January 12, 1995

Mr. Theodore G. Adams,
Project Manager

B. Koh and Associates, Inc.

11 West Main Street

Springville, NY 1414]

Dear Mr. Adams:

The comments of the staff of the U.S. Nuclear Regulatory Commission on the "Site
Characterization Plan" for the former Brooks and Perkins facility, now owned by AAR
Manufacturing, Inc., in Livonia, Michigan, are attached as Enclosure 1. The general nature of
these comments was discussed with Mr. Barry Koh by telephone on November 22, 1994. We are also
enclosing for your use, as Enclosure 2, a copy of tne latest "Draft Branch Technical Position
on Site Characterization for Decommissioning” issued November, 1994.

The principal issues addressed in our comments include possible use of characterization survey
data for the termination survey, location of the wastes which were accorded disposal under the
provisions of 10 CFR 20.304 and the need to supply a detailed Health and Safety Plan.

Based on vur comments, you are requested to prepare and submit for approval, within 60 days,
revisions to the Site Characterizatien Plan. If you have any questions, please do not hesitate
to call me at 301-415-6755.

Sincerely,
[Original signed by]

John J. Lentz, Project Manager

Materia’s Decommissioning Section

Low-Level Waste and Decommissioning
Prgjects Branch

Office of Nuclear Material Safety
and Safeguards
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Mr. Theodore G. Adams,
Project Manager

B. Koh and Associates, Inc.

11 West Main Street

Springville, NY 14141

Dear Mr. Adams: 7
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The comments of the staff of the U.S. Nuclear Regulatory Commission on the "Site
Characterization Plan" for the former Brooks and Perkins facility, now owned by AAR
Manufacturing, Inc., in Livonia, Michigan, are attached as Enclosure 1. The general nature of
tiese comments was discussed with Mr. Barry Koh by telephene on November 22, 1994. We are also
enclosing for your use, as Enclosure 2, a copy of the latest "Draft Branch Technical Position
on Site Characterization for Decommissioning" issued November, 1994,

The principal issues addressed in our cgﬁnents include possible use of characterization survey
data for the termination survey, location of the wastes which were accorded disposal under the
provisions of 10 CFR 20.304 and the peed to supply a detailed Health and Safety Plan.

Based on our comments, you are roqoésted to prepare and submit for approval, within 60 days,
revisions to the Site Characterization Plan. If you have any questions, please do not hesitate
to call me at 301-415-6755.
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Mr. Theodore G. Adams,
Project Manager

B. Koh and Associates, Inc.

11 West Main Street

Sprincville, NY 14141

Dear Mr. Adams:

The comments of the staff of the U.S. Nuclear Regulatory Commission on the "Site
Characterization Plan" for the former Brooks and Perkins facility, nuw owned by AAR
Manufacturing, Inc., in Livonia, Michigan, are attached. The general nature of these comments
was discussed with Mr. Barry Koh by telephone on November 22, 1994.

The principal issues addressed include possiblé use of characterization survey dati for the
termination survey, location of the wastes which were accorded disposal under the :rovisions of
10 CFR 20.304 and the need to supply a deg/ led Health and Safety Plan.

Based on our comments, you are requeste ’io prepare and submit for approval, within 60 days,
revicions to the Site Characterization Plan. If you have any questions, please do not hesitate
to call me at 301-415-6755. /
oF
Sincerely,
[Original signed by]

John J. Lentz, Project Manager
Materials Decommissioning Section
Lew-Level Waste and Decommissioning
~ Projects Branch
/ 0ffice of Nuclear Material Safety
and Safeguards
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Comments of
U.S. Nuclear Regulatory Commission Staff

on
SITE CHARACTERIZATION PLAN
for
FORMER BROOXS AND PERKINS, INC. SITE
AAR lanufacturin?, Inc.
Livonia, Michigan
July, 1994

Enclosure 1



Comments of
U.S. Nuclear Regulatory Commission Staif

0
SITE CHAIACﬁlelATIﬂI PLAN
or
FORMER BROOKS AND PERKINS, INC. SITE
AAR lnnufacturin?. Inc.
Livonia, Michigan
July, 1994

General

The staff notes that the Livonia site continues as a major manufacturing
facility where licensed material was once used. All areas where thorium was
used should tentatively be considered as "affocted aveas", 27d the failure of
an NRC scoping survey to find contamination chould not be considered as a
showing of the absence of contamination. For areas tentatively classified as
"unaffected areas", the characterization plan should provide for further
investigation whenever any observation finds contamination in excess of 25% of
the guideline limits.

The staff wishes to express especial concern over the need to find and
characterize the site of the on-site disposal under 10 CFR 20.304. As you
note in Sections 2 and 5, historical sources, such as past employees or
disposal records, should be consulted wherever possible. If these sources are
not productive, a search strategy for locating the disposed material and
delimiting its boundaries in three dimensions needs to be incorporated into
this characterization plan. Please describe in detail the methods you will
use to systematically lccate the disposal area. We also note from
contemporaneous correspondence that the material accorded on-site disposal was
removed from "dumps outside the east walls of the o1d melting and scalping
rooms" (Memorandum, Powell, T.J. and G.H. Whipple, December 10, 1970); NRC
will require that special attention be directed to those areas to assure that
all wastes were indeed removed.

Prior to approval of a characterization survey plan, your Health and Safety
Plan(s) for the site must be submitted. Responsibility for all radiation
safety at the site should be consolicdated under a single radiation safety
officer (RSO) whose identity and qualifications should be provided.

SPECIFIC COMMENTS
1. Section 1.0, p. 1-1

Note that the most recent revision of the draft "Branch Technical
Position on Site Characterization for Decommissioning” was issued in
November 1994. We suggest that you review this document for use in
developing your site characterization plan.



section 1.1. p. 1-2

four report indicates, as one of your program objectives, that the site
characterization will serve as the initial step in establishing
documentation for the final termination survey. Please explicitly
indicate those areas on which you are proposing to use final termination
procedures during characterization. For these areas, please provide the
details of your final termination survey plans to be consistent with
NUREG/CR-5849, "Manual for Conducting Radiological Surveys in Support of
License Termination.”

Section 1.1. pp. 1-1 to 1-2

The characterization plan should address the development of your Data
Quality Objectives (DQOs). Our November 1994 revision of the "Branch
Technical Position on Site Characterization for Decommissioning”
references several documents of the Environmental Protection Agency
(EPA) which address DQOs. In particular, "Guidance for the Data Quality
Objectives Process,” EPA QA/G-4, is EPA’s most recent guidance document
on DQOs.

section 1.1.1. p. 1-2

The migration discussed in items (2) and (4) should specifically
acknowledge the possibility that migration may have continued beyond the
boundaries of the site. We expect that the sampling program and dose
assessments described in Section 3 will properly address such potential
migration.

Section 1.1.2. p. 1-3

The potent®=1 naed for collection of groundwater data is mentioned here
and in sever.., places in Section 5. For the cases where previous waste
disposals took place and there is substantial soil contamination, we
expect that sor~ groundwater sampling data will be provided. More
extensive data may be required if transport has taken place. The
characterization plan needs to describe your program for sampling
groundwater.

Section 1.3. p. 1-4

The organizatiorn. chart in Figure 1.3-1 shows no pesition for a QA/QC
manager. Such a position should be created, and the incumbent should be
independent and report directly to the Project Manager. As noted in our
general comments, a position equivalent to a Radiation Safety Officer
should be created to ensure that the radiation safety program is
properly carried out; this position should also be shown on the
organization chart.




10.

11.

section 1.5, pp 1-5 to 1-7

NRC staff cannot commit to approv g major field changes within two
days, but will expedite needed recview.

Section 2.1.1. p. 2-1

Figures 2.1.1-2 and 2.1.1-3 should be overlain to the same scale and
orientation so that the locations of past operations can be related to
current development of the site. Topography, if available, should be
shown; otherwise, please indicate the general direction(s) of surface
drainage.

Section 2.1.2.2. pp. 2-5 to 2-6

The impacts of the 10 CFR 20.304 on-site disposal may be contained
entirely within the site boundaries or they may extend for some distance
off-site. Please provide a description of your program to identify the
horizental and vertical limits of such disposal and to trace and
delimit, in three dimensions, any resulting plume of groundwater
contamination.

section 2.3, p. 2-9

The survey performed by NRC on February 23, 1994 was a scoping survey,
and the failure of that survey to find contamination in any location
does not constitute "clear e" of that location. Such "clearance" will
only follow successful ter asation and confirmatory surveys. The
characterization survey shy ild be sufficiently extensive and detailed to
provide reassurance to both AAR and NRC that any areas not remediated by
AAR will, in fact, be free of contamination ¢t the time of the
termination survey.

Inasmuch as incineration of thorium sweepings has been reported the
rooftops and roof drains of any on-site or nearby buildings in existence
at that time also need to be surveyed and locations where incinerator
ash may have been accorded disposal need to be located.

section 2.3, p. 2-10

It is noted that "the principle radionuclide of concern is Thorium."
Nonetheless, the guidelines for surface contamination which are quoted
are those for uranium. The proper surface contamination guidelines for
thorium are:

200 dpm/100 cw’ removable activity
1,000 dpm/100 cm? average activity over not more than 1 m
3,000 dpm/100 cm® maximum activity over not more than 100 cm?

In addition, the limiting soil concentration is 10 pCi/gm total thorium,
and the surface water and groundwater limits should be stated by
individual nuclide.



12.

13.

14.

15.

16.

section 3.2.2. p. 3-3

If you consider on-site disposal as a preferred option at this time, the
investigati~n of the fate and transport of contaminants should not be
limited to general literature sources: field observation of groundwater
gradients, hydraulic conductivity, retardation or distribution
coefficients and other data may be necessary.

section 5.2.1. p. 5-3

The characterization plan states: "It is recognized that as site
characterizition and sampling efforts progress, an area’s classification
may require changing, based on collected survey and sampling data."
Please add to this paragraph: "lIdentificatior of activity levels in
excess of 25% of the guideline, either by sc: " measurements, will
require further investigation to determine v reclassification of
an area to the “"uffected" category" is nec’

Despite the statements made, Figure 2.1.1-2 does not identify all of the
locations listed in Table 5.2.1-1. Please clarify.

¢

In Section 5.2.1, you indicate that affected areas would normally be
areas where thorium was previously used or stored. However, Table
5.2.1-1 lists several areas, where thorium appears to have been
previously used, that are not designated as affected areas (e.g.,
fabrication area, melt room, pickling room, finishing room, etc.). Why
are these areas not designated as affected areas?

You have also not designated open land areas as affected areas even
though incineration and on-site disposals appear to have taken place.
Please provide a detailed description of the geophysical or radioactive
survey methods that will be used to locate the incinerator and dispnsal
areas. The unaffected area protocols that you are proposing are not
acceptable.

section 5.2.1.3. p. 3-7

When the gridding used for a characterization survey plan may also be
used for the termination survey, according to the provisions ot
NUREG/CR-5849, the spacing of systematic measurements must be matched to
instrument sensitivity. Please see Comment No. 22.

e - -

This section refers to 30 m by 10 m grids for soil sampling. This
\ppears to be inconsistent with to 10 m by 5 m grids discussed in
Section 5.2.1.3. Please clarify what grid system will be used for soil

sampling.



17.

18.

19.

20.

21.

22.

. -14

Please see our previous comments ' ‘garding the need to sample
groundwater.

Section 5.2.2.8, p. 5-14

Please describe the method to be used to determine the number of filters
to be analyzed for thorium activity. Why will not all filters be
analyzed?

Section 5.2.2.1C. p. 5-1%5

Off-site samples should be selected from locations unlikely to be
affected by contamination from the presence 4f any licensed material
from any user. Background radiation levels in groundwater also r~ed to
be determined. Instrumentation should be appropriate to the radiation
and energy levels expected.

Section 5.3, pp. 5-15 to 5-16

Please describe what is meant by "an approved laboratory"™ and "the IR
Quality Assurance Program." The use of inter-laboratory comparisons
should be noted here as provided in Section 8.0.

Taple 5.2.1-1

For purposes of a characterization survey, NRC neither accepts nor
rejects the proposed classification of any area as "affected" or "not
affected," since such classifications apply only to termination surveys.
In general, NRC expects to consider all process and waste management
areas, and locations where spills may have occurred, as “"affected.”
However, tentative classification of an area as "not-affected" is
appropriate where use of properly qualified characterization survey data
is also intended for use as termiration survey data. Conspicuously
missing from this table is land used for incineratiocn of wastes and the
10 CFR 20.304 disposal of wastes.

Table 5.2.2.1-1

This table shows that B-scan surveys will be conducted using a G-M
pancake probe. The sensitivity of this instrument for B-scan surveys is
insufficient for thorium contamination and may require that the grid
span be reduced to 1 meter for stationary measurements. A large-area
proportional counter is more appropriate for scan surveys.

In the table, for "Direct Measurement of Surfaces for B-Emitters”,
Detector Sensitivity is indicated as "500 dpm/wipe in 1 minute." Was
the word "wipe" inadvertently included?



23.

24.

25.

section 6.1.1.2, p. 6-1

Subsurface soil samples should be continued until radiation is
indistinguishable from background; the vertical extent of the 10 CFR
20.304 disposal also needs to be fully defined.

section 8.9, p. €-1

As noted above in Comment 6, a position for a QA/QC manager should be
created and that manager should be independent of all other site
activities and report directly to the Project Manager.

Section 9.0, p. 9-1

Please provide for our review the proposed detailed Health and Safety
Plans applicable to all contractors and their employees. These plans
need to identify an overall site Health and Safety Officer and address
such site-wide activities as control of ingress and egress; supervision
of sub-contractor training; accident prevention, management, and the
evacuation of injured personnel; and air quality monitoring as
appropriate. In addition, a site Radiation Safety Officer (RSO) should
be appointed; the name and qualifications of the RSO should be provided
to NRC.

Table 10-1

The schedule contains no provisions for the identification and
delimiting of the areas where incineration or the 10 CFR 20.304
disposals took place or for groundwater sampling.
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DRAFT
BRANCH TECHNICAL POSITION ON
SITE CHARACTERIZATION FOR DECOMMISSIONING

1 INTRODUCTION

1.1 Background

The Atomic Energy Act of 1954, as amended, and the Energy Reorganization Act
of 1974 assign to the U.S. Nuclear Regulatory Commission (NRC) the
responsibility for licensing and regulating commercial nuclear facilities.
These activities inciude the decommissioning of nuclear facilities, or the
process of removing the facility safely fro~ service and reducing residual
radioactivity to a level that permits release of the property in accordance
with NRC requirements. NRC’s decommissioning requirements are specified in
the various licensing regulations in 10 CFR Parts 30, 40, 50, 70, and 72.

Over the past two decades, NRC has gained appreciable experience with the
decommissioning of commercial nuclear facilities. Since 1989, NRC has placed
special attention or. the timely remediation and decommiscioning of about 50
sites listed in the Site Decomm.ssioning Management Plan "SDMP" (NRC, 1990a.
199]a, 1992c, and 1993). This experience in overseeing the decommissioning of
SDMP sites and other licensed nuclear facilities has nighlighted the
importance of effective site characterization early in the decommissioning
process. Figure 1 is a flow diagram showing the NRC's general decommissioning

process.

On April 16, 1992, NRC published the "Action Plan to Ensure Timely Cleanup of
SDMP Sites” (NRC, 1992a). Recognizing the imporiance of effective site
characterization to decommissioning, NFC committed in the Action Plan to
providing guidance on the content of acceptable site characterization programs
conducted in support of decommissioning. In July 1992, NRC completed a
preliminary draft Branch Technical Position (BTP) on Site Characterization for
Decommissioning (NRC, 1992e). NRC circulated the preliminary draft for
internal review and made copies available te licensees and others upon

request.

This version of the BTP constitutes an updated version of the draft guicance
on Site Characterization for Decommissioning. NRC is circulating this version
for review and comment before its issuance as final guidance.

1.2 Purpose and Scope

The purpose of this cTP, Site Characterization for Decommissioning
(hereinafter referrec to as the BTP), is to explain in more detail the type,
amount, and quality of information that' should be provided in typical Site
Characterization Reports (SCRs) prepared and submitted to NRC by licensees and
other responsible parties in support of decommissioning actions. This BTP may
also serve as a template for the site characterization content of site-
specific orders issued by the NRC to compel timely characterization and
remediation of contaminated sites.



FIGURE 1: THE GENERAL DECOMMISSIONING PROCESS
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This BTP presents a format and content for SCRs that are acceptable to the NRC
staff. Fulfillment of the information needs in the format of the BTP will (1)
help ensure that SCRs contain the information needed to properly plan and
implement site decommissioning actions at decommissioning sites, (2) aid
licensees and responsible parties and NRC in ensuring that the information in
the SCR is sufficient and complete, (3) eliminate duplication of
characterization efforts and minimize excessive characterization, (4) help
persons locate information contained in the SCR, and (5) contribute to
reducing the time needed for the regulatory review process. However,
conformance with the guidance presented in the BTP is not reguired. The NRC
staff will accept SCRs that differ from the guidance in the BTP if they
present adequate site characterization information.

It should be pointed out that this BTP is not applicable to uranium recovery
sites, specifically those sites associated with uranium mil] operations and/or
disposition of mill tailings or wastes under Titles I and Il of the Uranium
Mill Tailings Radiation Control Act of 1978, as amended. Although the
guidance in this BTP may be helpful in characterizing uranium recovery sites,
charag%erization of these sites for decommissioning is beyc  the scope of
this BTP.

Because of the site-specific characteristics of site contamination and
conditions, the staff anticipates that all portions of the BTP will
relevant at every site. Licensees and responsible parties and the NRC staff
must use judgment in determining what information is specifically needed to
provide an appropriate basis for site decommissioning decisions. The BTP
describes a process intended to assist licensees and responsible parties in
identifying and prioritizing site characterization information needs on the
basis of the effect that knowing or not knowing the information will have on
regulatory compliance and selection of decommissioning alternatives.

The NRC staff has selected a format for presentation of the guidance on site
characterization in this BTP. The staff believes that the same format,
starting with section 2.0, would be useful in structuring the information
presented in SCRs. Appendix [ provides a suggested site characterization
report format for a typical site with extensive environmental media
contamination. NRC staff reviews of SCRs with different formats may take
longer because the staff is familiar with the format of information presented
in this BTP. However, conformance with the BTP format is certainly not a

requirement.
1.3 Site Characterization Objectives

In general, the main objectives of site characterization in support of
decommissioning are:

1. To determine the type and extent of radiological contamination of
structures, residues, and environmental media, including the
rate(s) of migration. This information is needed to assess the
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scope of proposed decommissioning actions. ensure the safety of
decommissioning workers, evaluate potential environmental reieases
during decommissioning, and determine the adequacy of
decommissioning funding or financial assurance.

- & To determine environmental conditions that could affect the rate
and directions of radionuclide transport and potential human and
environmental exposures to radionuclides. This information 1s
needed tu support evaluation of alternative decommissioning
actions and detailed planning of a preferred approach for
decommissioning, decontamination, and waste disposal.

These objectives are ultimately linked to the decommissioning decisions that
are relevant to each site, which are expected to vary based on the type and
extent of contamination, physical characteristics of the affected environment.
and the general approach for decommissioning. At sites that will be
remediated to allow release for uirestricted use in accordance with NRC
requiremerts, detailed environmental information deveioped under the second
objective will be less important. In contrast, such information will be
essential if the pripnsed decommissioning approach includes stabilization on
site of a significant inventory of radicactive material.

Site characterization as used throughout this BTP may also include assessment
of associated non-radiological constituents, if necessary, to determine their
effects on the environmental transport and bioavailability of radiological
constituents, to evaluate potential environmental impacts associated with
decommissioning, or to comply with requirements of other agencies. It should
be emphasized, however, that NRC does not enforce the requirements of other
agencies except when they are incorporated within NRC regulations or as
license conditions.

2. GENERAL APPROACH TO SITE CHARACTERIZATION

2.1 Regulatory Requirements

NRC requirements for decommissioning are establiished in 10 CFR Parts 30, 40,
50, 70, and 72. For material< licensees under Parts 30, 40, and 70, NRC
requires submission of proposed decommissioning plans that include

*a description of the conditions of the site or separate building or
outdoor area sufficient to evaluate the acceptability of the plan” [see,
for example, 10 CFR 40.42(f)(4)(3)].

This description of the condicions includes site characterization information,
such as the nature and exter. of radiological contamination and any other
information necessary to evaluate the prcposed decommissioning activities.

Materials licensees regulated under 10 CFR Parts 30, 40, and 70 are also
required to develop and maintain records important to the safe and effective

-
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decommissioning of the facility. These records include:

. Records of spills or other unusual occurrences involving the
cpread of contamination in and around the facility, equipment, or
site. These records include any known information on the
identification of involved radionuclides, quantities, forms,
concentrations [see, for example, §40.36(fF) (1))

. As-built drawings and modifications of structures and equipment in
restricted areas where radioactive materials are used and/or
stored and of loccations of possible inaccessible contamination
such as buried pipes which may be subject to contamination [cf.

§40.36(f)(2)]; and

. A 1ist of all areas designated or formerly designated as
restricted areas, all areas outside the restricted area that
reguire documentation {e.g., per $40.36(F) (1)}, all existing and
former waste disposal areas outside of the re<*tricted area, and
all areas outside the restricted area that wo. 3 either require
decontamination to unrestricted release levels or apply for
approval for waste disposal under 10 CFR 20.2002 [cf.
§40.36(F)(3); note that these subsections exclude depleted uranium
used as shielding, unused depleted uranium munitions, sealed
sources, and radioactive materials with short half lives].

Where this information is not already available and documented, licensees may
need to develop the information through site characterization in support of

decommissioning.

For reactors and independent spent fuel storage installations (ISFS1), which
are licensed under 10 CFR Parts 50 and 72, respectively, NRC regulatiuns in
§50.75(g) and §72.30(d) require that licensees keep records of inforration
important to the safe and effective decommissioning of the facility in an
identified location until the license is terminated by the Commission. These

records include:

. Records of spills or other unusual occurrences involving the
spread of coni:mination in and around the facility, eguipment, or
site. These records include any known information on the
identification of involved radionuclides, quantities, forms,
concentrations [§50.75(g)(1l) and §72.30(d)(1)], and

. As-built drawings and modifications of structures and equipment in
~estricted areas where radioactive materials are used and/or
stored and of locations of possible inaccessible contamination
such as buried pipes which may be subject to contamination
[§50.75(g)(2) and §72.30(d)(2)].

1SFSI licensees also need to maintain and update a list of contaminated areas

5
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outside of the restricted area similar to materials licensees [cf.
§70.30(d)(3)].

Where this information is not already available and documented, licensees may
need to develop the information through site characterization in support of

decommissioning.
2.2 Planning for Site Characterization

Site characterization is inherently, to some extent, an iterative process.
Figure 2 sbows a conceptual flow diagram of the iterative process of site
character.zation for the decommissioning. The site characterization process
typically begins with assembly and review of available information on site
history, physical environment, type and extent of radiological contamination,
and location of potentially exposed populations. If generic information on
type and extent of contamination is not available, such information may be
obtained by conducting a scoping survey. Based on the available information
(e.g., historic data), preliminary measuremen.s, and the scoping survey,
licensees should be able to prepare a "Site Characterization Plan (SCP)”"
explainis, plins for site charac:erization, including assessment activities.
technigues and methods to be employed and the time schedule for completion of
these activities. The content of the SCFP should be consistent with the
characterization aspects in the BTP anc should cover all affected
environmental media as discussed in the BTP. NRC staff will review the SCP,
and identify deficiencies, if any, so that the licensee (or responsible party)
can perform additional review and possibly modify the plan.

In developing plans for site characterization, licensees and other responsible
parties should consider conceptual plans for decommissioning in order to meet
NRC decommissioning criteria and guidelines. In addition, other relevant
factors such as the type and future extent of radiological contamination and
potential for short-term and long-term exposure of humans after the site is
released should also be concidered. These considerations are important in
determining the objectives of the site characterization program on 2 site-
specific basis and in establishi: . *he site characterization data quality
objectives in the early stage of site characterization.

Effective site characierization requires planning to ensure that efforts will
develop the appropriate types and amounts of information needed to support
decommissioning decisions. Determining what constitutes adequate site
characterization is dependent to a large extent on site-specific conditions.
Licensees and other responsible parties may find it useful to prioritize
information needs by conducting preliminary assessments of potential human
exposures for the preferred decommissioning approach.

The preliminary assessment is usually conducted using screening-type codes for
radiological pathways analysis and dose exposure calculations [e.g., the NRC
D&0 Screen Code that implements the methodology in NUREG/CR-5512 (NRC, 1992b)
and the Department of Energy’s RESRAD code (DOE, 1989 and Yu et.al., 1993)].
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FIGURE 2: CONCEPTUAL FLOW DIAGRAM OF THE INTERACTIVE
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Because of the limited information available at this early stage, the
assessment generally is based on a number of assumptions that tend to
overestimate the potential impacts associated with contamination. The
assessment should provide estimated human exposures for each significant
transport pathway under a variety of exposure conditions (1.e., exposure
scenarios). NRC’'s Policy Guidance Directive PG-8-08 (NRC, 1994a) outlines
various exposure scenarios and exposure parameters recommended for use in

dose impact asse.sment.

the

Although such preliminary assessments may be of limited accuracy, they can be
used to help identify and set priorities for site characterization needs based
on the relative importance and significance of exposure pathways indicated by
the assessments. Site characterization should be planned in a manner that
maximizes the utility of the information tec be collected and optimizes 1ts
adequacy and quality during the site characterization process. For example,
for a particular site, a licensee or responsible party may show that the
surface water pathway is not likely to be significant in terms of existing and
potential future exposure to members of the public. In such a case, the need
for deta. ed characterization of the curface water system is decreased.

Such planning may significantly reduce the amount and types of information
needed to support decommissioning, provided that sufficient information on
transport and exposure pathway parameters is available to justify the results
of the preliminary assessment. At a later stage, when more site data become
available, more detailed dose assessments, based on site specific conditions,
may be needed to demonstrate compliance with the decommissioning dose criteria

or evaluate alternative decommissioning actions.

Licensees and other responsibie parties are encouraged to consult with the NRC
staff early in the process of planning site characterization. In many cases,
licensees and responsible parties may benefit by concucting a preliminary
scoping survey of radiological contamination and submitting a Site
Characterization Plan (SCP) for NRC review in advance of commencing site
characterization activities. Through review and discussion of the SCP, NRC

and the licensee (or the reposible pariy) should reach agreement on
appropriate approaches for site characterization early in the sity
characterization process, thus potentially avoiding the need for unnecessary
and costly delays and additional characterization campaigns after the initial
Site Characterization Report (SCR) has been completed and submitted. NRC
staff also encourages licensees to meet. periodically with the staff during
site characterization activities to ensure that the activities are progressing
in a2 timely and reasonable manner and to resolve issues that may a-ise during
site characterization. NRC staff will alsc perform inspections (announced and
unannounced) during site characterization to ensure that all activities comply

with NRC's requiremen.s.

As an example of effective interactions during site characterization,
identification of groundwater contamination during preliminary scoping survey
may warrant installation and sampling of additional monitoring wells to define
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the extent and migration status of the contamination. Resolving such issues
as appropriate locations and numbers of these additional monitoring wells,
while site characterization contractors are still onsite, may help avoid
unnecessary expense, such as remobilization costs, that may otherwise be
incurred at a later time after the initial SCR is submitted. All licensee (or
responsible party) submittals will be included in the licensing docket and
will be publicly accessible, unless the licensee or responsible party is
permitted to withhold disclosure in accordance with NRC requirements in 10 CFR
Part 2. Meetings between NRC and the licensee or other responsible party will
be open to public observance in accordance with NRC’s Open Meeting Policy (59
FR 48340; September 20, 19%4).

2.3 Site Characterization

When the SCP is approved, licensees should commence site characterization
according to the plan. During the characterization process, licensees should
assess and analyze the data as early as possible to develop a sufficient and
defensible characterization of the site. It is expected t! * site
characterization plans may change during conduct of the chi.acterization as a
result of these ongoing assessments. Departures from the plan may be
appropriate, for example, where contamination is more extensive than
originally anticipated and greater numbers of samples are necessary to
characterize the full extent of the contamination. Significant changes in the
plan should be discussed with the NRC staff before their implementation.

Through this iterative approach, licensees and responsible parties should
increase the likelihood that the site characterization will be reasonably
complete at the time of SCR submittal and will provide a defensible basis for
designing and evaluating site decommissioning alternatives.

Site characterization approaches should also be flexible enough to permit the
licensee or ~~2sponsible party to promptly remediate contamination identified
during the course of site characterization. This flexibility is especially
important if characterization identifies relatively small volumes of
contaminated materials which can be assified as Tow-level radiocactive waste
and will obviocusly need to be disposed of in a licensed disposal facility for
low-level radioactive waste. For example, a licensee may discover several
cubic feet of soil contamination that is well in excess of applicable cleanup
criteria (e.g., uranium concentrations ten times greater than the Option 2
levels of the 1981 Branch Technical Position on Uranium and Thorium Wastes).
If the licensee’s preferred decommissioning approach for this contaminated
s01] would be to remove it to a licensed disposal facility, the site
characterization approach should allow the licensee to excavate the
contaminated material in accordance with established radiation protection
procedures and transfer the waste for disposal in accordance with existing
regulations and license conditions. The licensee should properly document the
detection, extent, removal, and transfer of the contaminated soil to allow
confirmation, during subsequent review of decommissioning activities, that the
material was removed and disposed of in an appropriate manner.
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In other cases, the licensee may prefer to consider the dispesition of the
contaminated material in the broader context of a range of decommissioning
alternatives, rather than commit to a specific course of action during
characterization. In such a case, the licensee’s site characterization report
would document the detection and extent of the contamination. Decisions on
the disposition of the contaminated soil would then be addressed in developing
and reviewing the licensee’s Decommissioning Plan.

2.4 Site Characterization Report

After completion of the characterizatioh activities and subsequent assessment
of the results, the licensee (or responsible party) prepares an SCR and
submits the SCR for NRC staff review. Staff will assess the SCR to determine
if it is complete and contains sufficient information to characterize the full
extent of radiological contamination and covers all possible affected
environmental media. Staff will also assess the information to determine if
it is sufficient to support evaluation ~f reasonable decommissioning
approache. or alternatives.

1f the SCR is incomplete, the NRC will inform the licensee (or the responsible
party) of the deficiencies and will request additional cnaracterization
information and data. If the SCR is comoniete (i.e., adequately describes the
extent and nature of contamination and the characteristics of the affected
environmental media), the licensee would proceec to the next step of the
decommissioning process as illustrated in Figure 1.

The adequacy of site characterization efforts, and ultimately decommissioning
actions, is determined based on comparison with applicable decommissioning
criteria and requirements such as the interim NRC decommissioning criteria
described in the Site Decommissioning Management Plan Action Plan, 57 FR
13389, April 16, 1992 [NRC interim criteria are listed in the Reference
Section (e.g., NRC, 1974, 1981, 1982a, 1983a, 1987, and EPA, 1976 and 1977b)].
NRC is presently conducting a rulemaking to establish radiological criteria
for decommissioning (59 FR 43200; August 22. 1994). The results of this
rulemaking are expected to replace the interim criteria described ibove.

In some cases, site characterization may inficate compliance with NRC
decommissioning criteria. In most cases, however, the licensee or the
responsible party will follow the submission of an SCR with the development of
2 remediation or decommissioning plan anc environmental report (if necessary)
that describes the approaches to be used to comply with applicable
decommissioning criteria by removing or stabilizing the contaminated material
(e.g., 10 CFR 20.2002). In the case where the decommissioning action involves
onsite stabilization of a significant inventory of radioactive material, the
licensee (or responsible party) may need to conduct (as part of the
remediation plan development) additional site characterization (e.g.,
groundwater modeling and characterization and geotechnical engineering
analysis). These addicional characterization activities may also be necessary
to support detailed design of decomnissioning actions (e.g., groundwater

10
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restoration or construction of an onsite disposal cell).

The remainder of this BTP provides guidance on the content and format of
acceptable SCRs. The information is discussed under the main headings of:

. General Information - Site history and description, and physical
setting
. Nature and Extent of Contamination - Contamination sources, survey

design, surface water and sediments, soils and vadose zone,
groundwater, structures and equipment, air

. Physical Characteristics - Surface features, meteorology and
climatology, surface water hydrology, geology, demography and land
use, hydrogeology, geotechnical engineering

. Dose Assessment - Exposure setting, identification of pathways,
quantification of exposures

3. GENERAL INFORMATION

3.1 Site History and Description

NRC requirements in 10 CFR Parts 30, 40, and 70 require the submittal of
information regarding the site history and its operation. Therefore, SCRs
should provide background information describing the specific site location,
site history (related to operations that could have resulted in on-site
radiological contaminaticn), and previous investigations relevant to
radioactive and hazardous waste activities. Other information pertaining to
the decommissioning process as required by the recordkeeping requirements for
decommissioning shouid also be provided or referenced (e.g., records of
spills, coniamination distribution, former disposal areas). Such information
should include maps, drawings, and aerial photographs if available.

3.1.1 Site Location and Description
Information on site location and description consists of the following:

(a) Specific site location, including legal land description, survey
information, street address, nearest town, loc?’ political
jurisdiction (e.g., county, township, borough, district), State,
U.S. Geological Survey (U.S.6.S) 7 1/2-minute quadrangle, and
distances and directions of the site to reference points or
coordinates.

(b) General area, dimensions, and locations of contaminated areas on
the site and any contaminated areas offsite (additional detail on
contamination to be provided under Section 4).
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(c)

(d)

The map should also show site ownership, boundaries, and
surroundings, including roads, raiiroads, utility lines, drainage
ways, canals, sites of historical significance, and other features
that could affect the conduct or effectiveness of decommissioning
activities. All major structures owned or used by the licensee,
or responsible party, (including structures not associated with
licensed activities e.g., water storage tanks and warehouses)
should be shown on the map which shows the site and its vicinity.

Topography of the site and its immediate surroundings, including
hydrogeologic features such as rivers, dams, wet-lands, drinking
and supply water intakes and locations of offsite population
centers. Topographic maps should be at a scale of 1:200 with a
contour interval of about 5 feet (or other interval that
appropriately indicates the relief and grades on and immediately
adjacent to the site), along with the portion of the 7 1/2-minute
U.S.G.S Quadrangle that con'asins the site and its immediate
surroundings.

3.1.2 Site Histo.y

This section of the SCR should summarize significant historical facts and
records that may affect the design of decommissioning actions or help explain
the nature and extent of site contamination. This information includes
records on site conditions prior to licensed activities, operation of the
facility, records on effluents and onsite disposal, and significant incidents
of releases or spills. Specifically, this information should include:

(a)

(b)

Records about onsite activities and past operations involving
operations such as demolition, effluent releases, production of
residues, landfilling, waste and material storage, pipe and tank
12aks, spills, and accidental releases, flooding, and onsite
radicactive and hazardous waste disposal. Past operations should
be summarized in chronological order along with type of permits
and/or approvals that ¢ thorized these operations. Estimates of
the total activitv of rudiocactive material released or disposed of
on the site and its physical and chemical forms should also be
included. The SCR should also analyze historical records on
environmental monitoring, site inspection reports, license
applications, operational permits, material balance and inventory
sheets, and other records. Accidents like fires, spills,
unintentional releases, or leakage should also be investigated as
potential sources of contamination. The presence of buried
materials or subsurface contamination should also be described in
detail. Besides reviewing the records, interviews of longtime
employees may be beneficial in supplementing the historical
records regarding the extent and cause of contamination.

Historical attempts, if any, to characterize the site and

12
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summaries of previous site monitoring programs, including sampling
and analytical records of environmental monitoring programs
reported for the site or the immediate surroundings.

(c) Records of relevant inspections, surveys, and investigations
conducted by the licensee, responsible parties, or previous or
present owner.

(d) Historic aerial photographs and site location maps showing
previous site development and activities (if available).

3.2 General Physical Setting

The SCR should summarize the general physical setting of the site, including
general physical characteristics of the site anC its proximity to people who
could be affected by existing contamination or decommissioning activities
The intent of this section is to provice a summary overview of the site
characteristics.

3.2.1 Physica® Site Characteristics

The section should¢ summarize the following physical characteristics in general
terms: :

. (limate (e.g., temperature, precipitation).

. Geologic setting (e.g., unconsolidated deposits and bedrock
strata).

. Vegetation (e.g., unvegetated, forested, grassy).

. Soil (e.g., composition, thickness, chemistry).

. Groundwater (e.g., depth, quality, uses, and direction and rate of
flow).

. Location and description of surface water (e.g., type, flow rates,

quality, and uses,.
3.2.2 General Infcrmation or Exposed Populations
This section of the SCR skruld provide a summary description of the general
characteristics of poter: .ally exposed populations. These characteristics
include:
. General distribution and number of people near the site.

. Current land use(s) adjacent to the site.

13
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. Anticipated future land use(s) on and adjacent to the site.

. Location and characteristics of any subgroups of special concern.

4 NATURE AND EXTENT OF CONTAMINATION

4.1 Source of Contamination

The complexity and depth of detail of contamination characterization will
primarily upon the extent and concentration of contamination. .
Typically, before going through much detailed site characterization, the first
phase of a study of the extent of contamin .on is to analyze the type of
nuclear facility and nature of the process,.s) that may have caused
radiological and associated non-radiological contamination. The SCR should
assess the process(es) to determine their effect on site contamination in
terms of the following information: physical and chemical properties of the
waste constituents, type and relative quantities of radionuciides used in the
process, heterogeneity of the contaminants and waste materials, tvpes and
relative quartities of reagents used in the process, specific raw material
composition used, location of effluent discharges and releases, relative
throughput of activity and mz’erials, and waste management practices.

4.1.]1 Waste Characterization

Waste characterization should include the following information: (1)
identification of radiological and selected non-radiclogical constituents in
the waste (see secion 5.6.1.3 of the BTP), including any degradation products
of the constituents; (2) assessment of the leaching potential [e.g., ANS I /ANS
(1986); Baes and Sharp (1983) and EPA (1990)] and the solubility and the
potential en.ironmental availability (e.g., NRC 1980a, 1980b, and 1994) of the
radiologicai constituents from the waste, described as a relationship between
estimated aqueous concentrations of constituents and the composition of the
waste; and (3) spatial distribution of constituents in the waste. Additional
irformation on waste characteristics may also be necessary to support
acceptable waste characterization depending on the significance of the
contamination and the potential for transport and human exposure to the
contamination. Such information may include, but not limited to, the
following: (1) chemical and physical characteristics such as solubility,
valence state, and density (NRC, 1994); (2) presence and effect of complexing
ligands and chelating agents, to the extent that they may enhance or retard
constituent mobility; (3) potential for constituent degradation as a result of
chemical, biological. and physical processes; and (4) attenuation properties
¢f constituents {e.g., distribution coefficient (Sheppard and Thibault. 1990),
and affected hydrogeologic media to characterize processes as ion exchange,
adsorption, absorption, precipitation, and dissolution (Sheppard and Thibault,
1988 and 1992).

At sites where releases of radiological constituents have contaminated

14
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appreciable volumes of groundwater, surface water, soils, sediments, or rocks,
characterization of the extent of contamination should include assessment of
the distribution of radiological ad associated non-radiological constituents
in groundwater, soils, and surfac water and sediments at the facility.

4.1.2 Extent of Contamination

Characterization of the extent of contamination should provide sufficient
information on: (1) distribution and concentration of radiological
constituents in surface water and sediments; (2) concentration and
distribution of radiological contaminants in soils and other unconsolidated
deposits; (3) concentration and distribution of radiological constituents in
bedrock and groundwater; and (4) distribution of radiological constituents in
contaminated equipment, buildings, structures, and other site facilities. The
characterization should include sufficient information on radiological and
physio-chemical analytical data to ensure their reliability and
representativeness, including sampling analysis methodology and quality
assurance programs. Characterizations should clearly identify the full extent
of contam:nation by distinguishing portions of environmental media (e.g.,
soil. structures, water) that have been affected by radiolr. -al contamination
from media that have not been affected. Concentrations and surface activities
would be expected to be at background levels in unaffected areas. The
characterization should confirm that radionuclide concentrations and surface
activities are not elevated outside of areas that have been affected.

4.2 Survey Design

The design of a survey and sampling program should be based on specific Data
Quality Objectives (DQOs) in comnection with type, content, and amount of data
to be obtained. The DQO process is usually conducted (e.g.. EPA 1987a,b and
1989b) to ensure that an adequate amount of data with appropriate quality are
collected for the identified purpose of characterizaticn. The radiological
survey should be conducted on a specified grid and should inciude sampling
(systematic and biased) of contaminated surfaces (e.g., buildings, structures,
and equipment) and environmental media associated with surface an¢ subsurface
contamination. The purpose of survey and sampling is to determine the nature
and extent of radiological contamination. Thiz nformation will be used in
evaluating proposed decommissioning activities, ssessing potential
occupational and public doses, comparing decommissioning alternatives,
designing remediation, and developing cost estimates for decommissioning in
accordance with NRC requirements.

The extent of site contamination should be determined using an appropriate
combination of rield survey and campling techniques for each medium.
Licensees and other responsible parties should consult Guidance Manual for
Conducting Radiological Surveys in Support of License Termination, NUREG/CR-
5849 (NRC, 1992d), for guidance on general aspects of site radiological
characterization. Although NUREG/CR-5849 provides guidance on final
termination surveys that are conducted at the end of decommissioning, many of

18
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the concepts and aprcoaches employed in the guidance is useful in designing
survey and samplirg plans for radiological characterization in support of
decommissioning. In genmeral, site characterization will not require the level
of detail prescribed in the NUREG/CR-5849 for the final and confirmatory
survey. Nevertheless, data collected using the methods described in NUREG/CR-
5849 as part of site characterization may be used in support of license
termination provided they have been coilected under a suitable quality
assurance program and administrative controls. Other useful guidance
documents on field survey and sampling are listed in the Reference Section of
the BTP; the list includes: (EPA, 1984a, 19€5, 1988a, and 1989a; DOE, 1981 and
1983: NRC, 1994d; Gilbert and Simpson, 1992; Cohen and Associates, 1994; Korte
and Ealey, 1983; and Korte and Kearl, 1984).

4.2.]1 Survey Design

The design of radiological survey and sampling should be based on specific
data quality objectives based on the purpose, type, and amount of data to be
obtained. The design of a contamination survey is initiated by subdividing
the contaminated sit» into survey unit: and strata based on the potential for
and type of c.ntamination. A gr.d system should be established to provide a
traceable reference for measurements/sampling iocations and a convenient
method of determining the average contamination levels and for future
relocation of survey and sampling points. A method for designing an
acceptable grid system is that described in NUREG/CR-5849 (NRC, 1992d). It
should be recognized that the grids are intended for reference purposes only
and not to dictate the spacing of survey or sampling points. Closer-spaced
survey locations may be required for characterizing areas of known discrete
contamination or hot spots. For gamma-emitting radionuclides, the results of
a general area exposure-rate survey may be used to identify areas requiring
more dense sampling based on the presence and extent of contamination in those
areas.

4.2.2 Sampling Frequencies

The SCR should provide sufficient data -o demonstrate on a statistical basis
that characterization data are sufficiently representative of the waste and
contaminated environmental media to estimate the inventory of radionuclides
and the extent of radiological contamination. Gilbert and Simpson (1992), NRC
(1992), Gilbert (1987), and EPA (1991) provide useful information regarding
statistical procedures for sampling environmental media. Contamination at
decommissioning sites typically tends to be localized in a small portion of
the site. The number of survey and sampling points per unit area or volume
will depend upon the anticipated extent of contamination, cause of
contamination, and its location (e.g., inside or outside the restricted
areas). NUREG/CR-5849 provides details on frequency and sampling for
buildings and soil. In general, one-time sampling should be sufficient to
characterize the extent of contamination in buildings, structures, soil, and
unconsolidated deposits (e.g., fill), unless available site characterization
information indicates that the contamination is migrating.

16
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In contrast, groundwater and surface water quality and water levels should be
determined on a set frequency established based on site-specific
considerations. For sites with extensive groundwater contamination, a network
of monitoring wells should be designed and installed to provide a high
probability of detecting and characterizing existing contamination and
determining background groundwater quality. Groundwater levels should be
measured in piezometers and monitoring wells thac provide a sufficiently
accurate indication of hydraulic head to characterize the hydraulic gradient
within the upperwmost aquifer and adjacent units. Water levels should be
measured on a weekly basis for two months to determine temporal variations in
the hydraulic gradient. After this period, the frequency of water level
measurements should be adjusted to reflect anticipated temporal variation in
hydraulic heads (e.g., tides, river bank storage, water year variations).
Acceptable methods for groundwater sampling and for measuring water levels are
described in the EPA documents (EPA, 1977a, 1985, 1986, and 1987b), in the
National Handbook of Recommended Methods for Water-Data Acquisition (U.S.G.S,
1977), and in Procedures for the Collec' ion and Preservation of Groundwater
and Surface #ater Samples and For the Instaliation of Monitoring wells,
GJ/TMC-08, Bendix Field Engineering Corporation, (Korte and Kearl, 1984).

The sampling frequency for determining variations in groundwater quality
should be determined based on the temporal variation in hydraulic gradients,
as well as temporal variations in hydrochemistry and migration of radiclogical
and associated non-radiological constituents. After an initial sampling round
in which each monitoring well is sampled, representative samples should be
collected and analyzed once every other week from key monitoring wells for a
two-month period to estimate the temporal variation of water quality in the
uppermost aquifer and adjacent units. After this initial period, sampling
frequency should be adjusted to reflect variations in the hydraulic g.adient
and hydrochemistry. Concentrations of principal radiclogical constituents
should not change by more than about 10 - 20% between sampling events. If the
concentrations change by more than 10 - 20%, the frequency of sampling should
be increased in attempt to characterize the temporal variability of
groundwater quality. For most sites. sampling on a quarterly basis (i.e., one
sample per well per calendar quarter) should be sufficiently frequent to
characterize temporal changes in water guality. More frequent sampling may be
necessary, however, espzcially at sites involving off-site or potential off-
site contamination of groundwater resources. Acceptable methods for
groundwater sampling are descriped in the National Handbook of Rocommended
Nethods for Water-Data Acquisition (U.S.G.S, 1977), Procedures for the
Collection and Preservation of Groundwater and Surface Water Samples and For
the Installation of Monitoring Wells (Korte and Kearl, 1984), and EPA
references mentioned above.

Quarterly sampling of surface water and sediments should be sufficient at most
sites. This samplina should be supplemented by additicnal sampling to
characterize the surface system at representative high or low stage flow
conditions (i.2., minimum annual, 7-day average low flow; maximum annual, 7-
day average high flow). This information should be used to bound the existing
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and projected impacts of the release of contamination on adjacent surface
water bodies.

4.3 Surface Water and Sediments

For sites that are located near surface water streams and could reasonably
affect surface water paihways, the site characterization program should
establish background surface water quality by sampling upstream of the site
being studied or areas unaffected by any known activity at the site. Water
should be collected is grab sampies from the stream bank in a well-mixed zone.
Depending on the significance of, and potential for, surface water
contamination, it may be necessary for certain sites to collect stratified
samples from the surface water to determine the distribution of contaminants
within the water column. Surface water quality samp)ling should be accompanied
by at least one round of stream sediment quality sampling to assess the
relationship between the composition of the dissolved solids, the suspended
sediment, and the bedload sediment fractions. Water levels and discharge
rates of the stream should be determined at the time samples are collected.
Acceptable methods for surface water and sediment sampling ~ described in
the National Handbook of Recommended Methods for Water-Data Acquisition (U.S.
6.S, 1977), and Procedures for thy Collection and Pre.-~rvation of Groundwater
and Surface Water Samples and For ‘he Installation of menitoring wells, (Korte
and Kearl, 1984). In addition, Fleishhauer and Engelder (1984) presented
suggested procedures for stream sedivent sampling in Procedures for
Reconnaissance Stream- Sediment Samplinz. The EPA guicance documents mentioned

above are also applicable.

Surface water samplinj should be conducted in areas of runoff from active
operations. In case of direct tischarge into a stream, the outfall and the
stream should be monitored anc sampled upstream and downstream from the
outfall. Radiological screening for contamination levels should be conducted
by measuring grois alpha and total beta particle activity (total and
dissolved) an¢ by obtaining a gamma spectrum for surface water samples.
Specific radionuclide analysis may be needed depending on level of activities
and type of radionuclides. Non-radiological parameters, such as specific
conductance, pH, and total organic carben may be used as surrogate indicators
of potential contamination, provided a clear relationship is established
between racdionuc!ide concentration and the level of the surrogate. Additional
analysis for other parameters like volatile and semi-volatile compounds,
chelating agents, pesticides, and polychlorinated biphenyls (PCBs) may also be
necessary 1f they affect the mobility of radiological constituents and to
evaluate potential environmental effects of the decommissioning.

The SCR should provide contour maps showing contaminant concentration

profiles. Surface water flow models can be used to assist in estimating
contaminant concentrations or migration rates.
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4.4 Soils and Vadose Zone

The soil is the unconsolidated and weathered upper layer of the earth in which
plants grow and abiotic degradation commonly occurs. The soil usually extends
1-2 m down from the surface and occasionally referred to as the “root zone."
The vadose zone is the unsaturated or partially saturated zone between the
land surface and the regional water table. Generally, fluid pressure in this
Zone is less than atmospheric pressure; some of the voids in the vadose zone
contain air or other gases at atmospheric pressure.

The SCR should determine the extent (lateral and vertical) and concentrations
of radiological and associated non-radiological constituents in the soil and
other unconsolidated deposits (e.g., fill). Representative soil samples
should be analyzed to determine the concentration and distribution of
radionuclides and associated non-radiological constituents in soil at and
below the surface using the grid systems described in Section 5.). Ranges of
concentrations should be reported and isopleth plots’ should be presented for
significant radionuclides. Where surfate contamination is present or where
subsurface contamination is known Or suspected, subsurface soil samples should
be collected and analyzed to depths unti] it can be demonstrated that
concentrations representative of background are attained for all
radionuclides. Subsvrface contour plots for each depth range should also be
developed.

Boreholes at depths down to the water table should be constructed to provide
samples representing subsurfac: depucits. The depth of these bor¢holes should
vary depending on the extent of the contamination, source of the
contamination, and hydrogeologic conditions. Subsurface samples should
generally be collected using vertical intervals no greater than 5 feet, unless
finer resolution is required to delineate the variation and extent of
contaminaticr. For example, a finer sampling resolution would be appropriate
in characterizing subsurface contamination at a site where fil] was placed
beneath the facility several times during its operational history and borehole
gamma scans indicate the contamination may be limited to several thin (e.g.,
less than ) foot) layers. Subsurface samples should be analyzed to determine
the concentration and physical/chemical state of the radiological and
associated non-radiological constituen. s. The SCR should explain observed
vertical and lateral variations of contaminant concentrations.

Contaminated soil should be identified by comparing existing concentrations of
radiological and associated non-radioiogical constituents with representative

background concentrations. Background concentrations should be determined for
@2 sufficient number (e.c., 30) of soil samples that are representative of the

soil (or other unconso)idated deposits) in terms of parent material, soi!

The isopleth plots are plots or isograms showing lines on a map where
each line indicates a specified constant value of a variable or paramecer (e  {
concentration of a radionuclide) .
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type, bulk composition, structure, and pedologic description and that are
representative of the soil composition that has not been affected by any
facility or operation. Background concentrations should be determined for
each type of soil, unconsolidated deposit, or bedrock that may reac<onably be
contaminated by the facility. Additional guidance on selecting background
locations and developing estimates of background radionuclide concentrations
is provided in NUREG/CR-5849 (NRC, 1992d), NUREG-1501 (NRC, 1994c), and
NUREG/CR-1505 (NRC, 1994d). Appendix II presents examples of radiological
survey forms used in soil and vadose zone characterization.

4.5 Groundwater
Characterization of groundwater contamination should be adequate to determine:

1. The extent and concentration distribution of contaminants.

F Backgrouad groundwater quality.

3. Rate(s) and direction(s) of contaminated grounc.cter migration.
4.

Assessment of present and potential future effects of groundwater
withdrawal on the migration of groundwater contaminants.

The extent of contamination and background groundwater guality should be
determined based on groundwater monitoring data from a suitable monitoring
well network. Guidance documents on acceptable groundwater monitoring
techniques are listed in the References Section [e.g., Korte and Ealey (1983),
Korte and Kearl (1984), U.S.G.S. (1977), EPA (1977a, 1980, 1985, and 1986) and
NRC (1989b and 1989c)]. The actual number, location, and design of monitoring
wells depend on the size of the contaminated area, the tyye and extent of
contaminants, the background groundwater quality, the hyirogeologic system,
and the objectives of the monitoring program. For example, if the objective
of monitoring is only to indicate the presence of groundwater contamination,
relatively few downgradient and upgradient monitoring wells are needed In
contrast, if the objective is to develop a detailed Characterization of the
distribution of constituents within a complex aquifer as the design basis for
a corrective action program, a large number of suitably designed and installed
monitoring wells and well points may be necessary. Planned site
characterization activities should be flexible enough to allow for the
installation of additional monitoring wells during the characterization effort
if preliminary characterization indicates contamination where previously
unanticipated or if necessary to delineate the vertical or lateral extent of
contaminant plumes. Monitoring well locations, contamin>nt comcentrations.
and contaminant <ources should be plotted on a map (or series of maps for
multipie contaminants) to show ihe relationship among contamination, sources,
hydrogeologic features and boundary conditions, and property boundaries. The
map shouid generally be prepared using the site base map described in Section
3.1 and at a scale of 1:200. At sites with sirnificant vertiral migration of
contaminants, the SCR should 21so provide hydrugeologic cross-sections that
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depict the vertical distribution of contaminants in groundwater. The vertical
exaggeration of the sections should not exceed 10 times.

The SCR should also describe the groundwater characterization program used to
characterize the extent and distribution of contaminants in the groundwater.
The description should provide monitoring well completion diagrams
explainingelevation, internal and external dimensions, types of casings type
of backfill and seal, type of the screen and its location and size, borehole
diameter and elevation and depth of hole, and type and dimension of riser pipe
and other necessary information on the wells. An acceptable generic
completion design is illustrated in Figure 3.

Sampling technigues, methodology, and procedures should be documented or
referenced in the SCR. Site characterization procedures and methods should
generally adhere to acceptable National practices and standards [e.g.,
American Society for Testing and Materials (ASTM), U.S. Geological Survey
(U.5.6.S.), Environmental Protection Agency (EPA), Department of Energy
Environmental Monitoring Laboratory (DOE/EML), and National Institute of
Standards and Technology (NIST)]. The STR should identify specific anmalytica’
methods 1-e( conform to general.y accepted protoco) s and methods, such as
those endorsed by EPA, NIST, DOE/EML, or other methods established through
comprehensive peer review and recommendation proces: (e.g., ANSI/ASME 1986).
Appendix 111 to this BTP provides sample forms for documenting well summary
informativ: samples, chain of custody, quality assurance information for
field chemical analyses, and sample location and identifier [from Procedures
for the Collection and Preservation of Groundwater and Surface Water Samples
and For the Installation of Monitoring Wells, (Korte and Kearl, 1984)].

The scope of the characterization effort should include all significant
radiological constituents, along with inorganic and organic constituents and
parameters that may be of value In (1) defining the extent of contamination,
(2) assessing the health and environmental risk posed by the radiological
contaminants, (3) determining the effect of the non-radiological constituents
on the mobility of the radionuclides, and (4) evaluating potential
environmental effects associated w:in the decommissioning effort.
Characteriza*ion of these non-radiological cons* ituents and parameters may
also be required separately by other regulatory agencies that have
jurisdiction over the decommissioning effort. Typical analytical parameters
include gross alpha particle activity, gross beta particle activity, specific
isotopic concentrations, gamma spectrum analysis for all gamma-emitting
radionuclides suspected to be present, sulfate, chioride, carbonate,
alkalinity, nitrate, TDS, Total Organic Carbon (TOC), Eh, pH, calcium, sodium,
potassium, iron, and dissolved oxygen. Additional analytical parameters may
be necessary to characterize any suspected contamination.
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The site characterization program should include sufficient sampling and
analysis of groundwater samples collected upgradient from the site to develop
a representative ‘haracterization of background groundwater quality.
Background grounawater gquality should not exhibit any influence from
contaminants released by the site and should be representative of the quality
of groundwater that would exist if the site had not been contaminated. The SCR
should also assess any temporal or spatial variations in background
groundwater quality. If sources of contamination other than the facility are
present, the potential impact of such sources should be evaluated to determine
the degree of groundwater contamination caused by these sources.

4.6 Structures and Equipment

The contaminated structures include surfaces of floors, walls, or ceilings of
buildings. Roofs and roof drains, especially those near airborne effluent
release points, may also represent sources of radiological contamination.
Most structures have concrete floors ccvered with paint or tiles and surfaces
are commonly made of wood with plaster boards, bricks, concrete, or metal.

In some r-3es, surfaces are covered by several layers of paint that may
obscure ¢, provious spills or contamination. The joints between walls, or
between walls and floors, pipes, or conduit runs are common places of
contamination. Liquid 1ines buried in walls, floor:z, or the ground represent
special concern because of potential contamination from seepage.

Contaminated equipment may include hot tells, piping, ducting, fume hoods,
hand tools, and supplies. Knowing the history of the facility and its
operation may help the characterization process, especially when potentially
contaminated surfaces are inaccessible for radiological measurements without
extensive effort.

The number and type of radinlogical measurements depend on the radionuclides
present, the level of activity, and the criteria or guidelines used for
decontamination and decommissioning of structures and equipment. The interim
NRC guidelines for decontamination and decommissioning of surfaces and
equipment are included in NRC Regulatrry Guide 1.86 (NRC, 1974); NRC Policy
and Guidance Directive FC-83-20 (NRC, 1983a and 1987); and NRC NUREG/CR-584S

(NRC, 1992q).

The SCR should characterize the extent cf contamination in (or on) structures
and equipment in terms of maximum and average surface activities (fixed and
removable) in disintegrations per minute per 100 cmE and exposure rates. In
addition, the characterization program also should determine radionuclide
concentrations on a volume basis where the contamination is present within
structures and eguipment (e.g., activation products). NUREG/CR-5849 provides
generic guidance on 2cceptable approaches, methodologies, and analyses in
support of radiological characterization of structures and equipment. It
should be indicatec that the site characterization will, in most cases, not
require the same level of detail as is prescribed in the NUREG/CR-5849. The
draft “Multiagency Manual for Environmental Radiological Surveys" (May 19%4),
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which has been developed collaboratively by the four Federal agencies, the
NRC, the EPA, the DOE, and the DOD (unpublished) provides additional
comprehensive guidance on radiological survey procedures, techniques, and
methods, and on survey planning, evaluation, and documentation for surface
contamination.

4.7 Air

Air sampling, monitoring, and analysis may be necessary for a few sites where
radioactive material may reasonably become airborne from decommissioning
practices or during remediation or waste handling. In fact, these activities
may be conducted as part of both the operational and the characterization
programs. The most common evamples of air contamination are sites where dust
loading of contaminated material or release of gaseous radioactive material
(e.g., radon emanation) will be a potential inhalation exposure pathway. For
example, dust loading and radon releases from site construction activities may
be significant release mechanisms for radionuclides, such as and 2*Th and
their associated dfcay products. Other sites may also invc’ /0 gaseous
releases, such as °H and "°C.

At those sites where potential releases of radionuclides via the airborne
pathway may be significant, the SCR should establish a representative base! ine
concentration for radionuclides under pre-existing background conditions.

This can be accomplished by constructing upwind air sampling stations and
conducting offsite measurements in unaffected areas. The main parameters to
be characterized to establish baseline conditions for air quality include:
contaminant type and concentrations. The SCR should also identify the
regional air quality classification, air quality control region, and pertinent
air guality guideline levels. Previous and/or existing sources of airborne
radionuc]ides an¢ the geographic designation of these sources should also be
identified.

Air sampling «nd monitoring should be carried out during site charac zation
(1) at representative upwind locations that are not affected by site
activities; (2) near sources of pctential contamination, including evaporation
ponds, incinerators, and disposal « 's and trenches; (3) adjacent to the
downwind site boundary; and (4) offsite in downwind direction to determine
whether existing airborre releases significantly affect downwind air quality.
The location of air sampling stations should be selected to enable
measurements of any contaminated material (soil/dust) that might become
airborne across the contaminated site. The sampling locations should be
selected based on consideration of site-specific meteorological data (e.g.,
wind direction anc speed; stability class) and critical-group locations. The
number of sampling stations will depend on the potential for significant
offsite contamination based on site history and assessment of planned
decommissioning actions, level and nature of site contamination, site arez,
and prevailing meteorological conditions.

Air samples should generally be anaiyzed to determine total alpha particle
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activity and total beta/gamma spectrum activity. Key radionuclides should
also be determined, if necessary, to ensure adequate public and worker
protection during conduct of decommissioning actions. The sampling results
should be reported in terms of concentrations in pCi/ml (or Bg/ml), along with
error estimates and lower limits of detection for each sampling station.
Sampling results should be compared with the acceptable airborne
concentrations listed in Appendix B to 10 CFR Part 20. For large
decommissioning projects, the airtorne sampl ing program should be integrated
with an environmental sampling, which may include environmental
thermoluminescence detectors (TLDs) and routine representative sampling and
analysis of offsite water, soil, sediment, vegetation, and wildlife. For more
detailed guidance on air effluent releases and environmental monitoring
consult the following NRC guidance documents: NUREG-1388 (NRC, 1989¢); NUREG-
1383 (NRC, 1989b); NUREG/CR-3332 (NRC, 1983b); Regulatory Guide 1.111 (NRC,
1977); Regulatory Guide 4.15 (NRC, 1979a); and EPA/540/0-89/002 (EPA, 1989¢) .

5. PHYSICAL CHARACTERISTICS OF SITE

5.1 Surface reatures

This section of the SCR should describe the present topography of the site and
immediate vicinity using topographic maps< of appropriate scale and contour
intervals. The maps should also depict significant surface features such as
depressions, buildings, utilities, wet-lands, rivers, valleys, creeks,
ditches, landfills, diversion channels, and drainage system. Topographic maps
should generally be at the 1:200 scale or larger. Other scales may also be
appropriate if they are large enough to clearly depict the major surface
features of the site relative to the decommissioning action. The contour
interval should be selected on a site-specific basis considering the relief
and grade of the site, but should generally be no greater than 2 to § feet.
The topographic maps should use conventional nomenclature and symbols (e.g.,
U.5.6.5. topographic map symbols). Any departures from standard symbols
should be clearly delineated in the legend for the map. All maps should
include a north arrow, graphical scale, date, reference datum, and unique
identifier (e.g., project and map numbers) .

5.2 Meteorology and Climatology

The SCR should provide baseline information describing normal and extreme
weather conditions at the site. Such information may be necessary 1o assess
the water budget for the site (e.9., comparison of annual precipitation to
runoff, infiltration, and evapotranspiration) and evaluate impacts resulting
from long-term releases of radionuclides via groundwater or surface water
pathways. The information is also needed to evaluate short-term transport of
contamination, which may occur prior to and during site characterization and
decommissioning (e.g., severe flooding during excavation of contaminated
materials). Examples of significant meteorological and climatological
parameters and data to be reported include:
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. Speed, directions, and variability of winds (presented as a wind-
rose diagram and the Pasquill atmospheric stability category);

. Amount, type, and distribution of annual precipitation;

. Estimates of pan evaporation and evapotranspiration (if
available); and

. Records of severe weather conditions such as tornado.s,
hurricanes, ¢rought, and flooding, that may affect tne stability
of the contaminated material before, during, and after
decommissioning.

5.3 Surface Water Hydrology

The SCR should evaluate surface water at and near the site and the effects of
surface water processes on transport of contaminants. The site
characterization program should address both general characteristics of
surface water near the site, as well as site-specific field measurements 1o
quantify the flow system. Such information includes, but is not limited to,
the following-

1. Surface water hydrologic systems (names and types), their
locations, qualities (e.g., macrochemistry), and quantities (e.g..
flow rate and/or area and volume). The systems may include
natural surface water bodies such as lakes, ponds, rivers, streams
and coastal areas onsite or in the immediate vicinity of the site.
They may also include man-made systems such as dams, channels, and
diversion ditches. Proximity and transport between surface water
systems and site contamination should be discussed.

2. Historic data on peak discharge rates and water levels.
Stage/discharge relationships and recurrence intervals of flooding
events for adjoining water bodies may also be needed. These may
include estimates of stages, flow rates, and flow velocities for
severe flooding events, such as the Probable Maximum Flooc and
100-year flood. Such estimates may especially be necessary at
sites where large inventories of long-lived radioactive material
will be disposed to ensure that the disposal method provides
reasonable assurance that the waste will remzin sufficiently
isolated from the human environment for long time periods (e.g..
1000 years).

3. Locations, areas, and dimensions of wet-lands, 100-year
floodplains, and watershed divides relative to the site. Surface
erosion and potential contaminant transport associated with such
surface processes should also be addressed.

4. Current inventory of surface water uses within approximately 10
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kilometers of the site. Relevant information on types of water
uses, rates of withdrawal, sources of water supply, and water
quality should be provided. Identification of the nearest down-
gradient surface water and the nearest municipal intake should

also be included.

5. Estimated potential for contamination of surface water bodies
above applicable and relevant water quality criteria. The
potential for significant infiltration and transport should be
evaluated using analytical or numerical techniques for
representative models of the hydrologic system [e.g., NRC (1990b
and 1990c); Celia et. al. (1990); Gee and Hillel (1987); and Shulz
et. al (1988)]. At some sites, the potential for significant
transport is so minimal, that qualitative analysis of potential
surface water transport will suffice. At other sites,
particularly where decommissioning entails stabilization of large
inventories of radioactive rsterial onsite, more sophisticated and
gquantitative analysis should be conducted (as given in the
references mentioned above) to assess potential transported
conce.trations in downgrudient surface water bodies. These
concentrations should then be compared with relevant surface water
quality criteria assuming annua) mean fiow conditions, stages, or
levels. The assessment does not need to estimate concentrations
in downgradient waters under extreme flow conditions (e.g.. 100~
year flood).

5.4 Geology

The SCR should describe site geology sufficiently to support aczessments of
the long-term stability of the site (particularly if ensite dispcsal 1s a
preferred option), groundwater transport of contaminants, and selection of
ropresentative locations to collect background soil and water s2amples.
Typically, geologic site information is presented in two categories:
reconnaissance information on the region surrounding the site, and site-
specific geologic characteristics

5. 4.1 Regional Geclogy

Reconnaissance information on the geology of the region surrounding the site
is often available from State geological surveys, U.5.6.5., or 1»r.1 colleges
or universities. This subsection of the SCR should include general geologic
information about the region surrounding the site and provide a clear fink to
the structure and geology of the site. Such information should be presented
in a concise fashi(n so that it will represent background information for the
more detailed site speci€ic geologic characteristics. The SCR should use an
appropriate combination of text, charts, and maps to convey the regional
geclogic information in an efficient and effective manner. specifically, this

section should include, as & minimum, :
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. A general stratigraphic chirt for the area depicting major
formations and their thicknesses and characteristics (include
units to at least 500 feet beneath the site):

. A geologic map, of an appropriate scale, depicting the bedrock
g2ology (formations and structures) that covers an area including
the site to at least 5 km distant from the site boundaries: anc

. A geclogic cross-section, of appropriate vertical exaggeration (no
greater than 10x), that is keyed to the geologic map and depicts
the principal structures and geologic formations for at least 300
feet beneath the site.

Stratigraphic columns, maps, Cross cections, photogeologic maps. and aerial
photographs (if available) should be provided at appropriate scales and in 2
manner that adheres to national topographic and geologic mapping conventions

(e.g., those conventions established by the USGS).

In addition, the summary of the regiona! geology should inciude the following
infornation:

(a) Geomorphology: information on physiographic province that contains
the site and any prominent topographic features within 10-20 km
from the site. Emphasis should be placed on identification of
geomorphic processes that may affect long-term stability of the
site, particularly fluvial lcndforms such as floodplains (100
years and less), stream tlerraces, basins. and other landforms
(e.g., dunes. fault scarps, rock falls) anc the dynamic processes
that shape them, such as mass wasting, sheet wash and gully
erosion, and subsidence.

{b) Stratigraphy and Lithology: this includes regional stratigraphic
units and regional bedrock formations. General information should
include the distribution, thicknesses, relative sequence and age.
and lithologic descriptions of each significant formation
(generally down to 500 rzetl ~engath the site). Special attention
should be given to stratigraphic contacts, bedding surfaces,
unconformities as well as significant facies changes.

{¢) Structure and Tectonics: significant geologic structures and
their association with any active (Holocene) tectonism. Such
features may include, but not be limited to, favits, folds,
joints, cleavage, and major fractures. Primary structures should
be depicted on the regional geclogic map (scale 1:24000 or
greater) along with indications of the dip and strike of major
geologic units. The regional structural geology and tectonic
description should encompass an area within 20 - 50 km from the
site. The current tectonic stability of the region and its
potential for active tectonism along with historic records of
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seismic activity should be included.

The description should also include evaluation of historic
seismicity in the region and identification of any seismic source
zones and paleo-liguefaction features. Such information should
also include as.2ssment of peak horizontal and vertical ground
accelerations associated with the "Maximum Credible Earthguake"
(MCE), if decommissioning includes stabilization of radicactive
material onsite.

5.4.2 Site Specific Geology

The SCR should describe the site-specific geologic characteristics in a
similar manner to the regional geologic description. The site-specific
description, however, should focus on details of site geology and its effect
on long-term release and transport of radiological contaminants and stability
of residual material. The following site-specific geologic information should
be inciuded in the SCR:

(a) Geomorphalogy: height abovc modern base level, on-site relief,
. irface gradient, sr.ll-scale geomorphic features and surficial
topography, soil weathering profile and associated surface
deposits, local drainage basins and their reiationships to
regional drainage, and descriptions of channels at the site in
terms of gradient, morphology, pattern and recurrence of flow
events. Other significant site-specific geomorphic processes that
could influence long-term containment or relgase of contaminants
should be also addressed (e.g., mass wasting®, solifluction’,
subsidence). The description of fluvial geomcrphology should be

-

linked to the hydrologic characterization in Section 5.3.

(b) Stratigraphy and Lithology: descriptions of surface and subsurface
geologic units that have been or potentially could be affected by
transport of radiological contaminants from the site or that could
affect the stability of any significant quantities of radioactive
material disposed of at the site. Descriptions should include
depth. thickness, and characteristics of the stratigraphic units
basec on ¢'te borehole data and projections from surface dat? or
other onsite or regional studies. Vertical and lateral variations

? Mass was:zing .5 the downslope movement of masses of bedrock or soil and
rock debris uncer cne influence of graviry This dynamic process is responsible
for shaping of lancforms in areas of particularly weak rock formation or clayey
soils.

? golifluction is the slow creeping of saturated fragmented material (as
soil) down a slope. This process usually occurs in regions of perennial frost.
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of the stratigraphic column should be analyzed. Bedrock/sediment
interface and its association with depositional and/or erosional
processes should be explained. Borings, trenches and outcrops
should be shown on a geologic map and geologic cross sections.
Maps and cross-sections should include ali borings and trench
locations used to develop the maps and sections. A stratigraphic
log should be presented for each borehole and trench used to
Characterize the detailed variation of site stratigraphic
features. A sample log is presented in Figure 4.

The site geologic description should also present detailed
information on the lithologic characteristics of surface and
subsurface deposits and the bedrock. The lithologic information
includes mineralogy (special emphasis on presence of evaporitic
salts and clay minerals) and other characteristics (e.g., grain
size, fabrics, texture, organic content, and type of cementitious
materials) that may affect the mobility and release of
contaminants in groundwater. Lithologic composition and
development of local structural features such -s foliation and
fracturing should be also be given special cc.. .deration to the
extent that it may ennance or affect groundwater transport of

centaminants.

The number of boreholes, trenches, or excavations necessary to
Characterize the site geology will depend on the site area and
stratigraphic and structural complexity of the site. In general,
the number of penetrations and excavations necessary to
characterize site geology will be less than the number needed to
assess the extent and nature of soil and groundwater
contamination.
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Showing Details of Startigraphic Features

Figure 4: A Sample Well Log
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(c)

(d)

Site Structural Features and Geologic Stability: identification
of discontinuities, such as large bedding planes, joints, and
fracture systems, that could influence contaminant transport
through the underlying bedrock. Other macrostructural features
such as shear zones, folds, faults, and igneous intrusions (e.g..
dikes), if present, should also be described. For each major
discontinuity or set of discontinuities, the description should
assess orientation, persistence, aperture, and other
characteristics to the extent that they may affect groundwater
transport of contaminants or stability of radioactive materials
onsite.

Geologic stability: estimates of the Tong-term stability of the
site. Site stability should be evaluated by estimating the
maximum ground motion that can reasonably be anticipated at the
site based on records of seismic events, estimates of the MCE for
the site, and considering other geologic indications of active
processes during the Holocene period that could significantly
affect site stability.

5.5 Demography and Land Use
5.5.1 Demography

Populatior data on the site and its surroundings are necessary for assessing
the poten.ial health and safety and socioeconomic impacts of radiologically
contamination. The demographic data to be provided include:

(a)

(b)

Residence Inventory: this inventory should identify the location
and number of residents within a 2-km radius from the site
boundary. The residential units should be shown on a map with ar
appropriate scale. Existing (e.g., tax assessment) maps and aerial
photographs can also be used for this purpose. Any sensitive
populations (e.g., medical institutions, day care facilities,
nursing homes, prisons) should be identified within the 2-km
radius.

Transient Population: the assessment should identify any periodic
(e.g., daily) or seasonal changes in baseline population within
the 2-km radius. Such changes may be caused by transient
residency associated with resorts or vacation homes or to influxes
associated with work, education health care, day care, and other
similar activities.

5.5.2 Land Use

This section of the SCR should evaluate the type of land uses at the site and
the surrounding vicinity as the basis for assessing potential impacts on
public health and safety from radiclogical releases from the contaminated
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site. Land use information will be used in assessing the impacts of
radiological releases from the site as well as potential onsite exposure due
to decommissioning. Historic and current records of land uses may be obtained
from U.S.5.S or from State, regional, municipal, or other planning agencies.
The U.S Department of Interior and the U.S Department of Agriculture can also
provide relevant information on existing and future land use. The type of
land uses should be categorized, in a broad manner, in one or more of the
following types: residential, industrial, agricultural, and special use.

For agricultural uses, the assessment should identify specific uses of the
land for grazing, dairy farming, crop production, or livestock grazing. The
SCR should also provide information on any endangered species in the area that
could be affected by contamination or by the decommissioning activities. Any
special land uses in the vicinity of the site should be described. Examples
of special uses include: national parks, wildlife refuges, and military

reservations.

§.6 Hydrogeology

The hydrogeologic characterization should describe the hydrogeclogic
environment in sufficient detail to quantify the transport mechanisms for
radiological constituents in support of dose pathway assessment. If the
preferred decommissioning approach includes onsite stabilization of
contaminated materials, the hydrogeoiogic characterization may also need to
consider the effect of elevated groundwaler levels on site stability and Tong-
term transport of contaminants via leaching and groundwater transport.

The level of hydrogeologic characterization should be proportional to the
anticipated hazards arising from groundwater contamination or elevated
groundwater levels. More hydrogeologic characterization will be needed at
sites with evisting groundwater contamination to support groundwater
remediation decisions, planning for groundwater corrective actions,
characterization of the extent and migrationm of the contamination, as well as
long-term human exoosure assessments. The relative distance of the affected
human and environmental populations and waler users should also be considered
in defining the scope and extent of characterization needs. Hydrogeologic
characterization should generally include the information in the following

sections.
§ 6.1 Identification and Characterization of Hydrogeologic Units

Information should be presented on all potentially affected hydrogeologic
units, including soils, unsaturated units, and saturated units. For each
unit, specific data should be providec on its geometry, lateral extent,
thickness (and variation), recharge and discharge zones, and flow
characteristics (e.g., porous media flow vs. fracture Tiow).
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5.6.1.1 Soil Characterization

Measurements of primary soil characteristics are reguired to evaluate extent
of contaminant transport via the soil to groundwater, surface water, and
plants. Soil characterization is also required for dose assessment and for
determining the potential effectiveness of remediation alternatives. The
characterization should define particle size distribution and soii class based
on particle size and compositional analysis (e.g., clay, silt, sand (fine,
medium and coarse), gravel (fime and coarse), and cobbies). The analysis
should also describe primary soil characteristics, such as bulk density, soil
PH, texture, stratigraphy (e.g., horizons or macrostructure of the soil and
vadose zone), hydraulic conductivity (saturated and unsaturated (as a function
of so0i] moisture content)), water retention (soil water characteristic
curves), porosity (total and effective). Other soil parameters could also be
necessary depending on site conditions, including organic carbon content, ion
exchange capacity, soil structure, and redox couple ratios of waste/soil
system. Soil characteristics should be grouped into the following four

categories:

1. Mas. transport characteristics: soil texture, unsaturated
hydraulic conductivity, dispersivity, moisture content versus soi)

moisture tension, bulk density, porosity (total and effective),

infiitration rate, stratigraphy, and other associated parameters.

B Soil reaction characteristics: distribution coefficients (Kg)
cation exchange capacity (CEC), Eh*, pH’, soil biota, soil
nutrient content, contaminant abiotic/biological degradation
rates, soil mineralogy, and contaminant properties.

3. Soi1] contaminant properties: water solubility, dielectric
constant, diffusion coefficient, distribution coefficient (Kg) »
total organic carbon content, octanol-water partition coefficient
(K“). molecular weight, vapor pressure, density, and agueous
solution chemistry.

4. 5017 engineering characteristics and properties: trafficability,
erodadility, bulk modulus, plasticity, depth and total volume of
contarinated soil, and bearing capacity.

5.6.1.2 Vadose Zone Characteristics

The vadose zone extencs from the lower boundary of the soil (root zone) down
to the water table (saturated zone). Water flow in the vadose zone is

* The Eh value is the theoretical equilibrium elecrrical potential of
redox couple.
The pH is a measure of the degree of acidity or alkalinity
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essentially downward; it depends, however, on several physical and hydrologic
characteristics of the stratigraphic units comprising the zone. The following
parameters may be required for assessment of contaminant transport in the
vadose zone: volumetric water content, degree of water saturation, particle
density, bulk density, matric potential, moisture content, relative
permeability, water diffusivity, and other source/sink terms.

The extent of vadose zone characterization depends on the degree and extent of
contamination and significance of transport pathways and exposure routes. At
sites where the vadose zone is extremely thin or the licensee or responsible
party does not wish to take credit for contaminant attenuation in the vadose
zone. only minimal information may be necessary to characterize the vadose
zone (e.g., soil engineering characteristics and depth to the water table).
The volumetric flux of pore water and the long-term movement of water through
the unsaturated zome will be the result of net infiltration. Infiltration
rate may be estimated using either simple algebraic balance models, or
modeling flow through the zone along with in-situ measurements of matric
potertial or suction versus moisture content, hydraulic heads, and unsaturated
hydraulic ~onductivities of soil samples.

§.6.1.3 Saturated Zone Characteristics

The assessment should also determine representative characteristics for
saturated hydrogeclogic units. Although the assessment should include all
aquifers, confining units, and aquitards6 along significant transport paths,
the assessment should primarily focus on the characteristics of the uppermost
aquifer beneath the contaminated site. The uppermost aquifer means the
geologic formation nearest the natural ground surface that is an aquifer, as
well as low aquifers that are hydraulically and significantly connected with
this aguifer beneath the site or in i1s immediate vicinity. Hydraulic
properties of potentially affected saturated units should be described in
terms of hydraulic conductivities, storage characteristics, effective
porosities and dispersivities, and recharge/discharge locations and rates.
Hydraulic characteristics also include: distribution of hydraulic heads,
leakance rates to other aquifers *“rough contining units, and the locations
and rates of internal sources and sinks within the aquifer.

Hydrogeologic site characterization should alsc describe hydraulic gradients.
groundwater flow directions, and groundwater velocities for each hydrogeologic
unit anticipated to be affected by residual contamination. The SCR should

¢ The aquitard is a confining bed that retards but does not prevent the
flow of water to or rrom an adjacent aquifer; a leaky confining bed. It does not
readily yield water o wells or springs, but may serve as & storage unit for
groundwater
' The leakance rate is the ratio of the vertical hvéraulic conductfivity
and the thickness of the confining beds.
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present the hydraulic head data in map form depicting control points, head
measurements, flow directions, and boundary conditions. At sites with
appreciable vertical gradients, the SCR should also include appropriate
hydrogeologiv cross-sections that illustrate the variation of head with depth
and as a function of hydrogeologic unit and boundary conditions. Spatial and
temporal distribution and isotropy of these properties should aiso be
addressed tc the extent that they may significantly affect the transport of
radiological constituents or associated non-radiological constituents. The
properties to be analyzed should be based on a combination of field data and a
demonstrably representative hydrogeologic system.

The assessment should also describe representative transport characteristics
of saturated hydrogeologic units. This subsection should describe the water
quality for all potentially affected hydrogeologic units. The hydrochemistry
should be described in terms of concentrations of major and minor inorganic,
organic, and radiological constituents. Other hydrochemical parameters that
should be determined include pH, redox potential, temperature, total dissolved
solids (TDS), and specific conductance. The-e parameters help demonstrate the
representativeness of water quality samples as well as provide a basis for
generally classifying the usability of the groundwater.

Seiected non-radiological characteristics and parameters have been included in
the 1ist of hydrochemical information needs. Such information may be
necessary to demonstrate compliance with NRC requirements by assessing the
effect of the non-radiological constituents on the mobility and transport of
radiological constituents. In addition, other regulitory agencies may require
these parameters and values to be Characterized to satisfy requirements
promulgated under statutes other than the Atomic Emergy Act. Their inclusion
'n this guidance is intended to assist Ticensees and responsible parties in
conducting integrated site characterization programs that may address
reguiatory requirements beyond those of Just NRC. Such non-radiological
information is also necessary to support environmenta' assessments in
accordance with 10 CFR Part 5] and the National Environmental Policy Act.

water quality data should be accompanied with supporting hydrochemical data
that will be used to demonstrate the rel.ability of analytical data. Examples
of useful information in this regard are ion balances, comparison of the sum
of dissolved solute concentrations with measured TDS values, and

geochemical /hydrochemical diagrams like Piper and Stiff diagrams. Each
analysis should generally exhibit a balance of cations and anions within +/- §
percent, uniess the analysis is accompanied by a justification for significant
departure from neutral conditions. Similarly, the sum of all major and minor
ions determined in each water quality analysis should be within 10 percent of
the measured TDS valie.

Geochemical condi’ .ns at the site and their association with groundwater and
contaminants shou.d also be described. Specifically, geochemical conditions
that enhance or retard contaminant transport should be given special
consideration. Geochemical data should include information on solid
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composition, buffering capacity, redox potential, sorption (represented as 2
range of distribution coefficients for each radiclogical constituent), anc
other relevant geochemical data. In general, licensees or responsible parties
may estimate K, through laboratory column or batch sorption measurements
[e.g., ASTM methods D4319 (ASTM, 1983); D4646 (ASTM, 1987): and D4874 (ASTM,
1989)] or by using a conservative value to represent the K, from available
literature references [e.g., Sheppard and Thibault (1990) and NRC NUREG/CR-
5512 (NRC, 1992b)]. If necessary, licensees (or responsible parties) may use
appropriate geochemical codes to understand and quantify geochemical
mechanisms that significantly affect transport of radiological and non-
radiological contaminants and their potential fate [e.g., MINTEQ (EPA, 1984);
£Q3/6 (Daveler and Woolery, 1992)].

§.6.2 Groundwater Flow and Transport Models

Groundwater flow system(s) at the site should be represented using conceptual
and computationa] models that are demonstrably conservative, reliable, anc
representative of the actual flow conditiors. The rcle of groundwater
modeling and modeling needs in support remedial ard decommissioning
decision mak.ng at sites contaminated with radioactive materials is provided
in EPA document "fnvironmental Pathway 'lodels - Groundwater Medeling In
Support of Remecie! Decision-Making i Jites Contaminate with Rac‘oaclive
Material" [EPA40Z-R-93-009 (EPA, 1993a)] and other documents (e.g., EPA,
1990a, and 1992¢). The generic site parameters anticipated to De needed tor
groundwater pathway models, to be employed for decommissioning sites, are
given in Table 1. The degree of sophistication of these models (e.3 . one-,
two-. or three-dimensional flow models) will depend on degree of site
complexity and level and extent of radiclogical contamination. The
mathematica’ models can be either analytical or numerical.
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Table 1. Common Site-Specific Input Parameters for Groundwater Transport
Models
Zone or Unit ite Par r
Cover Thickness
Density
Erosion rate
Contaminated " Area
Zone Thickness

Length parallel to aquifer
Time since contaminants placed
Density

Erosion rate

Total porosity

Effective porosity

Hydraulic conductivity
Evapotranspiration coefficient
Annual precipitation
Irrigation rate

Irrigation mode

Run-off coefficient
Distribution coefficient
Contaminant concentration

Leach rate
Uncontaminated- Thickness
Unsaturated Zone Density

Total porosity
Effective porosity
Hydraulic conductivity
Dis*ribution coefficient

Saturated Zone Density

Total porosity

Effective porosity

Hydraulic conductivity

Hydraulic gradient

Water table drop rate

Well pump intake depth

Average individual use of
groundwater

Cross-sectional area of plume
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Models users should be careful not to misuse the computer models, as described
in the National Research Council’s sublication entitled, "Ground Water Models:
Scientific and Regulatory Applications,” National Academy Press, 1990.
Additional useful guidance and references on groundwater models, modeling, and
model-validation are: Mercer and Faust (1931); U.S.G.S (1978 and 1988); NRC
(1991b,c and 1991d); EPA (1992¢ and 1993a); Tsang (1991); Konikow and
Bredehoeft (1992); and Zheny (1990). Under certain conditions, special
consideration may be given to fracture and/r vertical flow. The general
guiLence on dosu assessment models presented in Section 6 of this position is
also applicable to the development, execution, and use of groundwater
transport models.

The groundwater transport codes should be selected based on appropriateness of
the conceptual models used in these codes and its consistency with the
available hydrogeologic data and the actual groundwater system of the site.
The SCR should describe these models and provide a justification for the
selection of the code(s) that were used as the basis for the computaticnal
models used to project contaminant transport under long-ter cite conditions.
These models should be accompanied Dby appropriate hydrogeoi. icC cross-sections
and maps depicting the various flow directions and boundary conditions that
significantly affect groundwater fliow and transport at the site.

5.€.3 Hydrogeologic Characterization Methods and Monitoring Practices anc
Procedures

This section should include a description of all hydrogeciogic site
characterization activities, methods, and monitoring installations sufficient
to demonstrate that the site characterization methods and devices provided
data that are representative of site conditions. The SCR should describe the
monitoring practices, procedures, and gquality assurance programs used to
collect water guality and hydraulic data. Monitoring well descriptions, for
example, should include location, elevation, screened interval(s), depth,
construction and completion details, and the hydrologic units monitored.
Figure 3 provides an example of an acceptable monitoring well diagram.
Aquifer test descriptions should “~clude testing configuration, test results,
and a discussion of the assumptio: snalytical techniques, test procedures,
pre-testing baseline conditions, limitations, errors in measurements and final
results. The SCR's description of the water quality sampling and analysis
program should include or reference the procedures for sampling, preserving,
storing, and analyzing the samples including quality assurance/quality control
(QA/QC) protocols implemented. All methods used should be consistent with
current standard methods and practices (e.g., ASTM, U.S.G.S, EPA, NIST, and
ANSI/ASME). Licensees and responsible parties are encouraged to consult the
references listed in Section 7 of the BTP for guidance on acceptable methocs
for sampling and analyzing water quality samples [e.g., Korte and Ealey
(1983); Korte and Kearl (1984); DOE (1988 and 1993): ANSI/ASME (1986); EPA
(1977a, 1985, 1986, 1987b, 1991) and NRC (19792, 19892 and 1989b)]. Any
deviations from standard methods should be appropriately justified.
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5.7 Geotechnical Engineering

Although some of the previously described site characterization efforts for
geology and hydrogeology would also be applicable to geotechnical engineering
considerations (e.g., the completion of subsurface investigations to establish
geologic information and profiles), this section of the BTP is intended to
address the additional aspects in geotechnical engineering that would not
typically be encompassed by the other disciplines. These additional site
characterization efforts may be needed for assessment of long-term onsite
stabilization or storage of radioactive material. The geotechnical
characterization data will be used to support the following activities:

Ns The development and interpretation of site data, including
potential sources of fill materials to establish detailed cross-
section displaying factual soil and rock layering and groundwater
conditions that would be used in engineering design studies;

2. The evaluation of site dat. developed from the resuits of field
and laboratory testing to establish engineering properties of site
materials for eventual consideration in stabilization of
radiocactive wastes; and

3. The determination of the initial suitability of the site’s soils
and rock to support the proposed decommissioning remediation plan.

‘This effort to address the suitability of the site’s soils is an initial
assessment, which determines if the identified and available site soils which
were uncovered in the site characterization investigation, can be further
considered in the conceptual remediation plan. The final determination on
suitability would not be made until the completion of the dose assessment anc
design studies for the remediation plan.

§.7.1 Soil Layering and Groundwater Conditions

The description of the subsurface investigations and the recording of the
investigation results need to be clear and thorough to permit an evaluation of
the geotechnical parameters that would be needed for the engineering analysis
and design. Guidance for conducting site investigation can be found in NRC
Regulatory Guide 1.132, "Site Investigation for Foundations of Nuclear Power
Plants,” (NRC, 1979b). This guide contains the type of information to be
developed regarding geotechnical investigation, the essential information to
be recorded on boring logs, measurements of groundwater conditions,
identification of the standards and procedures on the methods of subsurface
exploration, spacing and depths of explorations, and sampling procedures.
Although Regulatory Guide 1.132 was initially developed for geotechnical
investigations at nuclear power facilities, much of the guidance is generic
and presents accepted practice in subsurface investigations. This guidance
has direct application in decommissioning projects when experience and
reasonable judgment are exercised to tailor the subsurface investigations to
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the level of complexity and degree of contamination associated with the sites
to be decommissioned.

Typically, for contaminated sites requiring remediation, the results of the
subsurface investigations would be transposed onto engineering profiles and
Cross-sections that would be selected at strategic locations to addvess design
conditions (e.g., to ultimately set drainage features or excavation slopes and
Timits for the contaminated materials to be removed). The engineering
profiles and sections would typically be drawn with equal vertical and
hor;zontal scales with the features displayed at a scale not smaller than !" =
20 feet.

Experienced Judgement is needed in the selection of the cross-section location
and in the number of sectional views in order to reasonably represent the soil
and rock layering and groundwater conditions. The extent of the subsurface
Investigations that are to be completed is dependent on the extent of the
contamination and needs to be sufficient to permit characterization with a
reasonable degree of confidence. After verifying the accuracy of the
developed sectional views that weuld include checking for aareement with the
actual field records (e.g., boring logs), considerable judgme-t is typically
required to ultimately establish the sutline of the afrected structures ang
utilities, soil layering and -éépage conditions along the profile between the
widely spaced explorations. It is helpful when developing the soi! layering
and groundwater sectional views to have a basic understanding of the special
importance of the sections (e.9., to delineate weak or unstable zones, or to
set limits for removing contaminated materials) so that careful attention can
be focussed on the relevant data that were recorded in the site
investigations,

5.7.2. Field and Laboratory Testing

A laboratory and field testing program is normally planned and performed a:c 2
follow-up to the subsurface Investigations to determine soil and rock
properties and characteristics which will ultimately be needed for engineering
analysis and design (e.g., in the assessment of slope stability, liquefaction
resistance, settlement, or cover integrity). The testing program to establish
these properties needs to be coordinated and be an integral part of the site
characterization effort because, if appropriate samples are not covered Juring
the site characterization phase, the test results will not readily be
available when needed in the later design stages. Long delays in completing
the design of the remediation plan are likely because remobilization of the
site investigation equipment and field personnel would need to take place to
sample and test the controlling site materials.

Guidance for corducting testing programs is provided in NR('s Regulatory Guide
1.138, "Laboratory Investigation of Soils for Engineering Analysis and Design
of Nuclear Power Plants,” (NRC, 1978). This guidance includes recommendations
for:
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1. Developing a testing program that is flexible and tailored to the
needs of each site,

Handling and storing samples,
Selecting and preparing test specimens,

Establishing test procedures, and

un s w ~
. - - .

Documenting the test results.

Appendix B to Regulatory Guide 1.138 provides useful information cocvering a
wide variety of tests and includes guidance on the preferred test method or
standard, identifies typical engineering properties or parameters to be
determined with special remarks concerning equipment requirements. Offering
Regulatory Guide 1.138 as guidance is intended to help in deciding what
testing and test standards can be consi.-red during site characterization. It
is not intended to imply that all tne tests listed in the guide are necessary.
Applying the guidance requires judgement that is project-specific and
dependent on the .omplexity of the s.te and the scope of the prop.sec
remediation.

The SCR should describe the laboratory and field testing programs in
sufficient detail to permit an evaluation of the scope and technigues of the
testing programs to establish the engineering properties. Drawings in the SCR
should clearly relate the location of the completed explorations to the
testing results. The testing results on the site soils and rocks should be
presented in summary form (e.g., tabular and/or graphical) to permit 2 prompt
assessment of the conservatism and reasonableness of the results.

5.7.3 Suitability of Site Soils

Investigations in site characterization effort should not focus only 01
establishing the extent of the contaminated materials, but should also be
sufficiently flexible . explore g-*ential site and area soils that may be
used in site remediati. .

in the course of completing site characterization work for decommissioning
sites, information may be developed that could indicate that certain site
soils have engineering properties that are desirable for use in various
potential remediation plans. Examples of this finding might be the discovery
of clean granular soils for possible placement as filter or drainage soil, or
the locating of a fine-grained low-permeability site soil that would make an
excelient cover material by minimizing infiltration. If these conditions are
discovered in site characterization efforts, it is important that the
exploration and testing programs be sufficiently flexible to adjust to these
potential uses. This may require additional site investigation during the
site characterization stage to establish that adeguate volumes of the desired
site material are available, or can reasonably be removed without tainting
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with contaminated or undesirable soils. Failure to recognize these conditions
during the site characterization phase could result in significant delays at
later stage where the details of the final remediation pian are being
resoived.

6. DOSE ASSESSMENT

This chapter addresses various aspects of dose assessment as a part of the
site characterization process. Dose assessments may not be necessary at sites
that will be decommissioned in accordance with the interim cleanup criteria
identified in the Site Decommissioning Management Plan Action Plan (57 FR
13389; April 16, 1992). In other cases (e.g., in comparing decommissioning
alternatives), a dose assessment may be needed to demonstrate that
decommissioning will uitimately allow release of the site for unrestricted uce
or to compare the relative benefits and costs of the alternatives. The
general process for conducting dose assessments includes the following
components:

1. Characterization of the exposure setting (e.g.. physical settling
anc potentiaily exposed pooulations) at the site.

g. Identification of potential exposure pathways.

3. Quantification of exposure hazard 1r terms of radionuclide
concentrations or exposure rates (e.g.. for direct gamma
radiation).

4. Estimation of radiological dose using cose assessment codes {(e.G..
RESRAD (DOE. 1989 and Yu et. al. 1993) and D&D Screen (NRC,
1992d).

6.1 Characterization of Exposure Setting and Potentially Exposed Population

The first step 1n the preliminary evaluation of vutent:al doses 1s Lo assess
the information known about the s'te & % iis surrouriings, its physical
characteristics, and extent of s'te cu..amination. The evaluation results
should be used to establish an eppropriate source term of radiological
contamination correspending to site-specific conditions and to identify
potential exposure pathways and exposure points. Such information may also
help in determining site characterization information needs.

6.2 ldentification of Potential Exposure Pathways

The exposure pathway 1s the course through which 2 radiological or chemical
constituent will be transported or conveved from the source 1o the exposed
individual. The exposure pathway analysis links the source(s), locations, anc
types of environmental releases with population locations and activity
patterns to determine significant pathways of human exposure. An exposure
pathway typically comprises four elements:



DRAFT GUIDANCE NOVEMBER 1994

s A source term and mechanism for radionuclide and associated
chemical releases,

2. A retention or transport medium,

3. A point of potential human contact with the contaminant, and

4. Exposure route into the human (e.g., ingestion, inhalation, or

direct radiation) at the contact point.
6.2.1 Sources and Receiving Media

Contaminated materials at decommissioning sites should be identified from
review of available information on the site’s operational history and waste
disposal practices. Contamination may exist in buildings, structures,
equipment, tanks, soil, waste disposal trenches, leaking drain lines,
plumbing, lagoons, effluent discharge canals, surface water, and groundwater.
Release and exposure mechanisms for the contaminated material include surface
water runoff, infiltration, groundwater leaching and transport, wind erosion,
or direct radiation. The assessment shculd also identifv receiving media for
radiological and non-radiologic.] contaminants from past and present
operations and may include: surface water, groundwater, soil, sediments, and
biota.

£.2.2 Fate and Transport of Contaminants

As part of site characterization, the purpose of the fate and transport
anaiysis is to identify media that are receiving or may receive contaminants
and to assess the rate(s) at which the contaminants may be transported or
built up through the media. Such analvsis should address issues related to
type of contaminants occurring in the sources on-site or off-site and the
projected future locations and equilibrium (steady state) concentrations.
Although the transport of the contaminants may be attenuated by a wide variety
of natural processes (e.g., precipitation, biocaccumulation), the analysis
should not over-rely on these attenuative processes due to the limited
information that will generally be available during site characterization. In
addition, overreliance on attenuative processes may defeat the intent of
conducting the analysis to identify significant transport pathways as the
basis for identifying and prioritizing site characterization needs.

Therefore, analyses of transport (e.g., in groundwater or via uptake into
plants and animals) should generally give minimal credit for attenuation
processes, such as sorption and precipitation. In contrast, the analysis
should consider potential increases in contaminant concentrations as a result
of such processes ac radioactive decay (progeny ingrowth), chemical
reconcentration, bioconcentration, and transport enhancement by chelation with
organic and cther complex compounds. These analyses can be refined at the
completion of site characterization on the basis of site-specific information
and relevant reference studies.

44



DRAFT GUIDANCE NOVEMBER 1994

The physical/chewical and environmental fate properties should be obtained
from general literature sources that are properly qualified and relevant.
Literature should also be reviewed for updated information on the
physical/chemical properties and mobility of the potential contaminants of
concern. Specific information regarding physical /chemical properties of
contaminants should also be used in the assessment. The assessment should
also identify media that are currently contaminated and media that may
reasonably become contaminated in the future.

6.2.3 Identification of Exposure Points and Exposure Routes

Exposure points are mainly identified by analyzing if and where any members of
the potentially exposed population can contact contaminated media described
above. Exposure points are typically located, or assumed to be located, at
the location that the contamination can reasonably be contacted (e.g., where
people Tive or work or where a domestic well is located). Prior to release of
the site for unrestricted use, the licensee or responsible party may have to
restrict -~.cess to the site, thus limitirg public access to potentially
elevated < .ucentrations of radiological contamination. After the site has
been released, however, the NRC staff assumes that the sit” .comes generally
accessible for any reasonable use. Therefore, any accessibie location on the
site may be considered a potential exposure point. Exposure routes should be
evaluated in terms of the type of media affected and type of human activities
anticipated at the exposure points.

6.3 Quantification of Exposure

Exposure is typically quantified in two major steps. The first step involves
estimation of radionuclide concentration: the second pertains Lo
quantification of specific intake or exposure from each pathway.

Contaminant concentration is estimated either by direct determination of
radionuc]ide concentration in the affected media (e.g., soil, groundwatei, and
surfaces) or by using computational codes that model contaminant transport.
when using the direct determination approach, the average concentration should
be provided with high confidence interval (typically 90 to 95% or within 2
20). Lower confidence intervals (e.g., 66%) may be acceptable under certain
conditions specifically when there are large number of samples containing
radionuclides at low environmental concentration levels and in heterogeneous
media. When using the computational approach, sensitivity analysis and
uncertainties in the calculational methodology should be provided. In certain
cases, due to lack of information, direct measurements and computational
models are coupled to obtain mere accurate exposure estimates. The degree of
mode! sophistication will depend on the characterization and dose assessment
stage and objective. Thus, if site characterization and dose assessment are
in the preliminary stage generic models and screening codes can be used. On
the other hand if site characterization and dose assessment are conducted at a
more advanced stage, specifically for estimating doses to demonstrate

compliance with cleanup criteria, a more sophisticated and reliable modeling
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approach should be considered and, if appropriate, adopted.

Exposures are usually quantified for each specific intake pathway (EPA, 1989c
and EPA 1992a.b). For example, exposurss are determined from inhalation,
ingestion, direct exposure, and drinking groundwater pathways. The derived
specific radionuclide concentration for each pathway is then substituted intc
the dose formula, along with other known parameters such as intake rates,
exposure duration, pathway specific period of exposure, and body weight, for
calculation of the intake. NRC Policy Guidance and Cirective PG-8-08 (NRC,
1994a) provides acceptable exposure parameters and intake rates for assessment
of dose and exposure impacts. Appropriate dose conversion factors [e.g.,
Federal Guidance Report No. 11 (EPA, 1988) and Federa) Guidance Report No. 12
(EPA, 1992)] and dose assessment codes should be employed for estimation of
dose received from each specific intake (NRC 1992b, DOE, 1989, and Yu et.al
1993). For long-lived radionuclides (e.g., uranium and thorium), dose
assessment calculations do not need to be carried out beyond 1000 years.

6.4 Estimation of Radiological Dose U:ing Dose Assessment Codes

The assessmer’ should estimate r-diaticn doses to potentially exposed
individuals and critical populatior groups. Doses should be expressed in
terms of total effective dose equivalents (TEDE 50-year committed dose) due to
intaxes 0° radionuc)ides by intalation, ingestion, or direct exposure. As
stated above, appropriate dose conversion factors (e.g., Federal Guidance
Repor. . ll) representing effective dcse equivalent per unit radionuc]ide
intak. ould be used in estimating doses. In the unlikely event that

indivi. al organ doses approach non-stochastic effect thresholds, the
assessment shoulcd alsc present individual organ deses. The assessment shoulc
provide an estimate of the total external and internal individual dose (Total
Effective Dose fgquivalent or TEDE) from all pathways as well as the proportion
+f the dose attributable to each individual radionuclide and each significant
exposure pathway (e.g., ingestion, inhalation, direct exposure). Suitable
exposure scenarizs for dose assessments are presented in NRC's Policy and
Guidance Nirective 8-08, Sce.arios for Assessing Potential Doses Associated

with Residual Radioactivity (NRC, 1994-°.

Dose assessment coces generally model each significant exposure pathway. For
example, contaminant transport models are generally included in such codes for
proper assessment of exposure concentration from groundwater used in drinking
or irrigation. Other models used in the codes simulate radionuclide leaching
from soils and plant uptake. The licensee or respensible party should be
careful to ensure that the computer code selected to perform the dos»
assessment properly represents the transport and exposure pathways,
considering site-specific conditions that may affect the validity of
particular models or cubmodels used within the codes. Certain codes may be
oversimplified in their methodology and approach and may not account for
certain significant pathways in the dose assessment process (e.g., doses from
radon inhalation). In other instances, codes may bc too sophisticated for the
amount of cite characterization data available. In additiorn, code users
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should ensure that def .. input parameter values are also reasonably
representative of site c-waditions.

In the preliminary stage of dose assessment, simple computer codes, if
properly used, may be adequate to prepare dose estimates. Such computer codes
include: RESRAD [DOE/CH/8901 (DOE, 1989); Gilbert et. al. 1989; and Yu et.
al. 1993], NRC D&D Screen (methodology as described in NRC, 1992b), GENIil
(Napier et. al 1988), and MEPAS (Droppo et. al., 1989). These codes should be
applied with caution since some of the default parameters and zssumptions may
be unjustified and/or inapplicable to site specific conditions. Therefore,
assessors should consult NRC staff on selection of dose assessment codes to
ensure that the models are representative or conservatively bound potential
doses, especially when default parameters are selected. The assessment should
justify the selection of default or alternative site parameters and the
computer code itself (DOE, 1992, and ANL, 1993). In some cases, it may be
more appropriate to rely upon hand calculations for certain pathways (e.g..
direct exposure) in conjunction with cor Luter mode] estimates for others.
Licensees and responsible parties are encouraged to contact the NRC staff in
advance of the modeling to discuss plans for the assessment and the
appropriate use o assumptions and a.sessment techniques.

In the advanced assessment stage, however, specifically when dose assessment
is conducted for complex sites, more site-specific data and possibly more
elaborate and specific codes will be necessary. 1f necessary, screening codes
can be supplemented by either coupling them with more comprehensive
contaminant transport mogdels (e.g., 1-D, 2-D, or 3-D transport modelis) or by
using more elaborate independent codes. For example, a more sophisticated
groundwater transport mode] may be necessary to design and plan a groundwater
corrective action program involving withdrawal and injection wells. At this
stage, more site-specific parameters should become available through the site
characterization process (Figure 2). After they are appropriately assessec,
these parameters should be used as input for the more sophisticated code.
Selection of the applicable code and model complexity will depend on the
purpose and objectives of the dose assessment and on the type, amount, and
quality of the physical and the environmental data available. Assessments
that use computer models should generally include 2 sensitivity analysis that
compares the effect of changes of input parameters on the resulting estimates
of dose, concentration, or other dependent variable. The assessment should
al<c describe the uncertainties and limitations associated with the assessment
results and consider these factors in applying the results of the assessment.

F 2y
~J




DRAFT GUIDANCE

NOVEMBER 1994

7 REFERENCES

ANL, 1993

ANSI/ANS, 1985

ANS]/ASME, 1986

ASTM, 1983

ASTM, 1987

ASTM, 1988

Baes and Sharp, 1983

Celia et. al., 1990

Cohen and
Associates, 1994

Data Collection Handbook to Support Modeling the
Impact of Radioactive Materials in Soils. Argon
National Laboratory, ANL/EAIS-8, 1993

Mecasurement of the leachability of Solidified
Low-Leve] radioactive Wastes by a Short-Term
Test Procedure. American National Standards
Instiiute/American Nuclear Society, ANSI/ANS-
16.1-1986. Published by the American Nuclear
Society, La Grang park, IL.

Quality Assurance Program Requirements for
Myciear Facilities, NQA-1. American National
Standards Institute/American society of
Mechanical Engineers, NQA-1-1986, New York,
1986.

Standard Test Method for D:. jbution Ratios by
the Short-Term Batch Method. American Society
for Testing and Material. Method designated, p.
D4319-D4383.

Standard Jest Method for 24-h Batch-Type
Measurement of Contaminant Sorption by Soil and
Sediments. American Society for Testing anc
Material, Method designated, p. D4646-D4687 .

Standard Test method for Leaching Solid Waste in
a Column Apparatus. American Society for
Testing and Material, Method designated, p.
D4874-D4889.

A Proposal for Estimation of Soil Leaching and
leaching Constants for Use in Assessment
Models." J. Environ. Qual., Vol. 12, no. 1, PP
17-28, 1983.

*A general Mass-Conservative Numerical Solution
for the Unsaturated Flow Equation.” Celia, M.
A.. Bouloutas, E. T., and Zarba, R. L., Water
Resources Research, 26 (7), PP. 1483-1496, 1990.

Routine Environmental Sampling Procedures Manual
for Radionuclides. S. Cohen & Associates, Inc,
A Report prepared for U.S. EPA under contract

No. 68020155, Work Assignment No. 2-25, May 17,

48



-

NC

-
L™

T o oTITH
IL - UL

"o

ad BN

nn
Q7

-
+
oy

-

.

ocumen

~
-
"

vermore,

1

-~

¢
.

ance a

17
!

’

Survei




DRAFT GUIDANCE
B e

EPA,

EPA,

EPA,

EPA,

EPA,

EPA,

EPA,

EPA,

EPA,

EPA,

1977 (a)

1977 (b)

1980

1984 (a)

1584 (b)

1985

1986

1987 (a)

1987 (b)

1988 (a)

NOVEMBER 1994

Agency, 41 FR 28402, July 9, 1976.

Procedures Manual for Ground Water Monitoring at
folid Wasie Disposal Facilities. U.S.
cnvironmental Protection Agency, 1977, SW-611.

Radiation Dose Guidelines for Protection Against
Transuranic Elements Present in the Environment
as a Result of Unplanned Contamination. \.S.
Environmental Protection Agency, (42 FR 60956,
November 30, 1977).

Upgrading Environmental Radiation Data. U.S.
Ervironmental Protection Agency, EPA 520/1-80-
012, August, 1980.

Soil Sampling Quality Assurance User’s Guide.
Ist ed. U.S. Environmental Pr. -ction Agency,
EPA 600/4-84-043, 1984.

NINTEQ: A Computer Program for Calculating
Aqueous Geochemical Equilibria. Felmy, A. R.,
Grivin, D. C., and Jenne, E., EPA Report No.
EPA-600/3-84- 032, U.S. Environmental Protection
Agency. 1984.

Practical Guide for Groundwater Sampling. U.S.
Environmental Protection Agency, EPA/600/2-
85/104, September, 1985,

RCRA Ground-Water Monitoring Technical
Enforcement Guidance Document. U.S.
Environmental Protection Agency, 1986, OSWER-
9950.1.

Data Quality Objectives for Remedial Response
Activities: Development Process. U.S.
“nvironmental Protection Agency, EPA 540/G-
87/003, 1987.

Data Quality objectives for Remedial Response
Activities: Example Scenario RI/FS Activities at
@ Site with Contaminated Soils and Groundwater.
U.S. Environmental Protection Agency, tPA 540/G-
87,004, 1987.

Guidance for Conducting Remedial Investigation

and Feasibility Studies Under CERCLA. U.S.
Environmental Protection Agency, EPA/540/G-

50



DRAFT GUIDANCE

NOVEMBER 1994

EpA, 1988 (b)

EPA, 1989 (a)

EPA, 1989 ()

EPA, 1989 (c)

EPA, 1990 (a)

EPA, 1990 (b)

EPA, 1991

EPA, 1992 (2)

EPA, 1992 (b)

89/004, October, 1989.

Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for
Inhalation, Submersion, and Ingestion. Federal
nuidance Report No. 1l. U.S. Environmental
P;g;ection Agency, EPA-520/1-88-020, September
1988.

Nethods for Evaluating the Attainment of (leanup
Standards, Volume 1: Soils and Solid Media.
U.S., Environmental Protection Agency, EPA
230/02-89-042, 1989.

RCRA Facility Investigation (RFI) Guidance:
Volume I, Deveiopment of an RF1 Workplan and
General Consideration for RCRA Facility
Investigations. \U.S. Environmental Protection
Agency, OSWER Directive 9502 .00-6D, EPA 530/5SW-
86-031, May 1989.

Risk Assessment Guid:nce for Superfund. vol 1,

Human Health Evaluation Manual, (Part /),
£PA/540/0-89/002, December, 1989.

0SWER models management Initiative: Report on
Usage of Compuler models in Hazardous
Waste/Superfund Programs. U.S. Environmental
Protectior agency, OSWER, Phase 11 Final report.
December 199C.

Append1 x 11-Method 1311 Toxicity Characteristic
Leaching Procedure (TCLP). VU.S. Ervironmental
Protection Agency, Federal Register, Vol. §5, No
61. o> 11863-11877, March 29, 1990.

Importance of Quality for Collection of
Environmental Samples. Planning, Implementation,
and Assessing Field Sampling Quality at CERCLA
Sites. U.S. tnvironmental Protection Agency,
£PA/600/D-91/141, June 1891.

Guidance for Data Usability in Risk Assessment
(Part A). U.S. Environmental Protection Agency,
OSWER Directive 9285 .7-09A, April 1992.

Guidance for Data Usability in Risk Assessment

(Part B). U.S. fnvironmental Protection Agency,
OSWER Directive 9285 .7-098, April 1992.

51



DRAFT GUIDANCE

NOVEMBER 1994

EPA, 1992 (c)

EPA, 1992 (d)

EPA, 1993 (a)

EPA, 1993 (b)

Flei.hauer

and Engelder, 1984

Gee and Hillel, 1987

Gilbert, 1987

Gilbert et. al., 198%

Gilbert & Simpson, 1992

Korikow and
Bredehoeft, 1992

Fundamentals of Groundwater Modeling. U.S.
Environmental Protection Agency, EPA/504/5-
927005, April 1992.

Methods for Evaluating the Attainment of (leanup
Standards, Volume 2: Groundwater. Draft,
Statistical policy Branch, U.S. Environmental
Protection Agency, 1992.

Environmental Pathway Models - Groundwater
Modeling in Support of Remedial Decision Making
at Sites Contaminated with Radioactive Material.
U.S. Envi® .mental Protection agency, EPA 402-R-
93-009, March 1993.

External Exposure To Radionuclides In Air,
water. and Soil. Federal Guigance Report No.
12. U.S. Env-ronmenta) Protection Agency. EPA-
402-R-93-081. September 1993.

Procedures for Reconnaissance Stream-Sediment
Sampling. Fleishauer. (. and T. Engelder.
Bendix field Engineering Corporation, GJ/TMC-14.

“Groundwater Recharge in Arid Regions: review
and Critique of Estimation methods." Gee, G.
W.. and Hillel, D., Hydrologicel Processes, Vol.

2, pp 255-266, 1987.

Statistical Metheds for Environmental Pollution
Monmitoring. Gilbert, R.O.. Van Nostrand
Reinhold, Publisher, New York, 1987.

4 Manua] for Implementing Residual radioactive
Material Guidelines. Gilbert, T.L., Yu, )
Yuan. Y.C.. Zielen, A.J., Jusko, M. J., and A.
Wallo, Argonne National Laboratory, ANL/E£S-16C,
June, 1989.

Statistical Methods for Evaluating the
Attainment of Cleanu> Standards, Volume 3:
Reference-based Standards for Soils and Solid
Media. Gilbert, R.0.. and Simpson, J.C.. PNL-
7409, 19%2

GrOundwatér Models Cannot Be Validated.
Konikow, L. F., and Bredehoeft, J. D.. Advances

52



EEELFT GUIDANCE

NOVEMBER 1994

Korte and Kearl, 1984

Mercer and Faust, 1981

Napier et. al, 1988

NRC, 1974

NRC, 1977

NRC, 1978

NRC, 1979 (a)

NRC, 1879 (b)

NRC, 1980 (a)

NRC, 1980 (b)

Procedures for the Collection and Preservation
of Groundwater and Surface Water Samples and ror
the Installation of Monitoring Wells. Korte, N.
and P. Kearl, 1984, Bendix Field Engineering
Corporation, G. /TMC-08.

Groundwater Nodeling. Mercer, J. W. and Faust,
C.R., Worthington, Ohio, National Water Well
Association, 60 p. 1981.

Hanford Ervironmental Dosimetry Upgrade Project,
GENI] - The hanford Environmental Dosimetry
Software System. Napier, B.A., R.A. Peloquin,
D.L. Strenge, and J.V. Ramsdell, PNL-6584, Vols.
1, 2, and 3, Pacific Northwest Laboratory,
Richland, Washington, 1988.

Terminat >n of Operating Licenses for Nuclear
Reactors. U.S. Nuclear Regulatory Commission.
Regulatory Cuide 1.86, June 1974.

Nethods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine
Releases from Light-Water-Cooled Reactors. u.s.
Nuclear Regulatory Commission, Regulatory Guide
1.111, Rev. 1, July, 1977.

Laboratory Imvestigations of soils for
Engineering Analysis and Design of Nuclear Power
Plants. U.S. Nuclear Regulatory Commission,
Regulatory Guide 1.138, March 1978.

Quality Assurance for Radiological Monitoring
Programs (Normal Operations) - Effluent Streams
ang Environment. U.S. Nuclear Regulatory
Commission, Regulatory Guide 4.15, 1978.

Site Investigations for Foundations of Nuclear
Power Plants. U.S. Nuclear Regulatory
Commission, Regulatory Guide 1.132, Rev. 1,
March 1979.

colubility Classification of Airborne Uranium
Products Collected at the Perimeter of the
Allied Chemical Plant, Metropolis, Illinois.
Kalkwarf, D.R., U.S. Nuclear Regulatory
Commission, NUREG/CR-1316, 1980.

Solubility Classification of Airborne Uranium

53



DRAPT GUIDANCE NOVEMBER 1994

Products from LWR-Fuel Plants. Kalkwarf, D.R.,
U.S. Nuclear Regulatory Commission, NUREG/CR-
1428, 1980.

NRC, 1981 Disposal or Onsite Storage of Thorium or Uranium
waste from Past operatios. U.S. Nuclear
Regulatory Commission, Branch Technical Position
(46 FR 52601; October 23, 1981.

NRC, 1982 (a; "Letter to Stanford University from James R.
Miller, Chief, Standardization and Special
projects Branch, Division of Licensing, Office
of Nuclear Reactor Regulation.” U.S. Nuclear
Requlatory Commission, Docket No. 50-.%1, April
21, 1982.

NRC, 1982 (b) parameters for Characterizing Sites for Disposai
of Low-level Radioactive Waste. U.S. Nuclear
Regulatory Commission, May. 1982.

NRC, 1983 (a) Guidelines for Decommissioning of facilities and
Equpment Prior to Release for Unrestricted Use
or Termination of Licenses for Byproduct,
Source, or Special Nuclear Material. U.S.
Nuclear Reaulatory Commission, Policy and
Gudance Directive FC-P3-23, Division of
Industri.] and Medical Nuclear Safety, November
4, 1983 (As Revised in 1987).

NRC, 1983 (b) Radiological Assessment - A Textbook on
fnvironmental Dose Anaiysis. J.E. Till and H.R.
Meyer, eds., U.S. Nuclear Regulatory Commission,
NUREG/CR-3332, September, 1983.

NRC, 1987 Guidelinec for Decommissioning of Facilities and
Equpment Prior to Release for Unres‘ricted Use
or Termination of Licenses for Byproduct,
Source, or Special Nuclear Material. U.S.
Nuclear Regulatory Commission, Policy and
Gudance Directive FC-83-23, Division of
Igggstrial and Medical Nuclear Safety, August,
1987.

NRC, 1989 (a) Quality Assurance Guidance for Low-Level
Radioactive Waste Disposal Facility. u.S.

Nuclear Regulatory Commission, NUREG-1293,
January, 1989.

NRC, 1989 (b) Guidance on the Application of Quality Assurance

54



acterizati
Site.
NUREG-]

Environmental Monitc
Radioactive Waste Disposal
Nuclear Regulatory Commiss
December, 1989.

Site Decommission
U.S. Nuclear Regu
March, 1990.

ng Management
atory Commiss

Development of an
Methodology for L
Burial Sites.

TR1%)

Commission U

' O
W M
o w

WO

Nuclear Reguiatory LommissSiC
1, 1991.

' -

e Decommissioning Managemeni

el g
20 - Vvari1ab

iwo Dimensions,
Chain Decay Tran
mmission,

lidat;
e.
F

”
U

d
R

)
-

Groui.ceater-Fiow and
NRC Licensed waste D
Valley, New York.

r

' ™ - ninc
Commission, NURLG

anagement Plan
13389, Apri

tive Contamina
Decommissiuning, lume
Translating ) inatio!
Effective Dose ]

Nuclear Regulato




DRAFT GUIDANCE

NOVEMBER 1994

NRC, 1992 (c)

NRC, 1992 (d)

NRC, 1992 (e)

NRC, 1993

NRC, 1994 (a)

NRC, 1994 (c)

NRC, 1994 (d)

NRC, 1994 (e)

Sheppard and
Thibault, 1988

Sheppard and
Thibault, 1990

October, 1992.

Updated Report on Site Decommissioning
Nanagement Plan. U.S. Nuclear Regulatory
Commission, SECY-$2-200, May, 1992.

Nanua] for Conducting Radiological Surveys in
Support of License Termination. U.S. Nuclear
Regulatory Commission, NUREG/CR-5849, June,
1992.

Draft Branch Technical Position on Site
Characterization for Decommissioning Sites.
Division of Low-Level Waste Management and
Decommissioning, NMSS, U.S. Nuclear Regulatory
Commission, July, 1992.

Site Decc issioning Management Plan. U.S.
Nuclear Regulatory Commission, NUREG- 1444,
October, 1993.

Scenarios for Assessing Potential Doses
Associated with Residual Radioactivity. Policy
and Guidance Directive PG-8-~08, Division of
Waste Management, NMSS,6 U.5. Nuclear Regulatory
Commission, May, 1994.

Backaround as a Residual Radioactivity Criterion
for Decommissionin. U.S. Nuclear Regulatory
Commission, NUREG-1501, August, 1994.

Statistical Methodology for determining Whether
Residual Radioactivity id Distiguishable from
Background. U.S. Nuclear Regulatory Commission,
Draft NUREG/Cr-1505, August, 1994.

Assessing the Environmental Avail. ility of
Uranium in Soils and Sediments. U.S. Nuclear
Regulatory Commission, NUREG/CR-6232, 1994.

"Migration of Technitium, lodine, Neptunium, and
Uranium in the Peat of two Ninerotrophic Mires.
Sheppard, M.1., and D.K. Thibault, J. Environ.
Qual., Vol. 17, no. 4, ppbas-653, 1988.

*Default Soil Solid/Liquid Partition
Coefficients, K, 's for Four Major Soil Types-A

56



) &
g <L
y Cx
(S By

- Ly >
wny Ox
QL

o One

o

of water

»

roi

.
-
On )

Loni







APPENDIX I

FORMAT OF SITE CHARACTERIZATION REPORT



APPENDIX I
FORMAT OF SITE CHARACTERIZATION REPORT

EXECUTIVE SUMMARY

1. INTRODUCTION

Background

Purpose, Scope, And Objectives of Characterization
Decommissioning Criteria and Guidelines

Report Organization

GENERAL DESCRIPTION OF THE SITE

Site location and Description
Site History

General Physical Setting

Exposed Population

Prelim:inary Evaluation of Contamination

LELBE O PO N

NN N

EXTENT AND CONCENTRATION OF CONTAMINATION

Background Characterization
Characterization of Source of
Radiclogical, Chemical, and

of Contaminants

Design of Survey and Samplin
Extent of Contamination

Surface Water and Sed.imen
Soils and Vadose Zone
Groundwater

Structures and Ecuipment

Air

. L
-
a
e
o

PHYSICAL CHARACTERISTICS OF THE SITE

Surface Features
Metecorclogy and Climatology
Surface Water Hydrology
Geology
Hydrology
p Identification
Hydrogeologic Uni
Groundwater

T B

acterization of

i1, Vadose, and Saturated Zones)
ansport Models

ization Methods and

How

MmO nN

Monitoring Methods
CHARACTERIZATION ASSOCIATED WITH RISK/DOSE ANALYSIS

Characterization of Exposure Setting and Potentially
Exposed Population
Identification of Potential Exposure Pathways
Sources and Receiving Media
Fate and Transport of Contaminants
Identification of Exposure Points and Routes
L1fication of Exposure
tion ¢f Radiological Doses Using Models and Codes

2.

SUMMARY AND CONCLUSION
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L)
2
4)
5.)
7.)

8)

9.)

10.)

FIELD RADIATION SURVEY FORM

Insrrument Type/Mode! Probe Mode!
Opa:ﬁonllCheck:Beforc___ After ______ 3) Cal. Daie
Radiavon Type: Alpba _Ben . Gamma
Date of Survey 6.) Tite of Survey
Location
Daa BAG Locauon Value:

Value:

BAG Locauon

Signature

Surveyor's Name



———

FIELD RADIATION EXPOSURE DATA FORM

(PRESSURIZED ION CHAMBER)
RSS~-112 2. lnstrument NO. e

1. Ianstrument Model: .

RSS-111

Tine

5. Recorder Chart Tine

6. STOP:
Date

Tine

7. Background: lLocation

Iategrator

Exposure Rate

inches/hour

Integrator

Exposure Rate

Value

uR/bx

8. Remarks

§. Operator’s Name

10. Signature ___




INDOOR RADON MEASUREMENT DATA FORM

2. Canister No.

1. Sample No.

3. Location/Address

4. Multi-Level Dwalling

Long .

B o et

5. Basement (full/balf) e

6. Location of Measurement (Room )

e
7. Start: Time: PM
Month Day Year
P
8. Stop: Time: PM
‘ Month Day Year
9. Condition of Canister
10. Commaots
11. Sampler’s Signature 12. Kame
(Print)



AMBIENT RADON MEASUREMENT DATA FORM

2. TLD Serial No.

1. Electret Serial Ho.

Time: I1nitial VOltage: e

5. Start Exposure Date:

6. BIC Conditicon

7. Stop Exposure Date: Final Voltage:

§. Change in EIC Condition

1l. Bame
(Print)

10. Sampler’s Signature

13. BXG Pactor

12. Cal Pactor
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Sample S8

___Sampie Tyl e




Receipt for samples form.

PSS |

OIS STIA
e O Declines
STA WG, | DaTE | TEME ' : SAMPLE MUMBERS t‘i
‘ U nmnﬂ""‘"
!
Wj
2. mm AT

GCETRESTAIN  Orepasi 1w FOh. D Cuwe w0 Pmwe P




Chain-of-custody record form.

qu PROJECT NAME ANALYSIS REQUESTED | FOR LABORATORY USE
= 1 | 1 T Laboratory Prefix
f f {
Chere Name - Stuoy 1O
Froac: Hanm § f 11 Ps -
wpon receot” ‘ | | 1 3
Q Yes 3 Mo t ' i
B No. | Dmse | Ts
e | Maws Sample | - Lanorakory |0 —
Swmoted by arct Te O e Pt by Omene/ T o= (ALl
Foscamens oy Ooarees’ v Csghewcy et Gy Ok w1 cor =
Poccmmon.: by oy . e =
Campie shpped va =Y Om £
i UPS FED-EX MAND OTHER _ Shnnna. Cm

CUSTODY SEAL




SOIL SAMPLING DATA FORM

1. Date/Time 2. Sample NO.
3. Title of Study
4. Locatiom
& LB o o cim——

5. Location Number 6. Sample Size/Container _

7. Weather: T Precipitation . e Air Temperature __

8. Sampling Method (description)

9. Visual characterization

10. Asalyze for:

12. Sampler’s Signature



SEDIMENT SAMPLING DATA FORM

2. Sample No.

1. ™Mite/Time

3. Title of Study

6. Sample Size/Container

5. Location Number

7. Sampling Method (description)

8. Visual characterizatios

9. Analyze for:

10. Remaliks

12. Date/Time

11. Sampler’s Signature



SURFACE WATER SAMPLING DATA FORM

2. Water or Filtrate Sample No.
3. Solids Sample No.

1. Date/Time

4. Title of Study

§. Location

6. Location Number 7. Saaple Size/Container

8. Weather: Wind Precipitation Rir Temperature . .

9. Sample pE _____= Temp. _____ 10. Depth(s)

11. Sampling Metbod (description)

12. Piltered Sample? 13. Pilter type/size/No. Used

14. Presarvatico

15. Asalyze for: Mater -
Solids -

16. Remarks

18. Date/Tinme

17. Sampler‘s Signature
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DRINKING WATER SAMPLING DATA FORM

1. fate/Time 2. Sample No. ___

3. Title of Study

4. Locaticon wclude Address)

B

§. Location Number 6. Sample Size/Container

HBouseholds

7. Sarv-.ced: Population

8. On-line Filtering/Purification

9. Sample pE _____= Temp. _____ 10. Well/Tap

11l. Sampling Method (description)

12. Purge: Time Est. Voluxy

13. Preservation

14. Analyze for:

15. Resarks

17. Date/Time

16. Sampler’'s Sigmature




GROUNDWATER SAMPLING DATA FORM
7. Water or Piltrate Sample No.
3. Solids Sample No.

1. Nate/Tise

A. Title of Study

5. Location
m'_————-—

LOBG « e

6. Bell Bumber 7. Sample Size/Container

8. Depth-to-Water Level ft. Water Depth £r. Water Temp. ¥e pHE

gal. 10. Volume Purg®l e Ggal.

9. Water Volume in well

11. Type Sampler/Metiod

Filter Type/Size/No. Usec

12. Filtered Sample (Y.N)

13. Presarvation

14. Analyse for:

17. Date/Time

16. Sampler’'s Signature



HIGH-VOLUME AIR SAMPLING DATA FORM

1. Date/Time 2. Sample No.

3. Title of Jtudy

4. Location -
Long - |7 SA——

5. Location No. €. Sample Type

7. Date 7.me Magnehelic Reading Volume (a/hS)

oN

9. Analyze for:

10. Remarks

12. Date/Time

11. Sampler’s Signature



LOW-VOLUME AIR SAMPLING DATA FORM

(RADeCO Mode' HD-28B)

Date/Time: Sample Bo
Study Title:
Location:
Long. Lat.
Location No.: Sample Type:

Filter Type/Size:




WELL SUMMARY INFORMATION
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SAMPLE TICKET DOCUMENTATIGN

Sa s Oens Time.-
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County
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CUALITY ASSURANCE DOCIMENTATION FOR FIELD CHEMICAL ANALYSES
Part I. Documentation Required Before Going to the Field

1. Carbonate and Bicarbonate

a) pH/Byret:
Source of Titrant Caltbration Value
b) Test Kit:

Titration Cartridge Normality
Checked Normality in Laboratory Yes e

2. ific Conductance
Source of Conductance Standard Preparation Date
Measured Cell Comstant Manufacturer's Cell Constant

3. Mtrate
Source of Stock Nitrate Standard Preparation Date

Working Stanmdard Praparation Date

4. Uranium
Source of Stock Urenfum Standard ___  Preparstion Date__

Part II. Mocusentation of Actual Comnditions of the Sasple

leta Pricr Worting on 18

Sample Conditions: Clear Colored Sad iment
(Some narrative description may de necessary.)



Part 111, Documentation Required for Field Measurements
1. Temperature: «

z. Ld
Time

Measurement Open Afr
Conditions: In Situ Container Exclusion

Time of Last Two-Buffer Calibration

Buffer Temperature at Calidbration

Sample Tesperature

Sampie Specific Conductance
Sample pH

3. Carbonats and Bicarbonate
2) pH/Buret:

Time

Tesperature of Titrant

Sample pM

i/l Carbonate End Point: api/sel Bicarbosate End Point:
Buret Reading - Buret Reading pi

Buret Reading pH Buret Reading _pH

Buret Reading pN ™ Buret Reading ]

Suret Reading B Buret Resding P

Buret Reading pH Buret Reading i

Buret Reeding pH Burwt Reeding pri

Buret Reading p¥ Buret Reading P

Buret Rmading pht Buret Reading pE




Ny

¥

4.

b) Test kit:

Time

Norma!lity of Titration Cartridge

Phenoliphthalein Alkalinity

Total Alkalintty

ific Conductance
Time

Measurement Open
Conditions: In Sftu_____ Container

Time of Last Calibrat‘on Check

Afr
Exclusion

Buffer Temperature at Calidbration

Sample Temperature

Specific Conductance at 25°C

5. Dissolved 00
Time

™~ Atmospheric Prassure

Z

Date and Timm of last Zero Check
with Sulfite Solution

Teperature of Calidbration Chanber

00 Ssturation from Table 5.1

DO Seturation Correctad for Pressure

Calibration Yalue

Sample Temperature

Sample Dissolved Oxygen




6. Nitrate

Time

Kit Results

Iy

Time

Measurement Ope: Alr
Conditions: In Situ Container Exclusion

Dissolved Oxygen Result
Temperature of ZoBell Soiution (5;,..;.[ be s
Eh of ZoBell e
Theoretical En of ZoBell

Sample Temperature

ZoBell Eh at Sampie Temperature

Theoretical Eh of ZoBel!l at
Sawpie Tesperature

Eh of Sample

8. Uranium
Tine
Time of Last Calfbration Check
Smple Dilution Factor
Instrument Reading 42 ppb Sptke_____ +4 ppb Spike__




Sample No.

Project No.

Project Kaae
Name Date Time Iz Time Out
SITE LOCATION:
Same as
Maridian Twp NS Rsnge F¥ Sec 1/64 i/16 /&

Latitude: Deg Min Sec Longitude: Deg Min Sec

Locality: Name County State

SAMPLE LOCATIOR:

Same a8

Grid NS Crid E¥ Grid Origis

Elevation Sample Depth Geologic Umit
Suil Series Soil Taxture




