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ATTACHMENT 6
DEVELOPMENT AND ANALYSIS OF REVISED FREQUENT-USE SCENARIO

1.0 INTRODUCTION

A revised frequent-use scenario has been developed by the Tri-Parties. This attachment
to the sensitivity analysis defines the revised scenario and provides an assessment of how the
existing evaluation in the Process Document changes under the revised scenario.

The implementation of the revised frequent-use scenario is based on the outcome of the
Tri-Party Unit Managers meeting (February 22, 1995), in which the members described the
revised scenario. This scenario was formalized in an information sheet and delivered to the
Hanford Advisory Board following the meeting. A copy of the information sheet is included as
Exhibit A.

In the main text of the sensitivity analysis, a range of exposure scenarios are examined to
determine how the baseline evaluation in the Process Document would change under differing
exposure scenario assumptions. This attachment to the sensitivity analysis examines how the
baseline evaluation in the Process Document would change under the revised frequent-use
scenario introduced by the Tri-Parties.

This attachment to the sensitivity analysis contains the following additional sections:

Section 2.0 - Exposure Scenario Development

Section 3.0 - Summary of Technical Alternatives

Section 4.0) - Detailed Analysis of Technical Alternatives

Exhibit A - Tri-Party “100 Area Cleanup Information Sheet™

Exhibit B - Revised Input for the Summers Method Analytical Model
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2.0 EXPOSURE SCENARIO DEVELOPMENT

The 100 Area Cleanup Information Sheet that was recently presented to the Hanford
Advisory Board states that “In all instances the goal of the cleanup will be completed to a level
that will not preclude any future use due to Hanford contaminants.” This statement was made in
the context of being a proposal for discussion by the public for interim action high priority liquid
waste disposal sites at the 100-BC-1, 100-DR-1, and 100-HR-1 Source Operable Units. The
details of how cleanup levels would be implemented to meet this goal are provided below.

2.1 PROTECTION OF HUMAN HEALTH

Soils would be remediated to protect humen health. The regulatory basis for human
health protection PRG are as follows:

. State of Washington Model Toxics (ontro’ Act Method B for organic and inorganic
chemical constituents in soil to support unrestricted (residential) use.

. Draft EPA and Nuclear Regulatory Commission proposed standard of 15 mrem/yr in
soils above background for radionuclides for human health.

The U.S. Environmental Protection Agency is proposing standards (40 CFR 196) for the
remediation of soil, groundwater, and surfiice water at sites contaminated with radioactive
material that will allow these sites to be rejeased for public use. The proposed standard
wi'l limit radiation doses from contaminated sites ta 15 mrem/yr above natural
background levels for 1,000 years following cleanup. The 15 mrem/yr proposed standard
corresponds to an ICR of 3 x 10, based or: the following assumptions:

- The site would be used in the future for residential use

- Residents are potentially exposcd for 150 days/year for 30 years

- "All potential pathways" are considered in assessing exposure to future residents (the
exposure pathways are specified in the proposed rule, but are described in the
Background Information Document.

The 1,000 year time frame is intended 1o ensure that the standard accounts for decay of
radionuclides to isotopes that are more highly radioactive. The rationale for the 115
mrem/yr standard is that if falls within the -ange of other radiation protection standards
premulgated by EPA. Prior radiation protection standards correspond to increased cancer
risks of 102 to 10

The 15 mrem/yr standard is applicable to an entire site, including soils, structures, surface
water, and air. Cleanup standards for groundwater are considered separately from these
media. By limiting exposure levels to 15 mrem/yr above background, EPA
acknowledges that background varies from site to site. As a result, radionuclide
measurement techniques need to be able to distinguish site contamination from naturally-
occurring radionuclides. According to the proposed rule, EPA in conjunction with the
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U.S. Department of Energy and the Nuclear Regulatory Commission are developing
guidelines for background determination.

For the purpose of the FFS, the point of compliance for protection of human health is

assumed to be 4.5 m (15 ft) below the existing ground surface for inorganic and organic
contaminants (MTCA cleanup levels) and radionuclides (15 mrem). This is consistent with the
MTCA regulation summarized below.

2.2

“For soil cleanup levels based on human e<posure via direct contact, the point of
compliance shall be established in the soils throughout the site from the ground surface to
fifieen feet below the ground surface. This represeats a reasonable estimate of the depth
of soil that could be excavated and distribited at the soil surface as a result of site
development activities [WAC 173-340-740(6)(c)].”

PROTECTION OF ECOLOGICAL RECEPTORS

As described in the Process Document, the protection of ecological receptors is assumed

to be consistent with, and satisfied by, the protection of human health.

23

cases.

PROTECTION OF GROUNDWATER AND THE COLUMBIA RIVER

The protection of groundwater and the Columbia River has been considered under two

Protection of groundwater such that contarainants remaining in the soil after remediation
do not result in an impact to groundwater that could exceed Maximum Contaminant
Levels under the Safe Drinking Water Act. This applies to waste sites where groundwater
has not been impacted.

Protection of the Columbia River such that contaminants remaining in the soil after
remediation do not result in an impact to groundwater and, therefore, the Columbia River
that could exceed the Ambient Water Quality Criteria under the Clean Water Act for
consumption of fish. This applies to sites where groundwater has already been impacted.

Esiablishing the protection of the Columbii River PRG requires site-specific modeling.
The analysis of the revised frequent-use scenario is based on the first case (assumption
that groundwater has not been impacted). The modeling required to support the second
case {groundwater has been impacted) will be developed during remedial design.

The Summers Method analvtical model was used in the Process Document and

Sensitivity Analysis to develop protection of groundwater PRG. Because these documents have
been produced and reviewed by the Tri-Parties, a number of modifications to the model input
parameters have been made. The revised model has been incorporated as part of the revised
frequent-use scenario. An explanation of how the model was revised is included as Exhibit B.
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2.4  PRELIMINARY REMEDIAL GOALS

The PRG for the revised frequent-use scenario are inherently waste site specific. The 15
mrem/yr dose above background is based on the cumulative contributions from individual
radionuclides. The mrem contribution from cesium may differ from site to site. The protection
of groundwater and the Columbia River PRG will also vary based on site-specific physical
features, analysis of past practice, and soil chemustry. For purposes of analysis presented in this
attachment, the PRG for the modified frequent-use scenario are assumed to be representative of
the revised frequent-use scenario because they are both based on residential type land surface use
and the use of the modified input parameters in the Summers Model lessens the influence of the
protection of groundwater criteria.
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3.0 SUMMARY OF TECHNICAL ALTERNATIVES

The alternatives developed in the current FFS were established by the screening
performed in the 100 Area Feasibility Study Phascs 1 and 2 (DOE/RL 1993a). The phase 1 and
2 screening defined potentially applicable general response actions for 100 Area waste sites.
This screening was performed before the recent LI'T and QRA efforts, which provide additional
data to further assess the applicability of these general response actions.

In the Process Document, alternatives consistent with the following general response
actions were developed:

. No Action

. Institutional Controls

. Containment

. Remeoval/Disposal

. In Situ Treatment

. Removal/Treatment/Disposal

Initial consideration was given to the alternatives to ensure that the actions would provide
adequate protection under the given land-use scenario. It was determined that the alternatives, as
developed, would allow protection under an occasional-use scenario. The alternatives were
subjected to an additional site-specific applicability screening. For instance, it was established
that the in situ vitrification (ISV) technology could only effectively contain contamination to a
depth of 5.7 m (19 ft) below the ground surface. Therefore, the ISV Alternative was not
analyzed in the detailed analysis for sites with contamination at a depth of greater than 5.7 m (19
ft). As stated in the NCP section 300.430(e)(9)(i), the detailed analysis shall be conducted on the
limited number of alternatives that represent viable approaches to remedial action after
evaluation in the screening stage. The detailed analysis documented in the Process Document
evaluates the viable alternatives against the nine CERCLA evaluation criteria.

Because the revised frequent-use scenario has been established, the effectiveness of the
viable alternatives must be considered again. Because the new scenario is based on cleanup that
does not preclude any future use, remedial action that limits access or land use would not be
compatible with the new scenario. In Situ Treatment Alternatives (e.g., ISV and grouting), as
well as containment, are no longer considered viable alternatives because they preclude some
types of future use. Additionally, the Institutional Controls Alternative was not evaluated in
detail in the Process Document because it was not considered applicable for any of the waste site
groups. Therefore, the only alternatives evaluated in detail are No Action, RD and RTD.
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4.0 DETAILED ANALYSIS OF TECHNICAL ALTERNATIVES

Section 5.0 of the Process Document presents a detailed analysis of the candidate
remedial alternatives with respect to seven of nine CERCLA evaluation criteria. The seven
criteria evaluated include the following:

Threshold Criteria

«  Overall protection of human health and the ¢avironment
= Compliance with ARAR

Balancing Criteria

- Long-term effectiveness and permanence

= Reduction of toxicity, mobility, and volume through treatment
»  Short-term effectiveness

«  Implementibility

. Cost.

The two remaining criteria, state acceptance and community acceptance, will be
considered after regulatory and public cornment on the proposed plan and FFS documents.

An evaluation of the viable alternatives, for the revised frequent-use scenario is described
in the following sections. The alternatives are examined against the CERCLA criteria by
evaluating those elements of remedial action that are significantly impacted by a change in
€Xposure scenario.

The potential cultural and ecological resoarce impacts discussed in the Process Document
and the Sensitivity Analysis were reviewed for applicability to the revised frequent-use scenario
described in this attachment to the Sensitivity Analysis. These reviews identified that a change
from an occasional-use scenario to a frequent-use scenario would result in an incremental change
in excavation area and volume and this incremental change could potentially impact cultural and
ecological resources. Other secondary faclors, such as noise and utilities, could also change but
are short-term and of a minor nature compared to the cultural and ecological potential impacts.
The revised frequent-use scenario integrates various remediation goals (i.e., protection of human
health, groundwater, and the Columbia River) that were included in the different exposure
scenarios analyzed in the Sensitivity Analysis. This new concept does not introduce any new
issues that have not been discussed in the Process Documznt and Sensitivity Analysis.

4.1 EVALUATION OF CRITICAL PARAMETERS

The critical parameters include EV. CV, duration of remedial action, percent of material
that is treatable, and cost. The reason these paranieters are significantly impacted by a change in
exposure scenario is primarily because of their re ationship to PRG.
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The modified frequent-use scenario evaluited in the Sensitivity Analysis is considered
appropriate to estimate the relative volumes, costs, and durations for the revised frequent-use
scenarto. The modified frequent-use scenario considers trequent-use of the first 4.5 m (15 ft) of
soil and is based on a target risk of 1 x 10 for radionuclides and inorganic and organic
contaminants. This approach is generally consistent with MTCA values for nonradionuclides.
The 1 x 10 target risk for radionuclides is more conservative than the 15 mrem values that are
estimated to be comparable to a 1 x 10 risk.

The modified frequent-use scenario does not consider contamination below 4.5 m (15 ft)
at all vadose zone depths. However, the new scenario does consider contaminants at depth; the
protection of groundwater is addressed through the application of the revised Summers model. A
preliminary assessment was conducted to determine how the revised model changed excavation
depths at the four representative sites. The results indicate that the application of the revised
summers model would not drive the excavation (at the four representative sites) deeper than 4.5
m (15 ft). Therefore, the volumes and costs of the modified frequent-use scenario are used as
substitutes for the revised frequent-use scenario. The following analysis is based on this
substitution.

The critical parameters are contaminated znd excavated volume, duration, percent
treatable, and cost. Each parameter is discussed in the context of comparing the revised
frequent-use scenario with the baseline scenario.

4.1.1 Contaminated and Excavated Volume

The CV is the quantity of material that must be addressed by the remedial action. The
revised frequent-use scenario results in a 26% decrease in volume relative to the baseline
scenario. The EV is the quantity of material that 1nust be handled to complete the remedial
action. The revised frequent-use scenario represents a 41% decrease in volume relative to the
baseline scenario.

4.1.2 Duration

Duration is the amount of time required to complete the remedial action. This is an
important parameter when considering short-term risks to workers from industrial hazards and
exposure 10 contaminants. The revised frequent-use scenario potentially results in a decrease in
remedial action duration.

4.1.3 Percent Treatable
Percent treatable is the percentage of the contaminated material that can be treated by soil
washing. The percentage represents the effectiveness of the treatment alternative under a given

exposure scenario. Without specific PRG, the effectiveness can not be quantified at this time;
however, as PRG become more stringent, the effectiveness (percent treatable) decreased.
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4.1.4 C(Cost

The costs associated with the revised frequent-use scenario cannot be calculated directly
because the PRG are not available. Revised scenario costs have been estimated by comparing
the modified frequent-use costs to the FFS. The tevised scenario costs for the RD and RTD
Alternatives are estimated to be approximately 31) % less than the baseline scenario, as developed
from the 100 area-wide estimate costs presented n the sensitivity analysis.

4.1.5 Cultural Resources

The revised frequent-use scenario is anticipated to result in a decrease in volume of
excavated matertal compared to the volume of excavation in the Process Document. As a result,
the cultural resources concerns will either be of similar impacts as previously described or will
be less of an impact. The No Action Alternative will remain the same as evaluated before in that
cultural resources will not be disturbed but with the contamination left in place, what cultural
resources exist at the site will remain with the contaminated material. The frequent-use scenario
is incompatible with the CAP and in-situ treatment Alternatives. The RD and RTD Alternatives
require an equal amount of volume to be disturbed but with the RTD Alternative more area
would be required for treatment activities.

4.1.6 Ecological Resources

The footprint of the revised frequent-use scenario s anticipated to be equal to or smaller
than the rootprint estimated in the Process Docurnent. Therefore, the assessment performed in
the Process Document and Sensitivity Analysis is applicable to the revised frequent-use scenario.
The No Action Alternative will not disturb additional ecological resources but the No Action
Alternative and the CAP and In Situ Treatment Alternatives will not make the land available for
future uses. As aresult RD and RTD are the options to be considered with respect to long term
benefits. The RTD Alternative would potentially impact « larger surface area due to the
additional staging areas required for treatment equipment as well as material stockpiling,
segregation, and handling.

4.2 IMPACT ON THE EVALUATION OF THE CERCLA CRITERIA

This section identifies the impacts of changing the exposure scenario on the evaluation of
the CERCLA criteria, as presented in the Process Document. The impacts are assessed for only
those alternatives considered viable under the new scenario. The viable alternatives are No
Action, RD, and RTD.

4.2.1 Overall Protection of Human Health and the Environment
As with the other exposure scenarios, the INo Action Alternative would not be protective
of human health and the environment because contamination remains at the site. The RD and

RTD Alternatives would provide overall protection of hunian health and the environment at
completion of the remedial action based on contariinant removal.
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4.2.2 Compliance with ARAR

As with the other exposure scenarios, the No Action Alternative would not meet all of the
applicable or relevant and appropriate requirements identified for remediation of the waste sites.
The RD and RTD Alternatives would comply with ARAR.

4.2.3 Long-Term Effectiveness and Permanence

The No Action Alternative would not be effective over the long term since the threat to
human health and the environment is not adequately mitigated. The RD and RTD Alternatives
would be effective over the long term because contamination is removed from the waste site and
placed in an engineered disposal facility for long-lerm management.

4.2.4 Reduction of Toxicity, Mobility, and Vclume through Treatment

The No Action Alternative would not provide reduction of toxicity, mobility, or volume.
The RD and RTD Alternatives both continue to provide some reduction in mobility by placing
the contarninated material in an engineered disposal facility for long-term management. The
RTD Alternative includes the most significant level of treutment and may reduce the volume of
contaminated material requiring disposal.

4.2.5 Short-Term Effectiveness

The No Action Alternative would not result in adverse impacts to workers during
implementation because No Actions would be performed; however, the existing threats to human
health and the environment would remain. The RTD Alternative would result in risk to workers
from the treatment process and require more time to implement. The RD Alternative would
require less time to implement than the RTD Alternative and present less short-term risk to
workers.

4.2.6 Implementibility

The RD Alternative 1s fully implementable for each exposure scenario. The technology is
proven, established, and readily implementable. The RTD Alternative is impacted by the
performance limitations of technologies, such as soil washing. As PRG become more stringent,
the ability of soil washing to treat contaminants decreases, rendering the RTD Alternative less
implementable. The amount of soil that can be treated is the best indicator of the
Implementibility of soil washing. The No Action Alternative would be easy to implement
because No Actions would be required; however, the potential threats posed by the waste site
would remain.
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4.2.7 Cost
Section 4.1.4 establishes cost adjustment factors based on the results of the sensitivity

analysis. These factors can be applied to the current cost estimates in the FFS to ascertain a new
cost estimate suitable to compare alternatives under the revised frequent-use scenario.

DA6-12



DOE/RL -94-61
Rev. 0

DA6-13



NOE/EL-94-61
Rev. 0

EXHIBIT A
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February 22, 1995

To:  Hanford Advisory Board
From: Tri-Party Agencies
RE: 100 Area Clean Up Information Sheet

The information below concerns the cleanup activities in the 100 Area. This information is being
faxed to foster discussions during Thursdav afterioon's 100 Area discussion. There are two
pages to this fax.

Over the last several months, the agencies have been working to develop cleanup plans

(i.e., proposed plans) for the first three operable units in the 100 Area. These units are 100-BC-1,
100-DR-1, and 100-HR-1. The proposed plans will focus on the radioactive liquid waste
disposal sites, such as cribs, trenches, and retention basins. The solid waste burial grounds and
septic tanks associated with these areas will be ccvered in subsequent plans.

There are approximately 30 waste sites that will be addressed in these plans. In earlier
discussions with the board the agencies shared that the preferred alternative for the 100 Area as a
remove and dispose option. The discussions havi: focused on issues such as cleanup levels,
timing for the cleanup, how reactor removal influences cleanup decision, and early cleanup.

The agencies have agreed on cleanup levels for these waste sites. The State of Washington
Model Toxic Control Act (MTCA) will be used tc generate chemical/metals cleanup levels. The
agencies are considering the use of the proposed 1'PA and NRC standard of 15 mrem above
background for the radioactive component cleanup standard; this equates to a 10 cleanup level
under CERCLA. This also is consistent with EPA risk assessment methodology and the Hanford
Risk Assessment Methodology. For sites that have impacted groundwater, the Freshwater
Quality Criteria standards for protection ol the Columbia River will be used to establish cleanup
levels. In sites that have not impacted groundwater, the chemical specific Maximum
Contaminant Levels under the Safe Drinking Wator Act will be used.

In regard to the timing of clean up, the agencies b:lieve that a phased approach should be used.
Sites will be prioritized by size and Jocation during the remedial design phase with an emphasis
on sites that have impacted groundwater. ‘The remedial emphasis on sites that have impacted
groundwater. The remedial design phase occurs after the record of decision has been issued.
Those sites that are in close proximity (56 m has been discussed) of the reactor are proposed to
be deferred for cleanup until such time that the reuctors are removed.

Removal of contaminants at deep sites will be determined on a case-by-case basis. Where
appropriate, decay of radionuclides will be evaluated and balanced against protection of human
health and the environment, costs, sizing of the ERDF, worker safety, disturbance of
environmental and cultural resources, the use of institutiorial controls, and long-term monitoring
considerations. In all instances the goal of the clean up will be completed to a level that will not
preclude any future use because of Hanford Site contaminants.
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The three agencies have been working with the T'epartment of Energy Headquarters on a new
project called the Streamline Approach for Environmental Restoration (SAFER). This approach
combines the data quality objective method with the observational approach. The agencies plan
on using this process to do remedial design and remedial action planning to begin remedial
action at several key sites in the 100-BC area this summer. The three agencies will be involved
in up front planning for this project and will keeg the board and affected Indian Tribes apprised
of the progress of this project.

'The schedule for the first three cleanup plans 1s to have the proposed plans ready for the board at

the April meeting. The agencies expect to begin public comment by mid-April with record of
decision being issued this summer.
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EXHIBIT B

REVISIONS TO THE SUMMERS METHOD ANALYTICAL MODEL
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This exhibit is a summary of revisions to the Summers model presented in the 100 Area
Focused Feasibility Study for estimating contaminant concentrations in soil that are protective of
groundwater protection values. The only changes made in this version of the model are:

. Use of a recharge rate to groundwater that better reflects hydrological conditions at the
Hanford Site; and

. Reevaluation of soil/water distribution cocfficients (K,) for inorganic constituents.

Review of available literature indicated that K, values for 11 contaminants should be
revised. All other parameters have remained unchanged from the version of the model originally
published in the Focused Feasibility Study

The recharge rate to groundwater originaliy used in the Summers model (10 cm/year) is
too conservative compared to other values typically observed at the Hanford Site. The value
used in the revised model (0.2 cm/year) is based on the results of long-term lysimeter studies
performed at the Hanford Site (Routson, R C. and V.G. Johnson. 1990. Recharge Estimations
for the Hanford Site 200 Areas Plateau. Northwest Science. 64(3): 150-158).

The revised protection of groundwater PRG is summarized in the attached table.
Documentation of the revised modeling assumptions and calculations is also attached.
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PRGs Protective of Groundwater Quality

Values Originally in | Values Based on Revised Units
FES Sumimers Model

Am-241 31 3,756 pCi/g
C-14 18 2,320 pCi/g
Cs-134 517 32,600 pCi/g
Cs-137 775 93,900 pCi/g
Co-60 1,292 156,500 pCiig
Eu-152 20,667 2,504,000 pCi/g
Eu-154 20,667 2,504,000 pCi/g
Eu-155 103,000 12,520,000 pCi/g
H-3 517 56,282 pCiig
K-40 145 17,528 pCi/g
Na-22 207 25,040 pCilg
Ni-63 46,500 ,634,000 pCi/g
Pu-238 5 5,008 pCi‘g
Pu-239/240 4 3,756 pCi/g
Ra-226 0.03 6,260 pCi/g
Sr-90 i29 15,650 pCi/g
Te-99 26 3.314 pCi/g
Th-228 0.1 30,080 pCi/g
Th-232 0.01 6,260 pCi/g
U-234 5 626 pCi/g
U-235 6 751 pCi/g
£J-238 0 751 pCifg
Antimony 0.002 5 ug/g
Arsenic 0.01 94 ug/g
Barium 258 5,650 ug/g
Cadmium ! 94 ug/g
Chromium 0.03 12,520 ug/g
L.ead 8 282 ug/'g
Manganese 13 1,565 ug/g
Mercury 0.3 38 ug/g
Zing 775 03,900 ug/g
Aroclor 1260 1 166 ug/g
Benzo(a)pyrene o 689 ug/g
Chrysene 0.01 25 ug/g
Pentachlorophencl 0.3 i3 ug/g

1g/g = mg/kg
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groundwater concentrations above allowable levels. The following presents revisions to the

original April 1994 model, which is presented in the Process Document.

Method

=
a
=
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Concentration in sotl is calculated from C, (lcachate concentration) as follows:

where

Allowable constituent concentrations are calculated using the Summers Model, which is
rearranged to solve for concentration in soil from concentration in groundwater. The rearranged
model is presented below:

I

p

Allowable concentration in groundwater (pCi/l, or ug/L)
Volumetric flow rate to groundwater (1t*/day): calculated as A x q

Czr @, ) ;%: f_‘

2
P

Horizontal area of contamination (ft?)

Recharge rate (ft/day)

Groundwater flow rate (fi*/day); calculated as Vxhx w
Darcy velocity in groundwater (it/day); calculated as K x 1

Hydraulic conductivity of aquifer (ft/day)
Hydraulic gradient in aquifer (ft/ft)

Thickness of zone of mixing in aquifer (ft)
Width of zone of mixing in aquifer (site width) (ft)

Initial concentration in groundwater (assumed to be zero) (pCi/L or mg/L)

¢, - KC

- p

Concentration in soil (pCi/g or ug/g)

Concentration in leachate (pCi/mL or ug/mL)

Distribution coefficient (ml./g)
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For contaminants where the K, value is zero, concentrations in soil are calculated as follows:

- C(ﬂ)
¥ P d

where
m = volumetric moisture content {unitless)
d = dry soil density (g/mL)

Distribution coefficients for radionuclides and inorganics are estimated from a review of the
literature (attached). Distribution coefficients for organics are estimated as follows:

Kd = }‘-wft-x
where
K. Soil organic carbon constant (mL/g)
£, = Fraction of organic carbon in soil

K, values were unchanged from the FFS. The va ue for ., was assumed to be 0.1 percent
(f,c = 0.001), which was unchanged from the FFS.

Parameters
PARAMETER SYMBOL VALUFE SOURCE
Allowable concentration in C,. Contaminant | Macimum Contaminant Limits (MCL) for
groundwater specific nonradicactive contaminants; Derived
Corcentration Guides (DCG) for radionuclides
Volumetric flow to Q, (L5 fifdey | Apxq; A, =640,000 ft* (see below),
groundwater q: 1.8 x 107 ft/day (see below)
Harizontal area of A, 740,000 f+ Assamed surface area of 116-C-5 retention
contamination basin, based on dimensions of 800 x 800 fi
Recharge rate q 1 8x 10 Varies from site to site. Assumed value of 0.2
ft/day crm/yr (Routson and Johnson 1990)
Groundwater flow rate Qqu 7200 ft/day | V xhxw; V=03 ft/day (see below); h=30ft
(see below); w = 800 ft (see below)
Darcy velocity in groundwater v () 3 tt/day K x i, K =100 fi/day (see below); i=0.003
ft/tt (see below)
Hydraulic conductivity of the K i 10D tuday Hydraulic conductivity of the Ringold
aquifer Formation (DOE-RL 1993b)
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PARAMETER SYMBOL VALU: SOURCE
Hydraulic gradient of the i (1003 ft ft DOE-RL, 1993b
aquifer
Thickness of the mixing zone h 30ft N Area Report
in the aquifer
Width of the mixing zone W 800 fi Assumed to be the site width (value for 116-C-5

retention basin)

Volumetric moisture content m (.09 Soil moistures average 5 (w/w) or 9% by
vo:ume (1DOE-RL 1994)

Dry soil density d 1.7 g/mL Based on value of ~110 1b/fi*
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Distribution Coefficients
for Inorganic Contaminants in Soil

The distribution coefficient (K,) is an empirical parameter that represents the tendency for
a chemical substance to adsorb to soil. Typicallv, it is measured in the laboratory as the ratio of
concentration in soil (C,) to concentration in water (C,.). at equilibrium, as shown below:

The greater the extent of adsorption in soil, the greater the value of K.

Values for I, can then be used in models to quantify the amount of contaminant in soil
that can leach to groundwater. The K values measured for an individual substance can vary
substantially based on differences in soil properties. For example, the range of K, values for
plutonium and zinc measured in different soils can span four orders of magnitude (Dragun 1988;
Baes and Sharp 1983). The variables affecting K, include the relative abundance of different
cations and anions in soil, soil pH, redox potential, cation exchange capacity, and organic matter
content (Dragun 1988; Barney 1978).

Ideally, the K, value to be used to model leaching potential in Hanford Site soils should
be based on site-specific measurements. However, sole reliance on site-specific measurements
generally is not feasible. An alternate approach to developing K, values for modeling is to (1)
identify the range of K, values measured in Hanford Site soils, or under conditions similar to
those encountered in Hanford Site soils and (2) sclect a value that provides a conservatively
reasonable estimate of contaminant leaching to g-oundwater. These selected values then can be
used to develop preliminary remediation goals (PRG) in soil.

Methodology

Several studies have compiled K, values tor a variety of soil, sediment, and leachate
conditions at the Hanford Site. As discussed previously, these values generally span a range
depending upon soil and leachate (liquid waste stream) conditions. These conditions include
varying combinations in soils and leachate of:

. High or low salt concentrations
. High or low organic matter concentrations
Acid (low pH) or neutral/basic {moderate to high pH) conditions

The approach for selecting conservatively reasonuble values for K, involved evaluating the
characteristics of Hanford Site soils, and identifying the K, value corresponding most closely to
those characteristics. The hierarchy of data used 10 select K, values was to use Hanford-specific
data 1n preference to more general compilations of K values in the literature. The selected
values were compared with the range of general literature values. Finally, uncertainties in the
data were discussed to support the selected K, val se.
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Hanford Seil Characteristics

For purposes of selecting K values from tae literature, most Hanford Site soils are
characterized as low salt, low organic matter content with neutral to basic pH (Serne and Wood,
1990). Hanford Site soils typically are sandy with very little organic carbon content (Ames and
Seme 1991). Soil pH measured in 100 Area soils range from 6.5 to 7.66. Total organic carbon
concentrations range from 600 to 1,640 ppm (DOE-RL 1994).

K, Data Sources

The principal sources of information on Hanford-specific K, values consulted in this
analysis were Ames and Serne, 1991 and Serne and Wood, 1990. These references provided
information on most of the radionuclide and nonradioactive inorganic contaminants in soil in the
100 Area. Ames and Serne (1991) provided ranges of K, values for different waste stream
characteristics (high/low dissolved solids, high/low organic content, low/neutral to high pH):
these parameters being more variable than soil characteristics at the Hanford Site. Ames and
Serne alsc recommended conservative estimates of K, values for use in modeling contaminant
leaching (WHC 1990). Ames and Serne (1991) recommended K, values for each contaminant of
potential concern, except for C, As, Sb, Th. and Ra. Serne and Wood (1990) summarized
available information on K, values, and identified changes in K, values with changing conditions
in soil. These references did not reveal information on K, values for thorium and arsenic.,
Information on these two contaminants in soil was developed from the range of K, values
compiled by Baes and Sharp (1983). Baes and Sharp presented ranges of K, values for 222
agricultural soils and clays between pH 4.5 and 9. The K, values presented in these sources are
summarized in Table 1.

Selected K, Values

The K, values selected for modeling contaminant concentrations leaching to groundwater
are summarized in Table 1. Uncertainties in the data for selected contaminants are discussed
below.

Cesium. Ames and Serne (1991) recommended a K, of 50 from values ranging from 50 to
3,000. Baes and Sharp (1983) cite a range from 10 to 52,000, with a geometric mean of 1,100.
According to Serne and Wood (1990), the available data indicate that a minimum value of 200 is
reasonable for ambient conditions in soil at the Hanford Site (near neutral pH, low dissolved
solids concentrations and low organic matter content); the value of 200 was selected as a K, for
cesium based on data evaluated by Serne and Wood (1990).

Plutonium. Ames and Serne (1991) recommended a K, of 25, with a range from 100 to 2,000.
Baes and Sharp (1983} cite a range from 11 to 300.000, with a geometric mean of 1,800. Serne
and Wood (1990) cite studies in which plutonium sorption in a pH range from 4 to 8.5 was high,
with K> 1,980. Based on the available datu, Sernz and Wood (1990) recommended a range of
K4 values irom ~100 to 1,000 for ambient scil conditions at the Hanford Site. Data reviewed by
Serne and Wood appear to show similarities in the behavior of plutoniumn and americium in soil,

DA6-5



DOE/RL-94-61
Rev. 0

while Ames and Serne recommend a K; o1’ 200 for americium. Based on this range of
information, a K, of 200 was selected for plutonum.

Uranium. Ames and Serne (1991) recommend a K, of 2 for uranium from a range from 2 to
2,000. Baes and Sharp (1983} cite a range from 10.5 to 4,400, with a geometric mean of 45.
Serne and Wood (1990) suggest that uranium wculd sorb poorly to soil under neutral and basic
conditions, and concluded that additional data were required to support a recommended K, value.
Uranium has been detected in groundwater at 107 Area sites, suggesting that it has some
mobility in soil. While it 1s likely that K, values are higher, a K, of 2 was selected for modeling
contaminant leaching,.

Thorium. There have been no estimates of K, dzveloped for thortum at the Hanford Site. The
range of literature values cited by Baes and Sharp (1983) is from 2,000 to 510,000. Values for
K, at a pH of 8.15 in medium sands (40 - 130) and very fine sands (310 - 470) (Yu et al. 1993)
are likely to be appropriate for soil conditions at -he Hanford Site. The higher K, values appear
to be associated more with silty-clay soils (Ames and Rai 1978). The K, values for thorium are
lower with low soil pH. A conservative estimate of 100 was selected as a K, for thorium in
Hanford Site soils.

Radium. There have been no estimates of K, developed for radium at the Hanford Site, and
there were no data cited in Baes and Sharp (19831, Yu et al. (1993) compiled data indicating K,
values at acidic pHs (2 - 6) ranging from 0 to 60, and K values at neutral/basic pHs (7 - 7.7)
ranging from 100 to 2,400. Data summarized in.Ames and Rai (1978) indicate K, values at
neutral/basic pHs ranging from 214 {0 354. A conservative estimate of 200 was selected asa K
for radium in Hanford Site sotls.

Arsenic. There have been no estimates of K, developed for arsenic at the Hanford Site. The
range of values cited in the literature are 1 10 8.3 for As 11l (geometric mean of 3.3) and 1.9 to 18
for As V (geometric mean of 6.7) (Baes and Sharp 1983). A value of 3 was selected as a K for
arsenic in Hanford Site soils.

Antimony. Estimates of K, for antimony at the Fanford Site range from 0 to 40 (Ames and
Serne 1991). Studies of the soil chemistry and observed mobility of antimony-containing wastes
have resulted in K, values ranging from <I to >1,000 (Ames and Rai 1978). A value of 1 was
selected as a K, for antimony in Hanford Site soils.

Chromium. The mobility of chromium in sotl w1l vary greatly with valence. The Cr VI is
highly mobile in soil, and has been estimated to have a K, of zero (Ames and Serne 1991).
However, Cr VI is readily reduced in soil to Cr Il by the presence of ferrous ion and organic
matter. A minor amount of Cr III can be oxidized to Cr VI through the presence of manganese
oxides in soils and sediments (Thorton et al. 19941 A suggested K, value for Cr Il = 200
mL/g.
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Table i. Summary of Revised Kd Valures for Summers Model used in the 100 Area FFS

Contaminants &f Patenitial Concemn Kads 1 the FFS |Revised Kd vaiuel Snnree for Revised K4 vatue Amesand IR Baes and Shaip, 1983 (¢}
Recommended Value Range Geometric mean Observed Range
Am-241 200 200 Ames and Seme, 1991 200 100-500 810 1.0-47,230
C-14 0.05 0 Sermne and Woods, 1990
Cs-134 50 50 Ames and Seme, 1991 50 50-3,000 1,110 10-52,000
Cs-137 50 50 Ames and Seme, 1991 Sﬂ 50-3,000 1L11o 10-52,000
Co-60 50 50 Ames and Serne, 1951 50 10-3,000 55 0.2-3,800
Eu-157 200 200 Ames and Serne, 1991 200 100-500
Eu-154 7 200 Ames and Serne, 1991 100 100-560
Eu-155 200 200 Ames and Serne, 1951 200 100-500
H-3 .05 0 Serne and Woods, 1990 )
K-40 4 4 Ames and Serne, 1991 55 2090
Na-22 4 4 Ames and Semne, 1991 4 1-3G
Ni-03 30 30 Asncs and Semne, 1991 4 1-30
Pu-238 25 200 Serne and Woods, 1690 25 100-2,000 1,800 11-300,000
Pu-239/240 25 200 Serne and Woods, 1990 2% 100-2,000 1,800 11-300,000
Ra-226 0os 100 Ames and Rai, 1978
$r90 25 25 Ames and Seme, 1991 25 20-200 27 0.15-3.300
Tc-9% 84,08 13 Serne and Woods, 1990 g Q
Th-228 0.05 20 Ames and Rai, 1978 £0 000 2 000-510 N0
h-232 vos T im Ames and Ray, 1978 - 60,000 7,000-510,00¢
U-233/234 2 2 Seme and Woods, 1990 2 2-2,000 45 10.5-4,400
U-235 2 2 Seme and Woods, 1990 2z 2-2,000 4% 10.5-4 400
U-238 2 2 Serne and Woods, 1990 2 2.2.000 a5 10.5-4,400
Antimons n.0s I} Ames and Rai, 1578 u 040
IZ(AsI 6T 10-B3(AsTI ) 9-18
Arsenic 0.05 3 Baes and Sharp, 1983 A5 VY (As V)
Barium 25 25 Armes and Serne, 1991 25 20.200
Cadmium 30 0 Ames and Serne, 1991 30 100-200 6.7 126-268
Ames and Serne, 199]: Thorton et al |

Chromium 0,05 200 1994 oiCrvh G{Cr VD) (b) 37 1.2-1,800
Lead 30 30 Ames and Seme, 1991 3 100-200 9% 4.5:7,640
Manganese 50 50 Ames and Serne, 199! 50 10-3,000 150 0.2-19,000
Mercury 3G 30 Ames and Serne, 1951 3 L08-200
Zine 30 30 Ames and Serne, 1991 3C 100-200 16 0.1-8,000
Aroclor 1260 (PCB) 530 530 EPA, 1936
Benzo{a)pyrenc 5500 5500 EPA, 1986
Chrysene 200 200 EPA, 1986
Pentachlorophenoi 53 53 EPA, 1936

(a) Recommended conservative value for liquid waste streams with low dissolved solids congenyations (<0.01 M}, low organic concentration (<2 ppm), and pH>6).

(b} Recommended conservative Kd for Cr{li[) was 200, with a range from [06-500

(c) Values for most elements are geometric means of population of values in agricultural soils and clays of pH 4.5 to 9.
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Summers Model Parameters

SUMMERS MODEL PARAMETERS

Parameter Description Type Units Symhol ‘alue
Allowable Concentration in [nput - see pCi/L or
Groundwater Sheet 1 ug/l. 0 uw
Calculation of
Calculated - Votumetric Flow to Site Area
Volumetric Flow 1 Groundwater do not input ft” Vday Op 57+.27056 Groundwater (A_p * )[{A_p)-fi"2 640000
Calculated - Recharge rate
Groundwater Flow Rate do not input ft"3/day ) uw 7200 {(q) - ftiday 8.99E-04
Input - see
Distribution Coeffizient Sheet 1 1al.ig k d
Calculation of Hydraulic
Groundwater Flow conductivity
Volumetric Moisture Content Input |5 0.09 Rate (K *i*h*w} HK)- fday 100
Hydraulic
gradient (i) -
Dry Soil Density [nput o 1.7 f/ft 0.003
Mixing zone
thickness (h) -
ft 30
Mixing zone
width (w) - ft 800
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Contaminant Data Summary

Contaminants of Distribution
Potential Groundwater Protection Standards .
Coefficients
Concern
Value Units Source (mL/g)

Am-241 30y pCi/l. DCG 200
C-14 700001 pCi/l. DCG 0
Cs-134 2000  pCi/L DCG 50
Cs-137 30000  pCi/L. DCG 50
Co-60 50000  pCi/L DCG 50
Eu-152 20000 pCi/L DCG 200
Eu-154 20000 pCi/L DCG 200
Eu-155 100000| pCi/L DCG 200
H-3 2000000)  pCi/L DCG 0
K-40 7000 pCi/L DCG 4
Na-22 10000  pCi/l. DCG 4
Ni-63 300000 pCi/lL DCG 30
Pu-238 40| pCGi/L DCG 200
Pu-239/240 30)  pCi/L DCG 200
Ra-226 1001 pCi/t. DCG 100
Sr-90 1000 pCi/L. DCG 25
Tc-99 100000 pCi/l. DCG 0
Th-228 400]  pCi/L, DCG 200
Th-232 501 pCi/l. DCG 200
U-234 3001 pCi/L DCG 2
U-235 600 pCil. DCG 2
U-238 600 pCi/l. DCG 2
Antimony 6| ug/L MCL 1.4
Arsenic 50 ug/L. MCL 3
Barium 1000 ug/L MCL 25
Cadmium 5 ug/L, MCL 30
Chromium 100 ug/L MCL. 200
Lead 5 ug /L MCL. 30
Manganese S0f g/l MCi. 50
Mercury 21 ug'L MCL. 30
Zinc 5000 ug/L MCi. 30
Aroclor 1260 0.5 ug 'L MCIL. 530
Benzo(a)pyrene 0.2y  ug'l MCI. 5500
Chrysene 0.2 ug 'L MCL. 200
Pentachlorophen 1 ug'L MCI. 53
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Contamnant
Leachate l.eachate Soil
Contaminant Concentration Uinits Concentration Units Concentration Units
€. p € p) o))

Am-241 4.05E+02] pCi/L 0.4054755| pCi/mL 811 pCig
C-14 2.46E+05] pCi/L 946.1095] pCi/mL 501 pCiig
Cs-134 270E+04] pCi/lL 27.0317| pCi/mL 1,352} pCilg
Cs-137 4.05E+04|  pCi/L 40.54755| pCi/mL 2,027f pCi/g
Co-60 6. 76E+04] pCi/lL 67.57925] pCi/mL 3,379] pCilg
Eu-152 2.70E+05]  pCi/L 270.317] pCi/mL 54,0637 pCi/g
Eu-154 2. 70E+05]  pCi/L 270.317] pCi/mL 54,0631 pCi/g
Eu-155 1.35E+06] pCi/L 1351.585] pCi/mL 270,317 pCi/g
H-3 2.70E+07]  pCi/L 27031.7] pCi/mL 1,431} pCi/g
K-40 946E+04] pCilL 94.61095| pCi/mL 378| pCilg |
Na-22 1.35E+05| pCi/L 135.1585] pCi/mL 541  pCi/g
Ni-63 4.05E+06] pCi/L 4054.755| pCi/mL 121,643] pCi/g
Pu-238 541E+02| pCi/L 0.540634] pCi/mL 108] pCi/g
Pu-239/240 4.05E+02| pCi/L 0.4054755] pCi/mL 811 pCi/g
Ra-226 1.35E+03] pCi/L 1.351585] pCi/mL 1351 pCi/g
Sr-90 1.35E+04] pCi/L 13.51585] pCi/mL 338 pCilg
Tc-99 1.35E+06] pCi/lL 13£1.585] pCi/mL 721 pCi/g
Th-228 541E+03] pCi/L 5.40634] pCi/mL 1,081 pCi/g
Th-232 6.76E+02] pCi/L 0.6757925} pCi/mL 135{ pCi/g
U-234 6.76E+03| pCi/L 6.757925] pCi/mL 14 pCilg |
U-235 3.11E+03] pCilL 8.10951§ pCi/mL 16] pCi/g
U-238 8.11E+03] pCi/L 8.10951] pCi/mL 16] pCilg
Antimony 8. 11E+0] ug/L 0.0810951} ug/mL 0.11 ug/g
Arsenic 6.76E+02 ug/L 0.6757925| ug/mL 2 ug/g
Barium 1.35E+04;  ug/L 13.51585( ug/mL 338 ug/g
Cadmium 6.76E-H}1 ug/L 0.06757925) ug/mL 2 ug/g
Chromium 1.35EH)3 ug/l, 1.331585] wug/mL 270 ug/g
Lead 2.03E+02]  uy/L 0.20273775] ug/mL 6 ug/g
Manganese 6.76E+02 ug/L. 0.6737925} ug/mL 34 ug/g
Mer::“ury 2.70E+01 ug/L 0.0270317} ug/mL ] ug/g
Zinc 6.76E+04]  up/L 67.57925] ug/mL 2,027 ug/e
Aroclor 1260 6.76E+00 ug/L 0.006757925] ug/mL 4 ug/e
Benzo(a)pyrene 2 70E+H)0) ug/L, 0.00270317} ug/mL 15 ug/g
Chrysene 2.70E-+00 ug/l. 0.00270317] ug/mL 1 ug/g
Pentachlorophencol 1.35E+01 uz/L 0.01351585] ug/mlL ] ug/g
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ARAR
ARCL
CERCLA

CFR
COPC
EPA
FFS
NEPA
RCRA
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ACRONYMS

applicable or relevant and appropriate requirements

allowable residual contamination levels

Comprehensive Environmental Response, Compensation, and Liability Act of
1980

Code of Federal Regulations

contaminants of potential concern

U.S. Environmental Protection Agancy

focused feasibility study

National Environmental Policy Act

Resource Conservation and Recovery Act of 1976
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[.0 INTRODUCTION

The objective of this operable unit-specific focused feasibility study (FFS) is to
provide decision makers with sufficient information to allow appropriate and timely selection
of interim remedial measures for sites associated with the 100-HR-1 Operable Unit. As
discussed in the main text, certain inherent assumptions are required to establish "appropriate
and timely" interim remedial measures. The assumptions and qualifiers outlined in the main
text have been followed in the work being performed in this appendix. The plug-in approach
is used in this appendix and is based on the same land use and groundwater use scenario as
used in the Process Document. The Sensitivity Analysis is then used as a basis to discuss
changes to the detailed investigation because of other land use and/or groundwater use
scenarios.

The Process Document and this operable unit-specific FFS are based on an exposure
scenario that includes occasional use of the land and frequent use of the groundwater. The
Sensitivity Analysis (Appendix D) has been developed to show the impacts of additional
exposure scenarios. The interim remedial measure candidate waste sites are determined in
the limited field investigation (DOE-RL 1993b}). Site profiles are developed for each of these
waste sites. The site profiles are used in the application of the plug-in approach. The waste
site either plugs into the analysis of the alternatives for the group, or deviations from the
developed group alternatives are described and documented. A summary of the FFS results
for the 100-HR-1 interim remedial measure candidate waste sites is as follows:

. None of the waste sites require ad-itional alternative development.

. Three of the waste sites directly plug into the waste site group alternative
(132-H-1, 132-H-2, and 132-H-3). The site-specific detailed analysis is
conducted referencing the waste siie group analysis as appropriate. A waste
site detailed analysis summary is presented in Table ES-1.

. A comparative analysis of Remediul Alternatives is presented for each waste
site.

1.1  PURPOSE AND SCOPE

The scope of this document is Jimited to 100-HR-1 Operable Unit interim remedial
measure candidate sites as determined in the limited field investigation. Impacted
groundwater beneath the 100-H Area shall be addressed in the 100-HR-3 FFS report. In
addition, low priority waste sites and potentially impacted river sediments near the 100 Area
are not considered candidates for interim remedia: measures; they are being addressed under
the remedial field investigation/corrective measures study pathway of the Hanford Past
Practice Strategy (DOE-RL 1991). The decision to limit the scope of the FFS is documented
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and justified in the work plan, limited field investigation, qualitative risk assessment, and the
100 Area feasibility study Phase I and Il (DOE-RL 1993a).

This report presents the following:

. The 100-HR-1 Operable Unit individual waste site information (Section 2.0)
. The development of individual site profiles (Section 2.0)
. The identification of representative groups for individual waste sites and a

comparison against the applicability criteria and identification of appropriate
enhancements for the alternatives ¢Section 3.0)

. A discussion of the deviations and‘or enhancements of an alternative and
additional alternative development. as needed (Section 4.0).

. The detailed analyses for waste sites which deviate from the representative
group alternatives (Section 5.0).

. The comparative analysis for all individual waste sites using the Process
Document baseline scenario (Section 6.0)

. A discussion of the modifications to the baseline scenario due to the results of
the Sensitivity Analysis (Section 7.())

. A comparative analysis for all individual waste sites using the revised scenario
as developed in the Sensitivity Analysis (Section 7.0), if applicable.

1.2 INCORPORATION OF NATIONAL ENVIRONMENTAL POLICY ACT
VALUES

In accordance with DOE Order 5400.4 and Chapter 10 of the Code of Federal
Regulations (CFR) Part 1021, the considerations (values) of the National Environmental
Policy Act of 1969 (NEPA) must be incorporated in the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) process. The NEPA values are
incorporated in the Process Document (Section 3.3).

The NEPA values, such as description of the affected environment (including
meteorology, hydrology, geology, ecological resources, and land use), applicable laws and
guidelines, short-term and long-term impacts on human health and the environment, and cost
are included to a limited degree within a tvpical CERCLA feasibility study. Other NEPA
values not normally addressed in CERCLA feasibility study, such as socio-economic impacts
cultural resources, and transportation impacts, have been evaluated in the Process Document.

¥

The NEPA impacts that are specific to the 100-HR-1 Operable Unit and a detailed
analysis of alternatives are addressed in Section 5.0 of this document.

El-2



DOE/R] -94561 7 { . 1L

I ar

- 2 " :.,- :",‘.

2.0 WASTE SITE INFORMATION

2.1  OPERABLE UNIT BACKGROUND

The 100 Area at the Hanford Site is located in Benton County along the southern
banks of the Columbia River, in the north central part of the site (Figure E2-1). The
100-HR-1 Operable Unit comprises the northeast portion of the 100-H Area and is located
immediately adjacent to the Columbia River shoreline. The 100-HR-1 Operable Unit
encompasses approximately 0.4 km* (0.16 mi®) of the 100-H Area. It lies primarily within
the northeast quadrant of Section 18, Township 14N, Range 27E.

The 100-HR-1 Operable Unit is one of three operable units associated with the
100-H Area at the Hanford Site. The 100-HR-1 and 100-HR-2 are source operable units that
address liquid effluent disposal sites, solid waste burial grounds, and their underlying vadose
zone. The 100-HR-1 Operable Unit contains waste units associated with the disposal of
liquid wastes and cooling water during operation of the H Reactor. The 100-HR-1 Operable
Unit contains most of the sites in the 100-H Area that were involved in plutonium
productior;, including the 100-H Reactor and its cooling system. The 100-HR-2 Operable
Unit contains primarily solid waste burial grounds. The 100-HR-3 Groundwater Operable
Unit addresses contamination that has migrated to the groundwater from both of the
100-H Area source operable units, and from the source cperable units in the 100-D/DR Area
approximately 3.5 km (2 mi) southwest of the 100-H Area.

The 100-H Reactor was the sixth Hanford reactor built to manufacture plutonium
during World War II. Fuel elements for the reactor were assembled in the 300 Area, and
the plutonium-enriched fuel produced by the reactor was processed in the 200 Area. The
100-H Reactor operated from 1945 to 1965, when it was retired. After the reactor was
retired, decontamination and decommissioning activities were initiated to minimize the
potential spread of radioactive and other potential contaminants. This process is ongoing,
although most of the structures in the 100-H Ares have been demolished.

Since the preparation of the 100 Area Feasibility Study Phases 1 and 2
(DOE-RL 1993a), additional data reievant to this FFS have been collected in both the
100 Area m general, and in the 100-HR-1 Operable Unit specifically. An LFI and QRA
were performed for the 100-HR-1 Operable Unit (DOE-RL 1993b, WHC 1993). In addition,
aggregate area studies were conducted to evaluate cultural and ecological resources within the
100 Area.

2.2 100 AREA AGGREGATE STUDILS

Hanford Site studies and studies within the 100 Area, such as the Hanford Site
Background studies, provide integrated analyses of selected issues on a scale larger than the
operable unit. The 100 Area groundwater operable unit work plans (e.g., DOE-RL 1992a,
1992¢, and 1992d [the work plans for HR-3. FR-3, and KR-4]) provide information common
to the 100 Area, covering topics such as river impacts, shoreline ecology, and cultural

E2-1

B



DOE/RL 94-61
Rev. O

resources. The 100-H Area source and groundwater operable unit work plans provide detail
on the physical setting within the 100-H Area, such as land form, geology, groundwater,
surface water, meteorology, natural resources, and human resources (e.g., DOE-RL 1992a
and 1992b). Studies that are applicable to this 100 Area source operable unit FFS are
summarized in the following subsections.

2.2.1 Hanford Site Background Study

The characterization of the natural chemical composition of Hanford Site soils is
presented in Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes
(DOE-RL 1993c). The background values for inorganic constituents in soils, based on the
above report, are discussed in Section 2.0 and Appendix A of the Process Document.
Background values for radionuclides are currently under evaloation, but only a few are
available at this time (see Appendix A of the Process Document).

2.2.2 Ecological Studies

Bird, mammal, and plant surveys in the 1J0 Area were conducted and reported by
Sackschewsky and Landeen (1992). Conceptual food pathways and inventories of wildlife
and plants at the Hanford Site, including threatened and endangered species, were presented
by Weiss and Mitchell (1992). Cadwell (1994), described the aquatic species in the Hanford
Reach of the Columbia River, the spatial distribution of vegetation types at Hanford, and
surveys of species of concern, such as the shrub-steppe vegetation, threatened and
endangerec birds, and mule deer and elk populations. Cadwell (1994) concluded that
intrusive-type remedial activities conducted inside the controlled-area fences should not have
a significant impact on the wildlife. Landeen et al. (1993) stated that intrusive activities
outside the controlied-area fences should have minimal impact on protected wildlife species if
the recommendations contained in the three documents listed below are followed.

. Bald Eagle Site Management Plan for the Hanford Site, South Central Washington
(Fitzner and Weiss 1994)

. Biological Assessment for Threatened and Endangered Wildlife Species (Fitzner,
Weiss, and Stegan 1994)

. Biological Assessment for State Candidate and Monitor Species (Stegen 1992).

The plant communities near the 100-H Area have been broadly described as a riparian
community immediately adjacent to the Columbia River and a cheatgrass community away
from the river. The shoreline immediately adjacent to the 100-H Area is steeply sloped with
a narrow riparian zone, dominated by reed canarygrass and bluegrass with white mulberry
and golden currant. Much of the river shoreline consists of large cobbles and boulders.

Near the south boundary of the 100-H Area, the shoreline abruptly flattens into an extensive
backwater wetland known as the H-slough that supports & wide variety of plants and animals.
To the north, upriver of the [00-H Area, is another small wetland area. The White Bluffs
ferry site, south of the 100-H Area. is dominated by stands of mature cottonwood and black
locust trees.
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The area within the 100-H Area boundary but away from the river, is primarily a
cheatgrass/rabbitbrush community (Stegen 1994). Many areas within the 100-H Area have
been physically disturbed by the original construction and operation of the reactor, and more
recently by remedial work on the buildings and waste sites. The vegetation in the vicinity
of, but outside the 100-H Area, consists primarily of cheatgrass communities, abandoned
agricultural fields, or smaller areas of sagebrush/bitterbrush.

The habitats along the Columbia River support a wide variety of mammals, birds,
reptiles, and insects. Habitats or vegetation that should be protected from damage during
remedial work at the 100-H Area include the small areas of sagebrush/bitterbrush, the trees
in the area, and riparian and wetland communities along the river.

The birds, mammals, reptiles, insects, and sensitive species found in the 100-H Area
are the same as those common to the Hanford Site, and are discussed in Section 3.3 of the
Process Document. The aquatic ecology of the 100 Area is also described in Section 3.3 of
the Process Document. Large islands in the Columbia River immediately northeast (Locke
Island) and north of the 100-H Area provide resting, nesting, and escape habitat for
waterfowl, shorebirds, small mammals, and mule deer. Major fall Chinook Salmon
spawning areas occur between the 100-H Area shorelines and Locke Island.

Bald eagles, a federal and state listed threatened species, are seasonal residents at the
Hanford Site, primarily along the river during November through March. There are several
frequently used perch trees at the north end of the 100-H Area and several frequently used
ground perches north and south of the 100-H Area. Bald eagles also use perch trees and
ground perches on Locke Island while resting or feeding. Remedial activities at the
100-H Area will have to be scheduled and conducted to avoid disturbing the eagles feeding
and roosting activities. Guidance on issues dealing with bald eagles can be found in the Bald
Eagle Site Management Plan (Fitzner and Weiss 1994). Peregrine falcons, a federally listed
endangered species, have been observed only infrequently at the Hanford Site. They may
use the area as a resting or feeding area during spring and fall migrations, but they do not
nest at the Hanford Site.

Other species of concern that could potentially be influenced by remedial work in the
100-H Area include the Swainson’s hawk, the ferruginous hawk, sepal yellowcress, and two
aquatic motluscs (the Columbia pebblesnail and shortfaced lanx). The molluscs could be
impacted it erosion causes an increase in sediment loads in the river or degraded water
quality. Swainson’s hawks, a state and federal candidate species, nest in many of the trees
planted around the White Bluffs Townsite (south of the 100-H Area) in the 1940’s. These
hawks will return to the same nesting sites year after year. Nesting ferruginous hawks are
becoming more common at the Hanford Site (Fitzner and Newell 1989), but most nest south,
or across the river from the 100-H Area. Canadian geese and other waterfowl and shore
birds nest in the wetland sloughs and river islands above and below the 100-H Area.
Common mammals in the area include mule deer. coyote. Great Basin pocket mouse,
jackrabbits. cottontail rabbits, and skunks.

aklu
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2.2.3 Cultural Resources

Various cultural resource-related investigations have been conducted in the
100-H Area over the last few decades. The investigations include archaeological
reconnaissances, systematic surveys, test excavations, and interviews with Native Americans
with historical ties to the area (Chatters, Gard, and Minthorn 1992; Relander 1986;
Rice 1968 and 1980; Wright 1993). These investigations have resulted in the identification
of several archaeological and ethnohistoric sites 1n and around the 100-HR-1 Operable Unit,
which could range in age from 9,000 years ago to the mud-nineteenth century.

The historic Wanapum Indian village of Tacht (45BN176), located 1 km (0.6 m)
south of the 100-H reactor facility, was occupied into the early 1940s, when the Wanapum
agreed to move so that the U.S. Government could pursue its agenda (Cushing 1994). The
northern portion of the 100-HR-1 Operable Unit along the river has not been surface
surveyed. It is likely that archaeological sites ar¢ located in this area because areas located
within 400 m (1,300 ft) of the Colurnbia River are considered as having high potential for
cultural resources (Chatters 1989). Areas to the west, south, and east of the heavily
disturbed central portions of the reactor complex were surface surveyed in the 1990s for
evidence of archaeological sites and none were found. 1t is possible, however, that
subsurface archaeological deposits might exist within those areas, especially those portions
within the 400 m (1,300 ft) zone discussed above. In addition, because discussions with
Native American peoples with historical ties to 100-H Area have yet to take place, other
areas might be considered sacred or to be (traditional cultural properties. Such discussions
are planned for 1995,

Cul:ural resource impact assessments are being conducted for each waste site in the
100-H Area. Assessment scores will be derermined and presented in an action plan being
prepared for 100-H Reactor Area by ERC cultural resource staff. These assessments will
accelerate cultural resource reviews and clearances, which are required of all Hanford Site
projects involving ground disturbing activities, as mandated in the Hanford Cultural Resource
Management Plan (Chatters 1989).

The following waste sites discussed in this document have high cultural resource
sensitivity, so any work done involving these sites should include cultural resource staff to
incorporate cultural resource concerns into remedial action decision making:

. 116-H-1 Process Effluent Disposal Trench
. 116-H-7 Sludge Burial Trench
. Process Effluent Pipelines.

Based on this existing information, the 100-HR-1 Operable Unit is considered to be
extremely scnsitive for cultural resources. Sensitive areas include not only those areas where
cultural resources have been identified from previous surface investigations (the locations of
which cannot be released in public documents), but also those areas where there is high
potential for, but no surface indicatons of, subsurtace cultural resources. Future remedial
activities at high-priority waste sites in the Cperable Unit {such as 116-H-1 and 116-H-7)

E2-4
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are of particular concern. While it appears that these areas were disturbed during
construction of the reactor and related structures during the 1940’s, the horizontal and
vertical extent of this disturbance is not known Therefore it is possible that intact
archat?ological deposits exist in the area. Because of Tribal concerns, clean-up activities
must incorporate actions to protect cultural resources.

2.2.4 Summary

The potential influence of remedial actions on the resources described in the preceding
subsection s are considered during the analysis of Remedial Alternatives conducted in
Sections 5.0 and 6.0 of the Process Document and Sections 5.0, 6.0, and 7.0 of this
100-HR-1 FFS. Other issues, such as potential transportation and socioeconomic impacts are
also discussed in Sections 3.3 and 5.2 of the Process Document. The assessment of potential
impacts in the Process Document are consistent with the potential impacts anticipated as a
result of remediating the individual waste sites a: the 100-HR-1 Operable Unit. Mitigation
measures, as discussed in Section 5.2.2 of the Process Document, will be developed during
the conceptual and preliminary design of the selected Remedial Alternative to avoid or
minimize impacts on physical, biological, and culwral resources.

2.3 LIMITED FIELD INVESTIGATION

The LFI is an integral part of the RI/FS process and is based on Hanford-specific
agreements discussed in the Hanford Federal Facility Agreement and Consent Order (Fourth
Amendment) (Ecology et al. 1994), the Hanford Site Risk Assessment Methodology
(DOE-RL 1995), the RCRA Facility Investigation’Corrective Measures Study Work Plan for
the 100-HR-1 Operable Unit (DOE-RL 1992b), and the Hanford Past-Practice Strategy
(HPPS) (DOE-RL 1991). The HPPS emphasizes initiating and completing waste site cleanup
through interim actions. '

The primary purpose of the LFI at the 100-HR-1 Operable Unit (DOE-RL 1993b) was
to collect sufficient data to recommend which sites should remain as candidates for interim
remedial measures (IRM). Sites that are not recommended for an IRM will be addressed
later during the final remedy selection process for the entire 100 Area. The data gathered in
the LFI are also used to evaluate Remedial Alternatives in this FFS.

A Qualitative Risk Assessment (QRA) was performed as part of the LFI, and
determined the principal risk drivers at the 100-HR-1 Operable Unit. Another purpose of the
100-HR-1 QRA (WHC 1993) was to qualitatively evaluate human health and environmental
exposure scenarios to help determine which waste sites within the 100-HR-1 Operable Unit
were candidates for IRM. The QRA evaluated risks for a predefined set of human and
environmental exposure scenarios, and is not intended to replace or be a substitute for a

baseline risk assessment.

The QRA considered only two human health exposure scenarios (frequent- and
occasional-use) with four pathways (soil ingestion, fugitive dust inhalation, inhalation of

2.5
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volatile organics from soil, and external radiation exposure), and an ecological exposure
scenario based on ingestion of plants by the Great Basin pocket mouse.

For the human health risk assessment,frequent- and occasional-use exposure scenarios
were evaluated to provide bounding estimates of risk consistent with the residential and
recreational exposure scenarios presented in the Hanford Site Risk Assessment Methodology
(DOE-RL 1995). Currently there are no such lind uses in the 100-HR-1 Operable Unit.
The estimated risks associated with carcinogenic contaminants at 100-HR-1 were grouped
into four categories based on lifetime incremental cancer risk (ICR):

high - ICR >1 x 10?

medium - ICR between 1 x 0% and 1 x 10?
low - ICR between 1 x 10% and 1 x 10
very low - ICR <1 x 10°,

A frequent-use scenario was evaluated in the year 2018 to ascertain potential future
risks associated with each waste site after additional radionuclide decay. For the current
occasional-use scenario, the eftect of radiation shielding by the upper 2 m (6 ft) of soil on
the external exposure risk at each waste site was also evaluated.

The ecological risk assessment evaluated >ontaminant uptake by the Great Basin
pocket mouse. The mouse was used as an indicator receptor because it is common at the
Hanford Site, its home range is comparable to the size of most waste sites, and it lives in
close proximity to the contaminants in the soil. Ecological risks were defined by estimating
the amounrt of contaminants received through ingestion of food, and then calculating an
environmental hazard quotient. An environmental hazard quotient greater than one (unity)
indicates that the contaminant poses a risk o ind:vidual mice.

The results of the LFI/QRA were used to select the sites where IRM should be
evaluated. If an IRM is not justified, the site wi!l be subject to further investigation and/or
remediation under the site-wide RI/FS process. 'The LFI report for the 100-HR-1 Operable
Unit described the field sampling program, identified the constituent concentrations at each of
the sites, presented the data analysis, and discusscd the risk assessment conclusions for the
operable unit (DOE-RL 1993b).

Based on the LFI/QRA, waste sites at the 100-HR-1 Operable Unit were retained as
IRM candidates if:

. The site posed a medium or high incremer tal cancer risk to humans under the
occasional-use scenario

° The site contained noncarcinogenic contaminants that exceeded a human health hazard
quotient of 1.0

. The site contained contaminants that posed a risk to the Great Basin pocket mouse
vironmental Hazard Quotient [EHQ] greater than 1.0)
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. The conceptual exposure model could rot be completed because of insufficient data
. The site had contaminants at levels that exceeded applicable or relevant and

appropriate requirements (ARAR) in Appendix C of the Process Document

. The site had a probable current impact on groundwater, based on comparing onsite
contammant concentrations to groundwater protection criteria.

The LFI also assumed that solid waste burial grounds are IRM candidate sites
regardliess of the above criteria. The IRM candidacy review conducted during the LFI
evaluation retained eight waste sites as IRM cardidates (Table E2-1).

Although the outfall structures at the 100-HR-1 Operable Unit were determined to be
IRM candidate sites in the LFI, they have been recently designated for an expedited response
action, in conjunction with the effluent pipelines at the operable unit. The 7100 Area River
Effluent Pipelines Expedited Response Action Proposal (DOE-RL 1994) states that the
100 Area outfall structures will be addressed concurrently with the river pipelines. The
116-H-5 outfall structure is therefore, not addressed further in this FFS.

The conclusions drawn froin the [.F] and QRA studies were used solely to determine
IRM candidacy for high-priority waste sites and solid waste burial grounds within the
100-HR-1 Operable Unit. While this FFS report relies on the data presented in the
LFI/QRA, the conclusions drawn in this FFS are based on the analyses of the Remedial
Alternatives in Sections 5.0 and 6.0 of the Process Document, Sections 4.0 and 5.0 in the
Sensitivity Analysis (Appendix D), and this FFS ‘Appendix E}.

2.4 DEVELOPMENT OF WASTE SITE PROFILES

To facilitate the implementation of the plug-in approach described in Section 1.0,
waste-site profiles have been developed for each of the seven IRM candidate sites within the
100-HR-1 Operable Unit. These seven IRM candidate sites were selected from a total of 13
high-priority waste sites (Table E2-1) within the 100-HR- | Operable Unit during the LFI
study (DOE-RL 1993b). The individual site profifes were developed using radiological data
from Dorian and Richards (1978), field data obtained during the 1992 LFl, and information
acquired during decontamination and decommissioning activities. When site-specific data
were unavailable, data from an analogous site were assumed to be the most appropriate
information for describing the conditions ar the 100-HR-1 IRM site, and developing its

waste-site profile.
2.4.1 Site Descriptions

The first step in developing the individual waste-site profiles was to prepare a basic
site description of each IRM candidate site (Table 1i2-2). This included listing the name of

the site, describing its use during the operation of the H Reactor, describing its physical
characteristics (the size and structural material), and determining which one of the waste-site

12.7
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groups the individual waste site belonged . ""he waste-site groups are listed in Section 5.0
of this FFS and are described in Section 3.0 ot the Process Document.

2.4.2 Refined Contaminants of Potential Concern

To develop the individual waste-s:te profiles, another activity was determining what
contaminants were present at each waste site that posed a risk to humans, biological receptors
(plants and animals), and groundwater quality. These so-called "refined COPC" are the risk
drivers at the site and represent the contaminants that have to be remediated. The refined
COPC were identified by starting with the list of COPC developed during the LFI and
screening, these contaminants against more stringent risk criteria.

The COPC (from the LF]) are detined as those contaminants that are known to occur
within the operable unit or waste site, and were present at concentrations that exceeded
natural background levels or conservative human risk criteria (ICR > 107 or HQ > 1.0).
For example, if strontium-90 was present at soil concentrations above 193 pCi/g, it presented
an incremental cancer risk greater than 107 and was considered a COPC. If strontium-90
concentrztions were below this {evel the concentrations were considered to be below levels
requiring further evaluation, and the contaminant was not a COPC.

The refined COPC for each of the IRM candidate sites at the 100-HR-1 Operable Unit
were identified by comparing the concentrations of the COPC to the preliminary remediation
goals (PRG) developed in Section 2.0} and Appendix A of the Process Document, If the
maximum COPC concentration al the waste site exceeded any of the PRGs, then that
contaminant was considered a refinad COPC. There can be one to several refined-COPC at
each site, and the number and types of refined-COPC are used to help determine which
Remedial Alternatives may be appropriate at the site. 'The derivation of the PRGs is
described in Appendix A of the Process Document. The PRG represents the maximum
concentration of a contaminant that would not exceed an acceptable human health or
ecological risk level, or would not exceed the groundwater protection criteria. Table E2-3
presents the PRGs that were developed in the Piocess Document. These preliminary
remediation goals were never set at concentrations that were below natural background
concentrarions, to preclude trying to remediate raturally existing constituents in soils. Also,
if the risk based PRG was less that the laboratory required quantification/detection limit for
that particular contaminant, then the quantification/detection limit was used as the PRG (for
example, the PRG for carbon-14 was set <.t 50 pCy/g even though the groundwater protection
PRG s 18 pCi/g, Table E2-3).

Two or more PRGs were determined for each COPC identified in the LFI, as shown
in Table 1:12-3. All COPC had a PRG thar represented a concentration protective of
groundwaer, and almost all COPC had a PRG tased on human health risks assuming a
recreational exposure scenario. The PRGs for the carcinogenic radionuclides and chemicals
represented the soil concentration that would pose an incremental cancer risk of one in a
miflion. t"he human health PRGs for noncarcinogenic chemicals represented the
concentration that would result in a hazard quotiznt of (0.1, For a given contaminant, the
most stringent PRG was used, and the PRG were applied at two different depth strata
depending on whether human and biological receptors would be exposed or protection of

122-&
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groundwater is the main factor. For example, for cobalt-60 the most stringent PRG is the
one in a million incremental cancer risk level 1soil concentration of 17.5 pCi/g). This PRG
(17.5) 1s applicable at the 0 to 3-m (0 to 10-ft) depth strata because (1) humans are exposed
to contaminants within the 0 to 1 m (0 to 3 ft) strata (assuming a recreational exposure
scenario) and (2) the human health-based PRG is used at depth strata where animals and
plants 0 to 3 m (0 to 10 ft) are exposed becausz there is no ecological-based PRG available
for cobalt-60 (i.e., the human health PRG is used as default values). It was assumed that
there were no exposure pathways that would link contaminants below 3 m (10 ft) to humans,
animals, or plants; therefore, the groundwater protection PRG (1292 pCi/g) is applied at the
> 3-m (10-ft) depth strata. The groundwater protection PRG is also applied to the 0 to 3-m
(0 to 10-ft) depth strata if it is more stringent than the human risk PRGs.

To identify the refined COPC at each waste site, several assumptions and protocols
were used to compare the COPC to the PRGs. These include the following:

o The soils within the waste site were divided into two depth strata, corresponding to
the depth strata that the human and biological receptors and groundwater could be
exposed to. This approach is discussed in detail in Section 2.0 and Appendix A of
the Process Document.

. At each waste site, the maximum concen:ration of each contaminant (COPC) within
each stratum was identified. The maximum concentration was taken from either the
LFI data set or the Dorian and Richards (1978) data set.

. The historical data set (Dorian and Richards 1978) was modified to account for
radioactive decay between 1978 and 1992, so it was consistent with the LFI data set
collected in 1992.

o If a sample was collected at the boundary between two strata (i.e., at I m [3 ft]) the
data from that sample were applied to the shallower stratum (i.e., the 0 to 1 m [0 to
3 ft] strata).

. Historical or LFI data reported within a range (e.g., 2.6 to 4.8 m [8.5 to 16 ft]) were
applied to two depth strata if appropriate {e.g., the 0 to 3 m [0 to 10 ft] and the
greater than 3 m [10 ft] ranges).

. The nickel-63 concentrations reported by Dorian and Richards (1978) may have been
analyzed using a surrogate. Therefore, the concentrations reported in this FFS may
not be an accurate representation of the actual concentration at the waste site. For the
purpose of this FFS, the nickel-63 concentrations reported by Dorian and Richards
were used as the best available estimate.

o Total uranium concentrations were reported by Dorian and Richards (1978) rather
than specific isotopes. For the purpose of this FES, the total concentrations were
considered to be uranium-238 because urarium-238 was determined to be the major
risk contributor of the uranium isotopes during the QRA. )
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The screening process that compares the COPC 10 PRG and identifies the refined
COPC results in the identification of the contaminants that must be addressed by remedial
action at the given IRM candidate site. Tables E2-4 and E2-5 present the PRG screening for
the two IRM candidate sites at the 100-HR-1 Operable Unit that have analytical data.

2.4.3 Waste-site Profiles

The waste-site profiles characterizing eacl: individual waste site are presented in
Table E2-6. Each profile includes the extent of contamination (how much soil may have to
be excavated or what area may have to be capped), the depth of contamination, the media
(i.e., soil) or material at the waste site, a list of refined COPCs at the waste site, and the
maximum concentration observed for each refined-COPC. The waste-site profiles also state
if the contaminant concentrations exceed the reduced infiltration concentration. The reduced
infiltration concentration is the soil concentration that is considered protective of groundwater
under the assumption that hydraulic infiltration is limited by a surface barrier over the
wastes. The reduced infiltration concentrations are presented in Table E2-7; their derivation
is discussed in Appendix A of the Process Document.

The waste-site profiles serve severai purposes. First, they contain information needed
to compare each waste site at 100-HR-1 to the Waste Site Groups developed in Section 3.0
of the Process Document. The profile informaticn is also used to compare the site
characteristics of each waste site with the applicanility criteria developed in Section 4.0 of
the Process Document, to help determine which Remedial Alternatives are or are not
appropriate for that site. The area, depth, and volume of contamination is used to determine
how much soil may have to be excavated, 1reated, capped, etc.; this has a direct bearing on
time and costs for remedial action. The information in the profiles is explained more in the
following paragraphs, and the actual profiles are resented in Table E2-6.

. Extent of Contamination - This includes the volume, length, width, area, and
thickness of the contaminated media. The volume estimates performed for each site
are presented in Attachment 1 of this document. Volume, length, width, and area do
not necessarily impact the determination o~ appropriate Remedial Alternatives,
however they are important considerations for developing costs and estimating the
time required for remedial actions. Thickness of the contaminated lens impacts the
implementability of In Situ actions such as vitrification, which has a limited vertical
extent of influence.

. Contaminated Media/Material - Contaminated media and material located at the site
are determined and described. Structural materials such as steel, concrete, and
wooden timbers influence the applicability of Remedial Alternatives, as well as
equipment needed for actions such as removal. The presence of solid wastes will
influence material handling considerations and may require Remedial Alternatives
which are different than alterratives for sites with just contaminated soil.

. Refined COPC/Maximum Concentrations - Refined COPC for a site are determined
~as discussed in Section 2.4.2. ‘T'he associated maximum concentration for each
refined COPC is the highest concentration detected at the site. Refined COPC may
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influence the applicability of Remedial Alternatives. For example, the presence of
certain radioactive contaminants may allow natural decay to be considered in
determining appropriate remedial actions. The presence of organic contaminants may
require that enhancements, such as thermal desorption, be added to a treatment
system.

. Reduced Infiltration Concentration - The reduced infiltration concentration is a level
which is considered protective of groundwater under a scenario where hydraulic
infiltration is limited by the application of a surface barrier. The maximum refined
COPC concentration detected is compared to the allowable reduced infiltration
concentration. Exceedance of the reduced infiltration concentrations indicates that
containment alternatives using a surface cap may not prevent contaminants from
leaching into the groundwater below the site.

The following Section 3.0 on application of the plug-in approach describes the use of
the site profiles during the feasibility study process.
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Figure E2-1. 100-HR-1 Operable Unit Map.
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Qualitative Risk

EHQ = Environmenial Hazard Quotient (calculated by the qualitative ecological risk assessment ([WHC 1993]).
- = not rated by the qualitative ecelogical risk assessment.
{2y = eomeceptual model s considered mcomplete because of discrepancics botween ihe limited feld mvestigation (LFI) data and historical data. The LFI data
mdicates little or nv conlamination that contradicts with the historical data. Additional investigation may be necessary.
(b) = data needed concerning nature and vertical extent of contamtination, site remains an interim remedial measure (IRM) candidate until data are available.
However, this site was not included in the analysis of remedial alternatives in this FFS report.
ARAR = applicable or relevant and appropriated requirements, specifically the Washington State Model Toxics Control Act Method B concentration values for

soils (DOB-RL 1992b).

Assessment Probable Potential for IRM
- Conceptual Exceeds Current Natural Candidate
Waste Site frelt;?;;ncv EHO 1 Model ARAR Impact on | Attenuation ;Es o
< Groundwater by 2018
use scenano
116-H-1 Process Effluent Disposal Trench Medium Yes Adequate Yes Yes No Yes
116-H-2 Effluent Disposal Trench Low Yes Incomplete(a) No No No Yes(b)
116-H-3 Dummy Decontamination French Drain Low No Adequate No No Yes No
116-H-7 Process Effluent Retention Basin High Yes Adequate Yes Yes No Yes
116-H-9 Cenfinement Seal Pit Drainage Crib Low No Adequate No No Yes No
116-H-5 Process Effluent Outfall Structure Medium - Adequate No No No Yes
Process Effluent Pipelines {Soil) Very Low No Adequate No Yes No Yes
Process Effluent Pipelines {Sludge} High No Adeguate No Yes No Yes
11o-1-7 Shudge Buriai Trench Very Low - Adequate. Ne No No No
132-H-3 Effluent Pumping Station o Low - Adequate Unknown Unknown Unknown Yes
132-H-2 Exhaust Air Filter Building Low Adequate Unknown No Unknown Yes
13'2-H-1 Reactor Exhaust Stack Low - Adequate Unknown No Unknown Yes
‘ 116-H-4 Plute Crib . Low - Adequate |y Unkiwwn 1 No Unknown Yes _——]
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Table E2-2. 100-HR-1 Interim Remedial Measure Waste Site Description.

place and covered with 5 m (16.4 fi) of {ill.

!
Site Number/ Data
Name (Alias) Previous Use Physical Description Source
116-H-7/ Held cooling water effluent from H Reactor Retention Basin LFI,
{(107-H Reiention for sheri-term cooling/decay before release to Reinforced concrete, single historical
Basin) Columbia River. containment.
1926 x 84.1 x 6.1 m (631.9 x
275.9 x 20 ft) deep
116-H-1/ Received high activity eftluent produced by Trench LFI,
Process Efrluent ruptured fuel elements. Received sludg: from Unlined historical
Disposal Trench 116-H-7 retention basin when i00-H Area 58.8x335x46m(1929x
(107-H Liquid was deactivated. Also received 90 kg »f 105.9 x 15.09 ft) deep
Waste Disposal sodium dichromate.
Trench)
116-H-4/ Received cooling water discharge Crib/French Drain No
Pluto Crib (105-H contaminated by failed fuel elemerts. Unlined phato crib. analytical
Pluto Crib) Received 1,000 kg of sodinm dichromate. 31x31x31mJ0.17x data
Crib was excavated and material buried in 10.17 x 10. 17 ft) deep
118-H-5 bunal ground 132-H-2 exhauvst air
filter building was Lder built on the sanie site.
Buried Pipelines Transported reactor cooling water from Process Effluent Pipelines Historical
reactors to retention basins, owfall structures, Total length ~1228 m (4,028
and 116-H-1 trench; leaked effluent to roil. (t);, pipe diameter varies; depth
contains contaminated sludge and scale. below surface varies,
132-H-1/116-H Contaminated stack dernolished in place . N&D Facility D&D
Reactor Exhaust buried, and cevered with 1.5 m (4 9 {t} fill. Demolished reinforced concrete (Beckstrom
Stack) + xhaust stack. 1987)
671 x 7.6 x4.6m (220.14 x
24,93 x 25.09 ft) deep
132-H-2/(117-H Contaminated building demelished in plice, D&D Facility D&D
Exhaust Air Filter buried, and covered with 5 m (16.4 ft) nll. Demolished reinforced concrete (Beckstrom
Building) Building was built on site of the demolished tuilding 1984)
and removed 116-H-4 pluto crit. 226x125x125x88m
(74.15 » 41 x 41 x 28.87 ft)
deep
132-H-3/(1608-H Collected and pumped water from H Re wtor D&D Pacility D&D
Effluent Pumping drains, including irradiated fuel storage Four concrete sumps. Capacity {(Cummings
Station) drains, inte 116-H-7 process effluent ret:ntion { of = 300,000 liters 1987)
basin. Water and sludge in sumnps was 11 x104x97m (36 x 34.1 x (Encke
removed before station was dernolished 1n 31.8 ) deep 1989)

D&D = decontamination and decommissioning
LFI = limited field investigation
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HUMAN-HSRAM (a,by FPROTECTION ZONE SPECIFIC FRG
of BACKGROUND CRQL/CRDL  (f) T(R) 2 ()

TR = 1E-08 HQ= 01 GROUNDWATER (a,c) (d.e} or as noted 0-10 f1. >0 &
RADIONUCLIDES (pCi/g)
Am-241 T 6.9 NA 31 T N/C 1 31 31
C-14 44,200 N/A 18 N/C 50 50 50
134 3,460 NA 517 N/C [ @ 517 517
Cs-137 568 WA 773 13 0.1 @ 568 775
Co-60 175 N/A 1292 NIC 0.05 @ 175 1292
3] 506 WA 20,667 NIC 0.1 556 20,667
Eu-154 106 N/A 30,667 NIC 01 @ 106 20,667
Eu-155 3,080 VA 163,000 NIC 01 (d) 3,080 103,000
3 7,900,000 NA 317 N/C 400 517 517 .
K40 12.1 NA 145 157 q (@) 157 45 &
Na-12 545 N/A 307 NIC [ @) 207 207 =
Ni-63 