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ABSTRACT

All cleanup actions a sites being remediated under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA), as amended must
be protective of human hedlth and the environment and must comply with applicable or
relevant and appropriate requirements (ARARS). Cleanup levelsat CERCLA Stesare
developed based on ARARS or, when no ARARS are available, Ste-specific risk
assessments. The determination of whether arequirement isan ARAR must be made on
agte-specific bags.

On April 12, 1999, the U.S. Nuclear Regulatory Commission (NRC) amended 10
CFR 40 by adding requirementsto Criterion 6(6) of Appendix A (64 FR 17506),
Radiological Criteria for License Termination of Uranium Recovery Facilities[Criterion
6(6) rule]. The amendment addresses the lack of remedid standards for contaminated
building surfaces and for soil contamination from radionuclides other than radium. To
comply with the Criterion 6(6) rule, an NRC licensee mugt caculate the potentia total
effective dose equivaent to the average member of the critica group for that Site that
would result from the radium standard [0.19 Bg/g (5 pCi/g) surface and 0.56 Bg/g (15
pCi/g) subsurface] within 1000 years, based upon Site-specific parameters (radon dose
excluded). Thisdoseistermed the benchmark dose. Licensees are then to remediate the
Site such that the resdua radionuclides remaining on the site that are digtinguishable
from background, would not result in adose greater than the benchmark dose.

The U.S. Army Corps of Engineers (USACE) is managing the Formerly Utilized
Sites Remedia Action Program (FUSRAP) pursuant to its CERCLA authority. Many
gteswithin FUSRAP are contaminated with uranium and thorium processing resduds
containing the same radionuclides (e.g., radium-226, radium-228, thorium-230, thorium-
232, uranium-234 and/or uranium-238) as found a NRC uranium recovery facilities and
thorium mills. USACE has determined that the Criterion 6(6) rule is rdlevant and
appropriate at some FUSRAP sites.

This paper describes the use of the Criterion 6(6) rule for the derivation of
cleanup levels at severd FUSRAP stes. USACE experience implementing the Criterion
6(6) requirements has reveded areas where uncertainties exist and guidance is not
currently available. Some examples include the use of the benchmark dose approach at
former thorium processing sites, the use of cover in subsurface modeling, proper
inclusion of exposure pathways, and ALARA consderations. Lessonslearned dedling
with these ambiguities will be presented.
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INTRODUCTION

The U.S. Army Corps of Engineers (USACE) is required by Congress to comply
with the Comprehensive Environmenta Response, Compensation and Liability Act
(CERCLA), 42 USC 9601 et seq. and the National Contingency Plan (NCP), 40 CFR
300, in conducting cleanup work at stes within the Formerly Utilized Sites Remedid
Action Program (FUSRAP). The process for developing cleanup levels under CERCLA
appliesto the remediation of radioactive contamination at FUSRAP Stes and any other
hazardous substances, pollutants, or contaminants that are aso present and require
cleanup as part of the program. Cleanup levels at CERCLA dites are developed based on
applicable or relevant and appropriate requirements (ARARS). The determination of
whether arequirement isan ARAR must be made on a Site-specific bass. Risk-based
cleanup levels will be established if ARARs are either not available or do not adequately
address the risk due to the presence of multiple contaminants and/or multiple exposure
pathways. Risk-based cleanup levels should be based upon the likely future land use at
the Ste.

The U.S. Nuclear Regulatory Commission (NRC) regulations for active licensed
uranium recovery (UR) fadilities|i.e,, conventiona uranium mills and uranium extraction
processes such asin situ leach (1SL) facilities] and thorium mills are codified at 10 CFR
40. NRC amended 10 CFR 40 on April 12, 1999 by adding requirements to Criterion
6(6) of Appendix A (64 FR 17506). The amendment, Radiological Criteria for License
Termination of Uranium Recovery Facilities [Criterion 6(6) rule], addresses the lack of
remedid standards for contaminated building surfaces and for soil contamination from
radionuclides other than radium.

Under FUSRAP, USACE identifies, investigates, and takes appropriate cleanup
action & stes with radioactive contamination from the early atomic wegpons program.
FUSRAP sites are contaminated with uranium and thorium processing resduas
containing the same radionuclides (e.g., radium-226, radium-228, thorium-230, thorium-
232, uranium-234 and/or uranium-238) as found at active NRC licensed UR fadilitiesand
thorium mills. USACE has determined that the Criterion 6(6) rule is rlevant and
appropriate at some FUSRAP sites.

This paper first describes the Criterion 6(6) rule as well as accompanying NRC
guidance. It discusses a U.S. Environmenta Protection Agency (EPA) directive which
covers the Criterion 6(6) rule. 1t dso discusses, and provides an example, of the required
sum of the ratios calculaion. This paper then detalls the derivation of surface and
subsurface soil cleanup leve s for radionuclides other than radium a aformer uranium
processing Site and aformer thorium processing sSte.

USACE experience implementing the Criterion 6(6) requirements has exposed
areas Where uncertainties exist and guidance is either not currently available or is
conflicting. Some example areas include the use of the benchmark dose approach at
former thorium processing Sites, the use of cover in subsurface modeling, proper
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inclusion of exposure pathways, and ALARA consderations. USACE lessons learned
dedling with these ambiguities will be presented.

CRITERION 6(6) RULE

NRC's 10 CFR 40, Appendix A, appliesto UR facilities and thorium mills that
produce byproduct materid. The UR facilities and thorium mills are exempt from the
decommissioning criteriain 10 CFR 20 Subpart E, as specified in Section 20.1401(a).
Decommissoning of millsand ISLsis smilar in thet the type of soil and building
contamination is the same, consgting mainly of resdua radium (Ra-226) and natural
uranium (U-nat). The applicable cleanup standards for soil radium in Criterion 6(6) of
Appendix A address the main contaminant a uranium millsin the large areas (hundreds
of acres) where windblown contamination from the tailings pile has occurred, and a 1SL.s
in holding/sttling ponds and process solution spills. However, in other mill and ISL site
areas, NRC has determined that uranium would be the radionuclide of concern. These
aress include under the mill or process building or in ayelowcake (UsOg with impurities)
storage area. Thorium-230 (Th-230, the parent of Ra-226) would be the radionuclide of
concern a some mill raffinate evagporation ponds.

Because Part 40, Appendix A, provides only decommissioning soil radium and
ground-water protection criteria, Criterion 6(6) was amended to address criteriafor
resdud radionudlides, other than radium in soil, for decommissioning of lands and
remaining structures. Thefind Criterion 6(6) rule (effective June 11, 1999) added a
paragraph after the radium in soil criteriain Criterion 6(6), to read:

By product materid containing concentrations of radionuclides other than radium
in soil, and surface activity on remaining structures, must not result in atotd
effective dose equivdent (TEDE) exceeding the dose from cleanup of radium
contaminated soil to the above standard (benchmark dose), and must be at levels
which are aslow asisreasonably achievable. If more that one resdua
radionuclide is present in the same 100-square-meter area, the sum of the ratios
for each radionuclide, of concentration present to the concentration limit, will not
exceed "1" (unity). A cdculation of the potentia pesk annual TEDE within 2000
years to the average member of the critica group that would result from applying
the radium standard (not including radon) on the site must be submitted for
gpprova. The use of decommissoning plans with benchmark doses which
exceed 100 mrem/yr, before application of ALARA, requires the gpprova of the
Commission after consderation of the recommendation of the NRC gtaff. This
requirement for dose criteria does not gpply to Stes that have decommissioning
plans for soil and structures approved before June 11, 1999.

The benchmark dose gpplies to surface cleanup [buildings or thetop 15 cm (6
inches) of soil] of radionuclides other than radium and it is the estimated dose resulting
from cleanup of areasto 0.19 Bg/g (5 pCi/g) Ra-226 at that Site. For areas requiring the
use of the radium subsurface soil standard, the estimated dose resulting from 0.56 Bg/g
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(15 pCi/g) Ra-226 at that site and for those areas, would be used.? The same concept of
regulation (usng a Ra-228 benchmark dose) would be applicable to thorium mills.

GUIDANCE
US Nuclear Regulatory Commission

The NRC published for comment draft guidance, to be incorporated into the NRC
fina Standard Review Plan, on modeing and implementation of the radium benchmark
dose gpproach (64 FR 17690). Specifically, the draft guidance included information
describing acceptable dose modeling codes and calculations. The draft guidance also
included congderations for some input parameter values such as scenarios for the critical
group, exposure pathways, source term, the use of cover, externd gammamodeling (e.g.,
shidding factor and time fractions), and modeling ingestion. Following asixty day
comment period, NRC responses to the public comments were prepared and published.
The revised guidance has been incorporated into the Standard Review Plan for the
Review of a Reclamation Plan for Mill Tailings Stes Under Title Il of the Uranium Mill
Tailings Radiation Control Act ().

Chapter 5 of NUREG-1620 contains the generd requirementsfor a
decommissioning plan and the remediation and verification of soil Ra-226 contamination
cleanup. Appendix H of NUREG- 1620 discusses the eva uation of the radium
benchmark dose approach, specifically dose modeling.

US Environmental Protection Agency

EPA guidance on Criterion 6(6) is contained in Directive no. 9200.4-35P,
Remediation Goals for Radioactively Contaminated CERCLA Stes Using the Benchmark
Dose Cleanup Criteriain 10 CFR Part 40 Appendix A, |, Criterion 6(6) (2). This
document addresses the use of the Criterion 6(6) rule when setting remediation goals at
CERCLA steswith Ra-226, Ra-228, Th-230, Th-232, or U-234, and/or U-238 as
contaminants of concern. It darifiesthe reationship between the soil sandardsin EPA's
40 CFR 192 and the Criterion 6(6) rule. However, severa recommendationsin the
directive will limit the Stuations where Criterion 6(6) is used &t CERCLA stes. The
directive refersto previous EPA guidance to recommend that Criterion 6(6) not be used if
the calculated benchmark dose from the radium standard is above 15 mremlyr (3). This
limit on the benchmark doseis significantly less than the 200 mremyr limit in the
Criterion 6(6) rule. The directive dso recommends that the Th-230 and Th-232 soil
concentrations be summed and compared to the radium standard of 5 pCi/g independently
of the concentration limits for those radionuclides cal culated using the benchmark dose.
Also incorporated from previous guidance, this directive recommends that the subsurface
benchmark dose be caculated using the surface radium standard of 5 pCi/g not the 15
pCi/g subsurface soil sandard (4). For sites where Th-230 isthe primary contaminant of
concern, these recommendations could lead to a sgnificant increase in the amount of ol
requiring remedid action. The directive dso recommends that an additiona assessment
be performed to ensure that the risk from residud radionuclides (and, if present, other
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chemicals) iswithin the 10 to 10°° range. This recommendation ostensibly requires that
arisk-based cleanup be performed even though the Criterion 6(6) ARAR addresses dll
radionuclides and al pathways at the Ste. The directive acknowledges that this
recommendation is pecific to thisARAR.

There are severd other recommendations that may pose dose modeling and
release survey problems. The recommendation that the benchmark dose be met for the
sum of exposures from soil and structures may only be gppropriate under certain Ste-
gpecific scenarios. Also, the guidance recommends that the dose from volumetric
contamination in structures be considered, but it does not recommend how this be
accomplished. The recommendation that a subsurface benchmark dose be estimated for
each 15 cm increment to the depth of contamination could result in a different set of
cleanup criteriafor each layer of subsurface soil.

SUM OF THE RATIOS CALCULATION

The benchmark dose approach ensures that the dose to an average member of the
critical group will not exceed that from the radium standard. The sum of the ratios (SOR)
cdculation is required when more than one radionuclide is present. When using the
SOR, the cleanup criterion, which is expressed as the derived concentration guideine
level (DCGL), is et equa to unity. Therefore, any sgnificant concentration of other
radionuclides will reduce the alowable concentration of radium thet can remain. The
following exampleillustrates the effect of the SOR on resdud concentrations at a
uranium recovery fadility with Th-230 and U-nat contamination:

C C
DCGLSJrface = F.Qa226 + : 1:h230 + .CL.Jnat £ 1 (Eq 1)
Limt_,,, Limt, ., Limt,
If the benchmark dose approach is used to derive surface concentration limits for
Th-230 and U-nat of 14 pCi/g and 150 pCi/g respectively, then the SOR equation

becomes:

DCGLgfae = CRa_ZZG + Cm_3° + CU”af £1 (Eq. 2)
5pCi/g 14pCi/g 150pCi/g

If the resdua concentrations of Th-230 (5 pCi/g) and U-nat (50 pCi/g) in a 100-
square meter area are determined and placed into the equation it becomes:

Craoos N 5pCi/ g N 50pCi/g

DCGLSJrface = . . .
5pCi/g 14pCi/g 150pCi/g

(Eq. 3)

C
DCGLgypee = —22°_ +0.36+0.33£1 (Eq. 4)
5pCi/g

Solving for the concentration of Ra-226:
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DCGLSJrface =1.55 pCI / g 3 CRa226 (Eq 5)

This example demondtrates that for this area of the Ste to meet the Criterion 6(6)
SOR requirement the residua Ra-226 concentration would have to be sgnificantly lower
than the 5 pCi/g surface standard.

DERVIATION OF CLEANUP LEVELSAT FUSRAP SITES

USACE has used the Criterion 6(6) rule to derive cleanup levels at severd
FUSRAP gtes. Through this experience, USACE has recognized that derivation of
cleanup levels using the benchmark dose approach at aformer thorium processing site, as
opposed to aformer uranium processing Site, presents unique chalenges. Examples of
each are given below.

Former Uranium Processing Site

The Linde FUSRAP stein Tonawanda, NY isaformer uranium processng ste.
The reasonably probable future land use a this Site is commercid/indugtrid. The criticd
groups were identified as the industriad worker and the construction worker. However,
the radium benchmark dose is based on the industrial worker scenario. Surface and
subsurface soil Th-230 and U-totd cleanup levels were derived viathe RESRAD code
(verson 5.82). Input parameters were selected based on site-specific information, where
available. Exposure pathways modeled were direct gamma, inhdation, and soil

ingestion.

The industrial worker was assumed to work at the Site in an office building or
light industrid facility congructed & some timein the future. The expected condition for
the Steisthat a least 15 cm (6 inches) of agphdt or soil will be maintained over most
areas to provide for vehicular traffic or to support vegetative growth. This cover, if
maintained, will reduce externd gammaradiation levels and will preclude the ingestion
of contaminated soil and inhalation of contaminated dust particles. However, asrequired,
no cover was modded when deriving the surface benchmark dose in order to eva uate the
unlikely, but plausible, worst case exposure conditions. The subsurface benchmark dose
was caculated assuming 15 cm of cover.

Table| provides the benchmark dose; that is, the potentia pesk annud TEDE
within 1000 years to the industrial worker that would result from applying the radium
standard.

Tablel. Linde Benchmark Dose (Industrial Worker Scenario)

Ra-226 Benchmark Dose
Concentration (pCi/qg) (mrem/yr)
Surface 5 8.8
Subsurface 15 4.1
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Table | data was used to derive cleanup levelsfor Th-230 and U-totd. These

cleenup levelsare given in Table 1.

Tablell. Linde Cleanup Levelsfor All Radionuclides of Concern

8.8 mrem/yr 4.1 mrem/yr

Radionuclide (Surface) (Subsurface)
Ra-226 5pCilg 15 pCi/g
Th-230 14 pCilg 44 pCilg

U-total 554 pCi/g 3,021 pCi/g

The cleanup levelsin Table |l are present in the Record of Decison (ROD) signed
in March 2000 (5). Remedid action addressed in this ROD was initiated in April 2000.

Former Thorium Processing Site

The W.R. Grace FUSRAP stein Curtis Bay, MD isaformer thorium processng
gte. Hence, the W.R. Grace Ste is contaminated with both Ra-228 and Ra-226. The
reasonably probable future land use at this Steis commercid/indudtrid. The critica
groups have been identified as the industrial worker and the maintenance/congtruction
worker. The radium benchmark dose is based on the maintenance/construction worker
scenario. Surface and subsurface soil U-234, U-238, and Th-232 cleanup levels were
derived viathe RESRAD code (version 5.95). It was assumed that the worker would be
on stefor 130 days per year for 25 years conducting activities associated with
condruction of new facilities and ongoing upkeep of utilities associated with an indudtrid
fadlity. Exposure pathways modeled were direct gamma, inhdation, soil ingestion, and
ingestion of aguatic foods.

A draft benchmark dose for surface soil was caculated using 5 pCi/g Ra-226. A
second draft benchmark dose for surface soil was calculated using 5 pCi/g Ra-228. Both
assumed a cover depth of zero. Draft benchmark doses were aso determined for 15
pCi/g Ra-226 and for 15 pCi/g Ra-228 at the subsurface, assuming a cover depth of 15
cmin each case. The most conservative surface and subsurface draft benchmark doses
were selected to derive the cleanup levels for the other radionuclides of concern.

Tablelll. W.R. Grace Draft Benchmark Dose (Maintenance/Construction Worker)

Ra-228 Benchmark Dose
Concentration (pCi/g) (mrem/yr)
Surface 5 5
Ra-226 Benchmark Dose
Concentration (pCi/g) (mrem/yr)
Subsurface 15 7.8

Table| datawas used to derive draft cleanup levelsfor U-234, U-238, and Th-

232. Thesecleanup levelsare givenin Tablell.
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TablelV. W.R. Grace Draft Cleanup Levesfor All Radionuclides of Concern
Utilizing Mogt Consarvative Benchmark Radium Dose

5 mrem/yr 7.8 mrem/yr

Radionuclide (Surface) (Subsurface)
Ra-226 5 pCi/g 15 pCi/g
Ra-228 5pCilg 15 pCi/g

U-234 1,492 pCi/g 6,219 pCi/g

U-238 288 pCilg 1,346 pCi/g
Th-232 3 pCilg 4.8 pCi/g

To date, these draft cleanup levels il require findization. It is anticipated that
the cleanup level development will be documented in an appendix of the Ste Feasbility
Study and findized in the Record of Decision.

IMPLEMENTATION UNCERTAINTIES

USACE experience implementing the Criterion 6(6) requirements has exposed
areas where uncertainties exist and federal policy and/or guidance is not currently
avalable. Some examplesfollow.

Thorium Processing Sites

NRC guidance (NUREG-1620) only addresses UR facilities because there are no
currently licensed or planned thorium mills.

Though the guidance states that the same concept of regulation would be
gpplicable at thorium mills, it does not address how NRC would regulate an ore
processing Ste with both Ra-228 and Ra-226 at above background levels. 1t is clear that
the total radium concentration will be limited to 5 pCi/g; however, it is not evident how
the benchmark dose should be calculated and used to derive concentration limits for other
radionuclides such as Th-232, Th-230, and U-238.

Asdemongtrated in the W.R. Grace example, one approach isto calculate two
benchmark doses; one utilizing Ra-226 and one utilizing Ra-228. Cleanup levelsfor
other radionuclides are based upon the more conservative benchmark dose.

Another approach may be to derive a benchmark dose for the sum of the radium
(Ra-226 plus Ra-228). Thismay be possibleif theratio of Ra-226 to Ra-228 isknown
for agte.

The modding of Ra-228 contamination within subsurface soils has identified
severd concerns with the benchmark dose gpproach. The hdf-life of Ra-228is5.75
years. Thisrdatively short hdf-life causes the radionuclide concentration and its
associated dose to decrease sgnificantly from time zero to time 40 years. If the erosion
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rate associated with the 15 cm cover is set at 0.001 meterslyear, the entire cover materid
will have eroded after 150 years. These phenomena cause the subsurface benchmark
dose to be one haf the surface benchmark dose due to the fact thet dl the Ra-228 has
decayed away prior to the cover materia eroding. Thiswould cause the subsurface Th-
232 guiddine to be one haf the surface guideline. One suggestion, to combat this
predicament, is to derive the subsurface Ra-228 benchmark dose assuming Ra-228 isin
equilibrium with its Th-232 parent.

Cover in Subsurface Modeling

The use of cover in subsurface modeling is discussed in Appendix H of NUREG-
1620. The following text appears on page H-5:

"A cover depth of zero is used in the surface contamination modd and a depth of
at least 15 cm (6 inches) for the subsurface model. The vaues for area and depth
of contamination are derived from Ste characterization data. The eroson rate
vaue for the contaminated zone is less than the RESRAD default vaue because
inregions drier than normd, the eroson rateisless. . . and the vaueisjudtified.”

Although information is provided regarding contamination zone eroson rate,
information is not given regarding the erosion rate for cover with subsurface
contamination. Further, it is not specified whether it is assumed the cover will be
maintained for the 1000 year modeling period.

At the Linde FUSRAP gte, it was assumed during derivation of the subsurface
s0il benchmark dose that 15 cm of cover would remain for the 1000 year modeling period
and that no erosion of the contaminated zone would occur (i.e., both cover erosion rate
and contamination zone erosion rate were set a zero). Judtification for these assumptions
wastwofold. Firdt, it was assumed that the asphalt cover would not erode. Second, due
to the depth of contamination, in some locations greater than 1.2 m (4 feet) of backfill
will be required to bring the excavation up to grade post-remediation. Consequently,
subsurface materia would not be subject to erosion over the 1000 year modeling period.

Exposur e Pathways

In accordance with NUREG- 1620, Appendix H, the scenarios chosen to model
the potential dose to the average member of the critical group from residua radionuclides
a the ste must reflect reasonably probable future land use. NRC expects UR facilities
seeking license termination to congder ranching, mining, home- based business, light
industry, and residentia farmer scenarios when performing dose modeling. Such
scenarios are appropriate for UR facilities located in sparsaly populated areas of the
western United States. Some of these scenarios are not appropriate for FUSRAP gSites
located in eastern United States.

It isaso questioned how to project future land use for 200 years. Further, itis
unclear whether NRC has additiond policy or guidance for determination of reasonably
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probable future land use and, if o, how NRC policy or guidance comparesto EPA
guidance.

Interestingly, the approach to reasonably probable future land use differed dightly
during derivation of cleanup levels at the Linde FUSRAP ste versusthe W.R. Grace
FUSRAP gte. At Linde, the benchmark dose was based on potential TEDE to the
industrial worker. Whereas at Grace, currently two plausible critical groups have been
identified and the draft benchmark dose is based on the potentid TEDE to the
mai ntenance/construction worker which is lower than that of the industrial worker. Note,
per NUREG- 1620, an overly conservative dose estimate is not acceptable, as it would
result in higher dlowable levels of uranium or thorium which would not be ALARA.

ALARA Consderations

In conjunction with the benchmark dose, the ALARA principle is consdered in
setting cleanup levels per the Criterion 6(6) rule. In practice a uranium mill sites, the
ALARA principle isimplemented by removing approximately 5 cm more of soil than is
estimated to be necessary to achieve the radium standard. It is generdly less expensive a
such millsto remove more soil than to do sampling and testing that may indicate failure
and require additiond soil remova plus additiona testing.

This same method (overexcavation of 5 cm) would not likely be ALARA & a
FUSRAP site where contaminated soils are to be excavated and disposed off-ste. The
cost of off-dte digposd is greater than the cost of on-gite burid in atailings
impoundment. Therefore, ALARA implementation at FUSRAP sites, versus uranium
mill Stes, will be dissmilar.

Additiondly, the method of contaminant deposition may not be smilar. At older
mills, large areas are covered with windblown radioactive materid. Little subsurface
contamination is present. The depth of contamination is shalow (usudly less than 6 cm)
and it isALARA to remove dl soilsto a specified depth. Cleanup to near background
levels has proven less costly for UR facilities than compared to more extensive soll
sampling and analyss. At FUSRAP gtes, however, Sgnificant subsurface contamination
may befound. Once again, the ALARA approach will be divergent.

CONCLUSIONS

The development of Ste-specific deanup levels and sdlection of aremedid action
a adte, in compliance with the nine remedy sdection criteriain CERCLA, isa
fundamentd part of the CERCLA process. From the Sart of work at aSite, investigations
should focus upon these outcomes. Reports should document assumptions and facts used
in the risk assessment and ARAR identification process, judtify the results, and ensure
that they meet the sandards of CERCLA and the NCP. If thisis done, the Site-specific
decison on cleanup levels and remedy sdection must be, and will be, defensble on the
adminigtrative record to the public, to interested regulatory agencies, and in any contested
legd forum.
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Derivation of cleanup levels a FUSRAP sites must be performed in accordance
with CERCLA and the NCP. Often, 10 CFR 40, Appendix A, Criterion 6(6),
Radiological Criteria for License Termination of Uranium Recovery Facilities, is
identified as an ARAR and implementation of the benchmark dose approach has,
consequently, occurred at FUSRAP gites.

Asdiscussed in this paper, USACE has encountered uncertainties implementing
the benchmark dose approach. Specific examples have been described and discussed.
USACE lessons learned and aternatives for dedling with these ambiguities have been
presented. However, much perplexity still remains and, as aresult, consstent application
of the benchmark dose approach from FUSRAP site to FUSRAP site isimprobable.

Consstency will likely increase with experience and the emergence of additiond
palicy, guidance, and/or direction. In the interim, USACE will continue to hold
discussions with appropriate regulatory agencies regarding agpplication of the benchmark
dose approach on asite-specific (i.e., case-by-case) basis.

Within FUSRAP, the cost implications associated with off-site disposal of more
waste materid than is necessary are too great to arbitrarily choose cleanup levels.
FUSRAP programmatic goals must be considered during project design and during
development and implementation of cleanup levels. With proper planning and sound
technical practices, the overarching objective of closng out FUSRAP sites can be
accomplished in amanner that meets applicable regulations, poses no unacceptable risk
to human hedlth or the environment, and achieves Congressiona expectations of cost and
schedule efficiencies.

FOOTNOTES

& In this paper, an attempt has been made to use Sl units where logica. However, it is not
possbleto use S units exclusvely and Hill yield a coherent document. Thisis dueto the
fact that the radium standard in 10 CFR 40 isnot in Sl units, the amendment to 10 CFR
40, Appendix A, Criterion 6(6) isnot in S units, and neither NRC nor EPA guidanceis
primarily in S units. Further, providing Ste-specific examplesin Sl units for comparison
to aregulation that isin traditiona units was determined to be too cumbersome for the
reader.
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