmental conditions (snow, rain, for example).

3.1.1 Guidance

e Project personnel must specify a data quality level for HPGe measurements.
e 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 must be specified in PSPs
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e Detector height and data acquisition time are a function of particular data objectives. Refer
to Section 3.3 for detector height and data acquisition time relevant to hot spot
measurements; refer to Section 3.4 for detector height and data acquisition times pertaining
to evaluation of above-WAC surface soils; refer to Section 3.6 for detector height and data
acquisition times for horizontal excavation boundary delineation; finally, refer to Sections
4.5, 4.10, and 5.1 for detector heights and/or data acquisition times related to trigger
levels, measurement grid configurations, minimum detectable concentrations, and Section
5.4 for detector heights related to heterogeneities. '

3.1.2 See Also:
2.1 Overview of HPGe and RTRAK Usage
4.1 HPGe Detector Field of View
4.4 HPGe Detector Height and Data Acquisition Time
4.5 Trigger Levels
4.9 Topographic Effects
4.10 HPGe Measurement Grid Configurations
4.11 Environmental Influences on /n-Situ Gamma Spectrometry Data
4.12 Shine
4.13 Time Required for In-Situ Gamma Spectrometry Measurements
4.14 Seasonal Precautions
5.1 MDCs
5.2 Moisture Corrected Data
5.3 Radium-226 Corrections
5.4 Heterogeneity
5.7 Field Quality Control Considerations

5.8 Positioning and Surveying

000042
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GAMMA PHOTONS USED IN HPGe MEASUREMENTS
TO QUANTIFY U-238, TH-232, AND RA-226

TABLE 3.1-1
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U-238 Th-234 63.2 3.9
Th-234 92.6 541
Pa-234m 1001.0 0.845

Th-232+* Pb-212 238.6 45.0
TI-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.

** The radionuclides of emission for determining thorium-232 are similar to those specified for
gamma spectrometry analysis of thorium-232 physical samples by analytical laboratories with

- one exception. The gamma photon at 969.1 keV from actinium-228 is also specified for use

in physical samples. Exclusion of actinium-228 (969.1 keV) leads to a result slightly higher
(hence, slightly more conservative) than if that radionuclide of emission were incorporated.

A weighted average thorium-232 concentration is calculated where the weighting factor is the
inverse of the square of the counting error--exactly as specified for gamma spectrometry of

physical samples.
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3.2 RTRAK AND RSS MEASUREMENTS

3.2.1 RTRAK MEASUREMENTS

Assuming areas are accessible to the RTRAK system, results obtained with the RTRAK can be used to
provide complete coverage to support pre-design investigations, excavation control for horizontal surfaces,
and precertification activities. The instrument can be used to measure total uranium, radiufn—226 R
thorium-232, and gross activity. Gamma photons used to detect and quantify these analytes are shown in
Table 3.2-1. RTRAK can be used in a mobile mode to provide essentially complete coverage of an area
or in a static mode to provide results for a particular location. For virtually all applications, however, it

is used in the mobile mode.

The user has control over five factors that affect RTRAK measurements in the mobile mode: path
followed, data acquisition time, speed, the degree of overlap between adjacent passes, and the time of day
and year the measurements are made. For all RTRAK applications, the detector height is fixed at 1.0 ft
(31 cm) above the ground. For the mobile mode, data acquisition time and speed are typically 4 seconds
and 1 mph. Overlap is typically 0.4 m (between adjacent passes, Figure 4.3-2). The path to be followed
will be specified in general terms in the appropriate PSP considering the nature of the area to be surveyed
and the application, but generally the path will consist of alternate back and forth passes. The time of day

and time of year during which measurements are made may affect results due to changes in environmental

conditions.
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The limitaHons GERSS lisEd i7e a7 Tolative (o RTRAK. TGéreric. (T global) limitations of & mobile Nal 2
JGTeSHoT 5ysiemn are BIVEE i Section 576, " Strengths And Lifitations ot 1-Siti GAmma Spectometry. " ;

4
* RSS is more difficult to push at'a’constant and predetérmined speed. 5
+ Bécause. the. electronics and  cornputer: aré ‘not -enclosed.in.an . air-conditioned - cab, .RSS 6
7
8
9

it o)

electronics may be, more SUSCeptible o femperatire effects than RTRAK electronics: High

ms-iee

tehperatires may create. problems: with - compiter. operations, thereby affecting data

acquisition, manipulation; and’ storage.

< RTRAK is:more practical than RSS for'large; flaf areas: 10
o RSS may not be practical in areas with high grass. 1
12

3.2.3 Guidance ’ Coon3
e For general survey applications, use RTRAK wherever the areal extent of soil to be surveyed 14
is greater than 0.25 acres. Use RSS 0r HPGe whenever the areal extent is less than 0.25 acre. 15

16

e For certain data usages, such as WAC exceedance detection, individual measurements should 17
be used. For other applications, such as FRL attainment, individual measurements must be 18
aggregated. (The process of combining a number of measurements to yield an average value). 19

Be sure that a sufficient number of measurements are aggregated to provide acceptable MDCs 20
(Table 5.1-3) and precision for the data usage. 21

e Total activity data are easy to obtain quickly since they do not require processing of gamma .Z

photon spectra and can be mapped very quickly. However, these data are more difficult to %
interpret and can mask real differences in spatial variations of individual radionuclides. 25
Consult the " Total Activity" topic for interpretation guidelines for gross activity data. 26

, ) 27

e PSPs must delineate areas to be covered by RTRAK, areas to be covered by HPGe that cannot 28
be covered by RTRAK, and areas (if any) that cannot be covered by either RTRAK or HPGe 29

for topographic or terrain considerations. 4 . : 30

: 31

. £
3

34

* UilessTotliefwise specified’if.this section:(Section:3:9)7; all feferences 10 RTRAK: dlso:apply 3
tORSS; | | o

) 37
» Whe oubfdsito theCorreciisage. gﬁ@S§E§§?jHFG¢;Qﬁ%RT?R”Al_(;{pQﬁéiilﬁh:é%IﬁSiﬁ Gamima 3
SpectiGmietry. Group: 39

' ' "40
3.2.4 See Also: , a1
4.2 RTRAK Single Measurement Field of View 42
4.5 Trigger Levels 43
4.8 RTRAK Total Activity Data Interpretation ' .44
45

"

&
S 4.12 Shine
. 1
O
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. 4.11 Environmental Influences on In-Situ Gamma Spectrometry Data 4 1
4.14 Seasonal Precautions ' 2

4.15 Mapping Conventions , 3

5.1 MDCs 4

5.3 Radium-226 Corrected Data 5

5.4 Data Review ‘ » 6

576 ST ORI :

5.7 Field Quality Control Considerations "

5.8 Positionihg and Surveying 9

10

11
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GAMMA PHOTONS USED FOR RTRAK MEASUREMENTS
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U-238 Pa-234m 1001.0 0.845 943.1 -
1058.9
Th-232 T1-208 2614.44 99.8 2405.4 -
2823.8
Ra-226 Bi-214 1764.49 15.8 1699.3 -
1850.9

3.2-6
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TABLE 3.2-2 1
SUMMARY OF GAMMA PHOTON INTERFERENCES 2
3
4
5
6
by
Thorium-232 | Thallium-208 2614 Bismuth-214 2204 Bias Th-232 8
(from Ra-226 2293 low
decay) 2448 -
Radium-226 Bismuth-214 1764 Actinium-228 1664-1666 Bias Ra-226 9
(4 gammas) low
1887
Uranium-238 | Protactinium- 1001 Thallium-208 982 ~ Bias U-238 10
234m (from Th-232 high
decay) -
860 Bias U-238
1093 low '
Actinium-228 969 Bias U-238
(from Th-232 high
decay) )
944-1033 Bias U-238
(7 gammas) high
835 Bias U-238
840 "~ low
1065
1095
Bisumth-214 964 Bias U-238
(from Ra-226 high
decay) -
: 1069 Bias U-238
1120 low '
Lead-214 (from 839 Bias U-238
Ra-226 decay) low

11

foha
taet
%

*
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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) 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. '

2) Areas that are greater than 10 m’ in size must have average concentrations less than 2
times theFRL for the three primary radionuclides.

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. Figure 3.3-1 (Figure 3-9

in the SEP) summarizes the hot spot criteria and remediation implementation strategy.

spot relative. 1o the field

fat:leasti2/37(0766) ofthe

éitered. Wittin He HEId 0t visWs Figife 382

D e ey e Tr—

size of the HEldOt View , iFrespect
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easurement:readings
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spots.at 3 times the FRE having areas less than 10 square meters; in"accordance; with the"SEP. | 3

Second; 30 tifnes the FRL Corresponds to an pproximate hot:spot/defectabilify:area.of 0.4 square ‘

meters: 5

Figate 3:373 Hows Hot spot detectability ‘informationanalogos o that in Figure 3:352; only for, HPGE .

delineate Hof spots detected by RTRAK i is important that tie' HPGE be able fo-resolve smaller hot 9

spots._Thus, for example; a8 shown i Figure 2, HPGe can detect a hot $pot 30 times the'FRL having 10

an aTed Of Approximaisly 004 Square meters. Figuré;3.3-2 dssuines 1hat the Hot Spot could be I

randomly distfibuted anywhere within e RTRAK fiéld of view;thi§ is"a’worst-case scenario. | 12

Conversely, Figure 3:3-3 optimizes the detectabilify’of hot.spots’

by HPGe by assuming, the-bot spot is ' 13

centered directly below the defector; as would happen in the,confirmation and delineation-of data 14

thiiOwln

objectives (describedibelaw); s

‘6
17

areas, the FRLs for total uranium, thorium-232, and radium-226 are somewhat lower than for most 18

FRLs vary, and thus hot spot criteria vary, depending on the area being remediated. In off-property

on-property areas. In the former production area and in portions of OU2, the FRL for uranium is 19
much lower than in other areas. In the production area, the FRL for total uranium is 20 ppm, and in 20
part of OU2 the FRL is 10 ppm . : 21

22
The HPGe and RTRAK can be used for detection of radium-226 and thorium-232 hot spots in all 23
areas; the HPGe can also be used for detection' of uranium hot spots in all areas. However, the MDC 24
for uranium for the RTRAK using a 4-second acquisition time is wéll above hot-spot levels (three times 25

the FRL) for areas with an FRL for total uranium of 20 ppm or less. Fhereforedetectiomrof-uranium 26

rot-spots-in-these-areasusing-the- RTRA s-possible-only-tmany-mdrvidiral-measturements-are 27

csfare;less, than 20ippm 28

apgrepated— THETEtore, detection of UTAniumhot $pors Whenriraniui E

would:require;the: aggregation of tany.individual RTRZ

\

“measurenients; However; aggregation 2

resulis;ifi the 1655 of spatial. reSoluTion: 7AS a Consequience, uraniim ot spots: may figt b fecognizablé e

wher uraniuméFREs are 20;ppm: of less: 31

.2
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3.3.1 Detection o 1
Hot spots will generally be identified and removed during precertification. Following the survey of an 2
area with the 'RTRAK, the data collected will be evaluated. If for any location the two-point moving 3
average of these measurements exceeds three time the FRL for radium-226, thorium-232, or total 4
uranium or the lowest detection limit of the system if the system cannot meet the three times the FRL 5
limit, a hot spot may be present. For FRLs for total uranium of 10 or 20 ppm, individual 6
measurements must be aggregated (see comment about aggregated meaéurements in guidance section). 7
The possible presence of a hot spot detected during precertification shall be confirmed and, if 8
confirmed, the area will require further delineation. ‘ 9
. ' 10
If results for radium-226, thorium-232, or total uranium obtained at any certification location from 1
either the HPGe or from the analysis of physical samples exceed twice the relevant FRLs, soil with 12
contaminant concentrations at or above twice the relevant FRLs will be considered to be present and . 13
further delineation will be required. . 14
15
3.3.2 Confirmation : ' 16
Confirmation of a potential hot spot identified by the RTRAK is necessary because of the substantial 17
rate of false positive detections expected from the RTRAK and will be performed using the HPGe ’ 18
instrument. The HPGe measurement will be made at the location that yielded the maximum result for 19
the RTRAK, using an acquisition time of 15 minutes and detector heights of both 31 cm and 1 m. 20
Measurements should be made at two heights to minimize the potential for missing a hot spot due to 21
any errors in determining its location during confirmation and to provide additional information on its pr)
extent. A hdt spot is confirmed if an HPGe measurement exceeds twice the FRL for the relevant 23
constituent at either height. If the hot spot is confirmed, the area generally will be further delineated 24
using the HPGe. However, if the results exceed twice the FRL at only the 31 cm height, the hot spot _ 25
will be excavated (the size of the excavation will be 20 square meters, which is the field of vigw ata 26
31 cm detector height) to a‘depth of 15 cm without further delineation. ' 27
' l 28
3.3.3 Delineation 29
The process presented here represents the minimum delineation that will be done for a hot spot; in 30
some cases more detailed delineation may be appropriate. Essentially the same process will be carried 31
out irrespective of whether the hbt spot is detected during precertification or certification. ﬁowever, ivf 2

B

the hot spot is detected during precertification and its presence is confirmed, more details on the exteni's %] i 3
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of the hot spot will be available prior to delineation than if the hot spot is detected during certification.
If the hot spot is detected during certification as the result of the analysis of a physical sample or a
HPGe measurement taken at a 31 cm detector height, initial delineation will begin using the HPGe
instrument to examine further the location where the hot spot was detected. If the hot spot was
detected using the HPGe instrument, then a second measurement will be taken at the same location
using a 1 m detector height. If results do not exceed twice the FRL at the 1 m height, the hot spot will
be excavated (the size of the excavation will be 20 square meters which is the field of view at 31 cm
detector height) to a depth of 15 cm with no further delineation. If results from the 1 m measurement
exceed twice the FRL, then the general delineation approach described below will be followed. If the
hot spot was detected as the result of the analysis of a physical sample, HPGe measurements will be
made at the location of the physical sample at heights of 31 cm and 1 m. If results do not exceed twice
the FRL for the 1 m measurement, the hot spot will be excavated (the size of the excavation will be 20
square meters which is the field view at a 31 cm detector height) to 15 cm without further delineation
on the basis of the results provided by the HPGe. Otherwise, the general delineation approach given

below will be followed.

The general process of delineation of hot spots uses the HPGe instrument. Four locations just outside
the estimated perimeter of the hot spot (identified on the basis of detection and confirmation results) and

located on perpendicular axes that pass through the center of the hot spot will be defined and HPGe

- measurements will be made at those locations using a detector height of 15 cm and an acquisition time

of 15 minutes. If results from any measurement location are below twice the FRL for the constituent of
concern, then the location defines the outer limit of the hot spot. If the result for any measurement
locafion exceeds twice the FRL for the constituent, that measurement location will be moved 2 m
farther away from the center of the hot spot and the measurement made again. This process will be
repeated, as needed, until the boundary of the hot spot has been reached (i.e., until concentrations are
below twice the FRLs). The hot spot then will be delineated on the basis of the four boundary
locations that have been identified by constructing a smooth, continuous boundary that passes through
the four locations. An exémple of the general process is provided in Figure 3.3-4. The soil within the
boundary of the delineated hot spot will be excavated to a depth of 6 inches. If the hot spot 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 processesAwill be
repeated. If the hot spot was found during certification, its removal will be verified usihg the HPGe

with complete coverage at a 31 cm detector height (see section 4.10, HPGe measurement grid

vk:-l—'-v ."p_". n(‘ o . A
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configurations). (The delineation process should be refined as the relative costs of delineation versus

excavation become better know.)

3.3.4 Hot Spot Mapping Requirements
Maps should be provided that indicate the extent of RTRAK data collection, and the locations of

measurement aggregates that fail the hot spot triggef levels, along with an indication of which isotope

presents the hot spot concern. For each location where a potential hot spot has been identified, a final

set of maps should be provided that indicate the results of verification and delineation data collection

efforts, the extent of hot spot removal excavation, and the results of post-hot spot removal data

collection to verify that the hot spot has been removed.

3.3.5 Guidance

A rule of thumb is that a hot spot (i.e., location with soil concentration greater than or
equal to 3xFRL) can be recognized if it is at least 2/3 (0.66) of the size of the field of
view, irrespective of where it is centered within the field of view.

Hot spot definitions only apply to the primary radiological COCs.

Hot spot definitions include two criteria: a not to exceed 3xFRL upper limit that applies
to areas less than or equal to 10 square meters, and a not to exceed 2xFRL rule that applies
to areas greater than 10 square meters.

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 3XxFRL, 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
not be recognizable when total uranium FRLs are 20 ppm or less.

" Refer to Table 4.3-5 using 1.0 mph with a 4-second data acquisition time and no overlap

operating parameters to illustrate the guidance. Based upon this table, 972 RTRAK
measurements will measure 4,291 m?, and each measurement has an average field of view
of 4.41 m?. If, for example, it takes 40 aggregated measurements to have a sufficiently
low MDC to detect low concentration hot spots, then 40 measurements will repr’ése,nt, ,
176.4 m* (40 x 4.41 m?). Using the first guidance bullet above, a hot spot will be

000055
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recognized if it is at least 2/3 of the size of the aggregation area, or 116.4 m2 (0.66 x
176.4 m®).

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 hot spot has been identified and additional action must be taken.

e 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
33 Hot'Spot Evaluation
4.5 Trigger Levels
4.10 HPGe Measurement Grid Configurations
5.1 MDCs

e
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3.4 EVALUATION OF ABOVE-WAC SURFACE SOIL

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
uranjum 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 must also be confirmed by HPGe,

regardless of RTRAK results.

In areas where RTRAK cannot be used, and where WAC exceedance material might reasonably be
expected, HPGe will be used to perform area surveys to detect above-WAC concentrations of total
uranium. A detector height of 1.0 meters, a 5-minute data acquisifion time, and a triangular grid
measurement system with minimal overlap (Section 4.10) will be employed. Utilizing information in
Table 4.6-1, an action level of 400 ppm (WAC exceedance areas larger than 7.1 m? can be detected at
a 1.0 meter detector height if they have a concentration greater than 400 ppm of total uranium) will be

utilized to denote the existence of a possible WACéxceedince Hand-held survey meters will be used

to locate areas within the field of view giving rise to measurements greater than 400 ppm total
uranium. When such areas are located, they will be confirmed with HPGe measurements at 31 cm and

15 cm as 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 measuremeﬁ't's;..églill be

‘ RS ‘i I':
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made at the location that yielded the maximum result with the RTRAK, with the measurement location ‘ 1

adjusted in the field using a hand-held instrument to determine the location of maximum activity. The 2
confirmation measurement will be made using detector heights of both 31 cm and 15 ¢cm and an 3
acquisition time of 5 minutes. If either measurement exceeds a HPGe trigger level of 928 ppm (Table 4
4.5-1), then the area of the above-WAC contamination will be further delineated with the HPGe. Use 5
of both 31 and 15 cm for the HPGe detector height provides fields of view of about 20 and 3 m?, 6
respectively, bracketing the 9 m’ field of view of the RTRAK. If the HPGe trigger level of 928 ppm is 7
not exceeded, but the HPGe results still confirm the presence of a hot spot (i.e., results exceed twice .8
the FRL for total uranium), the identified hot spot will have to be delineated only:if no.excavation of 9
the area is planned. If above WAC concentrations of total uraﬂium were detected on the basis of ' 10

results from historic physical samples, the confirmation process should be carried out to establish if 1l

above WAC concentrations are in fact present. HPGe measurements should be made at the locations 12
where the physical samples were taken using detector heights of 31 and 15 c¢m, as indicated above. 13

14
3.4.3 Delineation 15
The HPGe instrument is used to confirm and refine the boundaries of above-WAC soil. For .6
delineation, HPGe measurements generally should be made at a height of 15 cm with an acquisition 17
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 18
15 cm detector height; therefore, a two meter grid spacing has no overlap between adjacent fields of 19
view) that covers the entire area indicated by RTRAK results or HPGe confirmation results as being _ 20
above-WAC: Thié is consistent with the guidance given in Section 4.10, guidance bullet #1. 21

However, 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 2
above-WAC areas for the HPGe instrument with a 5-minute acquisition time is 928 ppm. Definition of 25
the vertical extent of the above-WAC soil will require analysis of borings. An example of the 26
delineation process is provided in Figure 3.4-1. The soil in the delineated area should be excavated and 27
the area surveyed again with the RTRAK. If soil with above-WAC concentrations of total uranium ' 28
still appears to be present, confirmation and delineation measurements must be performed again. (The 29
delineation procedure should be refined as more information becomes available on the relative costs of 30
delineation and management of above-WAC soil.) 3

000062 - ‘
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' 3.4.4 WAC Identification and Delineation Mapping Requirements
Maps should be provided that show the extent of RTRAK data collection, and that indicate locations

where individual RTRAK readings exceeded the WAC trigger level. In the event that the RTRAK
identifies potential WAC exceedance problems, for each location a final set of maps should be
provided that indicate the results of verification and delineation data collection efforts, the extent of
WAC mateial removal, and the results of post-WAC removal data collection to verify that the material

exceeding WAC has been removed.

3.4.5 Guidance

e Arule of thumb is that WAC exceedance areas can be recognized by HPGe using the
ditisiof at least 66% of the
radius of the HPGe field of view for a given detector helght and the concentration of total
uranium is at least 1500 ppm for that WAC exceedance area.

e For WAC exceedances much smaller than the field of view of the HPGe detector, Table
4.6-1 can be used to provide guidance for WAC size, concentration, and recognizability at
a given detector height.

e Use a WAC trigger level for total uranium of 928 ppm for 5-minute count times. (If 15-
minute count times are used, the trigger level is 947 ppm.)

e The delineation procedure described above is intended for areas of above WAC soil of
about 100 m? or less in size. For substantially larger areas, the approach needs to be
refined and the in-situ gamma spectrometry group should be consulted on the most
appropriate delineation approach. :

" 3.4.6 See Also:

3.1 Individual HPGe Measurements

3.2 RTRAK Measurements

4.1 HPGe Detector Field of View

4.4 HPGe Detector Height and Data Acquisition Time

4.5 Trigger Levels

4.6 WAC Exceedance Detection

4.10 HPGe Measurement Grid Configuration

: oL E ‘ﬁ(’z‘(
. R SN N 5
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3.5 EXCAVATION CONTROL FOR LIFTS

During excavation that uses lifts, controls on excavation are required so that (1) all above-WAC soil is
identified, and (2) unnecessary excavation of uncontaminated soil is not carried out. The processes to
be used to define the horizontal extent of excavation and the presence of soil with uranium |
concentrations above WAC levels are the same as used for surface soil. After a lift is removed, the
area should be surveyed with the RTRAK. If the survey indicates the presence of any above-WAC
soil, the presence of the above-WAC soil will be confirmed and, if confirmed, its boundary will be
delineated using the HPGe. Definition of the vertical extent of above-WAC soil may require analysis
of borings. Definition of the horizontal excavation extent for soil with con;entrations of contaminants
above FRLs or above the ALARA goal of 50 ppm for total uranium requirés the use of HPGe

measurements to improve the delineation of the excavation boundary, as is done for surface soil.

3.5.1 Guidance:

. For confirmation and delineation of WAC exceedance areas, refer to Section 3.4,
"Evaluation of Above-WAC Surface Soil."

o For identification and confirmation of very small possible WAC exceedance areas, refer to
Section 4.6, "WAC Exceedance Detection."

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

3.6 Horizontal Excavation Boundary Delineation
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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 abové 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 éOCs. 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
excavatioﬂ boundary, which is located in the band of uncertainty identified on the basis of RTRAK

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

A preliminary excavatic;n 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 measureme;lt 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 pfeliminary boundary; thé 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).
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Analysis of physical samples may also be used to help define the excavation boundary. An example of
the approach is provided in Figure 3.6-1. (The delineation procedure should be refined as more

information becomes available on the relative costs of delineation and management of above-FRL soil.)

3.6.1 Horizontal Excavation Mapping Requirements
Maps should be provided that show the extent and RTRAK data collection, that plot individual

RTRAK total activity readings appropriately color coded by total activity level (see Section 4.15), and
that plot aggregated isotopic information for radium-226, thorium-232 and total uranium, with the
aggregates color coded by their concentration. A complete discussion of aggregation techniques and

requirements can be found in Section 4.15.

3.6.2 Guidance

e For the case in which contaminant concentrations decrease smoothly with distance along a
transect, the boundary is established when adjacent HPGe measurements taken on the
transect are above and below the relevant trigger level.

® In cases in which contaminant concentrations decrease very slowly with distance along the
transect or do not consistently decrease or increase, it may be necessary to make a series of
measurements to demonstrate that results are consistently below the trigger level in order
to establish the boundary.
3.6.3 See Also:
3.1 Individual HPGe Measurements
3.2 RTRAK Measurements

4.5 Trigger Levels -
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‘ TABLE 3.6-1
RTRAK TRIGGER LEVELS*, RESULTS BELOW FRLs (ACQUISITION TIME = 4 SEC)
Total Uranium 82 18 58
50%**
20
10
Thorium-232 1.5 2 1.11
14
Radium-226 1.7 5 1.22
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.

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

1.89

1.4

Radium-226 1.7

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.
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HPGe TRIGGER LEVELS FOR FRLs (ACQUISITION TIME = 900 SEC)

Total Uranium 82 75

50* 46

20 18

10 9.0
Thorium-232 1.5 1.37
1.4 1.28
Radium-226 1.7 1.48
) 1.5 1.31

* The ALARA goal.
)
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3.7 TO'BE DETERVINED

FEMP\USER-MANUAL\SECTION-3. 7\REVISION-BVuly 13, 1998 3.7-1

1601

20701-RP-0006

000071

Bk Y "’.
r
'



. = 1601

20701-RP-0006
. " 3.8 FIELD MOISTURE MEASUREMENTS o
The following general directions will govern the collection of moisture data in thg field. Area-specific z
instructions, if any, will be found in aréa-speciﬁc PSPs. Surface Troxler measurements will be : " s
obtained at each HPGe measurement point and at 2 minimum of two locations per acre for RTRAK 5
measurements. The Project Characterization Lead may increase the number of Troxler measurements 6
based on the visual variability of soil conditions at the time of the measurement. Troxler 7
measurements will be conducted within eight hours (as soon as possible, but not to fall outside the 8
working day) of the HPGe and/or RTRAK measurements if environmental/weather conditioné have not 9
changed. lIf environmental/weather conditions have changed (i.e., rain or snow), see guidance below. 10

Technicians cannot perform moisture measurements simultaneously with, and .in the same vicinity as 1

(within 75 meters of HPGe or RTRAK), RTRAK or HPGe measurements, because internal radioactive 12
sources contained in the Troxler moisture gauge can interfere with the HPGe or RTRAK 13
measurements. 14
15
3.8.1 Guidance 16
‘ o Surface Troxler measurements will be obtained at the center point of each HPGe . 17
measurement, and 2 minimum of two Troxler measurements per acre will be taken for 18
RTRAK measurements. : 19
20
» If surface soil conditions are unsuitable for Troxler moisture measurements, a 4-inch depth 21
core sample will be collected at each planned Troxler measurement location and submitted )
to the on-site laboratory for moisture determination. px]
24
o If physical samples were not collected per above, soil moisture data will be estimated based 25
upon Troxler measurements and/or physical sample analyses made on days closest to those 26
on which in-situ gamma spectrometry measurements were performed and in areas closest to 27
that which in-siru gamma spectrometry runs were made (provided that no rainfall has 28
occurred in the intervening time period). ’ 29
' 30
o If differences in weather conditions preclude the use of moisture data obtained on other o 31
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 3
conditions, and will undercorrect (i.e., yield lower values) in-situ gamma spectrometry 34
' data in wet conditions. ‘ 35
36
e Do not take measurements immediately after a heavy rainfall in which the soil may be 37
completely saturated with water. Even dry weight concentrations may be anomalously 38
low, necessitating rework. The same situation applies for days in which snow has 39
accumulated on the ground surface. Measurements should not be taken the same day _ 40
‘ following a heavy rain; measurements should not be taken on a muddy surface, and T 4
measurements should not be taken if standing water is present within the field of view. )
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3.8.2 See Also: . 1
5.2 Moisture Corrected Data 2
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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-siftw gamma spectrometry data, 3) integrate in-situ 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-siru gamma spectrometry data. Where
information is derived from FEMP comparability 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.

B
o b
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4.1 HPGe DETECTOR FIELD OF VIEW
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The field of view of an in-siru 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 héight 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 (MilIer, 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

unicollided 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 100 and 1000 keV gamma photons. About

30% of the gamma photons impinging on the detector originate in the soil within 1.0 meter of the

detector; about 56% originate wiihin 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 uncollidéd 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. -

FEMP\USER-MANUAL\SECTION-4. \REVISION-B\uly 13, 1998
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cross sections of those tubes.) The practical significance of Figure 4.1-2 is that a HPGe detector can 1
effectively detect gamma photons only to a depth of about 10 to 15 cm., and this depth range is limited 2
to within 2 meters of the detector. Both Figlifes 4.151:and’4.1:2 are for fields of view at'a 1.0:metes 3
detector Hieight: "
5

4.1.1 Guidance : 6
o For general survey measurements a 1.0 meter detector height should be used. 7

e For boundary delineation measurements, particularly for small hot spots or WAC 9
exceedance areas, a 31 cm or 15 cm detector height should be used. 10

. 11

e In areas where contamination is homogeneous, very similar results will be obtained at 12
different detector heights. . B

14

e In areas where contamination is very heterogeneous, different results may be obtained at S
different detector heights. 16

17

e Refer to Section 5.5 (Heterogeneity) generally and Tables 5.5-1 through 5.5-3 specifically 18

for a discussion of detector height as related to degree of heterogeneity. 19

20
4.1.2 See Also: ‘.1
: 2

4.2 RTRAK Single Measurement Field of View
4.4 Detector Height and Data Acquisition Time
4.10 HPGe Measurement Grid Configuration . . 2%
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Figure 4.1-1 Cumulative Fluence of 100 and 1000 keV Photons at 1.0 m detector height
(Assumes a Homogeneous Distribution with Depth)
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} FIGURE 4.1-2
1 Fluence of 500 keV Gamma Photons As a Function of Soil Depth and Horizontal Distance
from a Detector at a 1.0 meter height. -

Horizontal Distance (m)

1 2 3 4 5 6 7 8
| .
m»~~-~~---nu—w-wW;;:;;;-~~-~-'~~*- T s T e e T T T T T e T e T R N T S R e T T R T

T 57
(8]
v et ettt
€ 10
o
Q ——

15

Each cell represehts 1.0% of total gamma photon fluence, or 10% of the total
gamma photon fluence for a given vertical or horizontal sequence.
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4.2 RTRAK SINGLE MEASUREMENT FIELD OF VIEW

In addition to gamma photon enérgy, 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
of view as a function of speed and data acquisition time is shown in Table 4.2-1. A 1.2 meter radius
(radius of field of view when RTRAK is stationary) is used to calculate the areal extent of the field of
view. Although the field of view depends upon detector height, the RTRAK detector remains a fixed
distance above the ground (1.0 ft). Using operating paraméters of 1.0 mph with a 4 second data '
acquiSition time, the RTRAK single measurement field of view is 8.8 square meters. (Although 0.5
mph gives a smaller field of view which may be desirable in some situations, tractor speed control at
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

second data acquisition time.

TABLE 4.2-1
RTRAK FIELD OF VIEW
AS A FUNCTION OF SPEED AND DATA ACQUISITION TIME

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

4.2.1 Guidance
e Whereas the HPGe field of view is circular, the RTRAK, because it moves, sweeps out a
field of view that resembles an elongated ellipse.

e The fields of view in Table 4.2-1 should not be used if static RTRAK measurements are
made. The static RTRAK field of view is approximately 4.5 square meters (see below).

o In reality, single measurement RTRAK fields of view are somewhat smaller than indicated
in Table 4.2-1 because of the shielding effect of the tractor tires. That shielding effect is
very difficult to quantify, however.

4.2.2 See Also: .
4.1 HPGe Detector Field of View v
4.3 RTRAK Multiple Measurement Field of View R

FEMP\USER-MANUAL\SECTION-4.2\REVISION-BVuly 13, 1998 4.2-1
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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 direction. 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 ) - [(k-1)((0.4471nvLt) + L]
' (1]

and
Average Field of View (m? = Total Field of View/kn - 2]
where:

= number of measurements in a pass
=  number of passes (each pass is assumed to have the same number of measurements)
r= radius of the field of view in meters (1.2 for the RTRAK as currently configured)
=  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 measyt\uement
calculated from Equations 1 and 2 for typical RTRAK operating conditions (1.0 inph 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 t0 4.3-4. :

First, with increasing amount of overlap between adjacent passes, the total field of view for a given
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number of measurements decreases significantly. Thus, for 10,000 measurements (k=100, n=100), ‘1
the total field of view for no overlap ( 43,369 m?) is nearly double that for a 1.0 meter overlap ( 25, 2
565 m?). Second, the effective coverage significantly increases as the amount of overlap increases. 3
Effective coverage is defined as the field of view for a single measﬁrement (8.81 m?) divided by the 4
average field of view per measurement. For no overlap between adjacent passes, the effective 5
coverages vary between 100 and 200%, while for a 1.0 meter overlap, the effective coverage varies 6

10

Table 4.3-5 puts the above discussion into perspective relative to measuring one acre of soil with 1
RTRAK. (The fact that the total field of view is somewhat larger than an acre (4,047 m?) results from 12
rounding off fractional measurements and using the next highest number.) ' 13
14

4.3.1 Guidance 15
e Unless special circumstances dictate otherwise, use 0.4 meter overlap on all adjacent 6

passes. Such an overlap corresponds to a separation of the center line of the passes of 2 7

m. The need for overlap is desirable because of the decreased photon fluence from areas 18

distant from the detector. An overlap of 0.4 m is tolerable as it will not leave either 19

major areas without coverage or major areas with over coverage. 20

. ) 21

e Shielding effects of tires are diminished or minimized by alternating back and forth passes 2

with overlap. ‘ i

24

e Data in Table 4.3-5 can be used to calculate the theoretical area represented by a given 25
number of aggregated measurements. For example, suppose that at 1.0 mph, a 4-second 26

data acquisition time and a 0.4 meter overlap, 100 measurements are aggregated for 7

mapping purposes. The area represented by 100 aggregated measurements is %

100 x (4283/1152) = 372 m*. ‘ 29

30

e In reality, the area represented by an aggregated number of measurements could be 31

~ significantly greater or smaller than the area calculated above, depending upon driver skill 32

in driving straight lines with the exact degree of overlap on all passes, terrain obstructlons 3

and topographic features. 34

35

4.3.2 See Also: 36
4.2 RTRAK Single Measurement Field of View B 7

~

4.15 Mapping Conventions 38
000087 C )
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RTRAK FIELD OF VIEW AT 1.0 MPH, 4.0 SECOND DATA ACQUISITION TIME,

TABLE 4.3-1

AND 0.0 METER OVERLAP BETWEEN PASSES

1 8.82 8.82 13.1 6.55 21.7 - 542 47.4 4.74 434 4.34

2 17.6 8.82 26.2 6.55 43.4 542 94.9 4.74 867 4.34

4 35.3 8.82 52.4 6.55 86.8 5.42 190 4.74 1735 4.34

10 88.2 8.82 131 6.55 217 5.42 474 4.74 4337 4.34

100 882" 8.82 1311 6.55 2169 5.42 4744 4.74 43369 4.34
4.3.-3
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TABLE 4.3-2
RTRAK FIELD OF VIEW AT 1.0 MPH, 4.0 SECOND DATA ACQUISITION TIME,

AND 0.4 METER OVERLAP BETWEEN PASSES

8.82

13.1

21.7 5.42 47.4 4.74 434 4.34

2 16.8 8.38 24.6 6.16 40.4 5.04 87.6 4.38 796 3.98

| 4 32.6 8.16 47.7 5.96 11.7 486 168 4.20 1520 3.80
10 80.3 8.03 117 5.84 190 4.74 409 4.09 3692 3.69
100 795 7.95 1153 5.1 1870 | 4.67 4020 4.02 36271 3.63




TABLE 4.3-3
RTRAK FIELD OF VIEW AT 1.0 MPH, 4.0 SECOND DATA ACQUISITION TIME,

.\“ ‘,j\"} £ in

80000

AND 1.0 METER OVERLAP BETWEEN PASSES

BN g

1 8.82 8.82 13.1 6.55 21.7 542 474 4.74 434 | 4.34

2 14.8 7.42 21.6 5.41 35.2 4.40 76.0 3.80 688 3.44

‘ 4 26.9 6.72 38.7 4.84 62.3 3.89 133 3.33 1195 .2.99

10 63.1 6.31 89.9 4.49 144 3.59 304 3.04 2718 2.72

100 606 6.06 858 4.29 1362 3.40 2875 2.87 25565 2.56
4.3-5
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TABLE 4.3-4
RTRAK FIELD OF VIEW AT 0.5 MPH, 8.0 SECOND DATA ACQUISITION TIME,
AND 0.4 METER OVERLAP BETWEEN PASSES

1 8.82 8.82 13.1 6.55 21.7 542 47.4 4.74 434 4.34

2 16.8 8.38 24.6 6.16 40.4 5.04 - 87.6 4.38 796 3.98

4 32.6 8.16 47.7 5.96 11.7 4.86 168 4.20 1520 3.80 \
100 795 7.95 1153 5.77 1870 4.67 4020 4.02 36,271 |© 3.63

10 80.3 8.03 117 5.84 190 4.74 409 4.09 3692 3.69 i
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TABLE 4.3-5
NUMBER OF RTRAK MEASUREMENTS PER ACRE OF GROUND AS A FUNCTION OF OPERATING CONDITIONS

Number of Measurements 36 36 36 36
per Pass
Number of Passes 27 32 46 32
Total Measurements 972 1152 1656 1152
Total Field of View (m?) 4,291 4283 4370 4284
Average Field of View per 4.41 3.72 2.64 3.72
Measurement (m?)
4.3-7
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FIGURE 4.3-1

FIELDS OF VIEW OF TWO CONSECUTIVE RTRAK MEASUREMENTS IN A SINGLE PASS
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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. O 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 fo
calculate system uncertainties for trigger level purposes for S-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. -

U
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4.4.1 Guidance ‘ 1

e A 5-minute count time and 15 cm detector height may be employed with confidence using 2
the HPGe where field measurement objectives require such conditions. Sections 3.3 and 3

3.4 indicate that 15 cm HPGe detector height shall be used for hot spot and above-WAC 4
delineation. 5

e Five-minute count times at any detector height may be used for detecting, confirming, and 6
delineating WAC exceedances. The number of HPGe measurements per day will increase 7
(greater productivity and less cost per measurement). 8

¢ 31 cmand 15 cm detector heights will increase the number of measurements required to 9
scan a given area (at 100% coverage) with an attendant increase in measurement cost per 10
unit area (cost per measurement depends upon count time). 1

e Use a lower trigger level for total uranium for WAC investigations measured with a 5- 12
minute count time (928 ppm) than with a 15-minute count time (947 ppm). This is 13
supported by the data in Table 4.4-1 which show larger standard deviations for 5-minute 14
count times than for 15-minute count times. See Table 4.5-1 for HPGe trigger level 15
values. _ 16
4.4.2 See Also: . 17
4.1 HPGe Detector Field of View ' : 18
4.6 WAC Exceedance Detection ' .9

.0009'9&‘
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TABLE 4.4-1 .
HPGe MEASUREMENTS AT DETECTOR HEIGHTS OF 15 AND 31 CM AND 300 AND 900 SECOND COUNT TIMES

Number * 10 10 10 10
15 . 300 Mean 71.2 0.89 10.3 0.98
Std. Dev. 2.99 _ 0.03 0.27 0.16
Number 10 10 10 10
15 900 Mean 71.3 0.86 10.3 0.98
Std. Dev. 1.61 0.02 0.24 0.15
~ Number 10 10 10 10
31 300 _ Mean 70.2 - 0.87 10.3 1.04
Std. Dev. 3.04 0.03 0.42 0.16
Number 10 10 10 10
31 900 Mean 69.5 . 0.85 10.3 1.01
‘ Std. Dev. 1.98 0.03 0.24 0.15

Number 10 10 10 10 ,
100 300 ~ Mean : 66.8 0.83 10.0 1.0
Std. Dev. 3.35 0.04 0.29 0.20
Number 10 10 10 10

100 900 - Mean 65.9 0.83 10.1 0.99 !‘
Std. Dev. 2.35 0.02 0.18 0.18

* Number of measurements.

1091
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4.5 TRIGGER LEVELS 1
This section establishes trigger levels that can be used to aid in decision making. A trigger level is 2
defined és a specified radionuclide concentration that, if exceeded by a HPGe or RTRAK measurement, 3
provides the basis for some subsequent action to be taken. This action could be excavation of soil, 4
additional in-situ gamma spectrometry measurements, or collection and analysis of physical samples, 5
for example. The general approach described below can be applied to any analytical method/data set, 6
but the tables provided are specific to the HPGe and RTRAK instruments as configured and used at the 7
FEMP. In practice, FEMP trigger levels are associated with regulatory limits such as FRLs and WAC 8
exceedance concentrations. The advantage of using a trigger level is that it provides a single value 9
against which data can be quickly compared to screen a location relative to some limiting criterion. 10

Because every HPGe or RTRAK measurement has some corresponding uncertainty, trigger levels are 11

FEMP\USER-MANUAL\SECTION-4.5\REVISION-B\uly 13, 1998 4.5-1

typically set below the actual regulatory level to reduce the chance of mistakenly classifying soil as 12
meeting the limit when it actually does not. The difference between the regulatory limit and the trigger 13
level is a function of the precision (total system uncertainty) of the measurement being performed and 14
the required level of confidence that a measurement at or below the trigger level will not exceed the 15
regulatory limit. Because the precision of a measurement method is radionuclide specific, the trigger 16
level will also be radionuclide specific. The trigger level is defined as: ) 17

Trigger = L - ko, ' (1 18

|

where: o

L =  the magnitude of the limiting criterion such as the FRL, hot spot criterion, or WAC " 20 |

k =" the standard normal variate; a statistical factor related to the acceptable confidence 21 |
level of the measurement. At the 95% confidence level, k is equal to 1.645 for a 2
single-tailed distribution. ‘ : ‘ 2

Oumie = the standard deviation assumed for measurements of soil concentrations that are %
numerically equal to the limit ' 25
Several factors are particularly important in establishing trigger levels for HPGe and RTRAK. First, a 2
95% confidence level for a one-sided distribution ensures that the regulatory limit will not likely be 7
exceeded. Second, from a practical perspective, a trigger level cannot be less than or nearly equal to 28
either the typical background concentration of a given radionuclide or to the detection limit of a given 29
radionuclide in order to prevent the trigger level from being frequently exceeded even though elevated 30
activity is not actually present. Third, the trigger levels presented below are most applicable when the 3
size of the potential WAC exceedance area or FRL exceedance area is approxiinately the same size as, 32

000093,
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or larger than, the field of view of the detector. The trigger levels presented below become less ‘1
applicable if the potential regulatory exceedance area is smaller (particularly, much smailer) than the 2
field of view of the detector. This situation is discussed in the WAC Exceedance Detection topic 3
(Section 4.6). 4
4.5.1 HPGe Trigger Levels 5
HPGe trigger levels for a data acquisition time of 15 minutes are shown in Table 4.5-1 and have been 6
calculated using Equation 1. The standard deviation representing overall HPGe precision is taken from 7
information in Tables 2 and 3 in the December, 1997 report entitled "Effect of Environmental 8
Variables Upon In-Situ Gamma Spectrometry Data."” Data in Tables 2 and 3 of that report indicate that 9
the overall HPGe system uncertainty for 15-minute count times expressed as the relative standard 10
deviation based upon measurements at the Field Quality Control Station is 4.88% for total uranium, 1
5.42% for thorium-232, and 7.84% for radium-226 (afternoon measurements). The assumption is 12
made that these estimates of the total HPGe system uncertainty as a percentage of the mean are also 13
valid at more elevated concentrations than were measured at the Field Quality Control Station (this is a 14
conservative assumption as the counting error will decrease in a relative sense as the concentration _ ‘5
increases). Conversely, the assumption is also made that the total uranium numbers for uncertainty as 16
a percentage of the mean are also valid at lower concentrations than were measured at the Field Quality 7
Control Station. This assumption probably underestimates the standard deviation at 10 and 20 ppm. 18
: By multiplying the regulatory limit by the relative standard deviation for the total Asystem, standard 1
deviations for measurements at regulatory limits can be calculated for use in Equation 1. 20
Most of the trigger levels in Table 4.5-1 are based-upon data acquired for 15-minute count times. For 21
WAC measurements, however, S-minute count times are adequate. Table 4.5-1 also shows a trigger n

level for total uranium for 5-minute count times.

4.5.2 RTRAK Trigger Leyels : 2
As noted in the topic on MDCs (Section 5.1), at low analyte concentrétions (near the FRLs) of various 25 |
isotopes the single measurement MDC may be higher than the FRL. Similarly, the July 1997 RTRAK 26
Applicability Report noted that single measurements at low analyte concentrations yielded large 27
standard deviations. Both the large standard deviation and high MDCs complicate the use of trigger 28
levels for single measurement data. As stressed in the July 1997 RTRAK Applicability Study, both ‘9

QOOUDA
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MDCs and measurement standard deviations (precision) can be reduced by aggregating a number of

measurements and'u.sing 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 limit. 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 - ko, /(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.
Oum: = the standard deviation assumed 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. 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.

19

20

21

23

24

26

27

28

29
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The tables can be interpreted as follows: ‘ 1
1. The first and second columns define the applicable limiting criterion. : 2

2. The third column is the minimum acceptable trigger level calculated as 70% of the limiting 3
criterion. 4

3. Subsequent columns provide trigger level information for.the three acquisition times. 5

4. The following information is provided for each acquisition time: 6

a. The column labeled "Single Measurement Trigger" shows the trigger level that would 7

be calculated for a single measurement using Equation 1. The column is annotated to 8

indicate whether this satisfies the requirement to exceed the minimum acceptable 9

trigger level. The notation "marginal” indicates that the single measurement trigger 10

level is less than 10% lower than the minimum acceptable trigger level. 1

b. The column labeled "No. Aggregated Measurements (Trigger)" shows the number of 12
measurements that must be aggregated in order to reduce the uncertainty to achieve the 13

minimum acceptable trigger level. This number is calculated using Equation 2 and 14

rounded up to the next whole measurement. Underneath the number of measurements, 15

in parentheses, is the actual calculated trigger level that would be obtained for the 16

aggregated measurements. 17

4.5.3 Guidance ‘8
¢ A rule of thumb is that WAC exceedance areas can be recognized by HPGe using the 19

above trigger levels if the WAC exceedance area has.d radifs at least 66% of the fadius of 20

the field of view of the HPGe detector at a given height and the concentration of total : 21

uranium is at least 1500 ppm for the WAC exceedance area. 2

e For WAC exceednces much smaller than the field of view of the HPGe detector, Table 23

4.6-1 can be used to provide guidance for WAC size, concentration, and recognizability at 2

a given detector height. 25

* The trigger levels for FRL attainment are valid for all circumstances and situations. ' 26

e Care must be taken when aggregating RTRAK measurements to ascertain that the area ' 7
represented by the aggregated measurements is not significantly larger than the hot spot of 28

interest.. This can be a practical limitation to the use of RTRAK to detect hot spots. 29

Section 4.3-1 gives a method to determine the approximate size of an area represented by a 30

number of aggregated measurements. 31

4.5.4 See Also 32
3.4 Evaluation of Above-WAC Surface Soil 33

3.5 Excavation Control for Lifts . 34

' 096 3.6 Horizontal Excavation Boundary Delineation ‘5

4.6 WAC Exceedance Detection 36

064'., SISTELY
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TABLE 4.5-1
HPGe TRIGGER LEVELS FOR FRL AND WAC EXCEEDANCES

(15-MINUTE COUNT TIME)

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-B\uly 13, 1998
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TABLE 4.5-2
TOTAL URANIUM RTRAK TRIGGER LEVELS (FRL = 10 ppm)

TOTAL URANIUM RTRAK TRIGGER LEVELS (FRL = 20 ppm)

FRL 10 7 =122 1925 -90 1119 -62 583
unacceptable ¢ unacceptable @) unacceptable @)
WAC 1030 721 695 2 787 1 860 1
marginal (793) acceptable (787) acceptable (860)
TABLE 4.5-3

FRL 20 14 -112 481 -80 280 -52 146
unacceptable (14) unacceptable (14) unacceptable (14)
WAC 1030 721 695 2 787 1 860 1
marginal (793) acceptable (787) acceptable (860)

F[‘?-MANUAL\SECTION-4.5\REVISlON-B\JuIy 13, 1998
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TABLE 4.5-4
TOTAL URANIUM RTRAK TRIGGER LEVELS (FRL = 82 ppm)

FRL 82 -51 30 -21 18 8 9
unacceptable (58) unacceptable (58) unacceptable 1))
WAC 1030 - 721 695 2 787 1. 860 1
“marginal (793) acceptable (787) acceptable (860)
TABLE 4.5-5

THORIUM-232 RTRAK TRIGGER LEVELS IN pCi/g

FRL 1.5 1.05 0.87 2 0.95 2 1.01 2
unacceptable (1.05) marginal (1.11) marginal (1.15)
WAC na na " na na na na na na
!
4.5-7
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TABLE 4.5-6
RADIUM-226 RTRAK TRIGGER LEVELS IN pCi/g

FRL 1.7 1.2 0.34 8 0.63 5 0.82 3
“unacceptable (1.22) unacceptable (1.22) unacceptable (1.19)
WAC na na . na na na na na na
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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 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 the 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 action levels for total uranium as a function of hypothetical WAC exceedance size, and
detector height. Action level is defined here as the highest concentration that, if exceeded by a HPGe

measurement for an area in question, indicates the need for further evaluation.

Table 4.6-1 is solely for the convenience of the Characterization Lead to help detect small WAC
exceedances. The action levels in the Table 4.6-1 are calculated based upon the percentage 6f photons
impinging upon the detector as shown in Miller et al. (1994, Figure 1). 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 action level will reflect
only the photon fluence coming from the WAC material. In this caSe, the 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.) (Fluence rates for a 15 cm detector height are based upon a thoretical curve parallel to the
3.0 meter, uniform distribution cuﬁe in Figure 1 of the paper by Miller et. al. (1994). This curve was
constructed such that it has a 87.5% cumulative fluence at a 1.0 meter distance from the detector.)

The action levels in Table 4.6-1 have been rounded downward to the nearest 100 for simplicity of use

and to build in extra conservatism.

The action levels in Table 4.6-1 are meant to be used to confirm and to delineate suspected AWAC
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.
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An alternative use of Table 4.6-1 is for detecting for WAC exceedances by HPGe when RTRAK

cannot be used for some reason. Section 3.4-1 ("Hot Spot Detection") describes the use of the action

level of 400 ppm for a 1.0 meter detector height when searching for WAC exceedance areas with

HPGe.

4.6.1 Guidance

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

Frisk the suspect area with a hand-held GM 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 66% of

. the field of view. For example, suppose a hand-held survey meter indicated an area of

elevated activity having a radius of 0.5 meters. If a HPGe measurement at a detector
height of 31 cm yielded a total uranium concentration greater than 400 ppm, a WAC
exceedance is possible. If a HPGe measurement at a 15 cm detector height yielded a total
uranium concentration greater than 700 ppm, a WAC exceedance is probable. -

Consult the In-Situ Gamma Spectrometry Group if different size WAC exceedances than
those in Table 4.6-1 are to be detected for a given detector height.

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

47

00("5‘0‘z

Evaluation of Above WAC Surface Soil
Use'of Hanid-Held Survey, MEtets
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ACTION LEVELS FOR TOTAL URANIUM
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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
10m * - -- 400** 700
31cm 400 800 - --
15.cm 300 700 - -- -

*  Action levels not calculated.

**  Action level (ppm) for WAC exceedance area to be detected.

FEMP\USER-MANUAL\SECTION-4.6\REVISION-BVuly 13, 1998
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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 soils 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 quickly assessing the géneral contamination level in an area or

of objects or small areas of concern such as discolored soil.

The limiting factor for the application for the typical survey meters used at the FEMP js that they only
measure gross radiation or radioactivity levels. Thus, one generally cannot make a distinction between
the principal contaminants of concern, i.e., uranium isotopes, thorium-232 series nuclides, and radium-
226 nuclides. Not only are these instruments non-radionuclide specific, but their response can vary
widely for the various radiations emitted by different radionuclides. Thus, the same meter reading

could translate to different concentrations depending upon the mix of radionuclides present.

Despite the above limitations, a simple survey meter provides a reasonable overall measure of
contamination. Where a reading is observed to be in excess of the normal background, it points to
elevated radionuclide levels with the potential for a WAC;FRE; or hot spot criteria exceedance.
Given some knowledge of the contaminant mix, a rough conversion from count rate to concentration
can be determined. At sufficiently elevated radionuclide levels, 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 real time soil measurements are the Bicron
MICRO-REM meter and a Ludlum GM probe and rate meter. Their description and uses are described

in more detail in the following two sections.

4.7.1 MICRO-REM Meter |

The MICRO-REM meter erﬁploys a tissue equivalent scintillator as a detector element. This meter ahd
a fairly flat energy response to gamina radiation and reasonable sensitivity at background levels. It
provides a reading of the external dose rate (which is closely related to the exposeure rate for
environemtnal radiation fields) from all gamma-emitﬁng sources present. When held at waist height, it
essentially sees the same radiation field as a HPGe at one meter above the ground. It responds to both

primary and scattered radiation so its radiation so its reading is generally proportional to the total
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count rate (peaks + continuum) in a HPGe or Nal spectrum. It is used in two ways to support the real

time instrument program:

e to identify external radiation source interferences when using in situ spectrometers, as in
the cab of the RTRAK;

e to serve as a quality control measurement to confirm the relative radiation intensity at a
spectrum measurement location.

4.7.2 GM Survey Meter
The GM survey meter consists of a nominal 2" diameter Geiger-Muller pancake probe and a rate

meter. This probe responds to typical beta radiation with an approximate efficiency of 10% (at the
FEMP, the efficiency is 3% for beta particles emitted from protactinium-234) and to gamma radiation

with an approximate efficiency of 1%. The probe can be held in the hand or attached to a pole to

" access areas that cannot be reached at arms length. Because of its sensitivity to beta radiation, it is

most effective when held close to a measurement point (approximately one half inch). It can be passed
over the surface using a scan rate of about 1 to 2 inches per second. Areas with surface activity of
1000 disintegrations per minute (dpm) per 100 cm? are readily measurable with this instrument. To

support real time spectrometric measurements, the GM survey meter can be used for the following:

e to locate the highest reading in an elevated area (potential hot spot or WAC exceedance) to
guide the "centering" of an HPGe or RTRAK measurement;

e to investigate objects or small areas that are picked up visually as suspicious;
e to scan cores or sections of soil sampled with devices such as the Geoprobe

e to scan areas that are inaccessible with either the RTRAK or HPGe such as steeply sloped
surfaces or the bottoms of very narrow trenches.

4.7.3 Calibation of GM Survey Meter
The Gm survey meter has been used extensively to screen soil cores extracted from Area 2 Phase I in

the vicinity of suspected WAC area SWU-5. As part of this activity, 260 soil samples from screened
core intervals were analyzed for total uranium. The results from this work indicate that the GM
survey meter can provide a good qualitative indication of the presence or absence of total uranium at or
above WAC levels. In general, GM survey readings that provided corrected counts per minute (ccpm)
less than 450 indicate that uranium concentrations are below WAC concern. GM survey readings that

are above 1000 ccpm almost always indicate total uranium concentrations above WAC levels. GM

~, Survey readings between 450 and 1000 ccpm indicate the potential for WAC problems. Part of the
. /
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uncertainty associated with interpreting GM survey meter readings for the presence of WAC material
is a result of the contributions from thorium-232 and radium-226 when these are at levels elevated

above background.

With this 450/1000 rule of thumb, the GM survey meter can be used for screening small areas for
WAC concerns (i.e. soil cores or surface areas where there is visual evidence of contamination), and
also can be used for providing a rough estimate of the lateral extent of above WAC surficial soils,
particularly when the above WAC locations have a lateral extent smaller than the viewing window of
the HPGe at a height of one meter or the RTRAK. For areas where GM results are ambiguous and
WAC material is a potential concern, the use of the GM survey meter should be supported either with
discrete sampling or with the HPGe. For isotopic levels between FRLs and hot spot levels (2 or 3x
FRL), there is at present insufficient experience to support the use ofthe GM survey meter as a method
for identifying material that would be of hot spot or FRL concern, or for estimating the approximate
lateral extent of such material. This may change as more experience is gained using the GM survey

meter to support soils characterization and excavation work at the FEMP.

" 4.7.4 Guidance

e Use the GM survey meters as a quick check of the radioactivity level of an object, a
sample, or a soil core to determine the presence or absence of WAC material. Use the -
450/1000 ccpm rule as a guide (<450, no WAC concerns; 450-1000, potential for WAC
concerns; > 1000, definitely WAC concerns). '

 Although no specific corrected counts per minute guidelines can be provided for
recognition of FRL or hot spot exceedance using the GM survey meter, field personnel
may request a HPGe measurement for any suspicious area which has elevated activity
characteristics.

e Use the GM survey meter to help center HPGe, RTRAK, or discrete soil sample collection
over isolates areas of concern (i.e., WAC or hot spot).

e Use the GM survey meter to provide a rough boundary for above WAC material,
particularly when it is believed that the above WAC area is of a size less than the viewing
window of the RTRAK or of the HPGe at a height of one meter.

e If a rough concentration value is desired, a calibration (correlation) based on source or
reference material of known activity and radionuclide mix should be performed.
Remember that a survey meter does not provide a definitive measurement, particularly if
the radionuclide mix is different from the calibration source. Consult with the In-Situ

Gamma Spectromety Group with respect to calibration. s

000106 .
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e Resort to a spectrometric or other radionuclide-specific measurement if a clear ‘1
interpretation of the survey meter measurement cannot be made or there are doubts as to 2
the actual radionuclide mix. . 3
e Use the MICRO-RHEM meter in conjunction with the RTRAK and HPGe systems to 4
screen for possible shine effects, and to assist in evaluating anomalies in the gamma
spectrum information provided by RTRAK and HPGe. 6
4.7.5 See Also ‘ 7
3.3 Hot Spot Evaluation , 8
3.4 Evaluation of Above-WAC Surface Soil 9
4.6 WAC Exceedance Detection : 10
5.5 Heterogeneity ' ' 1
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4.8 RTRAK TOTAL ACTIVITY DATA IN'I_‘ERPRETATION

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 Study (DOE

1997b), the following conclusions concerning total activity data were drawn.

Total activity measurements exhibit a high degree of precision.

The counting uncertainty is relatively low.

Total activity measurements can be effective in defining general patterns of elevated

activity.

Total activity measurements do not provide radionuclide-specific information.

Data in Table 4.8-1 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.” Elevated
concentrations of uranium, thorium-232, and radium-226 are reflected in an increésed number of gross

counts,

Because both thorium-232 and radium-226 have relatively high gamma ray intensities, total activity is
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 total activity whereas doubling background uranium would
produce no measurable effect. Only where uranium concentrations are in the range of hundreds of

ppm will total activity be affected.

The data in Table 4.8-1 show a danger in interpreting total activity data. The total activity in the
South Field is about 17% higher than that 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 highe}'

than in the USID area. Thus, aithough the total activity is approximately 400 cps greater for the
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South Field area than for the USID area, the concentrations of individual isotopes in both areas are low .1

and isotopic concentration differences between the two areas are not readily correlative with the 2
difference in total activity between the two areas. 3
Additional perspectives on interpreting total activity data can be garnered by examination of Figure 4
4.8-1. Based upon RTRAK measurements collected in the drum baling area (where total uranium - 5
concentrations range from low to very high), Figure 4.8-1 displays a trend of increasing RTRAK total 6
activity with increasing RTRAK total uranium concentrations. Bounding the data by upper and lower 7
95% confidence intervals, a trigger level of 18,000 cps can be assigned for WAC exceedances. 8
4.8.1 Guidance o
In consideration of the data in Table 4.8-1, data displayed on Figure 4.8-1, and data in the RTRAK 10

Applicability Study (DOE 1997b), the following guidance for using total activity data is presented. 11

Total activity less than 3000 cps likely indicates that total uranium, thorium-232, and 12
radium-226 do not exceed their FRLs. This guidance is for a uranium FRL of 82 ppm; it ‘
does not hold for uranium FRLs of 10 or 20 ppm. 14

e Total activity between 5000 and 15,000 cps likely indicates that one or more of the 15
following analytes--total uranium, thorium-232, or radium-226--exceed their FRLs, and 16
may indicate a hot spot exceedance. A 17

e Total activity above 18,000 cps may indicate a WAC exceedance. Areas with total 18
activity in excess of 18,000 Cps should be confirmed by HPGe. 19

e In a given area, a range of 50% increase (in high total activity relative to low total 20
activity) may indicate a significant increase in concentration for one or more isotopes. 21

e Total activity data are primarily designed for field use to guide additional RTRAK or pr)

HPGe measurements. Total uranium, thorium-232 and radium-226 data should be used for

final interpretation of contamination patterns. 24

% ‘\Q»' - |
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' 4.8.2 See Also:
2.1 Overview of HPGe and RTRAK Usage
4.5 Trigger Levels
4.6 WAC Exceedance Detection
4.12 Shine
000119
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TABLE 4.8-1
COMPARISON OF RTRAK GROSS ACTIVITY DATA TO RTRAK ISOTOPIC DATA AT 0.5 MPH
WITH AN EIGHT SECOND DATA ACQUISITION TIME

USID 172 14.1 0.75 0.19 0.81 0.40 2456 176
South Field 9.71 14.3 0.83 0.22 1.38 0.47 2883 180
Drum Baling 209 69.8 - 3.83 0.78 8.46 .2.44 15,703 2,298




Uranium-238 (pCi/g)

Figure 4.8-1
Uranium Concentrations vs Gross Counts
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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-situ 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 » 7
soil that extends infinitely deep below a detector and out to the horizon.” This can be considered 8
analogous to the standard counting geometry employed for laboratory gamma spectrometry 9
measurements, except that with in-situ gamma spectrometry the "sample” can be considered very large 10
while the detector is a point instead of vice-versa as in the laboratory. Due to the effect of soil and air 11
attenuation on the photons, the amount of soil being measured in the field is, practically speaking, ' 12
ﬁnite. in size and the detector response varies principally with the detector height above the ground. 13
The following sections will address potential departures from this idealized half-space geometry 14
‘ (principally deviations from an idealized flat soil surface, i.e., topographic effects) as they relate to 15
producing bias in the results of 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 2 common surface'cover at many ground areas 20

at the FEMP. 21

26
27
28
29

.30

FEMP\USER-MANUAL\SECTION-4.9\REVISION-BVuly 13, 1998 4.9-1 ' 00011‘3




20701-RP-0006

To ascertain the ‘attenuating’effect of §rass on gamma photons, an-€xperimentiwas carried out. whereby, ‘ 1
More specifically, HPGe 2

HPGe measuitements were performed.in grass.of different heights

Teasuements were aken at detector eights of 1,0 miand 31 cm at alocation covered by 4175-inch 3

high grass (average grass height within:the field.of view of the detector): - Subsequent to"the .

measuréments in.the 41;55inch Kigh grass, e grass was Cut 10:a: 3:CK height; and 1he Cut:grass was 5

removed from the field of view. of the HPGe detector. . Additional. HPGE Tieasurements: (1.0 m-and 31 6

¢m detector height) were taken atithe’ eXact location as described:above; only, with'3-ichihigh'grass 7

within the field of view. ’

Resulfs of this study are shown in Tables 4.9-1"and-4.9-2%:Data i Table'4.9: I"indicate that on 9

concentration-of:about 10

average, waist high (41.5 inches tll) grass résults in 4 decrease in.measurex

5.4% for a 1,0'mécr détecior Heighl; WHIlE s Gecreasé in Tedsured ¢ORCntrationSiof 4b6Ht 376% 15 1

observed for. a 31.¢m’detector height:” In looking at the relative: attenuation of low. Vs highenergy 12

gamma photons (Table 479-2) ised t0.quantify iranium-238 (total uranium), the atlemuation of 1w 13

energy photons is not significant.” The’63:2: keV' photon does appeartd besoewhat atienuated by, ‘ 14

grass, but'the 92.6 keV ‘phofon does not.. In this respect, the attenuatirig effectiof 41.5% high-Brass.is .s
16

g g e

inferred from data’in olumps7 and-9.ifi Tabled:9-2.) 7

Finally; based upon:medsiired values of the wet and dry weight of giaSsiwithini thie détector fieldiof -8

view, the theoretical atfenation of gamina photons;was calculated: foF uraniuf-238: The'calculated 19

and'41'5t heighyWithin the fieldof view =

attenuationfor the.mass loading’(wet grass between the:3"”

of & I:fieter high détector 1§41 3:87and 179%

The;cal

for Energies ofi63, 937 aRd 1001 KeV Tespectively 2

ted atteniuation effect is Small and iSTon thie. Same’order, 45 e meastifed Tedficibh observed s 2

THE ConcIuSion iSHat 57ass; at 135t asall'as waist height, ias a uass Per unit.area that isjnsufcient 2

-Situ gamina spectrometer readings;.even.at thelowest energy.measured. -The 2

to-substantidlly affect.in

second:bullét in’Section'4:

upon the resiilts of the’éxperiment déscribed above; 26

Rubble, such as loose stones or man-made debris that might cover the surface of the ground, is of 2

greater potential concern. Because the density of these objects is much greater than that of grass, 28

Al
':7 corrections would be required if a significant fraction of the surface was covered. It should be noted ‘
g that stones do not represent a pure attenuating layer, in as much as they may contain concentrations of 30
° .
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radionuclides similar to those found in the soil. However, where contamination is associated with the
underlying soil at concentrations well above those associated with natural background radioactivity in
the stones, they can be treated as an attenuation layer, and the net effect is to decrease the gamma

photon fluence rate at the detector from the contaminated soil (i.e., concentrations biased low).

Snow or ice cover and standing water (puddles) also represent an atténuating layer which would bias
measurements low. In the case of snow, it is the water equivalent (again, in terms of mass per unit
area) that is the fundamental controlling parameter. A 10 cm snow layer with a water equivalent of
1 cm (1 g/cm’® surface layer) would bias results low by 33 percent at 100 keV and 19 percent at 1000
keV.

A puddle (or any other surface object such as a rock) off to the side of a detector may not unduly
influence a measurement. Figure 4.9-1 can be used to roughly estimate the fluence rate contribution at
the detector for various ground areas. Clearly, objects a few meters away, even though they may be

several square meters in size, would block only a very small fraction of the half space and could be

ignored. Smaller objects closer in can also be tolerated. An example evaluation of shielding effects by

objects is provided at the end of this section.

4.9.2 Density
Although soil density is not usually considered a topographical effect, density variations do not

ar ey gur

io fy. concentrations in soil are being

measurably affect the results of in-situ spectrometry when rad

measured. This is true because the detector calibration factor incorporates terms which convert count
rate to activity per unit mass of soil with the density terms canceling out. Consideration should be
given to density effects if comparisons are being made between in-situ measurements and physical |
soil samples. Sampling depths may need to be adjusted proportionately as an in-situ detector sees
deeper into the soil for light soils and shallower for dense soils. For calculations of depth of view at

the FEMP, a default densify of 1.5 g/cm® has been used.

4.9.3 Slope of Ground Surface
Measurements can be performed on a sloped surface since this does not fundamentally change the

assumed source geometry, only the frame of reference. A detector can be inclined at the same angle as
the slope to keep the detector-source geometry the same (i.e., the cylinder axis of the HPGe detector is

perpendicular to the ground). However, if necessary to maintain physical stability, a tripod mounted

ef

' . .J.« 28
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detector can be adjusted to incline at a different angle than that of the ground slope without producing ‘ 1

undue bias. Any difference in count rate that might arise would result from the angular response of the 2
detector. This response is measured at various energies during an in-situ calibration so that the effect 3
can be estimated. The difference between a measurement performed at some inclination angle and that 4
of the normal position would be bounded by the range in the relative angular response of the detector 5 ‘
and could be either positive or negative depending upon the dimensions of the detector crystal. 6 |
Experiments with a HPGe detector having a relatively large variation in angular response have shown 7
that for a full 90 degree tilt (axis of Ge crystal parallel to the ground instead of perpendicular to the 8
ground as is the normal case), the effect is only on the order of 5 to 10 percent. It can be expected 9
that for more typical coaxial Ge crystals, the effect would be negligible for small tilt angles. (Note 10

that this is not an issue for RTRAK.) 1

4.9.4 Ground Roughness 12

In a recent publication (Laedermann et al, 1998), the effects of ground roughness on in-situ 13

spectrometry results were examined using a model that incorporated closely spaced bumps in the 14

terrain in place of a smooth surface. It was concluded in this study that bumps of up to 20 cm in : .s

height (the largest studied) were negligible for sources that were well aged, i.e., deeply distributed or 16

uniform radionuclide concentrations with depth in the soil (such as occurs at the FEMP). The effect is 17

~ pronounced only in cases where the activity is on or close to the surface, such as immediately after 18

. deposition. This is because the field of view is rather large (on the order of 100 m? area) for a surface 19

or near surface deposit and the outer edges of the field are shielded by the bumps. 20

Substituting single large bumps in place of numerous small bumps also has a minimal effect. 21

Calculations performed for this guidance document show that a mound of soil 50 cm high and 1 meter 2

wide at a distance of 1 meter from the detector and circling the detector half way around (a crescent B

shaped mound) would result in biasing a measurement performed at a height of 1 meter by less thana %

half percent. ' _ _ 25

4.9.5 Other Topographic Deviations 2

& The results discussed above clearly indicate the robustness of the in-situ technique for concentration 27

g measurements of deeply distributed sources. However, the question arises as to the effect of major 28

g departures from the model of flat, open-ground areas. This would include geometries that could be ‘9

< modeled as cones with the detector at the apex (the top of a hill or mound), and geometries such as 30
- "l;E/Mg’\'US‘ER-MANUAL\SECTION-4.9\REVISION-BUuly 13, 1998 4.9-4
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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
cones. The calculated values are indicated as points in these figures, and a smooth curve has been
drawn to fit them. The values are relative to the fluence for flat ground. It can be seen that the effect
is a few percent or iess 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 small.

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. Figﬁres 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.

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

1§

.,
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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 correction is
necessary. If the pit wall is higher than the height 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 geometry, 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 correcﬁon 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 situations 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 grdund
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 (a wall, in effect) near a measurement point. Assume that the natural
background content of the soil in‘ the excavation wall is well bglow 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.

i
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Excavation Wall no source rectangular - 30x50 3 |

Water Puddle no source irregular 2x3.5 - 1.5

Tree obstruction circle 1 (diameter) 2

Offhand, the above information might be grounds to disqualify this measurement as not appropriate for
the assumed 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. the 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 Flu

Excavation Wall 0 0 2 3.5 4 9.5
" Water Puddle 1 1.5 1 0 0 35
Tree . 0 0.5 0.5 0.5 0.5
All Objects 0o | 2 | 35 4 4.5

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.

b L) » - . ) -

bl ‘-/ ,’1 P
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particular "background” soil within the field of view of the detector is known, then the following

generalized equation can be applied to correct any measured concentration:

e = (Cq - xCp)/(1-x) (1]

where C, is the concentration in the contaminated portion in the detector field of view C,, is the

measured concentration, C, is the background concentration, and x if the fraction of the fluence rate at .

the detector associated with the background area.

4.9.7 Guidance

Site ‘conditions should be optimized (mowing grass, picKingup debris; €ic:) <whenever
practicable prior to.in-Situ gamma.spectrometry measuiements.to-avoid-subsequént-daia
correction factors.. Furthér; whenever remediation;schedules will permit in=situ"gamma
spectrometry. to. be delayed until adverse weather factors (snow, standing. water, .etc.). have

been.alleviated, the. measurements will not be performed-until conditions haverbecome
miore ormal’

- ve-cover—st not-e adin m’—Grass clipped to
an average helght not to exceed 3- mches is 1deal for m-sztu fi gamma, Spectrometry;
measurements. Walst st high grass may result in measurements that are low by
approximately.5%. Measurements shall not be performed in grass taller than Waist height,
and should be: performed in grass less than 'knee high whenever:possible .

Soil areas must be cleared of loose debris within 6 meters of a detector mounted at a height
of 1 meter. Measurements cannot be performed where surface rubble exceeds 10 percent
of the ground cover. For detector heights less than 1.0 meter, smaller cleared areas are
permissible (i.e., 2.5 meters for a 31 cm detector height and 1.0 meter for a 15 cm detector
height).

No measurements will be performed with 100% snow cover. If snow patches, standing
water or other objects block more than 10 percent of the fluence arriving at the detector
(using Figure 4.9-1 as a guide), corrections will be made. See also bullet #2 in Section
4.11.1, "Environmental Influences on In-Situ Gamma Spectrometry Data."

Measurements may be performed with the horizontal plane (face) of the detector inclined at
an angle to the plane of the ground not to exceed 20 degrees. Angles of inclination greater
than 20° may incur errors of 5% to 10%.

For a 1 m high detector within 3 meters of a vertical soil wall surface, measurements using
the standard calibration factor can be performed if the height of the wall does not exceed 1
meter.

Variations of more than 20 percent in the detector response across the range of photon
incident angles for a given source geometry other than that of the normal soil half space
shall be cause to evaluate the necessuy of an angular correction factor.
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e For unusual/special topographic situation or geometries, consult the In-Situ Gamma
Spectrometry Group for guidance prior to making measurements. Such situations could
include the following:

* Pits

* Trenches

* Steep slopes

* Measurements next to buildings

* Measurements next to excavation side walls "
* Measurements in wooded terrain

* Measurements in rocky soil

* Measurements in gravel

‘4.49.8 See Also:
4.1 HPGe Detector Field of View
4.10 HPGe Measurement Grid Configuration

000121
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EFFECT OF GRASS ON IN-SITU GAMMA SPECTROMETRY MEASUREMENTS

rass
Total Uranium 100 67.0 £ 2.3%* 70.8 + 2.2 -5.37*%
(ppm)
31 67.9 + 2.3 72.0 £2.2 -5.69
Thorium-232 . 100 0.99 + 0.03 1.17 + 0.03 -15.4
(pCi/g)
31 1.13 + 0.03 1.20 + 0.03 -5.83
Potassium-40 100 13.8 + 0.3 13.3 £ 0.2 +4.51
PCi/g) -
31 142 + 0.3 14.1 £ 0.3 +0.71

* % Decrease or increase= (1.0-(41.5"concentration/3" concentration))*100
** 4 One standard deviation counting error
Average Difference in Concentration for 100 cm Detector Height=-5.42 %
Average Difference in Concentration for 31 cm Detector Height=-3.60%

TABLE 4.9-2

EFFECT OF GRASS ON ATTENUATION OF GAMMA PHOTONS

USED TO QUANTIFY URANIUM-238

100 41.5 16 15 14 1.14 0.87 1.07 1.01
100 3 21 17 16 1.31 1.06
31 41.5 16 14 16 1.00 0.95 0.88 0.98
31 3 20 17 19 1.05- 0.90

* Ratio of 63.2 to 1001.1 keV concentrations for 41.5" grass divided by the same ratio for 3" grass

** Ratio of 92.6 to 1001.1 keV concentrations for 41.5" grass divided by the same ratio for 3" grass

o 0'00?7‘?'

.
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Figure 4.9-1 Individual ground cells that contribute 1% to the fluence rate measured by a detector at a height of 1 m.
Each ten cell ring contributes 10% . Region beyond outermost ring depicted contributes 10%.
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Figure 4.9-2 Relative fluence rate as a function of height for a cone with a base radius of 10 m.
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Figure 4.9-3

Relative fluence rate as a function of radius of base for a cone with a height of 1 m.
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OO Figure 4.9-4  Relative fluence rate as a function of radius of base for a cone with a height of 2 m.
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Figure 4.9-5 Relative fluence rate as a function of radius for a pit with a height of 1 m.
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Figure 4.9-6 Relative fluence rate as a function of height for a pits of varying radii.
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Figure 4.9-7  Example measurement location for half space corrections to fluence rate.
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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.

uidance section/below;ithe 100%; coverage configuration

SRt

sIgisiincludediintFigure

e bR G M iSiTementsTelative

A

Note that although Figure 4.10-1 displays the degree of overlap in terms of spheres having definite
boundaries (the spheres represent fields of view), the user should remember that the boundaries
represent 85% to 90% of the total photon fluence (Section 4.1). Thus, even in the no overlap

configuration, there will be 10% to 15% overlap of the area measured by the detector.

4.10.1 Guidance

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

o To establish general contamination patterns (when RTRAK cannot be used)-or-to-establish
above-WAC—boundaries, the no overlap configuration will be used.

o

fexceedances (when:RTR:

e To verify hot spot removal, 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 (see guidance bullets below).

e For those cases (refer to Section 2.4, "Precertification Investigations") in which HPGe is
used 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. '

FEMP\USER-MANUAL\SECTION-4.IO\REVISION-B\July 13, 1998 4.10-1
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e For those cases (refer to Section 2.4, "Precertification Investigations") in which HPGe is ‘ 1
used for precertification measurements in areas where no elevated contamination levels 2
have been identified, use the no overlap configuration with 1.0 meter detector height. 3

e 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. 6

4.10.2 See Also: ' 7
3.3 Hot Spot Evaluation . 8

3.4 Excavation of Above-WAC Surface Soil 9

3.5 Excavation Control for Lifts ‘ 10

3.6 Horizontal Excavation Boundary Delineation o

4.1 HPGe Detector Field of View 12

RN i ,0001'3&
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. TABLE 4.10-1
PERCENT COVERAGE AND OVERLAP AMOUNT

1.0m 0 10* 1.6
31cm 0 0.42 _ 0.67
15cm 0 . 0.17 0.27

* Amount of overlap in meters.

000132
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HEIGHT MEASUREMENTS/ACRE
T m 36
31 cm 203
15 cm 1289
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FIGURE 4.10-1. GRID CONFIGURATIONS FOR HPGe MEASUREMENTS
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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. Tempei'ature 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;,. (5.

000135
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morning radium-226 concentrations averaged over 30% higher than afternoon
concentrations with a high degree of variability associated with that average.

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 on 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. (If

standing water is less than 10% of the field of view, a correction factor may be applied per

bullet #3 in Section-4.9.7. However, concentrations may still be anomalously low due to
soil saturated with water.) '

Measurements may be taken throughoﬁt 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
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conditions may cause falsely elevated radium-226 concentrations to be determined from
morning measurements.

e For HPGe, control charts, based upon field quality control measurements, must be utilized

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

Upon In-Situ Gamma Spectrometry,” (December 1997), shall be utilized until revised.
Situations in which data are "out of control," either due to environmental reasons or for
instrumental reasons, can be readily recognized. Procedure ADM-16 (Appendix B)
provides guidelines on how to interpret control charts and how to proceed when
measurements are out of control.

4.11.2 See Also:
3.8 Field Moisture Measurements
4.14 Seasonal Precautions
5.2 Moisture Corrected Data
5.3 Radium-226 Corrections

5.7 Field Quality Control Considerations
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4.12 SHINE

Shine refers to the detection of radiation (using an HPGe or RTRAK 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 because of gamma

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 continuum;ior;backgroundy;underithe;peak is
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nearby-T-Hoppers; ‘Open circles represent. HPGe measurements’takén on the north side of SP=5.; ‘ 1

s o ey

Measured total uranium concenfrations:decrease.significantly.from.a’high of 940 ppm.adjacent 10 the 2

T-hoppers to.concentrations consistently less than the uranium FRL -at locations  well removed from the 3

T:hoppers. (The grey arealocated east of the center:in Figures 4.12-2"and 4.12-3 représent rubble 4

Zomes.) s

Figiire 4,12-3 Skows the ratio’of total uramium calciilated from low, SieTgy, saima photons (weiphted 6

average of 632 AT 9276 KeV) foToal iFanilin Calculated 1o & high efergy, gAmmA oG (1001 5

KeV). The significance ot iliese Tatios is embodied ifi premises 2 afid 3-0n page 4-12717 THatis; 8

theasurements: comprised mostly-of shine (and radiation'coming from deeply buried soufces) will‘have 9

o g e, = sy

e e 85

cm -of 'soil will"have ratios near-unity: . (Experience at the FEMP;has indicatéd that agréement: between 1

total uranium’calculated from low and highienergy gamma’ptiofons should be better than 80 % i the 12

absence ‘of unusual-or.mitigating’ circumstances’) -Thesé Tatios change from’lows :of approximately:0:02 13

g pier gy e o

adjacent to the T-hoppers to. high Values approaching 039 at'the northwest Comer of 'SP257] 14

Fimally; tie total iiraniim, concentrations and low to;high eneigy-sanmma photon Totl Graniif Tatios

for the three points (Solid Circlesy arihe west edge-of the TubbIE Zone A e Two-points at the 16

_ easternmost edge of;the soil pile répresent the maximumi contributions of ‘shine that:conld:possibly; 17

18

19
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e eyt
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measired concentrations-exceed. the trigger level/regulatory limit and the.concentration
ratio of:IoW energy io-high-energy.gamma photons-decreases relative to-flie corresponding

g —— <

ratio associated;with maximum shine; the presence of butied contamination. is indicated

* For HPGE measarements:(defection or:confirmation/delifeation).ifr data €atégory 2 where ‘

(confirmation/delineation by- HPGe or, excavation, for examplé) shall be taken per other
sections. of this manual.(in particular, Sectiofis 3.3 and 3.4):

& . - L .o
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. 4.12.2 See Also: '1
5.4 Data Review 2
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TABLE 4.12-1
POTENTIAL SOURCES OF SHINE AT THE FEMP

1 T-hopper at SP-5 uranium

2 Quonset hut #3 - thorium-232
3 KC-2 Warehouse uranium

4 T-hoppers by Plant 5 Warehouse uranium
5A Old Plant 5 Warehouse thorium-232
5B Thorium Warehouse thorium-232
6 Tension Support Structure #6, Plant 1 Pad Area uranium
7 Tension Support Structure #5, Plant 1 Pad Area uranium

8 Tension Support Structure #4, Plant 1 Pad Area uranium
9 Géneral In-Process Warehouse, Plant 1 Pad Area uranium
10 Chemical Warehouse uranium
11 Incinerator Building uranium
12 Hot Raffinate Building uranium
13 Plant 4 Warehouse uranium
14 Metals Production Piant uranium
15 Finished Products Warehouse uranium
16 A Pilot Plant Warehouse uranium
17 Sewage Treatment Plant Incinerator uranium
18 - K-65 Storage Tank (South) radium-226
19 K-65 Storage Tank (North) radium-226
20 Uranium Metal Storage Area uranium

0065,&3
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4.13 TIME REQUIRED FOR IN-SITU GAMMA SPECTROMETRY MEASUREMENTS

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

1. How many measurements (HPGe) can be made in one day?
2. How long does it take to measure one acre of ground with either the RTRAK or HPGe?

At first glance, these may seem like trivial questions. For exampie; if the data acquisition time for
HPGe is 15 minutes, then theoretically, 32 measurements can be made in an 8-hour day. At a one
meter detector height, this would correspond to 60-90% coverage of an acre depending on the degree
of overlap (Table 4.10-1). Similarly, as shown in Table 4.3-5, it theoretically takes from 972 to 1656
four-second measurements (65 to 110 minutes) to cover an acre of ground with RTRAK at 1 mph, -

depending upon degree of overlap.

However, these "theoretical times” do not take into account daily briefings and plans, pre-operational
and post-operational QA/QC checks, instrument calibrations, transportation/movement of equipment to
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 radiologically controlled areas.
Taking all of these factors into account, the following guidance is offered.

4.13.1 Guidance

¢ Allow two hours per acre for RTRAK with a 4-second data acquisition time, moving at 1.0
mph, and a 0.4 meter overlap.

e Allow for 30 HPGe measurements per day in a non-radiological area, assuming that three
instruments are used (Figure 4.10-1 can be consulted to translate measurements per day to
acres measured per day).

e Non-contiguous areas and partial coverage will take longer to measure by RTRAK than
contiguous areas of the same size with full coverage.

e Radiologically controlled areas will reduce the number of possible measurements per day
by RTRAK. It will take RTRAK the same length of time to measure an acre, only the
number of measurement hours per day will be reduced.

00014
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. Working in radiologically controlled areas will reduce the number of possible 15-minute ‘ 1
HPGe measurements to 18 per day (3 detectors). Figure 4.10-1 can be consulted to 2
translate measurements per day to acres measured per day. , 3

e If the 5-minute data acquisition times are used for WAC evaluations, 40 HPGe 4
measurements per day (3 detectors) can be made in non-radiological areas and 24 5
measurements per day can be made in radiologically controlled areas. 6
4.13.2 See Also: 7
4.3 RTRAK Multiple Measurement Field of View 8
4.10 HPGe Measurement Grid Configuration 9
4.14 Seasonal Precautions ' 10

5.9 Cost of RTRAK and HPGe Measurements 1

FEMP\USER-MANUAL\SECTION-4. 13\REVISION-B\July 13, 1998 4.13-2
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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

e 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.

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.

The longer daylight hours enable increased field acquisition time resulting 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.

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.

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 usmg a’
detector to monitor the radon during field actlvmes . .

000149
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f. 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: 4
a. Fall is the best season for real time data collection unless it is a wet fall. Temperatures 5
are comfortable even if PPE is needed. i : 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 computefs. 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: ‘

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. 2

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. ' . 2

b. Detectors are designed to operate optimally between approximately 40-90° F. Winter 27

temperatures frequently drop below 40° F. 28

(90 c. Temperatures below 32° F will affect computer battery life; below 15° F, it will start 29
N/ affecting the electronic display device which will become sluggish and eventually

QQ "freeze." 1

O

FEME\UséR-MANUAL\SEcrmNA14\REV1$10N-B\Ju1y 13, 1998 4.14-2



. = 1801

20701-RP-0006
‘ d. Rain must be kept off the computers and detectors to reduce the risk of equipment
"~ damage. At the slightest drizzle work must stop.
e Spring

Physical:

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.

c. Slick, muddy soil makes for hazardous working conditions. Carrying the HPGe over
slick mud requires additional care. Driving the RTRAK over slick slopes can be
hazardous. Some work areas, especially plowed or excavated areas are not accessible
when muddy. A period of drying must occur before such areas are accessible to
equipment. :

Equipment:

a. [Excessive winds may overturn detectors and computers.

b. Rain must be kept off the computers and detectors to reduce the risk of equipment

‘ damage. At the slightest drizzle, work must stop.
c. Morning fog creates conditions conducive to the buildup of radon in surface soils

which must be compensated for by using a separate radon monitor.

13

14

15
16

17
18

19

4.14.2 See Also:
4.11 Environmental Influences on In-Situ Gamma Spectrometry Data
4.13 Time Required for In-Situ Gamma Spectrometry Measurements
5.3 Radium-226 Corrections
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4.15 MAPPING CONVENTIONS

The use of maps for displaying and interpreting real-time in-siftu 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.

A more complete discussion of RTRAK measurement error and the relationship between aggregation
strategies and measurement error can be found in the RTRAK Applicability Study (DOE 1997b). The
brief discussion that follows summarizes the RTRAK Applicability Study. The measurement errors
associated with individual RTRAK isotopic results are random and normally distributed. At a speed of

1 mph and an acquisition time of 4 seconds, the standard deviations of individual RTRAK isotopic

results at FRLs are 62 ppm for total uranium, 0.65 pCi/g for radium-226, and 0.33 pCi/g for thorium-

232,

Measurement error can be reduced by increasing effective count times. The effective count time is _
defined as the amount of data acquisition time associated with a measurement value. The magnitude of
measurement error is roughly inversely proportional to the square root of the effective counting time.
For example, increasing effective count times by a factor of four (from 1 second to 4 seconds) reduces
the standard deviations associated with individual stationary RTRAK isotopic measurements by a factor
of two. Effective counting times 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 pooled or aggregated set of individual RTRAK measurements. For example, increasing the count
time by a factor of four (from 1 to 4 seconds) has exactly the same impact on measurement error as -

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

Aggregating RTRAK data points by averaging data from-adjacent RTRAK readings can be an effective
means for reducing the measurement error associated with an isotopic estimate. In theory,
measurement error can be reduced to negligable levels by simply averaging enough individual RTRAK
data points. The trade-off is that as the number of data points contributing to the average grows, the
associated total field of view grows as well, although at a slightly slower rate because of the inherent
overlap in adjacent individual RTRAK measurements. For example, for RTRAK datg collected at 1

mph with a 4-second acquisition time, aggregating two consecutive RTRAK measurements together

reduces the measurement error associated with a total uranium estimate (when the actual concentration

is around the FRL) from 62 ppm to 44 ppxh, but increases the total field of view from 8.8 m* to 13.1
m’. Averaging 100 adjacent RTRAK readings together reduces the overall measurement error
associated with the average to only 6 ppm, but increases the total field of view to approximately 500

m’.

Because of the increasing total field of view, only enough data aggregation is done to satisfy the MDCs
and levels of measurement error required by the data collection program. For example, if the purpose
of the investigation is to find WAC, no aggregation of individual RTRAK measurements is required.

If the purpose is to find hot spots, two consecutive RTRAK measurements is required. If the purpose
is to find hot spots, two consecutive RTRAK measurements averaged together provide acceptable
measurement error rates. If the purpose is to define excavation boundaries, as many. as 100 individual

adjacent measurements would be aggregated.

The process of aggregating RTRAK data points begins 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 poinis aloﬁg a single run. For example, when the RTRAK is operated ata 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 contains
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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 resolutioh 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 FRL 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 aggregated 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 aggregated 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 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 is
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 compéred to a 3XxFRL standard. A two-point running

average is defined as the average of two consecutive RTRAK readings.

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 probabiiity of aggregate

measurements exceeding the hot spot criteria for radium-226, thorium-232 and total uranium.
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In the event that the RTRAK identifies a potentiaf 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 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. 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.

2. As described in the "RTRAK Multiple Measurement Field of View" topic and in the "Hot
Spot Detection” topic, care must be taken so that the area represented by aggregated
measurements does not greatly exceed the size of the potential hot spot.

3. Color codes for mapping total activity data should follow interpretation conventions
discussed in Section 4.15-2.
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4.15.7 See Also: ‘ 1
3.3 Hot Spot Evaluation ' 2
3.4 Evaluation of Above-WAC Surface Soil : ' 3
3.6 Horizontal Excavation Boundary Delineation 4
4.3 RTRAK Multiple Measurement Field of View 5
4.8 RTRAK Total Activity Data Interpretation ' ‘ 6
5.3 Radium-226 Corrections 7
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. 5.0 TECHNICAL TOPICS

Topics included in this section are related to more technical aspects of in-situ gamma spectrometry
usage than are topics in previous sections. Some of the topics, like "MDCs" and "Moisture
Corrections,” are analytical in nature. Others, like "positioning and survey" and "field quality control
issues" are more related to field operations. These topics will be of interest not only to users of in-situ
gamma spectrometry data, but also to all personnel concerned with cbllecting the data, processing the

data, and overseeing data quality.

‘ . - “.
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5.1 MINIMUM DETECTABLE CONCENTRATIONS (MDCs)

MDC:s are discussed in this document from a data user's perspective. Detailed information may be

obtained from Section 5.4 of the July 1997 HPGe Comparability Study (DOE 1997a).

MDC refers to the statistically determined quantity of a radionuclide that can be measured at a
preselected confidence level. The MDC is the a priori activity concentration that a specific instrument
and technique can be expected to detect 95% of the time. When stating the detection capability of an
instrument, this value should be used. The MDC is the detection limit L,, multiplied by an
appropriate conversion factor to give units of activity concentration (Marssim 1997). The magnitude
of the MDC is a function of instrument parameters, radiological background levels, and the

measurement procedure.

The concept of using the MDC for radionuclide measurements was first proposed by Currie (1968).
The MDC is intended to be an a priori estimate of the minimum activity concentration that a system or
technique can reliably measure under a given set of conditions. The MDC as defined here is not

intended to be used a posteriori to evaluate individual measurements.

5.1.1 HPGe MDCs

. By analogy with the statistical methodology used for certification testing, the MDC criterion for a

given isotope will be that the 95% upper confidence limit of the MDC must be less than the regulatory
limit under investigation (in this report the final remediation level [FRL] is used as the default
regulatory limit) for Analytical Support Level (ASL) D data quality levels. By analogy with the
radiochemistry performance specifications in the SiteWide CERCLA Quality Assurance Project Pian
(SCQ), a less stringent criterion for ASL B data quality levels will be that the 90% upper confidence
limit of the MDC must be less than the FRL of concern. Table 5.1-1 shows the 90 and 95% upper
confidence limits in relation to the FRLs. Given the data in Table 5.1-1, the HPGe detector should
easily be capable of reliably detecting each radionuclide when it is present at, or near, its FRL for a
data acquisition time of 15 nliﬂﬁtes. This statement holds true even for total uranium when its FRL is

10 ppm.
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5.1.2 RTRAK MDCs ) ‘ 1
In addition to detector and system parameters, RTRAK MDCs are a function of the data acquisition C2
time and the number of multiple measurements which may be aggregated to yield an average value for 3
a given area. Table 5.1-2 shows single measurement MDCs as a function of data acquisition time. 4
Clearly, only the MDC for thorium-232 is consistently below its FRL. When multiple measurements 5
are aggregated (Tables 5.1-3 and 5.1-4), RTRAK MDC:s for individual isotopes may be well below 6
their FRLs depending upon the number of measurements aggregaied. MDCs in Table 5.1-4 have been 7
estimated by multiplying data in Table 5.1-3 by 1.4 to obtain approximate MDCs for a 4 second data 8

acquisition time.

5.1.3 Guidance _ ’ 10
1. HPGe MDCs are sufficiently low for all isotopes so that HPGe can be used to make 1
measurements relative to all soil regulatory limits. . 12

2. Single measurement RTRAK MDCs are sufficiently high so that such RTRAK data should 13

only be used for hot spot and WAC exceedance measurements. However, they can be used 14

for FRL applications for thorium-232. 15

3. RTRAK data collected in areas with low soil concentrations of radionuclides must be ‘16
handled and interpreted carefully. In this regard, the effective MDCs can be reduced by 17

using an aggregation of individual measurements rather than relying upon individual 18
measurements. This is equivalent to averaging the data over a larger area than the RTRAK 19

field of view for a single measurement. While this allows the applicability of RTRAK to 20

be extended to low concentrations, the spatial resolution of the data is reduced. . 21

4. The number of points that must be aggregated for use of RTRAK for WAC and FRL 2
applications is given in Table 4.5-2 through 4.5-6 in the Trigger Level topic (Section 4.5). 23

5.1.4 See Also: 2
4.3 RTRAK Multiple Measurement Field of View , 25

4.15 Mapping Convgntions 2
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TABLE 5.1-1
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 pCi/g

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.

" TABLE 5.1-2
RTRAK SINGLE MEASUREMENT MDCs*

Total Uranium (ppm) 215° 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 (DOE 1997b).

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) 15 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.
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. TABLE 5.14 ‘
APPROXIMATE MDCs FOR

4 SECOND DATA ACQUISITION TIME

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 1.96 0.88 0.63 0.28 0.20
a Numbers are MDCs.
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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 laboratory

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) 31
1.0 - lab moisture (decimal factor)

Lab moisture (decimal fraction)= Troxler moisture (decimal fraction) [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) 4 ' 4 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-siru 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

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

00036%
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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:

6 222 218 214
88Ra22 m—mem = ——-- > 86er --- =0 ""> 84P0 - =0 "‘> 82Pb

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

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. Sectlons 5.3.1and 5.3.2
show how to correct HPGe data for radon disequilibrium effects while Section 5.3.3 discusses the

correction of RTRAK data.

5.3.1 Correction of Afternoon HPGe Radium-226 Measurements

Table 3 and Figure 6C in the "Effect of Environmental Variables Upon In-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 steady-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 consxstently lower

than laboratory data, and that the difference between in-situ gamma spectrometry measurements and. .
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laboratory measurements increases as the concentration of radium-226 in soils increases. That same ‘ 1
report derives a correction algorithm that empirically compensates for radon emanation from soils, 2
thereby allowing radium-226 concentrations to be calculated from in-situ gamma spectrometry 3
measurements that would be comparable to concentrations derived from laboratory analysis of physical 4
samples. 5
As shown in’Table 5-B:of the.report "Effect of Envifonméntal.Variables Upon 7r-Siu Gamma 6
Spectrometry Data,” when Correction Tactors were applied to Sixmonthis!"worth of afternoon data‘from 7
the field quality control'station,, the corrected average'fadium-226 concentrationi(1:35:pCi/g) was 3
almost in perfect. agreement with the-laboratory measured valuerof :1.60 pCi/g; based upon:the 9
i”v,'éigh'féd ‘mean of '170‘“5511' saﬁzﬁles . Just »a's‘fiInpOrtziﬁt”'i?tﬁé*féciﬁthat such’ good,;fa greie’:ﬁient- occ_uri?d'?ﬁ 10

11

Qeg;grzsgqtes v-t.lzézmc_li;ty ;qf;t.llqicorr:ection".fac‘tor&- -f@'_ltir'adium:226 -qqgs§9£ta¥i9§§' q@gmganofﬂE 12
FRL and also indicates. that the ' HPGe accuracy. for radium-226 meets-ASLB:data quality-Criteria; 13 |
5.3.1.1 Guidance .4
e Wet weight HPGe radium-226 concentrations based upon measurements taken between 15
12:00 pm and 6:00 pm may be corrected to concentrations that would be obtained if the 6
measurement were performed in a laboratory on a physical sample. 17
e A correction factor for each measurement is calculated from the following equation: s
Correction factor (pCi/g) = 0.4369 (HPGe concentration, pC1/g)2 + 0.167 (HPGe 19
concentration, pCi/g) + 0.0001 ' 20
e Add the correction factor to the HPGe radium-226 concentration: ‘ 21
Corrected radium-226 concentration (pCi/g) = correction factor (pCi/g) + uncorrected ‘n
radium-226 concentration (pCi/g) 3
o Convert corrected wet weight measurements to dry weight measurements as described in 2
the section on moisture corrections. _ 25

. e‘above correction algorithm with RTRAK data. See Séction 5:3:3:for 26
AK:data; 27

5.3.2 Correction of Morning HPGe Radium-226 Measurements 28
As noted above, morning radium-226 measurements are often higher than afternoon radium-226 29
measurements. . Further, morning radium-226 measurements may exhibit considerable variability due .o
to variability in weather and soil conditions. In order for morning radium-226 measurements to be 3

teme
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useful 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

FEMP\USER-MANUAL\SECTION-5.3\REVISION-BVuly 13, 1998 5.3-3

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 gainma 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.

For large, relatively flat areas such as the East Field, the radon monitor should be within
400 meters of the measurements. For small, flat areas, the radon monitor should be within
the periphery of the area. For areas with significant differences in topographic elevations,
such as deep pits, valleys and hills, consult the /n-Situ Gamma Spectrometry Group for
guidance. -

The detector height of the radon monitor should be the same height as the in-situ gamma
spectrometry detector performing the field measurements.

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 . 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.

Actual HPGe data (as opposed to radon monitoring data) will be calibrated by using the
closest (in time) calibration ratio to the beginning data acquisition time of the actual
measurement.  The beginning data acquisition time of the measurement is recorded
electronically by the HPGe instrument and is subsequently loaded into the in-situ gamma
spectrometry database. The determination of the closest (in time) calibration ratio is made
in the database. The closest (in time) calibration ratio could be either before or after the
beginning of data acquisition for a given HPGe measurement.

Calibrate environmental HPGe data collected at a given time by dividing those data by the
corresponding calibration ratio (taken from the nearest calibration ratio 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
time of maximum radon-222 depletion in soils. Table 5.3-2 shows a set of HPGe
measurements taken on January 31, 1998 from the east field (Area 1 Phase II). The
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calibration ratios from Figure 5.3-2 are used to calculate calibrated radium-226 values ‘ 1

(column 4 in Table 5.3-2) as described above. 2

e Using correction factors, calculate final corrected radium-226 concentrations, following 3

the guidance in Section 5.3.1.1. These appear in Table 5.3-2 in the fifth column called 4

"Wet Weight Radium-226 (pCi/g)." 5

e The last column in Table 5.3-2 shows the wet weight radium-226 data converted to dry 6

weight radium-226 data. These HPGe data are comparable to what a laboratory would 7

have measured by the analysis of physical sample. 8

» Theabdve guidance will yield radium-226 data that satisfies ASL B qualifyi.control 9
requirements for accuracy. . 10

5.3.3 Correction .0f ' RTRAK: Data 1
The priticiples.for the ¢orrection of RTRAK data are similar to:those described above for, HPGe':. 12
Morming RTRAK data must bé adjusted-to compensate for variability in’ radon=222 build:up and 13
dissipation in soils. Aftérnoon RTRAK data milist Be corrected.to compensatefor.radon-222 14

disequilibrium in soils.*The corréction;algorithm used’in the guidance*below, is'somewhat different 15

frony that used'for HPGe, reflecting the facts that the’ RTRAK:Nal detector is alwdys'31"cm above the 16
ground and that RTRAK is calibrated against HPGe'data (etrors are propagated); ‘7
5.3.3.1 Guidance ' ' 18
s  Correct individual RTRAK imeasurements using’ i radon monitor . data:per the first:seven 19
guidance buallets’in “Section 5.3.2; 13 , : .20
o Aggregate.thé "radon monitor icorrected data based uponitheidata’s intended iseage: -FOF 21
example, for hot spots,-take-the running average. of two’consecutive. measurements; 2
® A correction factor fot each’ aggregatedfmeasurement isicalculatéd from the following !
equation: . 2
Cérrééﬁén’factor?(pCﬂg) =10.47715:(HPGe ¢oncentration;, pCi/g)* £0.229 (HPGe ' 25
concentr 26

s Addihe correctlon factor to.the.aggregated HPGe radium:226.concéntration n

|
: ; 28
uncorrected aggregated rad1um-2264con .nggip__‘ni(pCUg) 29
& .
QQ . 1diliini226:data mistonly besused. at ASL A:data: quality1evels: )

Q

FEMP\USER-MANUAL\SECT TON-5.3\REVISION-B\uly 13, 1998 5.34




__1601

20701-RP-0006

‘ 5.3.4 See Also:

4.11 Environmental Influences on In-Situ Gamma Spectrometry Data
4.15 Mapping Conventions

5.2 Moisture Corrected Data

5.4 Data Review

' ..”
.
v o
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TABLE 5.3-1
GAMMA PHOTONS USED TO QUANTIFY RADIUM-226
FOR HPGe AND RTRAK MEASUREMENTS

20701-RP-0006

HPGe Bi-214 609.3 43.0
Bi-214 1120.4 17.0
RTRAK Bi-214 1764.5 15.8

. FEMP\USE'R-—MANUAL\SECT 1ON-5.3\REVISION-BVuly 13, 1998
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TABLE 5.3-2

1601

20701-RP-0006

HPGe MEASUREMENTS CORRECTED FOR RADON DISEQUILIBRIUM

8.52 0.84 1.39 0.61 0.87 1. 16
8.78 - 0.79 1.43 0.55 0.77 1.04
9.05 0.78 142 0.55 0.77 0.99
9.24 0.75 1.42 0.53 0.74 1.01
9.55 0.71 1.33 0.53 0.75 1.10
9.91 0.79 1.26 0.63 0.91 1.32
10.03 0.82 1.30 0.63 0.91 1.14
10.28 0.76 1.32 0.58 0.82 1.08
10.34 0.71 1.32 0.54 0.75 1.01
10.53 0.63 1.20 0.52 0.73 . 0.90

* Taken from Figure 5.3-2

** Equals values in Column 2 dividéd by values in Column 3.

- f/’.: ’
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Figure 5.3-1

Radium-226(pCi/g) from Radon Monitor at a Single Location as a Function of Time of Day
(Example Data Set)
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Figure 5.3-2
Calibration Ratio vs Time of Day for a Single Measurement Location
(Example Data Set)
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Radium-226(pCi/g) from Radon Monitor at a Single Location as a Function of Time of Day
(Example Data Set)
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Figure 5.3-2

6. Calibration Ratio vs Time of Day for a Single Measurement Location

(Example Data Set)
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5.4 DATA'REVIEW.

DataTeview s an’ iifegral paftot i@
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3

SUSpPE .v‘{. 1C T 4
concentrauons of the analytes in‘ the samples Suspect'data must be rev1ewed ‘before being 5
used for any other purpose than originally intended. 6

» Fof HPGe data rejected as unuseable, a Tepeat measurement, should be.taken as 7
appropriate. 8

's For RTRAK data téjected as unuseable, repeat at RTRAK: méasurements -or ‘confirmation 9
measurements’ W1th HPGe should be takenras appropriate. 10

¢ Individual RTRAK measurements may'be rejected as, unuseable without.rejectingthe entire 11
RTRAK batch: 12
544 S AKS! - g
8.2 RTRAK: Measufements 14
4.9 Topographic Effects . | 15
4.12'Shine 16

5'-'23£M5i,§ftﬁréi¢C6ﬁ¢§£i951$ .
,,,,,, | y
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TABLE 5.4-1 :
‘CHECKLIST FOR DATA REVIEW ELEMENTS FOR HPGe MEASUREMENTS

Was an energy calibration performed using Am-241, Cs-137, and Co-60; and were
the 59.5, 661.6 and 1332.5 keV photons in the proper channels?

Was a photopeak resolution check performed using the 1332.5 keV photon from Co-
60, and were the resolution criteria (FWHM +30) met?

Was a detector response check performed using the 1332.5 keV photon from Co-60,
and were the net peak counts (cps) within tolerance limits (+30)?

At the measurement location was FWHM of the 1460.8 keV photopeak <3.0 keV?

Was a measurement taken at the FCS, and were the measurement values in control?

If duplicate measurements were taken, is the RPD < 20% (for measured value 25 x
MDC), or is measurement difference < MDC (for measured value < 5 x MDC)?

Do Micro Rem readings indicate a lack of high background?

Is FWHM of the 1460.8 photopeak < 3.0 keV for each measurement?

Was the "dead time" less than 20%? If not, is high dead time due to high activities
or some other factor?

If dead time was greater than 20%, are the data useable without restriction for their
intended purpose?

Are both the 63.2 and 92.6 keV lines 80% or more of the 1001.1 keV line?

Even if both the 63.2 and 92.6 keV lines are less than 80% of the 1001.1 1ine; are
the data useable without restriction for their intended purpose?

' Do energy calibration peaks and other key peaks have centroids and FWHM within
QC criteria tolerances?

Have radium-226 data been adjusted to reflect radon monitor measurements?

Have radium-226 data been adjusted using laboratory' radium-226 factors?

Does the spectrum exhibit a lack of excessive noise?

Does the spectrum appear normal and exhibit an absence of anomalies, such as
double peaks or peak tailing?

Have the data been moisture corrected to a dry weight basis before reporting,'énd is’
the moisture "laboratory moisture” and not "geotechnical moisture?” '

000178
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TABLE 5.4-1 ' 20701-RP-0006
{continued)

Do the data seem reasonable relative to other spectra and data within the data set?

If the soil moisture is greater than 30%, are the data useable without restriction for
their intended purpose?

Does the variability in Micro Rem readings among the measurements indicate a
homogeneous environment?

Have field notes been checked for items which could affect data such as standing
water in the field of view, topographic irregularities, surface vegetation, or
heterogeneities of some kind?

If factors noted above which have the potential to affect data exist, do the data appear
reasonable relative to other values in the data set? Can the data be used without
restriction for their intended purpose?

Can the data be used without correction factors such as those described by Equanon 1
in Section 4.9 of the User’s Manual?

Do listed spectrum files exist in the appropriate file folder as recorded on
worksheets?

Do date, time and sample header information match worksheet/FADL entries?
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TABLE 5.4-2
CHECKLIST FOR DATA REVIEW ELEMENTS FOR RTRAK MEASUREMENTS

Was an energy calibration performed using T1-208 and Pb-212; and were the 2614.5
 and 238.6 keV photons in the proper channels?

Was a detector response check performed using the 2614.5 keV photon, and were the
net peak counts within tolerance limits (130)?

Have Troxler moisture measurements been taken for the area to be measured by .
RTRAK?

Do Micro Rem readings indicate a lack of high background?

Has complete coverage of the area under investigation been achieved?

Has the GPS been in contact with a minimum of 4 satellites consistently throughout
the period of measurement?

Is PDOP < 6 for all measurements?

Have GPS quality indicators been reviewed to indicate the quality of the signal?

If GPS quality indicators indicate poor signal quality, have the data been flagged as
suspect or rejected as appropriate?

Was the "dead time" less than 20% for all measurements? If not, is high "dead time"
due to high activities or some other factor?

If dead time was greater than 20%, are the data useable without restriction for their
intended purpose?

Do all measurements have less than 20 negative thorium net counts per second?

Are measurements with more than 20 negative thorium net counts per second useable
without restriction for their intended purpose?

Do all measurements have less than 500 thorium net counts per second?

Are measurements with more than 500 thorium net counts per second useable without
restriction for their intended purpose?

Do all measurements have less than 20 negative radium net counts per second?

Are measurements with more than 20 negative radium net counts per second useable
without restriction for their intended purpose? !

Do all measurements have less than 50 negative uranium net counts per second?

000180
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(continued)

Are measurements with more than 50 negative uranium net counts per second useable
without restriction for their intended purpose?

Do spectra of flagged measurements appear normal and exhibit an absence of
anomalies?

Have the data been moisture corrected to a dry weight basis before reporting, and is
the moisture "laboratory moisture” and not "geotechnical moisture?"

Have radium-226 data been adjusted to reflect radon monitoring measurements?

Have radium-226 data been adjusted using laboratory radium-226 factors?

Do flagged measurements seem reasonable relative to other spectra and measurements
within the data set?

If the soil moisture is greater than 30%, are the data useable without restriction for
their intended purpose?

Have field notes been checked for items which could affect data such as standing
water in the field of view, topographic irregularities, surface vegetation, or
heterogeneities of some kind?

If factors noted above which have the potential to affect data exist, do the data appear -
reasonable relative to other values in the data set? Can the data be used without

restriction for their intended purpose?
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‘ 5.5 HETEROGENEITY |
Heterogeneity can exist with respect to both the lateral and depth distribution of a radionuclide. 2
Heterogeneity at the FEMP can take the form of variations in the radionuclide concentration across 3
various distances: a centimeter or less, as would result from hot particles; meters, as might occur from 4
dumping and localized spills; and tens or hundreds of meters, as from airborne sources. No single 5
measurement technique can be expected to average all potential variations. In general, characterization 6
in a heterogeneous environment is a sampling and measurement approach issue. Thus, measurement 7
approaches must incorporate appropriate detector fields of view and appropriate measurement grid 8
densities/configurations to address heterogeneities. : 9
Heterogeneity is a function of both scale and concentration for individual radionuclides (a given size 10
area can be homogeneous for one radionuclide but heterogeneous for another). With regardto u
concentration, working definitions of the degree of heterogeneity are given below. These definitions 12
are not universal in that they are related to FEMP remediation criteria. 13
Low Heterogeneous  Radionuclide concentrations range over a factor of 2 or less. Low 14

Areas ' heterogeneous areas are most likely to be uniformly below FRLs. 15
Medium Heterogene- Radionuclide concentrations range over a factor of 2 to 5. Medium 16

ous Areas heterogeneity areas are most likely to contain hot spots. 17

High Heterogeneous -Radionuclide concentrations range over a factor of 5 or more.. High .18

Areas heterogeneous areas are most likely to contain WAC exceedances. ' 19

22

23

24

The scale of heterogeneities can be related to théir detectability with the HPGe, RTRAK, and hand- 25
held survey meters. . 26
e Medium and high heterogeneities with < 0.5 m radius may be detected with hand-held 27

survey meters and by HPGe at a 15 cm detector height. 28

¢ Medium and high heterogeneities having a 0.5 to 2.0 m radius can be detected by HPGe at 2

either 15 cm or 31 cm detector height, depending upon the value of radionuclide 30

concentrations, and by RTRAK. . 31
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e Low, medium and high heterogeneities having a 2.0 m to 4.0 m radius can be detected by
HPGe at either 31 cm or 1.0 m detector height, depending upon the range of radionuclide
concentrations, and by RTRAK.

e Low, medium or high heterogeneities with a > 4.0 m radius can be detected by HPGe at
1.0 m detector height and by RTRAK.

The concentration and scale of heterogeneities and their detectability can all be combined as shown in
Tables 5.5-1 through 5.5-3. For example, in medium heterogeneous areas in which 0.5 to 2.0 meter
radius hot spots occur (Table 5.5-2), HPGe at a 31 cm detector height is the primary instrument for
detection.. Similarly, in high heterogeneous areas, if WAC exceedances with greater than 4.0 meter
radii occur, shch exceedances can be detected with either HPGe or RTRAK (Table 5.5-3). Finally, as’
noted in Table 5.5-1, small areas of low heterogeneity are not of particular concern in remediation.
Large, low heterogeneous areas are of interest, particularly for FRL boundary excavation evaluation
reasons. Both RTRAK and HPGe at 1.0 meter detector height are well suited to provide reliable data

on large, low heterogeneous areas.

Because RTRAK is the primary tool for measuring 100% of accessible areas, and because RTRAK is
the primary tool for providing general patterns of contamination in pre-design investigations and in
precertification surveys, RTRAK is the primary tool for recognizing heterogeneous areas. Given the
results of RTRAK surveys, HPGe is then focused on specific measurement objectives; for example,
WAC exceedance confirmation. Heterogeneity issues, then, become important only within the context
of the measurement objective. The guidance bullets below refer the user to sections Where

measurement approaches for various measurement objectives are addressed.

5.5.1 Guidance

e For protocols on how to detect, confirm, and delineate hot spots in heterogeneous areas, as
well as to interpret data from such measurements, refer to Sections 3.3 ("Hot Spot
Evaluation").

e For protocols on how to detect, confirm, and delineate WAC exceedances in very
heterogeneous areas, as well as how to interpret data from such measurements, refer to
Sections 3.4 ("Evaluation of Above-WAC Surface Soil") , 4.6 ("WAC Exceedance
Detection") and 4.5 ("Trigger Levels").

e For guidance on how to present RTRAK data to display general patterns of contamination,

as well as how to interpret RTRAK data, refer to Sections 4.15 ("Mapping Conventions")
and 4.8 ("RTRAK Total Activity Data Interpretation”).
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’ e Refer to Tables 5.5-1 through 5.5-3 for guidance and information as to instrument type and 1
detector height for various measurement objectives in heterogeneous areas. 2
5.5.2 See Also 3
3.3 Hot Spot Evaluation ‘ 4
3.4 Evaluation of Above-WAC Surface Soi 5
4.1 HPGe Detector Field of View _ 6
4.3 RTRAK Multiple Measurement Field of View ' 7
4.5 Trigger Levels | 8
4.6 WAC Exceedance Detection : 9
4.7 Use of Hand-Held Survey Meters , , _ 10
4.8 RTRAK Total Activity Data Interpretation | | i
4.15 Mapping Conventions ' 12
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Instrument Selection and Detector Height for Evaluation of FRL Excavation Boundaries and CU

TABLE 5.5-1

Delineation in Heterogeneous Areas

20701-RP-0006

<0.5 Very small, low Very small, medium Very small, high
heterogeneous areas not | heterogeneous areas not of | heterogeneous areas not
of remediation concern remediation concern for of remediation concern
for FRL boundary FRL boundary excavation or for FRL boundary
excavation or CU CU delineation. excavation or CU
delineation delineation
0.5-2.0 Small, low Small, medium Small, high
heterogeneous areas not | heterogeneous areas not of | heterogeneous areas not
of remediation concern remediation concern for of remediation concern
for FRL boundary FRL boundary evaluation or for FRL boundary
evaluation or CU CU delineation evaluation or CU
delineation delineation
2.04.0 Small, low Detectable by RTRAK and Detectable by RTRAK
heterogeneous areas not { by HPGe at 31 cm detector and by HPGe at 1.0 m
of remediation concern height. May be of interest | detector height. May be
for FRL boundary for CU delineation of interest for CU
evaluation or CU delineation
delineation
>4.0 Large, low Detectable by RTRAK and Detectable by RTRAK
heterogeneous areas by HPGe at 1.0 m detector and by HPGe at-1.0 m |
detectable by RTRAK height. May be of interest | detector height. May be
and HPGe at 1.0 meter for CU delineation” of interest for CU
detector height. Of delineation
interest for FRL
boudary evaluation

FEMP\USER-MANUAL\SECTION-5.5\REVISION-B\July 13, 1998
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TABLE 5.5-2
Instrument Selection and Detector Height for Evaluation of Hot Spots
in Hetergeneous Areas

E 1601

20701-RP-0006

FEMP\USER-MANUAL\SECTION-5.5\REVISION-B\July 13, 1998

5.5-5

<0.5 Very small, low Very small hot spots may be | Very Small Hot Spots
heterogeneous areas not detectable by hand-held detectable 'by hand-
of remediation concern;- survey meters. Not of held survey meters
probably do not contain remediation concern and HPGe at 15 cm .
hot spots detector height
0.5-2.0 Small, low Small hot spots detectable by Small hot spots
heterogeneous areas not HPGe at 15 ¢cm detector detectable by RTRAK
of remediation concern; height. and by HPGe at 31 cm
probably do not contain detector height
‘hot spots
2.0-4.0 Small, low Hot spots detectable by Hot spots detectable by
heterogeneous areas not | RTRAK and by HPGe at 31 RTRAK and by HPGe
of remediation concern ; cm detector height at 1.0 m detector height
probably do not contain
hot spots
>4.0 Large, low Large hot spots detectable Large hot spots
heterogeneous areas by RTRAK and by HPGe at detectable by RTRAK
detectable by RTRAK 1.0 m detector height and by HPGe at 1.0 m
and HPGe at 1.0 meter detector height
detector height; but
probably do not contain
hot spots
000186
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TABLE 5.5-3

Exceedances in Heterogeneous Areas

20701-RP-0006

Instrument Selection and Detector Height for Evaluation of WAC

heterogeneous areas not
of remediation concern
for WAC exceedances

areas detectable by RTRAK

and by HPGe at 1.0 m
detector height and may

contain WAC exceedances.

<0.5 Very small, low Very small, medium WAC exceedances
heterogeneous areas not heterogeneity areas not of detectable by hand-held
of remediation concern remediation concern for survey meters and HPGe
for WAC exceedances WAC exceedances at 15'cm detector height
0.5-2.0 Small, low Detectable by HPGe at 15 WAC exceedances
heterogeneous areas not | cm detector height, but - not detectable by RTRAK
of remediation concern of remediation concern for and by HPGe at 31 cm
for WAC exceedances WAC exccedances detector height
2.0-4.0 Small, low Detectable by RTRAK and Detectable by RTRAK
heterogeneous areas not | by HPGe at 31 cm detector and by HPGe at 1.0m
of remediation concern height, but probably not of detector height
for WAC exceedances remediation concern for
WAC exceedances
>4.0 Large, low Large medium heterogeneity WAC exceedances

detectable by RTRAK
and by HPGe at 1.0m
detector height

= 900.578'7
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5.6 STRENGTHS AND LIMITATIONS OF IN-SITU GAMMA SPECTROMETRY

As noted in sections throughout this document, RTRAK and HPGe each have certain strengths and
certain limitations. Sometimes the strengths and limitations have been stated explicitly; sometimes
they have been implied. This section succinctly summarizes information contained in all other sections

by compiling strengths and limitations for HPGe and RTRAK for easy reference.

5.6.1 RTRAK Strengths and Limitations
5.6.1.1 Strengths

e The RTRAK is able to provide rapid, 100% coverage of an area. An acre may be
measured with 100% coverage in as little as two hours. The complete coverage provides
the ability to identify WAC, hot spot, and FRL problems better than would be possible
with discrete samples.

e The cost of RTRAK data is relatively low. Depending upon amount of site preparation,
degree of overlap between passes, terrain considerations, and the radiological environment,
RTRAK data costs between $500 and $1000 per acre. Assuming that one physical sample
every hundred square feet is adequate to characterize an area, then 440 physical samples
would need to be collected per acre. Sample collection, sample management office, and
analytical costs total approximately $300 per sample. Thus, RTRAK is 130 to 260 times
less expensive than physical samples on a per acre basis.

e RTRAK produces gross activity data which provide excellent survey information relative to
general patterns of surface soil radioactivity. :

¢ RTRAK provides quantitative data (in the form of concentrations given in ppm or pCi/g)
for total uranium, thorium-232, radium-226, potassium-40, cesium-137 and other
radionuclides. This enables general patterns of contamination to be delineated. It allows
average concentrations to be determined for a CU.

e Because of its small field of view and its capability to provide 100% coverage, RTRAK is
well suited to make measurements enabling the degree of heterogeneity and homogeneity
on the scale of 3 to 5 meters within an area to be determined.

e The minimum detectable concentration is low enough and the precision is good enough for
single RTRAK measurements for total uranium to detect WAC exceedances. Gross
activity data may also be used to detect potential WAC exceedances.

e By aggregating two measurements, RTRAK data for thorium-232 and radium-226 may be
. used to reliably detect hot spots at either 2 x FRL or 3 x FRL.

e By aggregating two measurements, RTRAK data may be used to detect total uranium hot
spots at 3 x FRL. By aggregating five measurements, total uranium hot spots at' 2 x FRL
can be detected. This holds only when the FRL for total uranium is 82 ppm.
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Turn-around times are low. Forty-eight hour turn-around times are currently achievable
and the goal of work presently in progress is to reduce this to 24 hours for data output
involving mapping algorithms. The goal of work in progress is also to provide real time
data output involving the simple posting of individual measurement values on a-map.

When a scaled-down version of RTRAK is in routine operation, RTRAK will be able to
make measurements in almost every terrain except vertical sidewalls, trenches, and sloping
walls with a greater than 1:1 slope.

RTRAK data are readily amenable to mapping and a variety of mapping algorithms are
employable. In addition to patterns of contamination, hot spots, and WAC exceedances,
RTRAK maps can show natural and anthropogenic features such as abandoned roads.

Data quality can be improved, if necessary, by decreasing RTRAK speeds and increasing
the data acquisition time.

May be used when the ground is frozen and samplers cannot take core samples easily.

Measurements are non-destructive and non-intrusive.

5.6.1.2 Limitations

In its current configuration, RTRAK cannot perform measurements in heavily wooded
areas, in deep pits, or on sloping walls in which the slope is greater than 0.5:1.

The precision is low and the minimum detectable concentration is high for individual
measurements. As a resuit, individual measurements cannot be used to accurately quantify
total uranium and radium-226 at concentrations near their FRLs (82 ppm and 1.7 pCi/g,
respectively). Thorium-232 may be reliably quantified at concentrations near its FRL.

Low FRLs of 10 ppm and 20 ppm for total uranium in various locations at the FEMP
effectively limits the use of RTRAK for FRL screening given that the MDC is greater than
the FRL and the very high number of data points that must be aggregated to achieve
acceptable precision and MDC.

Care must be taken when aggregating measurements such that the size of the area
represented by the aggregation is not significantly larger than the scale of the object of
interest. Aggregation reduces spatial resolution.

Correction algorithms are needed to adjust radium-226 measurements to compensate for
radon-222 disequilibrium in surface soils.

Unrecognized shine may give falsely elevated readings. Shine may not be recognized.

RTRAK measurements cannot be made immediately after heavy rain, when snow ‘is on the
ground, or when soil is saturated with water.

RTRAK only measures surface soil contamination
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. ¢ RTRAK is limited to measuring only certain gamma photon emitting radionuclides.

5.6.2 HPGe Strengths and Limitations
5.6.2.1 Strengths

HPGe provides quantitative data for a wide variety of gamma emitting isotopes. These
data exhibit very high degrees of precision, low minimum detectable concentrations, and
high degrees of accuracy. (Note: the major issue with HPGe data is not its accuracy or
precision, but rather how to interpret the data. See other points in Strengths and
Limitations.)

HPGe can provide accurate and meaningful information oh primary radiological COCs
with regard to FRL attainment; hot spot detection, confirmation, and delineation; and
WAC (for total uranium) exceedances.

For all areas, individual HPGe measurements provide results that are more representative
of a significant volume of soil than are measurements obtained by the analysis of
conventional samples.

Varying the detector height on the HPGe allows measurements to be made over a variety
of viewing areas. This allows different sized areas to be examined quickly and also allows
for boundary delineation. Additionally, multiple measurements at different detector
heights at a given location may provide valuable information on the heterogeneous vs
homogeneous distribution of analytes.

Variable fields of view (i.e., different viewing areas at different detector heights) more
closely match clean-up criteria than do discrete samples (i.e., areas associated with hot
spot criteria). ' ‘

As necessary, HPGe can provide 100% coverage of an area. This allows the identification
of WAC, hot spot, and FRL problems better than physical samples.

HPGe allows measurements to be performed rapidly. A single measurement may take
from 5 to 15 minutes. However, other factors limit the number of measurements that can
be made in a day. Refer to Section 4.13, "Time Required for In-Situ Gamma Spectrometry
Measurements" for details.

HPGe is well suited to having multiple systems working in tandem to quickly cover an
area. :

Twenty-four hour turn-around times for data are easily achievable with HPGe.

HPGe data are amenable to storing, manipulating, and archiving electronically just as
conventional analytical data are.

The cost of HPGe data is significantly less than laboratory gamma spectrometry data, ;
particularly when turn-around times are considered. It costs from $150 to $200. for an in-
situ gamma spectrometry measurement with a 24-hour turn-around time (or less), taking
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into account site preparation, QA/QC, transportation of units, and radiological constraints. ‘

1

The cost of a conventional gamma spectrometry analysis with a 30-day turnaround time is 2
approximately $300, taking into account samplmg, sample management office, and 3
analytical costs. 4

e Results are not very sensitive to topographic effects for conditions likely to be found at the 5
FEMP. 6

e A wide variety of terrains may be measured. These include vertical sidewalls, trenches, 7
pits, and sloping walls. The algorithms used by HPGe can be customized as necessary to 8
achieve measurement objectives in terrains. 9

10

e The superior resolution of HPGe detector relative to sodium iodide detectors may allow " n
shine to be recognized as well as interfering gamma photons from radionuclides other than 12

the ones of interest. 13

e HPGe can be used when the ground is frozen and samplers cannot take core samples 14
easily. 15

e Measurements are nondestructive and non-intrusive. 16

5.6.2.2 Limitations

e QA/QC requirements are still evolving. No promulgated requirements exist such as those

associated with CLP or SW846 protocols. 19

¢ Radium-226 measurements cannot be used without correction or adjustments in order to 20

compensate for radon-222 disequilibrium in surface soils. When conditions (particularly in 21

the morning) are not conducive to the dissipation of radon-222 from surface soils, a 2

separate radon monitor must be employed to provide information for radium-226 correction 23

algorithms. When very few measurements are to be made, the measurements should be 24

made in the afternoon to avoid possible morning radon-222 buildup. 25

e Individual measurements are hard to interpret in heterogeneous environments. This is 26

particularly true when the scale of the heterogeneities is on the order of or less than 50% 27

of the field of view at a given detector height. (This is also true for any other analytical : 28

technique.) 29

e Ifusedin smali, confined areas, such as pits or trenches, correction factors may bé needed 30

to account for the unique geometries of the areas.” (But measurements are conservative in 31

that concentrations will be higher than actual concentrations when correction factors are 2

not employed.) 3

¢ HPGe measurements cannot be made in rain or snow. Measurements must not be made 34

‘ after a heavy rainfall, when snow is on the ground, or when the ground is saturated with 35

g» water. _ 6
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One soil moisture measurement within the field of view may not represent the average
moisture within the field of view. -

When making measurements in the vicinity of building or drums where radioactive
material is stored, gamma radiation from the radioactive material may interfere with
gamma radiation from radionuclides of interest in the soil. This "shine" may lead to
falsely elevated measurements.

5.6.3 Guidance

The strengths and limitations listed above for HPGe and RTRAK must be consulted when
writing PSPs, IRDPs, and certification design letters.

HPGe and RTRAK complement each other. Limitations in one system may be
compensated for by strengths in the other. When used in tandem, the strengths of the

. tandem system may exceed the sum of the strengths of the individual systems.

When in doubt as to the correct usage of HPGe or RTRAK, consult the In-Sitru Gamma
Spectrometry Group for advice.

5.6.4 See Also: ,
2.1 Overview of RTRAK and HPGe Usage
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5.7 FIELD QUALITY CONTROL CONSIDERATIONS

QA and QC procedures (20300-PL-0002 and ADM-16, respectively) have been written in order to
implement an in-situ gamma spectrometry quality program. Although the QC procedure primarily
addresses traditional QC elements such as accuracy, precision, use of control charts, etc., it also
specifies a number of daily checks to equipment that must be performed. However, other factors may
occur in the field while taking measurements that can detract from the quality of the data. These

factors have been delineated based upon the experience of the field crews and are presented below.

5.7.1 Guidance

Field Use of HPGe

e If High Voltage LED is not illuminated, check the following:
1. Ensure power switch is on
2. Ensure low battery LED is not illuminated. Note: If low battery light is ﬂlummated
there will probably not be enough power to operate the MCB.
3. Ensure battery is properly installed in the MCB.

e If program indicates "can't read MCB" or won't switch over from the buffer to the
detector, check the following: :
1. Ensure 9-pin preamp cable and BNC connectors are secured to MCB
2. Ensure 25-pin parallel printer port cable is securely connected
3. Ensure cable connectors are in their proper terminals

e If detector voltage cannot be enabled, check the following:
1. Ensure bias shutdown cable is securely connected in its proper terminal-(i.e., SD)
2. Ensure voltage on detector matches voltage applied
3. Ensure detector is properly cooled.(i.e., filled with LN;)

e During energy calibration if RESOLUTION or NET PEAK AREA are not w1thm QC
limits, check the following;
1. Ensure detector is in proper fixed geometry.
2. Ensure no foreign (shielding) objects are between source and detector.
3. Ensure no other radiological sources are in the area.

e If (when taking field readings) the RESOLUTION of potassium-40 (channel 3895) is too
high (i.e. greater than 3 keV or 8 channels), check the following:
1. Electromagnetic/radio frequency interference.
2. Interference from another radiological source.
3. Possibility of actual high resolution from equipment failure.
4. Interference from isotopes with energy close to that of potassium-40 (thorium-230, -
232)

Note: When working in high dirt/dust areas and on a periodic basis, the cable connectors and
terminals should be cleaned with denatured alcohol and air to ensure good connection and thus,
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proper operation. Also, wrapping the connectors with aluminum foil helps to fix potassium-40
resolution problems.

Field Use of the RTRAK

The RTRAK should not be driven in/on the following areas:
1. Steep inclines ,

2. Over ditches or into deep pits (could rip detector off)

3. Over standing water

Take proper precautions when traveling and crossing roadways.

Do not drive under tree canopy or near low lying tree branches - GPS signal could get
blocked or GPS antenna could get snagged on limbs.

Ensure energy calibration sources (i.e., thorium mantles) are removed from the detector
after use and placed in a shielded storage area.

Use caution when working around calcium chioride-filled tires. Tire punctures can result
in personnel being sprayed with calcium chloride.

Jarring and bumping of instrumentation may cause calibration of spectrum to shift and
render data useless.

When using NIMBin-type analyzer, ensure constant and proper temperature inside cab.

' Temperature changes can cause spectrum shifts.

When starting on-board generator, manually choke if it does not start up right away.

If low end peak is out (>2 channels), use zero adjust to bring it in.

General Considerations:

A 90&
N

N
\)

No radioactive sources such as that in the Troxler gauge must be present (at least within 75
meters) during operation of RTRAK or HPGe.

Personnel must not wander into or place objects within the detector field of view.
To the extent possible, field of view obstructions should be minimized.

Live time agrees with preset value; dead time not excessive for level of contamination in
area; dead time must not exceed 40%.

Spectrum continuum has characteristic shape - no abrupt shifts in general smoothness,
broad humps, excessive counts at low channels, spurious counts or dropped channels.

Peak shape good - no low or high energy side tailing, peak broadening, double peaks.
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‘ 5.7.2.See Also:

4.9 Topographic Effects
4.14 Seasonal Precautions

5.4 Data Review

000195
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5.8 POSITIONING AND SURVEYING

Static and dynamic positioning techniques are required to identify the geographic. locations of the
HPGe and RTRAK measurements. Field coordinates for HPGe readings are easily determined using
conventional survey methods and equipment (total stations, electronic theodolites, or GPS) to stake out
locations or grid points. The physical location of spectra acquired by the RTRAK system is
determined by differential GPS (DGPS).

5.8.1 RTRAK System
The RTRAK acquired from the Uranium Mill Tailings Remedial Action (UMTRA) program originally

utilized a microwave ranging technology based upon Motorola's Ranger system. That positioning
system required sétting up an expensive network of antennae and a base transmitter to track the
vehicle's movement. Positioning was not provided in real time and an extensive baseline was required

to be established over each work area.

Upon acquiring the RTRAK in 1996, the FEMP decided that GPS technology was affordable and
dependable enough to replace the complex microwave positioning system. The FEMP selected a sub-
meter GPS receiver as the primary positioning system for the RTRAK due to the receiver's ability to
achieve sub-meter positioning accuracies and the versatility of the receiver to interface or "speak" with
: extémal electronic devices. The receiver incorporates the GPS and DGPS signals into a single housed
unit, thus eliminating the need to interface two separate receivers, each supplying its respective signal.
The GPS "engine" consists of a 12-channel, parallel tracking receiver with a latency update of one
hertz. A single antenna integrates the GPS and the differential correction or beacon signal, thelreby
providing the user with an instantaneous corrected position. The system is compatible with a variety
of external electronic sensors, including lasers, rangefinders and dataloggers, making it ide.al for
various mapping applications. Recent hardware upgrades to the submeter mapping grade receiver
provide typical accuracies of greater than 50% improvement in positioning over the previous system.
These new receivers can deliver a horizontal RMS error as low as 15 cm and vertical RMS errors as

low as 30 cm. Ideal GPS conditions have produced accuracies better than 10 cm.

A GPS receiver capable of receiving a differentially corrected signal can increase position precision
from 100 meters to centimeters. The user can select from various methods of accessing the DGPS
signal. These include post-processing data, real time corrections through use of a base station, through

use of a differential correction service, or at no cost from a government agency such as the US Coast
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Guard if available in the user's general area. Although the FEMP can currently receive two to four of
these "free" frequencies continuously, the base stations are far enough from the FEMP to propagate an
error in position (approximately one meter error for every 100 km the signal travels). Each method
has its advantages and disadvantages regarding cost, accuracy and availability. The RTRAK utilizes a
differential correction signal service provider since the service provider incorporates the user's
geographic location into a correction algorithm and since the service provider provides service
worldwide. The ability to receive a DGPS signal worldwide is a consideration should a radiological

mapping package become commercially developed for use across the US and abroad.

5.8.2 Factors Affecting GPS. Positioning
The NAVSTAR global positioning system is highly reliable and provides consistent operation when

used properly. Although the occurrence of errors during GPS positioning is uncommon, users must be
familiar with factors and limitations that can adversely impact positioning data. GPS satellites are
operated and controlled by the Department of Defense. Their atomic clocks and signals can be
adjusted to provide erroneous signal information. Although the GPS is available 24 hours a day,
certain time periods exhibit optimal satellite telemetry and availability (see Figure 5.8-1). Mission
planning software is used to monitor optimal time frames for conducting GPS operations and to
identify periods which may not yield satisfactory results. Also, resources are available that indicate
periods of poor satellite health. Resources include various web pages, typically provided by
government institutions, including the.Coast Guard, US Navy, several gas manufacturers, and some
universities with advanced mapping programs. Knowing this, the user can "turn off" any signals that

may be received from the unhealthy satellite.

Dense tree canopies or tall structures may be responsible for blocking GPS signals, geostationary
differential correction signals, or for producing a multipath error or bounced signal effect. Similar to
"ghost" effects as seen on television, multipath error occurs when satellite signals are reflected from
nearby objects such as trees, fences, vehicles, buildings, and water surfaces. This type of error cannot
be blamed on the satellite or the receivers. Modern receivers use advanced signal processing
techniques to minimize the problem, but in some severe cases it can add some uncertainty to the
location of a GPS measurement. Field eﬁcperience with the use of GPS equipment will educate the user
as to degrees of latitude for antenna placement when working around obstructions that may interfere

(block or bounce) with the GPS radio signal.
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The use and application of GPS technology provides a cost effective and dependable method of
positioning anywhere on or above the earth's surface. Proper use of the positioning equipment and an
awareness of its operational limitations will yield valuable information. GPS will not function when
satellite positioning signals are not received. Familiarity with the prospective work site and prior
satellite mission planning will significantly reduce, if not eliminate, possible GPS positioning errors,
allowing proper focus towards radionuclide detection efforts. The use of GPS positioning has

demonstrated an ideal application for this unique and successful radionuclide detection system.

5.8.3 Guidance

¢ Planning software and almanacs should be used to plan optimal periods in a given day for
conducting GPS operations. The objective is to avoid running RTRAK at potentially poor
times to receive satellite signals, such as those occurring at 9:30 am, 2:30 pm, and 8:30
pm, as illustrated in Figure 5.8-1 (note that these times are not constant on a day-to-day
basis).

s The FEMP considers GPS signals associated with PDOP values less than or equal to 6 to
be acceptable for use.

¢ Do not perform work where GPS signals will be blocked or in locations which could lead -
to multipath error effects. Multipath errors cannot be corrected for in the field. Multipath
errors may be identified with a real-time mapping display. Multipath errors that occur
along a straight line can be corrected by interpolation. Through use and experience, the
user should become familiar with the types of features that cause multipath to occur and
learn to avoid those obstacles to the extent possible. Familiarity with the prospective work:
site and prior satellite mission planning will significantly reduce, if not eliminate, possible
GPS positioning errors and allow proper focus toward radionuclide detection errors.

e GPS quality indicators (0, 1, 2) sent from the GPS receiver indicate the quality of the GPS
signal being recorded.  Zero indicates an invalid GPS fix (loss of GPS signal); a "1"
indicates a GPS fix (GPS signal received with loss of the differential correction); and a "2"
represents a differential GPS fix. By reviewing these data records, the analyst can
determine positioning errors resulting from satellite signal loss or lock. Additionally,
when plotted on site reference maps, it is possible for the analyst to determine the source
or factor that may have contributed to signal loss.

5.8.4 See Also:
4.9 Topographic Effects
4.15 Mapping Conventions
5.7 Field Quality Control Considerations
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. APPENDIX A
PROCEDURES
A.1 REAL TIME WORK GROUP PROCEDURES
1. ADM-16 In-Situ Gamma Spectrometry Quality Control Measurements

¢ ADMET Data:Review: and: Reporting:of /n:Siti ‘Ganina: Spectiometry” Data

3.. EQT-22 Characterization of Gamma Sensitive Detectors

4. EQT-23 Operation of ADCAM Series Analyzers with Gamma Sensitive
Detectors

5. EQT-30 Operation Radiation Tracking Vehicle Sodiuxﬁ Iodide Detection System

6. EQT-32 : Troxler 3440 Series Surface Moisture/Density Gauge--Calibration,
Operation and Maintenance

7. EQT-34 Operation of the Radiation Scanning System

8. EQT-36 Operation of a FIDLER

9. EQT-37 In-Situ Gamma Spectrometry Maintenance/Preventive Maintenance

‘ | 10. 20300-PL-0002 Real Time Instrumentation, Measurement Program Quality Assurance

Plan

11. In Process Transfer, Processing, and Storage of In-Situ Gamma Spectrometry
Data

A.2 HEALTH. SAFETY, AND RADIATION CONTROL PROCEDURES

1. RP-0014 - Radiation Source Accountability and Control ,

2. RC-DPT-035 Inspection and Performance Testing of Portable Radiological Survey
Instruments } '

3. RC-DOS-ZI Operation of the Liquid Nitrogen Transfer Dewar

4. RC-TWD-003 Radiological Requirements for Transporting, Starting, and Using the
Troxler Moisture/Density Gauge

A.3 ENVIRONMENTAL MONITORING PROCEDURES

1. ADM-01 Procedure Development and Training
2. ADM-02 Field Project lPrerequisites
. 3. ADM-12 Required Reading
4. EQT-10 AC Portable Generator - Operation and Maintenance
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5. EQT-33 Real-Time Differential Global Positioning System (GPS) - Operation ‘ 1
4. SMPL-01 -  Solids Sampling - 2
A.4 SITE-WIDE DOCUMENTS 3
1. RM-0012 FEMP Quality Assurance Program Description ' 4
2. FD-1000 FEMP Sitewide CERCLA Quality Assurance Project Plan (SCQ) , 5
3. RM-0029 FDF Conduct of Operations (CONOPS) Program } 6

000291: | ' | | ‘

" " ’FEMP\USER-MANUAL\APPENDIX-A\REVISION-BVuly 13, 1998 A2




- 1601

o 20701-RP-0006

APPENDIX B
REFERENCES

ASTM D 3017-88, "Test Methods for Water Content of Soil and Rock in Place by Nuclear Methods
(Shallow Depth)."

Currie, L.A., 1968, "Limits for Qualitative Detection and Quantitative Determination." Analytical
Chemistry, Vol. 40, No. 3, pp. 586-593.

FDF Environmental Monitoring Procedure EQT-22, "Characterization of Gamma Sensitive
De;ectors," June 18, 1996, Rev. 0, Fernald, OH.

FDF Environmental Monitoring Procedure EQT-30, "Operation of Radiation Tracking Vehicle
Sodium Iodide Detection System," June 18, 1996, Rev. 0, Fernald, OH.

FDF Environmental Monitoring Procedure SMPL-01, "Solids Sampling," October 4, 1996, Rev. 0,
Fernald, OH.

International Commission on Radiation (ICRU), December 1994, "Gamma-Ray Spectrometry in the
Environment," ICRU, Repqrt No. 53, Units and Measurements, Bethesda, MD.

Laedermann, J.-P., F. Byrde, and C. Murith, 1998, "In-Situ Gamma-ray Spectrometry: the Influence
of Topography on the Accuracy of Activity Determinations," Journal of Environmental Radioactivity,
Volume 38, Number 1, pp. 1-16. ’

Miller, Kevin M., Peter Shebell, and Gladys A. Klemic, 1994, "In-Situ Gamma Ray Spectrometry for
the Measurement of Uranium in Surface Soils," Health Physics, Volume 67, Number 2 (February
1994).

Sutton, C., B. Campbell, R.J. Danahy, T. Dugan and F.K. Tomlinson, 1994, "Ensuring
Comparability of Data Generated by Multiple Analytical Laboratories for Environmental Decision
Making at Fernald Environmental Management Project,” Proceedings of the 10th Annual Waste
Testing and Quality Assurance Symposium, pp. 45-59. .

US Department of Energy, 1997a, "Comparability of In-Situ Gamma Spectrometry and Laboratory
Data," 20701-RP-0001, Revision O, DOE, Fernald Environmental Management Project, Cincinnati,
OH.

US Department of Energy, 1997, "Comparability of Total Uranium Data as Measured by In-Situ
Gamma Spectrometry and Four Laboratory Methods," Addendum to 20701-RP-0001, DOE, Fernald
Environmental Management Project, Cincinnati, OH.

US Department of Energy, 1997, "Comparability of In-Situ Gamma Spectrometry and Laboratory
Measurements of Radium-226," Second Addendum to 20701-RP-0001, DOE, Fernald Environmental
Management Project, Cincinnati, OH.

US Department of Energy, 1997, "Effect of Environmental Variables upon In-Situ Gamma:. ..~

Spectrometry Data," Third Addendum to 20701-RP-0001, DOE, Fernald Environmental Management .

00Q<02

Project, Cincinnati, OH.

FEMP\USER-MANUAL\APPENDIX-B\REVISION-BVuly 13, 1998 B-1

10

11
12

21
22

24

26
27

28
29
30

31
32
3




20701-RP-0006

US Department of Energy, 1997b, "RTRAK Applicability Study,"” 20701-RP-0003, Revision 0, DOE,
Fernald Environmental Management Project, Cincinnati, OH.

US Department of Energy, 1997, "RTRAK Applicability Measurements in Locations of Elevated
Radionuclide Concentrations,” Addendum to 20701-RP-0003, Revision 0, DOE, Fernald
Environmental Management Project, Cincinnati, OH.

US Department of Energy, 1998, "RTRAK Applicability Study," 20701-RP-0003, Revision 1, DOE,
Fernald Environmental Management Project, Cincinnati, OH.

US Department of Energy, 1997c, "Sitewide Excavation Plan," 2500-WP-0028, Revision 0, DOE,
Fernald Area Office, Fernald, OH. ..

US Department of Energy, 1997d, "Integrated Remedial Design Package for Area 1 Phase II,"
20710-PL-0002, Revision C Draft, Fernald Environmental Management Project, Cincinnati, OH.

US Department of Energy, 1997e, "Integrated Remedial Design Package for Area 2 Phase 1," 2502-
WP-0029, Revision B Draft, Fernald Environmental Management Project, Cincinnati, OH.

US Environmental Protection Agency (EPA), 1993, "Data Quality Objectives Process for
Superfund,” Interim Final Guidance, PB94-963203, EPA Office of Solid Waste and Emergency
Response, Washington, DC.

US Nuclear Regulatory Commission (NRC), 1995, "Measurement Methods for Radiological Surveys
in Support of New Decommissioning Criteria," Nureg-1506, Draft, NRC, Division of Regulatory
Applications, Office of Nuclear Regulatory Research, Washington, DC. '

US Nuclear Regulatory Commission, US Environmental Protection Agency, US Department of
Energy, and US Department of Defense, 1997, "Multi-Agency Radiation Survey and Site Investigation
Manual (MARSSIM), Nureg-1575, EPA 402-R-97-016, Washington DC.

o

£

FEMP\USER-MANUAL\APPENDIX-B\REVISION-BVuly 13, 1998 B-2

' l
2

10

12
13




