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National Emissions Standards for Hazardous Air Pollutants
National Pollutant Discharge Elimination System
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Natural Resources Management Plan for the Savannah River Site
Oak Ridge National Laboratory

Operating System/Virtual Storage 2

Operable Unit

Performance Assessment

Performance Category

Pollution Control Act

Probable Maximum Precipitation

Pump Pit

Preliminary Remediation Goal

Production Support
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Plutonium-Uranium Extraction Process

Quality Assurance

Quality Assurance Management Plan
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SP
SQAP
SREL
SRNL
SRS

sS
TCCZ
TEDE
UA
USACE
USCS
USDA
USGS
UTR
UTRA
UTRA-LZ
UTRA-UZ
VZMS
WAC
WCS
WES

Service Pack

Software Quality Assurance Plan
Savannah River Ecology Laboratory
Savannah River National Laboratory
Savannah River Site

Safety Significant
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U.S. Army Corps of Engineers
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Upper Three Runs
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UTRA-Lower Zone

UTRA-Upper Zone

Vadose Zone Monitoring System
Waste Acceptance Criteria

Waste Characterization System
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Note: Some units of measure have been included in this list however; most units of measure are
common to the technical discipline of this PA’s target audience and have not been defined.
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1.0 EXECUTIVE SUMMARY

The H-Area Tank Farm (HTF) at the Department of Energy’s (DOE) Savannah River Site (SRS)
is an active facility consisting of 29 waste tanks and associated ancillary equipment (e.g., transfer
lines, evaporators, and pump tanks). The HTF waste tanks are in varying degrees of service or
waste removal operations with waste that was generated primarily from the H-Canyon chemical
separations processes. The HTF, which began radioactive waste operations in 1955, continues
today to receive routine transfers of waste from the H-Canyon operations.

This HTF Performance Assessment (PA) was prepared to support the operational closure of the
HTF underground waste tanks and ancillary equipment. This PA provides the technical basis
and results to be used in the development of performance-based, risk-informed decisions related
to the closure of HTF including the development of subsequent documents that will assess and
demonstrate compliance with the pertinent requirements identified in the regulatory documents
listed below for waste tank operational closure and eventual final facility closure of the HTF.

e U.S. Department of Energy Manual 435.1-1 (DOE M 435.1-1)

e Ronald W. Reagan National Defense Authorization Act (NDAA) for Fiscal Year 2005,
Section 3116 (NDAA Section 3116)

e South Carolina Department of Health and Environmental Control Regulations Chapter
61, Articles 67 and 82 (SCDHEC R.61-67, SCDHEC R.61-82)

e Federal Facility Agreement for the Savannah River Site (FFA)

The regulatory process includes a HTF 3116 Basis Document, which will be used to demonstrate
compliance with the criteria set forth in NDAA Section 3116. A Draft HTF 3116 Basis
Document will be developed and approved by the DOE in consultation with the U.S. Nuclear
Regulatory Commission (NRC).  Approval of a separate document, the HTF 3116
Determination, by the Secretary of Energy is then required to determine that the residual waste
remaining in the waste tanks and ancillary structures following cleaning activities (as described
in the Draft HTF 3116 Basis Document) can be managed as non-high-level waste (HLW) for
purposes of closure decisions. The Secretary of Energy determination under NDAA Section
3116 incorporates by reference Title 10 Code of Federal Regulations, Part 61 (10 CFR 61),
Subpart C performance objectives. This HTF PA provides the technical basis that will be used to
demonstrate compliance with 10 CFR 61.41 (Protection of the General Population from Releases
of Radioactivity), and 61.42 (Protection of Individuals from Inadvertent Intrusion) performance
objectives in the HTF 3116 Basis Document.

The 10 CFR 61, Subpart C performance objectives are comparable to the performance objectives
from DOE M 435.1-1 in that specific objectives are defined for a future member of the public
(MOP) and a future inadvertent intruder. The HTF PA has also been prepared to support
implementation of applicable DOE M 435.1-1 requirements including an HTF Tier 1 closure
plan, waste tank-specific special analyses, and Tier 2 closure plans.
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Compliance with the SCDHEC regulations will be demonstrated using two primary documents
that are supported by this HTF PA. The first is to be an HTF General Closure Plan (GCP),
which will establish the general protocols, requirements, and processes for final facility closure
of the HTF. The second document(s) are waste tank-specific closure modules that authorize the
operational closure of a specific waste tank, group of waste tanks, or ancillary equipment. Both
the HTF GCP and the waste tank-specific closure modules are reviewed and approved by the
DOE and SCDHEC.

The key requirements from these documents necessitate development and calculation of the
following for the HTF:

Projected radiological doses to a hypothetical MOP

Projected radiological doses to a hypothetical inadvertent intruder
Projected radiological doses to a human receptor via the air pathway
Projected radon flux

Projected water concentrations (Table 1.0-1)

All of these calculations were performed to provide results over significant periods of time (i.e.,
hundreds to thousands of years) into the distant future to inform closure activities within HTF
today or in the near future. The water concentrations were calculated for both radioactive and
chemical contaminants at multiple locations outside the HTF.

Table 1.0-1: Key Values from Regulatory Documents

Inadvertent Air Groundwater
Document MOP Dose Pathway | Radon Flux :
Intruder Dose Dose Protection
500 r:glej?;/yr - 10 20 pCi/m?/s
DOE M 435.1-1 25 mrem/yr at ground <MCL
100 mrem/yr — mrem/yr
. surface
chronic
NDAA Section
3116: 10 CFR 25 mrem/yr 500 mrem/yr N/A N/A N/A
61.41 and 61.42
SCDHEC Primary
Drinking Water N/A N/A N/A N/A <MCL
Regulations

N/A = Not applicable
MCL = Maximum Contaminant Level

The HTF PA modeling consisted of a hybrid approach of both deterministic modeling for
performance results and probabilistic plus targeted deterministic modeling for uncertainty and
sensitivity analyses (UA/SA). Deterministic evaluations were used to assess the Base Case and
to perform single parameter SA, all utilizing the 3-D PORFLOW computer code. The Base Case
evaluation utilized what can be characterized as “most probable yet defensible” discrete input
parameter values and yielded a single set of annual doses over time. The PORFLOW
deterministic evaluation modeled flow and transport in both the near field and far field. A series
of 72 discrete flow profiles were also developed using the PORFLOW model to establish a set of
flow parameters that were utilized in a GoldSim analytical model that was developed for
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probabilistic evaluations. The probabilistic model results were benchmarked against the
deterministic model to ensure consistency in model results. The probabilistic evaluation ensured
that collective impacts were evaluated in the UA and sensitive parameters were identified in the
SA.

The deterministic and probabilistic models both used a general HTF Integrated Conceptual
Model (ICM) that simulates radiological and chemical contaminant release from the 29 waste
tanks and associated ancillary structures in the HTF. An independent conceptual waste release
model was used to simulate stabilized contaminant release from the grouted waste tanks based on
various chemical phases in the waste tanks, controlling solubility and thereby affecting the
timing and rate of release from the contamination zone (CZ), (i.e., the lower region of the waste
tank that is modeled to contain the residual material). This ICM approach considers the integrity
of the waste tank steel liners and cementitious barriers during waste tank modeling. Case A is
the Base Case modeling configuration for the waste tanks, while Cases B through E are
sensitivity cases that utilize alternate, less probable waste tank configurations with different sets
of underlying assumptions regarding liner integrity, cementitious material degradation, and fast
flow path potential as described in detail in Section 4.4.2, and summarized in Table 4.4-1.

To assess dose impacts from the HTF, and to account for the unique groundwater flow below
and adjacent to the HTF, the 100-meter boundary was determined and broken down into a series
of sectors designated as “A” through “F.” Figure 1.0-1 shows the centerline flow patterns for
each HTF waste tank and the sector designations.

Figure 1.0-1: HTF Centerline Flows and Sector Designations
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The modeling results in the HTF PA provide the technical information at different points of
assessment that can be utilized in the subsequent regulatory decision documents. The MOP
doses are provided at 100 meters, consistent with the requirements of DOE M 435.1-1, in
addition to the Upper Three Runs (UTR) and Fourmile Branch seeplines, and were calculated
using the parameters presented in Sections 4.6 and 4.7. This HTF PA provides groundwater
radionuclide concentrations at 1 meter, 100 meters, and exposure points at the two seeplines
impacted by the HTF. The groundwater concentrations are provided for each of the three
potentially impacted aquifers as applicable, as a part of the HTF groundwater modeling. The
HTF PA also provides groundwater concentrations for chemical contaminants at 1 meter and 100
meters. In addition, this HTF PA provides inadvertent intruder doses consistent with the
requirements of DOE M 435.1-1 and 10 CFR 61.42, as well as analyses for the air pathways and
radon ground-surface flux consistent with the requirements of DOE M 435.1-1. The key
radiological results from the HTF PA Base Case modeling and dose calculations are summarized
in Table 1.0-2.

Table 1.0-2: Summary Radiological Results for HTF

Peak Dose
Air
Location All-Pathways Dose Groundwater Pathway Pathway
(mrem/yr) Dose (mrem/yr) Dose
(mreml/yr)
0.3 (Within 1,000 Years) 0.3 (Within 1,000 Years)
100 meters from HTF 4 (Within 10,000 Years) 4 (Within 10,000 Years) | < 90001
At Seeplines - -
(UTR and Fourmile Branch) < 0.1 (Within 10,000 Years) | < 0.1 (Within 10,000 Years) | < 0.0001
Acute Dose (mrem) Chronic Dose (mrem/yr)
(Iia?\‘j;f{efm t':qu';r) 1 (Within 1,000 Years) 40 (Within 1,000 Years)

Peak Radon Flux (pCi/m“/s)

Ground Surface ~ 2E-15

To put the HTF radiological doses into perspective, it should be noted that an individual flying
on a roundtrip transcontinental trip in the United States will receive approximately 5 millirem
during the course of these flights. The average United States citizen receives 620 millirem in a
year (NCRP-160) and individuals living in Denver, Colorado will receive greater than 1,000
millirem each year due to the higher “natural” terrestrial and cosmic radiation levels in this area.

The peak all-pathways annual dose for the MOP at 100 meters is calculated using the highest
100-meter, groundwater pathway dose results in combination with the air pathway results. As
described in Section 5.3, the air pathway dose is negligible; therefore, the all-pathway dose is the
same as the groundwater pathway dose. The peak all-pathways annual dose regardless of sector
is shown in Figure 1.0-2 for a period of 10,000 years following final HTF closure activities.
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Figure 1.0-2: Peak All-Pathways MOP Dose for HTF
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For HTF, the peak 100-meter groundwater pathway dose within 10,000 years following closure
is from Sector A (4 mrem/yr), with the next highest peak doses originating in Sectors B (2
mrem/yr) and C (2 mrem/yr). The majority of contaminants migrating from Type | and 1l tanks
follow a path to the 100-meter boundary at Sector A. Sectors B and C receive the majority of
contaminant concentrations from plumes emanating from Type Il and IV tanks. The maximum
doses within 10,000 years for the Base Case are recorded in Sectors A, B, and C because 1)
certain Type | and Il tanks (e.g., Tanks 12, 14, 15, and 16) initially have degraded liners at
closure (i.e., liners are conservatively not considered in the model for these tanks) thus releases
from these waste tanks can start much earlier, 2) residuals in the annulus and sand pads in Type |
and Il tanks (where applicable) release prior to liner failure, and 3) Type IV tanks have liners that
fail during the 10,000-year period. Type Ill and 1A tanks do not contribute to the peak dose
within a 10,000-year period because the steel liner is assumed to remain an impediment to flow
during this time-period. This is also true for the Type | tanks that have initially intact liners at
facility closure and do not have residuals present in their respective tank annuli.

It is important to recognize that the peak doses are associated with specific locations and times.
Because there are over 40 unique and independent inventory sources modeled in the HTF model,
there is significant temporal and spatial complexity inherent in the modeling system. Removal
of any one inventory source may reduce the doses (including the peak dose where applicable)
associated with that source, but the overall HTF PA peak dose will not necessarily be reduced by
a corresponding amount; the overall HTF PA peak dose may merely move to a different location
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and time. The peak groundwater pathway doses vary over time and location (e.g., the six HTF
sectors) and, while not fully independent (due to plume overlap), there is variability across the
Six sectors.

In addition to the Base Case deterministic analysis, various deterministic sensitivity analyses
were performed. Section 5.6.7 presents dose results for the alternate cases, designated Cases B
through E, as well as the impact to dose from not modeling a closure cap. These alternative
cases were developed to provide insight into the impacts if less probable degradation
mechanisms occurred in the waste tank systems over time compared to the most probable
conditions modeled within the Base Case. Section 4.4.2 describes the different cases, Cases B
through E, in detail. Section 5.6.7.3 describes the conditions of the no closure cap analysis.
Results of these improbable sensitivity cases show that the complete hydraulic degradation of the
waste tank grout (and annulus grout) at 500 years, and the inclusion of fast flow paths through
the grout, as modeled for Cases B and D, has the most impact on peak dose within 10,000 years.
These conditions result in an earlier peak dose and a peak dose magnitude increase (e.g., from 4
mrem/yr in Base Case to over 14 mrem/yr in Cases B though D). The “No Closure Cap” Case
peak dose (approximately 5 mrem/yr) is not significantly greater than the Base Case peak.

Section 5.6.7 also presents dose results for various sensitivity studies of significant parameters
(e.g., grout transition time, key solubility values, liner failure time). These sensitivity studies
show that there are multiple barriers to release and variability surrounding a single barrier does
not appear to be so great as to have an unacceptable impact on peak dose within 10,000 years. In
addition, the sensitivity studies show that dose impact of an individual parameter can be highly
dependent on other parameters with the impact of the sensitivity varying to different degrees
depending on the parameters involved, with the sensitivity often varying non-linear and/or
counter-intuitively in some cases.

A series of probabilistic analyses were developed for further understanding of the model and its
associated input parameters, and to support risk-inform closure decisions for the HTF. UA/SA
can be used to place the deterministic analyses results into context (i.e., to risk inform the
deterministic results). The peak of the mean all-pathways doses within 10,000 years using the
probabilistic model (e.g., for Base Case) was 13 mrem/yr from the UA. The median (50"
percentile) and 95" percentile values for Base Case were 2.3 mrem/yr and 24 mrem/yr,
respectively. In addition to the Base Case analyses, a set of realizations was performed as part of
the probabilistic analyses to collectively evaluate the effects of all postulated waste tank cases.
In this “All Cases” analysis, every waste tank model independently sampled the possible waste
tank cases during each realization, allowing the probabilistic analysis to consider waste tank case
variability. Figure 1.0-3 provides the statistical time history of MOP doses for the All Cases
analysis.
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Figure 1.0-3: Statistical Time History of MOP Doses for All Cases (0 to 10,000 Years)
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The peak-groundwater radionuclide concentrations were calculated, and on an individual
radionuclide basis, all of the radionuclides were less than the MCL or Preliminary Remediation
Goal (PRG) at a distance of 1 meter from the HTF within 1,000 years with the MCL values for
beta and photon emitters calculated per EPA 815-R-02-001. The total beta-gamma
radionuclides, when calculated on a per-year basis, are less than the total beta-gamma limit. The
peak concentrations for 26 chemicals were calculated, and all were less than the MCL or
Regional Screening Level (RSL) at a distance of 1 meter from the HTF within 1,000 years.
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2.0 INTRODUCTION

The potential radiological dose to receptors typically is evaluated with a PA model that
simulates the release of radionuclides from the closure site, transport of radionuclides through
the environment, and exposure to potential receptors from residual material. The PA process
provides the technical basis for subsequent decision documents to demonstrate compliance
with the performance objectives of the 10 CFR 61, DOE O 435.1, Chg. 1, FFA, and
SCDHEC R.61-82 and R.61-67. The HTF PA utilized an enhanced inter-agency scoping
meeting process during the development/planning phases of the HTF PA, which resulted in
an increased understanding of the HTF PA modeling approaches and assumptions.

2.1 General Approach

The PAs are used to assess the long-term fate and transport of residual contamination in the
environment and provide the DOE with reasonable assurance that the operational closure of the
SRS tank farm underground radioactive waste tanks and ancillary equipment will meet defined
performance objectives for the protection of human health and the environment into the future.

The HTF PA was completed to support multiple decision documents, including the HTF GCP
and tank-specific closure modules. These documents support the closure of waste tanks to meet
the FFA commitments. [WSRC-0S-94-42] The HTF PA development process included a
public scoping meeting with the interface agencies in the input development stage. The purpose
of the scoping meeting held during the development/planning phase of HTF PA inputs was to
identify potential issues early, assess the reasonableness of key modeling assumptions, and
reduce the risk of significant rework and remodeling after the HTF PA is finalized.

In accordance with the FFA, DOE obtained wastewater construction and operating permits from
SCDHEC for the waste tanks. The DOE is now operationally closing the SRS waste tanks that
do not meet the standards established in Appendix B of the FFA. [WSRC-0S-94-42]

After waste removal operations, any residual contaminants will be stabilized and the waste tanks
shall be removed from service (operationally closed) in accordance with the PCA S.C. Code
Ann., Section 48-1-10, et seq. (1985) and all applicable regulations promulgated pursuant to the
PCA. [WSRC-0S-94-42, Section IX.E.(4)] Applicable regulations include SCDHEC
Regulation 61-67, Standards for Wastewater Facility Construction and SCDHEC Regulation 61-
82, Proper Closeout of Wastewater Treatment Facilities. Removal from service includes
operational closure of the waste tank systems and then removal from Construction Permit
#17,424-1W and the FFA, which will control the subsequent remediation of the HTF. [WSRC-
0S-94-42] The DOE followed this process in closure of Tanks 17 and 20, located in the F-Area
Tank Farm (FTF).

The general protocols that the DOE is following in closing the underground waste tank systems
appear in the HTF GCP. Each waste tank system will have a detailed waste tank-specific closure
module, and after each waste tank system operational closure activities have been satisfactorily
completed, the waste tank system will be removed from the conditions of Construction Permit
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#17,424-1W. The contents of the HTF GCP and the waste tank-specific closure modules will be
consistent with applicable regulations implementing the PCA S.C. Code Ann., Section 48-1-10,
et seq. (1985). [Title 48_Chapter 1_SC Laws]

Because of previous releases to the environment, the HTF will be closed under provisions of the
FFA after all the individual waste tank and ancillary equipment, as applicable, are operationally
closed. In the FFA, each tank farm has been designated as an “operable unit” (OU). The OUs
will undergo closure in accordance with the FFA (Sections XI through XVI) and any
RCRA/CERCLA response action relating to the waste tank systems. [WSRC-0S-94-42
Appendix C]

Relative to the performance objectives for the tank farms, this closure process facilitates
consideration for both single waste tank and collective waste-tank system impacts from the
closed waste tanks and related ancillary equipment. In the area, in determining the final closure
status of the General Separations Area (GSA), the impacts from both the waste tank systems and
previous release sites will be considered.

The HTF PA is prepared to support implementation of applicable DOE O 435.1, Chg. 1
requirements, including the Tier 1 closure plan. The HTF PA is also prepared in support of the
waste determination process to ensure the NDAA Section 3116 criteria are met before the waste
tanks are operationally closed. The NDAA was passed by congress on October 9, 2004, and
signed by the President on October 28, 2004. Section 3116 of the NDAA contains the criteria
for DOE to use to classify waste as non-HLW for on-site disposition purposes and is applicable
only to South Carolina and Idaho. The DOE intends to coordinate the waste determination and
state-closure plan approval efforts to support the waste-tank closure schedule provided in the
FFA. [NDAA 3116, WSRC-0S-94-42]

2.1.1 Performance Assessment Scoping Meeting

Completion of closure activities such that they meet FFA commitments created the desire to
reduce the comment resolution schedule durations and any potential remodeling resulting
from the reviews of the HTF PA after completion. It was therefore prudent to have a scoping
meeting during HTF PA input data development to obtain up-front understanding, and
discuss assumptions to minimize downstream rework and remodeling. While it is recognized
that concerns may surface on input parameters utilized after modeling and additional reviews
are completed, the up-front review and comments will minimize the risk and severity of
concerns after completion of modeling.

The purpose of the scoping meeting was to facilitate candid technical discussion on input
parameters related to the HTF PA modeling. To accomplish this goal, on April 20 through
22, 2010, a public meeting with representatives from SCDHEC, EPA, and the NRC was held
to discuss and review individual input packages. [ML100970781] This scoping meeting
(and the HTF PA process in general) also incorporated improvements from previous PA
developments, in particular lessons learned from the FTF PA.
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2.1.2 Modeling Process

Figure 2.1-1 illustrates the general process followed in implementing the ICM for the HTF
PA. This figure shows the three component models and their key inputs.

Figure 2.1-1: HTF PA Modeling Relationships
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Some key inputs involve fixed parameters that do not change over time, these are shown on
the left side of Figure 2.1-1 where as the key inputs on the right side, do change over time.
The manner in which an input changes is described in later sections of this PA. Input
packages were prepared as review materials for the scoping meeting. The input package
contents and any action items from the scoping meetings are incorporated into the respective
HTF PA sections. The enhanced consultation process advantages are further discussed in
Enhanced Consultation Process for Waste Determination Activities Conducted Under the
Ronald W. Reagan National Defense Authorization Act for Fiscal Year 2005, a memo issued
by the NRC in June of 2007 concerning the FTF PA scoping meetings process.
[ML071550458]

As shown in Figure 2.1-1, five waste tank cases and one ancillary equipment case were
identified for the model runs, which were accomplished using the applicable computer codes
identified in Section 4.3. These cases were analyzed by running the models using different
combinations.

The results of the preliminary model runs were analyzed. Based on this analysis, the model
was refined. After these refinements were made, the final model runs were performed. The
UA/SAs were performed in connection with the final model runs, with the results being
incorporated into the final model runs. The SA included a series of model runs to evaluate
the importance of specific barriers to radionuclide release.

The result of this process produced potential contaminant concentrations in groundwater that
could affect a MOP or an intruder. The data for radiological contaminants were used in
combination with the inputs related to receptors (Figure 2.1-1) to estimate the potential dose
to a hypothetical MOP or an intruder. The data for non-radiological contaminants were used
as specified in Section 4.8 to determine the resulting risk to the hypothetical MOP. This risk
assessment approach followed the SRS Area Completion Projects (ACP) protocols for
human health and ecological risk assessments. [ERD-AG-003_F.17, ERD-AG-003 P.1.4,
ERD-AG-003_P.1.5, ERD-AG-003_P.5.2, ERD-AG-003_P.10.1]

2.2 General Facility Description
2.2.1 Savannah River Site

The SRS is located in south-central South Carolina, approximately 100 miles from the
Atlantic Coast. The major physical feature at SRS is the Savannah River, approximately
20 miles of which serves as the southwestern boundary of the site and the South Carolina-
Georgia border. The SRS encompasses portions of Aiken, Barnwell, and Allendale counties
in South Carolina. The SRS occupies approximately 310 square miles, or 198,000 acres, and
contains operations, service, and research and development areas. The developed areas
occupy less than 10 % of the SRS footprint while the remainder of the site is undeveloped
forest or wetlands. [SRS-REG-2007-00002]
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2.2.2 H-Area Tank Farm

H Area is in the north-central portion of the SRS and occupies 395 acres. Section 3.1.1
provides detailed location information for H Area and the location of HTF within H Area.
The HTF is an active facility consisting of 29 carbon steel waste tanks in varying degrees of
service or waste removal operations. The waste was generated primarily from the H-Canyon
chemical separations processes.

The proposed sequence of events for closure of the HTF is as follows:

e Operational closure of the Type I, I, and IV waste tanks, and finally the Type 1l and
I11A waste tanks. The ancillary equipment, such as transfer lines, pump tanks, pump
pits (PPs), diversion boxes (DBs) and valve boxes, will be retired from service as
appropriate with a goal of closing geographic sections of the HTF in stages.

e Following closure of a geographic section, that section will be left in an interim state
in preparation for final facility closure of the HTF OU. For example, the section may
be filled in with backfill after operational closure of the individual waste tanks and
ancillary equipment to establish an even-grade elevation with the remainder of the
HTF.

e Following operational closure of all the HTF waste tanks and ancillary equipment, the
HTF will undergo final facility closure of the HTF OU in accordance with the FFA.
[WSRC-0S-94-42]

23 Facility Life Cycle

The HTF waste tanks were built during five separate construction periods, with a different waste
tank design for each period, leading to the designation of the following five different waste tank
groups:

e Tanks 9 through 12 are Type | waste tanks and were constructed in the early 1950°s
e Tanks 13 through 16 are Type Il waste tanks and were constructed between 1955 and

1956

e Tanks 21 through 24 are Type IV waste tanks and were constructed between 1958 and
1962

e Tanks 29 through 32 are Type Ill waste tanks and were constructed between 1966 and
1970

e The fifth group of 13 waste tanks, which consists of Tanks 35 through 43 and 48 through
51 are Type 1A waste tanks and they were constructed between 1974 and 1981.

The listed waste tank types and numbers identified above are located in the HTF and are not
sequential because waste tank numbers 1 through 8, 17 through 20, 25 through 28, 33 and 34,
and 44 through 47 are all located in the FTF and they are addressed in the FTF PA issued
previously. [SRS-REG-2007-00002] The history of the construction periods for the waste tanks
is documented in the Annual Radioactive Waste Tank Inspection Program — 2011, SRR-STI-
2012-00346. Waste tank liner and ancillary equipment integrity is discussed in Section 4.2.2.2.6.

The HTF is currently in the operational period during which waste transfers into the HTF are still
permitted. Waste removal from the waste tanks is also in progress during the operational period.
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Once the HTF waste tanks and ancillary equipment have been closed, it is anticipated that a
closure cap will be installed (for the purpose of this PA, a 100-year period of institutional control
is assumed to begin after the closure cap is installed). Receipt operations will end several years
prior to final closure (i.e., the beginning of 100-year period of institutional control), which is
currently anticipated in 2032.

The closure cap will be monitored, maintained, and repaired as necessary during the institutional
control period.

2.4 Related Documents

The HTF PA was prepared within the regulatory context of low-level waste (LLW) management
per DOE O 435.1, Chg. 1 and the associated implementation manual (DOE M 435.1-1).
Additional context has been added to address NDAA Section 3116, SCDHEC wastewater
construction and operations permit regulations, and the SRS FFA pursuant to Section 120 of
CERCLA and Sections 3008(h) and 6001 of RCRA. [SCDHEC R.61-67, SCDHEC R.61-82,
DHEC 01-25-1993, WSRC-0S-94-42] The Radioactive Waste Management Manual and the
Format and Content Guide for U.S. Department of Energy Low-Level Waste Disposal Facility
Performance Assessments and Composite Analyses - DRAFT were also relied on for guidance.
[DOE M 435.1-1, DOE Format Guide] This PA was influenced by, and has an influence on,
other documents that are discussed in this section.

2.4.1 Groundwater Protection Management Program

In accordance with the FFA, DOE obtained the Permit #17,424-1W from SCDHEC for the
underground liquid waste tanks. The HTF GCP and tank-specific closure modules will
document requirements for protection of water resources. These documents support the
operational closure of waste tanks to meet FFA commitments. [WSRC-0S-94-42] The FFA
requires SRS to comply with all applicable federal, state, and local regulations for the
operation, closure, and any RCRA/CERCLA remediation of the HTF OU. The appropriate
measures for protection of water resources have been determined to be the State Primary
Drinking Water Regulations (SCDHEC R.61-58) MCLs. The MCLs for the radionuclides is
based on 4 mrem/yr for beta-gamma emitting nuclides, 15 pCi/L for alpha-emitting nuclides,
and 5 pCi/L for radium. The MCLs are listed with the 100-meter results in Section 5.2 and
the 1-meter results in Section 6.1.

The plan for protection of groundwater at SRS is documented in the Savannah River Site
Groundwater Protection Program (SRNS-TR-2009-00076). The hydrogeologic information
utilized in this HTF PA is consistent with that in the groundwater protection program. The
Savannah River Site Groundwater Protection Program is focused on those activities regulated
by external agencies (i.e., SCDHEC and EPA). Consistent with guidance for preparing the
HTF PA, the requirement of DOE O 435.1, Chg.1 to identify impacts to water resources has
been addressed by assessing the concentrations of radioactive or chemical contaminants
against standards for public drinking water supplies established by SCDHEC. [SRNS-TR-
2009-00076, DOE O 435.1, Chg. 1]
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2.4.2 Savannah River Site End State Vision

The Savannah River Site End State Vision focuses on site facilities and areas that are the
responsibility of the DOE Office of Environmental Management, which includes the HTF.
[PIT-MISC-0089] This document describes planned end states for these facilities and areas.
It indicates that each of the 29 underground waste tanks in the HTF will be cleaned, filled
with grout to stabilize residual material, and operationally closed. Like the Savannah River
Site Long Range Comprehensive Plan, which is addressed below, the Savannah River Site
End State Vision is founded on the following basic assumptions about land ownership and
use. [PIT-MISC-0041, PIT-MISC-0089]

e The entire site will be owned and controlled by the federal government in perpetuity
e The property will be used only for industrial purposes

e Site boundaries will remain unchanged

e Residential use will not be allowed on-site

The DOE solicited public input into the Savannah River Site End State Vision. The
document contains an appendix that addresses public comments received, including
recommendations/endorsement from the SRS Citizens Advisory Board (CAB). [PIT-MISC-
0089]

2.4.3 Savannah River Site Long Range Comprehensive Plan

The Savannah River Site Long Range Comprehensive Plan provides the framework for
integrating the SRS mission and vision with ecological, economic, cultural, and social factors
in a regional context to support decision-making for near-term and long-term use of the site.
This plan reflects a cooperative working relationship between the DOE and the State of
South Carolina. [PIT-MISC-0041]

The Savannah River Site Long Range Comprehensive Plan describes the current site
conditions, defines a vision for the evolution of the site over the next 50 years, outlines
actions to achieve the vision, and guides the allocation of resources toward attainment of that
vision. This plan provides guidance and direction for the future physical development of the
site and provides a framework within which detailed analyses will be conducted to determine
the courses of action required to reach optimum site configuration. The plan is based on
specific assumptions. If these assumptions were to change, the plan would be updated to
reflect the changed conditions. Chapter 3 of the Savannah River Site Long Range
Comprehensive Plan contains the Future Land Use Plan. [PIT-MISC-0041] Guidelines on
which the SRS land use is based include:

Giving priority to protection of workers and the public

Maintaining site security

Maintaining other appropriate institutional controls

Considering worker, public, and environmental risks, benefits, and costs
Restricted use programs for units regulated under CERCLA or under RCRA
Maintaining existing SRS boundaries

Continuing federal ownership of the land

Prohibiting residential use of any SRS land
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The DOE considered stakeholder input on future use of the site property, as was solicited in
development of the Savannah River Site End State Vision. Chapter 3 of the Savannah River
Site Long Range Comprehensive Plan describes future use of the site that was developed
with input from public meetings, workshops, and consultation with state and federal
agencies. [PIT-MISC-0041, PIT-MISC-0089]

2.44 High-Level Waste Environmental Impact Statement

In May 2002, the DOE issued the High-Level Waste Tank Closure Final Environmental
Impact Statement (EIS) on waste tank cleaning and stabilization alternatives. [DOE-EIS-
0303] The DOE studied five alternatives:

e Empty, clean and fill waste tank with grout
Empty, clean and fill waste tank with sand
Empty, clean and fill waste tank with saltstone
Clean and remove waste tanks

No action

The EIS concluded the “empty, clean, and fill with grout” option was preferred. The DOE
also issued an EIS Record of Decision (ROD) selecting the “empty, clean, and fill with
grout” alternative for SRS waste tank closure. [DOE-EIS-0303 ROD]

Evaluations described in the EIS showed the “empty, clean and fill with grout” alternative to
be the best approach to minimize human health and safety risks associated with closure of the
waste tanks. [DOE-EIS-0303 ROD] This alternative offers several advantages over the
other alternatives evaluated such as:

e Provides greater long-term stability of the waste tanks and their residual waste than
the “empty, clean, and fill waste tank with sand” approach

e Provides for retaining radionuclides within the waste tanks by use of reducing agents
in a fashion that the “empty, clean, and fill waste tank with sand” would not

e Auvoids the technical complexities and additional worker radiation exposure of the
“empty, clean, and fill with waste tank with saltstone” approach

e Produces smaller impacts due to radiological contaminant transport than the “empty,
clean, and fill with waste tank with sand/saltstone” alternatives

e Avoids the excessive personnel radiation exposure and greater occupational safety
impact that would be associated with the “clean and remove waste tanks” alternative

2.4.5 Federal Facility Agreement for the Savannah River Site

The FFA entered into agreement by SCDHEC, the DOE, and the EPA ‘“governs the
corrective/remedial action process from site investigation through site remediation and
describes procedures... for that process.” [WSRC-0S-94-42] The FFA results in
enforceable timetables for the closure of waste tanks as well as provisions for prevention and
mitigation of releases or potential releases from the waste tank systems. Pursuant to the
FFA, Section IX, SRS received construction and operating approval from SCDHEC on
March 3, 1993 (Permit #17,424) for the HTF with the exception of Tank 50. [DHEC_01-25-
1993] The primary vessel for Tank 16 has been cleaned and is not available for service.
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Tank 50 received operating approval from SCDHEC on September 12, 1988 (Permit
#14520). [DHEC_09-12-1988] The FFA, Section IX.E, addresses the eventual elimination
of waste tanks and ancillary equipment from service and the operational closure of the waste
tanks. For waste tanks and systems that are governed under a wastewater construction
permit, the closure must be performed in accordance with the South Carolina PCA, and
applicable regulations implementing that Act. [WSRC-0S-94-42, Title 48 Chapter 1_SC
Laws]

The SRS waste tanks that do not meet secondary containment standards, as established in the
FFA, must be operationally closed per the FFA schedule. There are 24 waste tanks at SRS
that do not meet the secondary containment standards. Twelve of these waste tanks are
located in HTF. Within the FTF, Tanks 17 and 20 have been previously operationally closed,
and Tanks 18 and 19 in FTF are the next two waste tanks that have been operationally closed.

The DOE has determined that there are previous release sites in the waste tank systems that
may require response actions under the FFA. These release sites were previously included in
the FFA by DOE at the time of approval for evaluation and possible remediation under a
separate schedule. [WSRC-0S-94-42]

2.5 Performance Criteria

The PA objectives are identified in DOE M 435.1-1 and 10 CFR 61 referenced by the NDAA.
Section 3116 of the NDAA specifies the criteria for DOE to classify residual waste as non-HLW
for purposes of onsite disposition. The NDAA is applicable only to South Carolina and Idaho.
The DOE intends to coordinate the waste determination and state closure-plan approval efforts to
support the waste-tank closure schedule provided in the FFA. [NDAA 3116, WSRC-0S-94-42]

2.5.1 DOE M 435.1-1 Performance Objectives and Requirements

The DOE LLW disposal performance objectives are defined in DOE M 435.1-1 IV.P (1).
DOE Headquarters (DOE-HQ) issued a letter from Mr. Rispoli to Mr. Allison, Compliance
with DOE M 435.1-1 Waste Incidental to Reprocessing Requirements and Implementation of
Section 3116(a) of the National Defense Authorization Act for Fiscal Year 2005 (NDAA),
which offers guidance and clarification concerning the requirements in DOE O 435.1, Chg.1
when the requirements of NDAA Section 3116 are also applicable to avoid duplication of
efforts. [DOE_02-09-2006]

The DOE LLW disposal performance objectives (DOE M 435.1-1 IV.P (1)) are:

“Low-level waste disposal facilities shall be sited, designed, operated, maintained,
and closed so that a reasonable expectation exists that the following performance
objectives will be met for waste disposed of after September 26, 1988:

(@) Dose to representative members of the public shall not exceed 25 mrem (0.25
mSv) in a year Total Effective Dose Equivalent (TEDE) from all exposure pathways,
excluding the dose from radon and its progeny in air.

(b) Dose to representative members of the public via the air pathway shall not
exceed 10 mrem (0.10 mSv) in a year TEDE, excluding the dose from radon and its

progeny.
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(c) Release of radon shall be less than an average flux of 20 pCi/m?/s (0.74
Bg/m?/s) at the surface of the disposal facility. Alternatively, a limit of 0.5 pCi/l
(0.0185 Bg/l) of air may be applied at the boundary of the facility. ”

Item (@) is similar to 10 CFR 61.41 and this PA provides the information relative to items (b)
and (c) for completeness.

In addition to the DOE LLW disposal performance objectives cited above, the following
information from DOE M 435.1-1 IV.P (2) is considered.

) For purposes of establishing limits on radionuclides that may be disposed of
near-surface, the performance assessment shall include an assessment of impacts to
water resources.

(h) For purposes of establishing limits on the concentration of radionuclides that
may be disposed of near-surface, the performance assessment shall include an
assessment of impacts calculated for a hypothetical person assumed to inadvertently
intrude for a temporary period into the low-level waste disposal facility. For intruder
analyses, institutional controls shall be assumed to be effective in deterring intrusion
for at least 100 years following closure. The intruder analyses shall use performance
measures for chronic and acute exposure scenarios, respectively, of 100 mrem in a
year and 500 mrem total effective dose equivalent excluding radon in air.

Item (g) is similar to the SCDHEC groundwater protection requirement and the acute
exposure performance measure from item (h) is similar to 10 CFR 61.42. Information on the
chronic exposure performance measure from item (h) is included for completeness.

2.5.2 10 CFR 61 Performance Objectives
Subpart C of 10 CFR 61 lists the five performance objectives, which are reproduced below:

“Section 61.40 General requirement.

Land disposal facilities must be sited, designed, operated, closed, and controlled after
closure so that reasonable assurance exists that exposures to humans are within the limits
established in the performance objectives in Sections 61.41 through 61.44.”

“Section 61.41 Protection of the general population from releases of radioactivity.

Concentrations of radioactive material which may be released to the general environment
in ground water, surface water, air, soil, plants, or animals must not result in an annual
dose exceeding an equivalent of 25 millirems to the whole body, 75 millirems to the
thyroid, and 25 millirems to any other organ of any member of the public. Reasonable
effort should be made to maintain releases of radioactivity in effluents to the general
environment as low as is reasonably achievable.”

The NRC acknowledged that using a performance objective of 25 mrem/yr effective dose is
acceptable versus considering individual organ doses. [NUREG-1854]
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“Section 61.42 Protection of individuals from inadvertent intrusion.

Design, operation, and closure of the land disposal facility must ensure protection of any

individual inadvertently intruding into the disposal site and occupying the site or
contacting the waste at any time after active institutional controls over the disposal site
are removed.”

The NRC acknowledged that using a whole body dose-equivalent limit of 500 mrem/yr
effective dose is appropriate to assess intruder scenarios. [NUREG-1854]

“Section 61.43 Protection of individuals during operations.

Operations at the land disposal facility must be conducted in compliance with the
standards for radiation protection set out in part 20 of this chapter, except for releases of
radioactivity in effluents from the land disposal facility, which shall be governed by
Section 61.41 of this part. Every reasonable effort shall be made to maintain radiation
exposures as low as is reasonably achievable.”

“Section 61.44 Stability of the disposal site after closure.

The disposal facility must be sited, designed, used, operated, and closed to achieve long-
term stability of the disposal site and to eliminate to the extent practicable the need for
ongoing active maintenance of the disposal site following closure so that only
surveillance, monitoring, or minor custodial care are required.”

2.6 Summary of Key Assessment Assumptions

Numerous assumptions were made in assessing the performance of HTF and are noted and
discussed in subsequent sections. A summary of the key assumptions in the analyses prepared in
support of the HTF PA are listed below. Assumptions pertaining to models used in support of
the HTF PA refer to the deterministic Base Case model. Assumptions pertaining to alternative
model cases are discussed in Section 4.2.2.

2.6.1 General Facility Description Assumptions

The Long Range Comprehensive Plan assumes that the entire site will be owned and
controlled by the federal government in perpetuity. [PIT-MISC-0041] However, for the
purpose of this PA, no federal protection is assumed beyond the 100-year period of
institutional control. The 100-year period of institutional control is assumed to begin in year
2032. A list of specific key model assumptions can be found in Table 5.2-1.

2.6.2 Site Characteristics Assumptions

Infiltration rates and aquifer depths can vary naturally over long periods. Short-term changes
in these parameters (e.g., seasonal, annual fluctuations, etc.) are not simulated in the
conceptual model due to extended time ranges involved in the model. A steady-state model
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was used to approximate the flow field and the groundwater divide between the two streams,
for example, UTR and Fourmile Branch, remained constant over the course of the modeling.

The HTF flow model uses available data to simulate a future precipitation rate and the
resulting infiltration rate is expected to change over time as the closure cap degrades. The
characterization and monitoring data for the SRS GSA is extensive, and provides a clear
understanding of hydrogeology of the HTF and is a reasonable data set to represent long-term
conditions.

2.6.3 Facility Design Assumptions

The PA assumes no significant structural changes to the waste tanks or ancillary equipment
during the closure process. Significant additions or changes to these features could alter the
performance assessment results.

Erosion control is maintained via the closure cap as detailed in Section 3.2.4.4. The erosion
barrier maintains a minimum 10 feet of clean material above the HTF to act as an intruder
deterrent (Table 3.2-12). Infiltration control of the HTF is expected to operate as estimated
in Section 3.2.4. Tables 3.2-11 and 3.2-14 and Figure 3.2-91 provide specific design and
performance values.

2.6.4 Stabilized Contaminant Characteristics Assumptions
2.6.4.1 Inventory

The estimate of residual activity in the waste tanks and ancillary equipment is expected to be
a reasonably conservative estimate of the actual residual inventory and is described in
Section 3.4. An initial radionuclide screening process was developed and performed to
support characterization efforts and is applicable to the HTF PA modeling as described in
Section 3.3. H-Area Tank Farm Closure Inventory for use in Performance Assessment
Modeling (SRR-CWDA-2010-00023, Rev. 3) Appendix A describes the detailed screening
from CBU-PIT-2005-00228 (High-Level Waste Tank Farm Closure, Radionuclide Screening
Process (First-Level), Development and Application) to reduce an initial list of 849
radionuclides to 159. SRR-CWDA-2010-00023, Rev. 3 Appendix B further screens the 159
radionuclides down to the radionuclides of concern listed in Table 3.3-1.

The list of chemical constituents was derived from a screening process consisting of several
steps to arrive at an appropriate list of constituents to be included in the waste tank closure
inventory estimates. The approach was developed for use in screening the chemicals of
interest in Tanks 18 and 19; since the chemical constituents for FTF and HTF are assumed
the same, using the developed list was appropriate. Table 3.3-2 lists the chemical
constituents of concern.

2.6.4.2 Grout Fill

Prior to waste tank final closure, each waste tank will be emptied, cleaned, and filled with a
stabilizing grout. [DOE-EIS-0303, DOE-EIS-0303 ROD] Ancillary equipment such as DBs,
PPs, and pump tanks will also be grouted to prevent subsidence (Section 3.2.3.1). The
purpose of this stabilization is to maintain waste tank structure and minimize water
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infiltration over an extended period, thereby impeding release of stabilized contaminants into
the environment.

The grout will have a specific formulation, designed to meet certain mechanical and chemical
performance requirements. The mechanical requirements of the grout consist of adequate
hydraulic conductivity to slow/minimize infiltration and radionuclide movement, adequate
compressive strength to withstand the overburden load and provide a physical barrier to
discourage intruders. The chemical requirements of grout include high pH and a low E;.
The chemical requirements ensure the reducing capability of the grout recipe, which is an
assumption used in the waste release model (e.g., Table 4.2-4). Section 3.2.3 discusses and
Table 3.2-9 outlines the key requirements for the grout.

2.6.4.3 Contamination Zone

The residual waste tank inventory is modeled in distinct segments. Any residual material
remaining within the waste tank primary liner (e.g., on the tank floor, on cooling coils, on the
waste tank walls) is modeled as a discrete layer at the bottom of the waste tanks, below the
grout fill (this discrete layer is referred to as the CZ). For Type I and Il tanks, residual
material remaining within the waste tank secondary liner (either on the liner floor or within
the sand pad in the liner) is modeled as a discrete layer at the bottom of the waste tank
annulus. For Tank 16, residual material remaining within the sand pad below the waste tank
secondary liner is modeled as a discrete layer beneath the bottom of the waste tank secondary
liner.

2.6.5 Integrated Conceptual Model Assumptions
2.6.5.1  Liner Failure

The time of potential initial waste release from the closed waste tanks is upon failure of the
carbon steel waste tank liners. The waste tank and ancillary equipment failure times are
therefore important assumptions used in the ICM. The failure times vary with waste tank
design, owing to differences in liner properties and current liner conditions. The bases for
the liner failure times used in the ICM are discussed in Section 4.2.2, which summarizes the
conclusions from the liner degradation analyses reported in WSRC-STI-2007-00061 and
SRNL-STI-2010-00047. The Base Case model assumptions use these conclusions and
include:

e As documented in C-ESR-G-00003, Tanks 9 through 16 all currently have
documented leak sites, while all other waste tanks in HTF do not have any
documented leak sites. While Tanks 9 through 16 have documented leak sites, based
upon present leak site numbers and physical locations, it is assumed that at the time of
HTF final closure, liners are not a barrier to flow for Type | Tank 12, and Type Il
Tanks 14, 15, and 16. The leak sites on the other waste tanks are small in number
and/or located near the top of the waste tank liner away from the CZ. [C-ESR-G-
00003]

e All Type IV tanks are assumed to have liner failure within the compliance period.
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e The remaining Type | and Type Il tanks (excluding those identified above), and all
Type 11l and 1A tanks have intact steel liners at HTF final closure and do not fail
within a 10,000-year period.

The probabilistic model, described in Section 4.4.4.2 and 5.6.3, applies waste tank liner
failure times according to distributions determined from the steel liner degradation analyses
reports, WSRC-STI-2007-00061 and SRNL-STI-2010-00047.

2.6.5.2 Contaminant Release and Movement

The rates of contaminant release and movement from the waste tanks and ancillary
equipment (where applicable) are principally controlled by these factors:

e Moisture infiltration to the HTF from the overlying soil (Table 3.2-14)

e Physical properties (e.g., hydraulic conductivity), state (e.g., integrity) of the waste
form (including grout, CZ, cementitious materials), and soil (Section 4.2 tables and
figures)

e Chemical properties and state (e.g., Ex and pH) of the grout and CZ (Figures 4.2-9,
4.2-10 and Table 4.2-7)

The waste release conceptual model assumes water infiltrates from the ground surface,
through the closure cap, and into the waste tank grout providing the pore fluids necessary to
leach contaminants from the CZ. The release of contaminants from the CZ is based on
solubility controls described in Section 4.2.1. Solubility controls applied to submerged waste
tanks are handled differently than those applied to non-submerged waste tanks (Table 4.2-10
and 4.2-11).

The cementitious materials (e.g., waste tank grout, roof, walls, grouted annulus, and basemat)
are assumed to degrade over time as described in Section 4.2.2.2, and will influence the HTF
contaminant transport processes in cementitious materials and soils including advection,
diffusion, dispersion, and sorption. Colloidal transport is not modeled since it is not expected
to have a significant effect based on several colloidal studies described in Section 4.2.2.
Contaminant transport through the cementitious materials and soils is impeded by sorption,
as represented through the Ky of the soils (Section 4.2.2.2.2 and Table 4.2-25) and
cementitious materials (Section 4.2.2.2.4 and Table 4.2-29).

The concrete material properties are based on concrete surrogate samples obtained from a
P-Area Reactor wastewater tank basemat. The assumption is the surrogate is representative
of the waste tanks basemats/concrete. The results of basemat testing are in WSRC-STI-
2007-00369 and presented in Section 4.2.2.2.4. The P-Area Reactor basemat was selected
based on similar function (foundation support to a waste tank) and strength properties (3,000
psi) to basemats used under HTF waste tanks.

Based on the contaminant plume evidence in Figures 5.2-3 through 5.2-5 and the discussion
in Section 5.2.1, the groundwater concentrations are the highest concentration at 100 meters
or further from the HTF.
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2.6.5.3  Multiple Cases

Five waste tank cases and one ancillary equipment case are assumed to cover conditions in
the groundwater model that represent what may occur within a 10,000-year period. While
only one case (Base Case) was presented as the Base Case (Section 5.5), the various
alternative cases were considered in the probabilistic analyses (Section 5.6.4 and 5.6.5) and
in the deterministic sensitivity analyses (Section 5.6.7).
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3.0 DISPOSAL FACILITY CHARACTERISTICS

Section 3.1 provides information regarding site characteristics including detailed
information furnished for those characteristics that influence the contaminant transport
modeling assumptions provided in Chapter 4.

e Section 3.1.1 provides a general description and layout of the site and the HTF to
orient the reader and includes the population distribution of the surrounding area as
well as future land use planning for information purposes.

e Section 3.1.2 describes meteorological and climatological data collection at SRS.
This data collection determines appropriate modeling assumptions related to rainfall
and temperature to assess the performance of the HTF closure cap presented in
SRNL-ESB-2008-00023 and WSRC-STI-2007-00184. Dose Release Factors
(DRFs) are developed from atmospheric dispersion conditions based on the
meteorological data collected and are used to model the dispersion of gaseous
contaminants emanating to the surface from the closed HTF site described in
Section 4.5.

e Section 3.1.3 provides a general description of the ecology of the site for
information purposes.

e Section 3.1.4 provides information regarding the geology and seismology of the site
that is used to determine appropriate modeling parameters for the PA.

e Section 3.1.5 provides information regarding the hydrogeology of the site that
determines the modeling assumptions related to the flow of surface water and
groundwater.

e Section 3.1.6 identifies the sources of information available regarding the
geochemistry of the soils and cementitious material that determines the modeling
assumptions related to the depletion of radionuclides during their migration to
potential sites of release to the environment.

e Sections 3.1.7 and 3.1.8 address natural resource management of the site and
sources of natural and background radiation exposure, respectively, for information
purposes.

Section 3.2 describes in detail the design and construction features of existing HTF waste
tanks and ancillary equipment and the proposed design and construction features of HTF
waste tank and ancillary equipment grouting system and the HTF closure cap concept.

e Sections 3.2.1 and 3.2.2 provide the details of design and construction of the HTF
waste tanks and ancillary equipment, respectively.

e Section 3.2.3 provides the functional performance and design requirements of the
grouting system to provide for stabilized contaminant immobilization, intruder
deterrence, structural stability, and a chemical environment to retard the mobility of
certain radionuclides by increasing their insolubility.

e Section 3.2.4 provides the design performance requirements and constructability
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requirements for the proposed HTF closure cap concept and the results of the
infiltration analysis of the closure cap presented in SRNL-ESB-2008-00023 and
WSRC-STI-2007-00184.

Section 3.3 identifies the stabilized contaminants at the time of the HTF closure.

e Section 3.3.1 provides an initial radionuclide screening process.

e Section 3.3.2 lists the radionuclides that are used in the assessment modeling that
have passed through the screening process.

e Section 3.3.3 lists the non-radionuclides that are used in the assessment modeling.

e Section 3.4 presents the inventory methodology used to characterize the radiological
and a non-radiological inventories used in the PA analyses.

e Section 3.4.1 provides the estimated radioactive and non-radioactive inventory in
the HTF waste tanks based on sample analysis, process history data collected within
the Waste Characterization System (WCS), special analyses, and assumed
remaining stabilized contaminants volume for waste tanks not yet cleaned.

e Section 3.4.2 provides waste tank inventory adjustments based on operations,
inventory developments, and modeling efforts.

e Section 3.4.3 provides the estimated inventory remaining inside ancillary equipment
including waste transfer lines (considering diffusion, oxide film layer, and residual
material following flushing), pump tanks, and evaporator systems.

3.1 Site Characteristics

Evaluation of radionuclide transport from the HTF, and of human exposure resulting from
release of radionuclides to the environment, requires careful consideration of factors affecting
transport processes and exposure potential.  Topographic features and hydrogeologic
characteristics strongly affect the direction and flow of radionuclides potentially released from
the closure site. Projected land use and population distributions affect the estimation of human
exposure. In this section, the relevant natural and demographic characteristics of H Area and the
surrounding area are discussed.

3.1.1 Geography and Demography
3.1.1.1 SRS Site Description

Construction of the SRS (one of the facilities in the DOE complex) started in the early 1950s
to produce nuclear materials (such as Pu-239 and tritium). The site covers approximately
310 square miles in South Carolina and borders the Savannah River. The SRS encompasses
approximately 198,000 acres in Aiken, Allendale, and Barnwell counties of South Carolina.
The site is approximately 12 miles south of Aiken, South Carolina, and 15 miles southeast of
Augusta, Georgia, as shown in Figure 3.1-1. [SRNS-STI-2011-00059]
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Figure 3.1-1: Physical Location of SRS
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Prominent geographic features within 30 miles of the SRS include the Savannah River and
Clarks Hill Lake (also known as Thurmond Lake), shown in Figure 3.1-2. The Savannah
River forms the southwest boundary of the SRS. Clarks Hill Lake is the largest nearby
public recreational area. This reservoir lies on the Savannah River approximately 40 miles

upstream of the center of SRS.
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Figure 3.1-2: Location of SRS and Adjacent Areas
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Within the SRS boundary, prominent water features include PAR Pond and L Lake, shown in
Figure 3.1-3. The PAR Pond, a former reactor (P and R) cooling water impoundment, covers
approximately 2,700 acres and lies in the eastern sector of the SRS. L Lake, another former
reactor cooling water impoundment, covers approximately 1,000 acres and lies in the
southern sector of the SRS. [WSRC-IM-2004-00008]

Figure 3.1-3 also shows the major operational areas at the SRS. Prominent operational areas,
both past and present, include, Separations (F and H Areas), Waste Management Operations
(E Area), Liquid Waste Disposition (F, H, J, S, and Z Areas), and the Reactor Areas (C, K, L,
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P, and R). The Savannah River National Laboratory (SRNL) and Savannah River Ecology
Laboratory (SREL) are located in A Area. Administrative and support services are located in
B Area and construction administration activities are located in N Area. D Area, a heavy
water facility, M Area, a fuel and target fabrication area, and TNX (purely code letter
designation), the first semi-works-scale facility for separations equipment development and
testing, have undergone deactivation and decommissioning.

Figure 3.1-3: Predominant SRS Operational Area Location Map
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3.1.1.2  Closure Site Description

The HTF is in H Area, which is located in the central region of the SRS. Figure 3.1-4
presents the area known as the GSA. The GSA is located atop a ridge that runs southwest to
northeast forming the drainage divide between UTR to the north and Fourmile Branch to the
south. The GSA contains the F-Area and H-Area Separations Facilities, the S-Area Defense
Waste Processing Facility (DWPF), the Z-Area Saltstone Facility, and the E-Area LLW
disposal facilities. The HTF is an active facility consisting of 29 carbon steel waste tanks
(Figure 3.1-5) in varying degrees of service or waste removal processes. The waste was
generated primarily from the H-Canyon chemical separations processes. The HTF design
features (e.g., waste tanks, transfer lines, evaporator systems) are discussed in more detail in
Sections 3.2.1 and 3.2.2.

Figure 3.1-4: Layout of the GSA
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Figure 3.1-5: General Layout of HTF
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3.1.1.3  Population Distribution

According to U.S. Census Bureau data, the estimated 2010 population in the eight-county
region of influence (ROI) was 571,637. Four of the counties lie in South Carolina and
include Aiken, Allendale, Bamberg, and Barnwell. The other four counties lie in Georgia
and include Burke, Columbia, Richmond, and Screven (see Figure 3.1-2). The ROI includes
the counties immediately adjacent to SRS and the counties where the majority of SRS
workers reside. Approximately 85 % of the population in the ROI lives in the following
three counties, Aiken (28.0 %), Richmond (35.1 %), and Columbia (21.7 %). Only
approximately 15 % of the population in the ROI lives in the remaining counties as shown in
Table 3.1-1. [SRR-LWDL-2012-00001]
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Table 3.1-1: Population Distribution and Percent of ROI for Counties and Selected

Communities

Jurisdiction | 2000 Population | 2010 Population | % Change | 2010 % of Region
SOUTH CAROLINA
Aiken County 142,552 160,099 12.3% 28.0 %
Allendale County 11,211 10,419 -7.1% 1.8%
Bamberg County 16,658 15,987 -4.0 % 2.8 %
Barnwell County 23,478 22,621 -3.7% 4.0%
GEORGIA

Burke County 22,243 23,316 48 % 4.1 %
Columbia County 89,288 124,053 38.9 % 21.7%
Richmond County 199,775 200,549 0.4% 35.1 %
Screven County 15,374 14,593 5.1% 2.6 %
Eight-County Total 520,579 571,637 9.8 %

[SRR-LWDL-2012-00001]

From 2000 to 2010, the population in the eight-county region grew an estimated 9.8 %.
Columbia County had the highest growth at 38.9 % followed by Aiken County with a growth
of 12.3 % and Burke County with a growth of 4.8 %. Allendale, Bamberg, Barnwell, and
Screven Counties experienced a net population loss. [SRR-LWDL-2012-00001]

The High-Level Waste Tank Closure Final Environmental Impact Statement contains
population projections and further information regarding the region around SRS. [DOE-EIS-
0303]

3.1.1.4 Land Use Present and Planned

Land within a 5-mile radius of the HTF is entirely within the SRS boundaries and its current
use is for industrial purposes or as forested land. The classification of the current land use
within the entire GSA is heavy nuclear industrial. Two key planning documents contain the
plans for the future of the SRS and are identified below and described in Sections 2.4.2 and
2.4.3.

e The Savannah River Site End State Vision, PIT-MISC-0089
e The Savannah River Site Long Range Comprehensive Plan, PIT-MISC-0041

3.1.2 Meteorology and Climatology
3.1.2.1  General SRS Climate

The SRS region has a humid subtropical climate characterized by relatively short, mild
winters and extended, hot, and humid summers. Summer-like conditions (including mid to
late summer heat waves) typically last from May through September when the area is
frequently under the influence of a western extension of the semi-permanent subtropical
high-pressure system, most commonly known in North America as the Bermuda High.
Winds in summer are light and cold fronts generally remain well north of the area. On
average, greater than one-half of the days register temperatures in excess of 90°F during the
summer months. As this maritime tropical mass comes inland, it rises and forms localized
scattered afternoon and evening thunderstorms that are often intense. The influence of the

Page 67 of 850



Performance Assessment for the SRR-CWDA-2010-00128
H-Area Tank Farm at the Revision 1
Savannah River Site November 2012

Bermuda High begins to diminish during the fall as continental air masses become more
prevalent, resulting in lower humidity and more moderate temperatures.

Average rainfall during the fall is usually the least of the four seasons. In the winter months,
mid-latitude low-pressure systems and associated fronts often migrate through the region. As
a result, conditions frequently alternate between warm, moist, subtropical air from the Gulf
of Mexico region and cool, dry, polar air. The Appalachian Mountains to the north and
northwest of the SRS help to moderate the extremely cold temperatures that are associated
with occasional outbreaks of Arctic air. Consequently, less than one-third of winter days
have minimum temperatures below freezing on average, and days with temperatures below
20°F are infrequent. Measurable snowfall occurs on an average of once every two years.
Tornadoes occur more frequently in spring than the other seasons of the year. Although
spring weather is somewhat windy, temperatures are usually mild and humidity is relatively
low. [WSRC-TR-2007-00118]

3.1.2.2  Meteorological Data Collection

The collection of SRS meteorological data is from a network of nine primary monitoring
stations (Figure 3.1-6). Towers located adjacent to each of eight areas (A, C, D, F, H, K, L,
and P Areas) are equipped to measure wind direction and wind speed at 201.3 feet above
ground and to measure temperature and dew point at both 6.6 feet and 201.3 feet above
ground. A ninth tower near N Area, known as the Central Climatology (CLM) site, is
instrumented with wind, temperature, and dew point sensors at four levels: 6.6 feet (13.2 feet
for wind), 59.4 feet, 118.8 feet, and 201.3 feet. The CLM site is also equipped with an
automated tipping bucket rain gauge, a barometric pressure sensor, and a solar radiometer
near the tower at ground level. Data acquisition units at each station record a measurement
from each instrument at one-second intervals. Every 15 minutes, 900 data points are
processed to generate statistical summaries for each variable, including averages and
instantaneous maxima. The results are uploaded to a relational database for permanent
archival. [WSRC-TR-2007-00118]

In addition, the Tall Tower facility near Beech Island, South Carolina, provides a set of high
quality meteorological measurements that is unique to the Southeastern United States. This
facility utilizes fast-response sonic anemometers, water vapor sensors, barometric pressure
sensors, slow-response temperature sensors, and relative humidity sensors. The data are
collected at 100 feet, 200 feet, and 1,000 feet above ground level. Spread-spectrum modems
at each measurement level transmit raw data to a redundant set of personal computers at the
SRNL. Data processing software on the personal computers determine mean values and
other statistical quantities every 15 minutes and uploads the results to the relational database.

Collection of precipitation measurements are from a network of rain gauges across the SRS
(Figure 3.1-6). Twelve of these gauges are read manually by site personnel once daily,
usually around 6:00 am. The daily data are reported to the SRNL Atmospheric
Technologies Center, where it is technically reviewed and manually entered into a permanent
electronic database. The other is an automated rain gauge at the CLM site previously
addressed above.
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Figure 3.1-6: SRS Meteorological Monitoring Network
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3.1.2.3  Data Pertinent To PA Modeling

Weather data pertinent to the PA modeling are atmospheric dispersion, precipitation, and air
temperature. Each is discussed below.

31231 Atmospheric Dispersion

Since the mid-1970s, a 5-year database of meteorological conditions at the SRS has been
updated in order to support dose calculations for accident or routine release scenarios for
on-site and off-site populations. The meteorological database includes wind speed, wind
direction, temperature, dew point, and horizontal and vertical turbulence intensities. The
most recent database is for the time period January 1, 2002 through December 31, 2006,
and consists of 1-hour time averages of temperature and dew point; wind speed,
direction, and turbulence. [WSRC-STI-2007-00613] These data are for determining
DRFs in the evaluation for air pathways dose modeling described in Section 4.5, and was
reported in SRNL-STI-2010-00018.

3.1.2.3.2 Precipitation

Compilations of rainfall data obtained from meteorological data collection described
above for years 1952 through 2006 for the site and for years 1961 through 2006 from the
200-F weather station are in WSRC-STI-2007-00184. An average precipitation level
result of 48.5 in/yr was gathered from the 55-year monitoring period for the site and 49
in/yr from the 200-F weather station. These data are for determining appropriate rainfall
assumptions for the performance evaluation of infiltration through the closure cap
described in Section 3.2.4 and evaluated in WSRC-STI-2007-00184.

3.1.2.3.3 Air Temperature

A compilation of air temperature data obtained from meteorological data collection
(described above) for years 1968 through 2005 is in WSRC-STI-2007-00184. For this
37-year period, the annual average air temperature was approximately 64°F with an
average monthly air temperature from a low of approximately 46°F, to a high of
approximately 81°F. These data are for determining appropriate assumptions for the
performance evaluation of infiltration through the closure cap described in Section 3.2.4
and evaluated in WSRC-STI-2007-00184.

3.1.3 [Ecology

Comprehensive descriptions of the SRS ecological resources and wildlife are in SRS
Ecology: Environmental Information Document and briefly discussed in this section.
[WSRC-TR-2005-00201]

The SRS supports abundant terrestrial and semi-aquatic wildlife, as well as a number of
species considered threatened or endangered. Since the early 1950s, the site has changed
from 67 % forest and 33 % agriculture to 94 % forest, with the remainder in aquatic habitats
and developed areas. Wildlife populations correspondingly shifted from forest-farm edge
utilizing species to a predominance of forest-dwelling species. The SRS now supports 44
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species of amphibians, 60 species of reptiles, 255 species of birds, and 55 species of
mammals.  These populations include urban wildlife, several commercially and
recreationally important species, and a few threatened or endangered species. Protection and
restoration of all flora and fauna to a point where their existence is not jeopardized are
principal goals of federal and state environmental programs. Those species of plants and
animals afforded governmental protection are referred to collectively as “species of concern.”
[WSRC-TR-2005-00201]

The SRS has extensive, widely distributed wetlands, most of which are associated with
floodplains, creeks, or impoundments. In addition, approximately 200 Carolina bays occur
on SRS. Carolina bays are unique wetland features of the Southeastern United States. They
are isolated wetland habitats dispersed throughout the uplands of SRS. The approximately
200 Carolina bays on SRS exhibit extremely variable hydrogeology and a range of plant
communities from herbaceous marsh to forested wetland. [DOE-EIS-0303]

The Savannah River bounds SRS to the southwest for approximately 20 miles. The river
floodplain supports an extensive swamp, covering approximately 15 square miles of SRS
with a natural levee separating the swamp from the river. Timber was cut in the swamp from
the turn of the century until 1951, when the Atomic Energy Commission assumed control of
the area. At present, the swamp forest is comprised of two kinds of forested wetland
communities. Areas that are slightly elevated and well drained are characterized by a
mixture of oak species, as well as red maple, sweet gum, and other hardwood species. Low-
lying areas that are continuously flooded are dominated by second-growth bald cypress and
water tupelo. [DOE-EIS-0303]

The SRS supports abundant herpetofauna because of its temperate climate and diverse
habitats. The species of herpetofauna include 17 salamanders, 27 frogs and toads, 1
crocodilian, 13 turtles, 9 lizards, and 36 snakes. The class Amphibia is represented on-site
by 2 orders, 11 families, 16 genera, and 44 species. The Reptilia are represented by 3 orders,
12 families, 41 genera, and 59 species. [WSRC-TR-2005-00201]

More than 255 species of birds can be found at the SRS. Waterfowl and wading birds, as
well as many upland species use the SRS aquatic habitats year round. The site’s Carolina
bays and emergent marshes are used by 67 % of these birds. This type of habitat is used by
68 % of the upland species. Edge or shoreline areas account for high numbers of upland
birds at the Carolina bays and emergent marshes, stream, and small drainage corridors, and
river swamp habitats. The aquatic birds are most common in open water habitats. [WSRC-
TR-2005-00201]

Large mammals inhabiting the site include white-tailed deer and feral hogs. Raccoon,
beaver, and otter are relatively common throughout the wetlands of the SRS. In addition, the
gray fox, opossum, bobcat, gray squirrel, fox squirrel, eastern cottontail, mourning dove,
northern bobwhite, and eastern wild turkey are common at SRS. Threatened or endangered
plant and animal species known to exist or that might be found on the overall site include the
smooth purple coneflower, wood stork, red-cockaded woodpecker, and short-nose sturgeon.
[WSRC-TR-2005-00201]
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The HTF is located within a densely developed, industrialized area of SRS. The immediate
area provides habitat for only those animal species typically classified as urban wildlife.
Species commonly encountered in this type of urban landscape include the Southern toad,
green anole, rat snake, rock dove, European starling, house mouse, opossum, and feral cats
and dogs. Grasses and landscaped areas within the GSA in proximity to the HTF also
provide some marginal terrestrial wildlife habitat. A number of ground-foraging bird species
(e.g., American robin, killdeer, and mourning dove) and small mammals (e.g., cotton mouse,
cotton rat, and Eastern cottontail) that use lawns and landscaped areas around buildings may
be present at certain times of the year, depending on the level of human activity (e.g.,
frequency of mowing). Pine plantations managed for timber production by the U.S. Forest
Service (under an interagency agreement with DOE) occupy surrounding areas.

The Fourmile Branch seepline area is located in a bottomland, hardwood forest community.
The canopy layer of this bottomland forest is dominated by sweet gum, red maple, and red
bay with an occasional sweet bay throughout. The understory consists largely of saplings of
these same species, as well as an herbaceous layer of smilax, dog hobble, giant cane, poison
ivy, chain fern, and hepatica. At the seepline upland edge, scattered American holly and
white oak occur. Dominant along Fourmile Branch in this area are tag alder, willow, sweet
gum, and wax myrtle. The seepline is located in a similar bottomland, hardwood forest
community. [DOE-EIS-0303]

No endangered or threatened fish or wildlife species have been recorded near the UTR and
Fourmile Branch seeplines. The seeplines and associated bottomland community do not
provide habitat favored by endangered or threatened fish and wildlife species known to occur
at SRS. The American alligator is the only federally protected species that could potentially
occur in the area of the seeplines. Fourmile Branch does support a small population of
American alligator in its lower reaches, where the stream enters the Savannah River swamp.
[DOE-EIS-0303]

According to studies on UTR, documented in the SRS Ecology: Environmental Information
Document, the macroinvertebrate communities of UTR drainage are unusual. [WSRC-TR-
2005-00201] They include many rare species and species not often found living together in
the same freshwater system. Since UTR is a spring-fed stream and is colder and generally
clearer than most surface water at its low elevation, species typical of unpolluted streams in
northern North America or the southern Appalachian Mountains are found here along with
lowland (Atlantic Coastal Plain) species.

The fish community of UTR is typical of third and higher order streams on the SRS that have
not been greatly affected by industrial operations, with shiners and sunfish dominating
collections. The smaller tributaries of UTR are dominated by shiners and other small-bodied
species (i.e., pirate perch, madtoms, and darters) indicative of un-impacted streams in the
Atlantic Coastal Plain. In the 1970s, the U.S. Geological Survey (USGS) designated UTR as
a National Hydrological Benchmark Stream due to its high water quality and rich fauna.
However, this designation was rescinded in 1992 due to increased development of the UTR
watershed north of the SRS site boundaries. [DOE-EIS-0303]
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3.1.4 Geology, Seismology, and Volcanology

Regional and local information on the geologic and seismic characteristics of the HTF are
presented in this section. Because the SRS is not located within a region of active-plate
tectonics characterized by volcanism, volcanology is not an issue of concern in this PA, and
thus further discussion of this topic is omitted from the following discussion. [WSRC-IM-
2004-00008]

3.1.4.1  Regional and Site-Specific Topography

The SRS is on the Atlantic Coastal Plain Physiographic Province approximately 25 miles
southeast of the Fall Line that separates the relatively unconsolidated Coastal Plain sediments
from the underlying Piedmont Physiographic Province. Beneath the Coastal Plain,
sedimentary sequences reveal two geologic terrains. One is the Dunbarton basin, a Triassic-
Jurassic Rift basin filled with lithified terrigenous and lacustrine sediments. The other is a
crystalline terrain of metamorphosed sedimentary and igneous rock that may range in age
from Precambrian to late Paleozoic derived from the crystalline igneous and metamorphic
rocks of possibly late Precambrian to late Paleozoic age in the Piedmont Province. Early to
middle Mesozoic (Triassic to Jurassic) rocks occur in isolated fault-bounded valleys either
exposed within the crystalline belts or buried beneath the Coastal Plain sediments. The
Coastal Plain sediments were derived from erosion of the crystalline rocks during late
Mesozoic (Cretaceous) in stream and river valleys, and are represented locally by gravel
deposits adjacent to present-day streams and by sediments filling upland depressions (sinks
and Carolina Bays). The Cretaceous and younger sediments are not significantly indurated.
The total thickness of the sediment package at SRS varies between approximately 700 feet at
the northwest boundary and 1,200 feet at the southeast boundary. [WSRC-TR-95-0046]

Figure 3.1-7 shows the relationship of SRS to overall regional geological provinces, and
Figure 3.1-8 details the regional physiographic provinces in South Carolina. As can be seen
on Figure 3.1-8, much of SRS lies within the Aiken Plateau, and this Plateau has an
approximate 5 % slope to the southeast. Savannah and Congaree Rivers bound the plateau,
which extends from the Fall Line to the Orangeburg escarpment. The highly dissected
surface of the Aiken Plateau is characterized by broad interfluvial areas with narrow,
steep-sided valleys. Local relief can be as much as 300 feet. Figure 3.1-9 shows the
topography and 20-foot contour lines of the GSA. [WSRC-TR-95-0046]

Currently, HTF storm water drainage is directed to an outfall, which will be unaffected by
HTF operations and waste tank closure activities. The installation of the HTF closure cap
(Section 3.2.4) will necessitate changes to the HTF drainage system, which will be designed
later as part of the overall closure of HTF.
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Figure 3.1-7: Regional Geological Provinces of Eastern United States
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[WSRC-TR-2000-00310, Figure 1]
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Figure 3.1-8: Regional Physiographic Provinces of South Carolina
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Figure 3.1-9: Topography of the GSA
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3.1.4.2  Local Geology and Soils

SRS is comprised of seven major soil associations. They are Chastain-Tawcaw-Shellbluff,
Rembert-Hornsville, Blanton-Lakeland, Fuquay-Blanton-Dothan, Orangeburg, Vaucluse-
Ailey, and Troup-Pinkney-Lucy. Figure 3.1-10 delineates the general soil associations for
SRS. Details regarding these associations may be found in the Soil Survey of the Savannah
River Plant Area, Parts of Aiken, Barnwell, and Allendale Counties, South Carolina. [PIT-
MISC-0104]
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Figure 3.1-10: General Soil Associations for SRS
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The overall general soil association for H Area is the Fuquay-Blanton-Dothan. The most
predominant soil types within H Area are classified as Udorthents. Udorthents consist of
well-drained soils that formed in heterogeneous materials, which are the spoil or refuse from
excavations and major construction operations. Udorthents range from sandy to clayey,
depending upon the source of material or geologic parent material. Udorthents are most
commonly associated with well drained to excessively drained upland soils. A few small,
poorly drained areas that have spoil are also included. Typical profiles for Udorthents are not
shown due to the lack of consolidation within short distances. Clayey soil has demonstrated
good retention for most radionuclides. There are also areas that consist of cross-bedded,
poorly sorted sand with lenses and layers of silt and clay.

The uppermost geologic unit in the HTF is comprised of the middle to late Miocene-age
Upland Unit, which extends over much of SRS (see Figure 3.1-15). The term “Upland Unit”
is an informal name used to describe sediments at higher elevations located in the Upper
Coastal Plain in southwestern South Carolina. This area has also been referred to as the
Aiken Plateau. The Upland Unit includes the vadose zone and a portion of the
UTR Aquifer - Upper Zone (UTRA-UZ). The occurrence of cross-bedded, poorly sorted
sands with clay lenses in the Aiken Plateau indicates fluvial deposition (high-energy channel
deposits to channel-fill deposits) with occasional transitional marine influence. This
depositional environment results in wide differences in lithology and presents a very complex
system of transmissive and confining beds or zones. The lower surface of the Upland Unit is
very irregular due to erosion of the underlying formations. [DOE-EIS-0303]

A notable feature of the Upland Unit is its compositional variability. This formation
predominantly consists of red-brown to yellow-orange, gray, and tan colored, coarse to fine
grained sand, pebbly sand with lenses and beds of sandy clay and clay. Generally vertically
upward through the unit, sorting of grains becomes poorer, clay beds become more abundant
and thicker, and sands become more argillaceous and indurated. In some areas, small-scale
joints and fractures, both of which are commonly filled with sand or silt, traverse the unit.
The mineralogy of the sands and pebbles primarily consists of quartz, with some feldspar. In
areas to the east-southeast, sediments may become more phosphatic and dolomitic. The soils
in the Upland Unit may contain as much as 20 % to 40 % clay. [DOE-EIS-0303]

Below the Upland Unit lies the Tobacco Road Formation, consisting of red, brown, tan,
purple, and orange quartz sands, and clayey quartz sands. These sands are fine to coarse
moderately to poorly sorted, with minor clay laminae. In general, the sands of the Tobacco
Road Formation are muddier, more micaceous, and more highly colored than the sands of the
underlying Dry Branch Formation. The base of the Tobacco Road Formation is marked in
places by a coarse layer that contains flat quartz pebbles. Clay laminae in the upper part of
the formation suggest that some of the unit was deposited in a transitional, low-energy
environment, such as a tidal flat. The Tobacco Road Formation is approximately 20-foot
thick and is part of the UTRA-UZ. [SRNL-STI-2010-00148]

Underlying the Tobacco Road Formation is the Dry Branch Formation, consisting of variably
colored, poorly sorted to well-sorted sand with the interbedded tan to gray clay. The upper
portion of the Dry Branch Formation is within the UTRA-UZ. The middle to lower portion
of the Dry Branch Formation includes the Twiggs Clay; a semi-confining clay layer also
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designated as the Tan Clay Confining Zone (TCCZ), which separates the UTRA-UZ from the
UTRA — Lower Zone (UTRA-LZ).

Below the Twiggs Clay are the Clinchfield and Santee Formations. In H Area, the Santee
Formation is composed of mixed clastic and carbonate materials, with clastic material being
dominant; the interpreted depositional scenario is a moderate energy, middle shelf
environment, with input of both clastic and carbonate sediments. Lithologic and
petrographic studies have divided the Santee Formation in the GSA into eight microfacies,
quartz sand (stone), terrigenous mud (stone), skeletal lime mudstone, skeletal wackestone,
skeletal packstone, skeletal grainstone, microsparite, and siliceous mudstone. [WSRC-RP-
94-54] None of these depositional environments contains significant amounts of limestone
that would be conducive to the formation of large subsurface voids, karst, or caves within the
vicinity of HTF.

The calcareous zones, located within the Santee Formation, contain “soft zones.”
Characterization activities reported in various early documents describe potential voids,
drilling fluid losses, and grout takes associated with the Santee Formation at SRS. Soft zones
have been encountered beneath most of SRS, but are less common in the northwest (updip)
and more common in the southeastern (downdip near K Area) regions. This distribution
appears to correlate with the well-documented pattern of increasing carbonate content in the
Santee Formation to the southeast. This lateral variation in carbonate content reflects the
original range of depositional environments, from nearshore and inner shelf environments
with primarily terrigenous input in the northwest, to quiet water, outer shelf conditions of
carbonate accumulation in the southeast (in the vicinity of K Area). [WSRC-RP-94-54,
WSRC-TR-99-4083]

A recent evaluation of more than 60 years of investigation and research into the occurrence,
origin, and behavior of soft zones confirms that soft zones beneath SRS are not cavernous
voids, but are small, isolated, poorly connected 3-D features filled with loose, fine-grained,
water saturated sediment. [SRNL-TR-2012-00160]

In the GSA, which includes HTF, there is no evidence of actual subsurface voids, karst, or
caves that would act as open flow conduits. In historical and recent literature, no
documentation was found of void spaces or other phenomena that would influence
contaminant migration in a manner not already captured in the GSA Database (GSAD). As
described in Section 3.1.5.2, the GSAD was developed using field data and interpretations
for the GSA and vicinity and is a subset of site-wide data sets of soil lithology and
groundwater information. The GSAD is used as the basis of hydrogeologic input values into
the computational model for groundwater flow and contaminant transport as described in
Section 4.2.3.1.3. Underlying the Santee Formation is the Warley Hill Formation, often
referred to as “Green Clay,” which forms the hydrologic barrier separating the UTRA-LZ
from the underlying Gordon Aquifer of the Congaree Formation.

A more detailed description of the geology and soils of the H Area can be found in a report
titled Hydrogeologic Framework of West-Central South Carolina. [PIT-MISC-0112]
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3.1.4.3  Seismology

The seismic history of the Southeastern United States (of which SRS is a part) spans a period
of nearly three centuries, and is dominated by the Charleston earthquake of August 31, 1886
(estimated magnitude of 7.0). The historical database for the region is essentially composed
of two data sets extending back to as early as 1698. The first set is comprised of pre-
network, mostly qualitative data (1698 to 1974), and the second set covers the relatively
recent period of instrumentally recorded or post-network seismicity, 1974 through April
2009. Figure 3.1-11 shows the locations of historical seismic events in the Southeast. Figure
3.1-12 denotes the epicenter locations of seismic events within a 50-mile radius of SRS.
[WSRC-MS-2003-00617, USGS OFR 2010-1059]
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Figure 3.1-11: Historical Seismic Events in the Southeast

[USGS OFR 2010-1059]
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Figure 3.1-12: Seismic Events within a 50-Mile Radius of SRS
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The most recent seismic event occurring within a 50-mile radius of SRS was on March 27,
2009, with a magnitude of 2.6. No damage to SRS was recorded. However, there have been
four earthquakes with epicenter locations within SRS. They occurred June 9, 1985
(magnitude of 2.6), August 5, 1988 (magnitude of 2.0), May 17, 1997 (magnitude of 2.5),
and October 8, 2001 (magnitude of 2.6). No strong motion accelerometers were triggered
because of these earthquakes. Note that additional seismic events with epicenter locations
within SRS occurred shortly after the October 2001 earthquake however, these seismic
events were attributed to aftershocks and not actual earthquakes. [WSRC-MS-2003-00617]

The regional faults within the SRS and vicinity are shown in Figure 3.1-13. A study entitled
Comparison of Cenozoic Faulting at the Savannah River Site to Fault Characteristics of the
Atlantic Coast Fault Province: Implications for Fault Capability (WSRC-TR-2000-00310)
provides additional data. This study concludes that these regional faults exhibit the same
general characteristics, are closely associated with the faults of the Atlantic Coastal Fault
Province, and thus are part of the Atlantic Coastal Fault Province. Several faults of the
Atlantic Coastal Fault Province have been the subject of detailed investigations. In all cases,
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the conclusion has been reached that these faults have not had a movement within the past
35,000 years and no movement of a recurring nature within the past 500,000 years. Inclusion
in the Atlantic Coastal Fault Province means that the historical precedent established by
decades of previous studies on the seismic hazard potential for the Atlantic Coastal Fault
Province is relevant to faulting at the SRS. [WSRC-TR-2000-00310]

Figure 3.1-13: Regional Scale Faults for SRS and Vicinity

[WSRC-TR-2000-00310, Figure 10]
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In 1976, a short-period seismic network was established. In 1999, a 10-station strong motion
accelerometers network was installed throughout the complex. Detailed information
regarding seismic characteristics at SRS can be found in the Documented Safety Analysis
(DSA), WSRC-1M-2004-00008.

As noted in Section 3.1.4.2, soft zones have been reported in various early documents. The
soft zones described in these documents are described as voids, drilling fluid losses, and
grout takes associated with the Santee Formation beneath SRS that may be susceptible to
seismic activity. However, in spite of their under consolidated nature, soft zones have
survived for a very long time and remain structurally competent in the presence of significant
overburden stresses. [SRNL-TR-2012-00160]

The predicted behavior of soft zones under both static and dynamic conditions has been
modeled for numerous SRS facilities. These calculations show soft zones to be stable under
static conditions; dynamic analyses predict that soft zones will not collapse in response to a
design basis earthquake. [WSRC-TR-99-4083] The design basis earthquake and associated
ground motion, measured in peak ground acceleration for construction of facilities at the SRS
(ground motion 0.2 force of gravity) is based on historic seismic events in the region, the
geologic literature, and attenuation relations. [WSRC-TR-90-0284]

As a conservative approach, the design for some SRS facilities assumes that soft zones will
collapse (compress) in response to applied stress. An analysis for a proposed facility
(Actinide Packaging and Storage Facility) within the GSA calculated that collapse of a
relatively thick (approximately 8 inches) two-layer soft zone would only cause a ground
surface settlement of about 4 inches. [K-CLC-F-00034]

Although such conservative calculations are an important aspect of nuclear safety
evaluations, it is noteworthy that soft zones in the Eocene age Santee Formation have
survived without collapsing for tens of millions of years and have presumably persisted in
spite of many earthquakes, including design basis earthquakes and less frequent events of
even greater magnitude. [SRR-CWDA-2011-00054 RAI-SS-3]

A structural assessment was prepared for operationally closed waste tanks. Waste tank
settlement can occur due to two loads, static load and seismic loads. Static settlement is
likely to occur due to the large overburden load from the closure cap. This settlement is
expected to be relatively uniform. Any static differential settlement would be small in
magnitude and cause a grout-filled waste tank to rotate as a rigid body. Small magnitudes of
rigid body rotation will induce only small lateral forces that can be considered negligible.
Therefore, static differential settlement is not considered further. [T-CLC-F-00421]

Seismic differential settlement can occur due to liquefaction and soft zone settlement. Soft
zones are often areas of under-consolidated material in a stronger matrix material that
essentially forms a soil arch, allowing the soft zones to remain under-consolidated. A large
seismic event could cause the soil arch to fail resulting in settlement as consolidation occurs
in the under consolidated material until it is normally consolidated. The maximum tensile
stresses resulting from this consolidation on the grout-filled waste tanks is an overstress of
4 %, occurring for a small depth. Since this stress occurs only for an extreme settlement case
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and due to the many bounding assumptions made in the structural assessment, it was
concluded that there is very high confidence the grout-filled waste tank will not crack. [T-
CLC-F-00421]

In addition, for the E-Area vaults in the GSA a structural degradation study was prepared.
This study included an evaluation of ground motion effects on the vaults. Ground motion
magnitudes were extrapolated from SRS performance categories (PCs) PC-1 to PC-4 site-
specific seismic criteria. For horizontal acceleration, a 0.45 force of gravity value was
obtained by extrapolating the zero period accelerations (i.e., peak ground acceleration) of the
SRS design response for PC-1 to PC-4. [T-CLC-E-00018]

For vertical acceleration (2.0 force of gravity), a bounding approach was taken by
extrapolating the peak of the SRS horizontal design response spectra for PC-1 to PC-4. This
approach results in the large discrepancy between horizontal and vertical acceleration. This
bounding approach for vertical acceleration was used in the structural degradation study
because the item of concern was a buried roof slab with voids below. Therefore, the E-Area
vault roof could respond differently than the ground (i.e., not peak ground acceleration). As
the stabilized waste tanks will have no significant voids after grouting, this issue is not a
concern. [T-CLC-E-00018]

Due to the lack of vertical/horizontal studies for low probability of exceedance events at SRS
the same bounding criteria used in the E Area study were used for the structural assessment
for closed waste tanks. [T-CLC-F-00421] However, it is recognized that 2.0 force of gravity
is a bounding number. It is not a realistic number for ground acceleration at SRS. At the
nearby Vogtle Electric Generating Plant, the vertical/horizontal ratio for the maximum
considered event was 1.0, so a similar ratio should be considered acceptable for the SRS tank
farms. [NUREG-1923] Based on a vertical/horizontal ratio of 1.0, the maximum vertical
acceleration would be 0.45 force of gravity, much less than 2.0 assumed.

The PC-3 return period is 2,500 years (probability of exceedance 4.0E-04), and the PC-4
return period is 10,000 years (probability of exceedance 1.0E-04). In the E Area analysis 1-
D soil analyses indicated the differential lateral displacement between the top and bottom
elevations of the E-Area vault (approximately 28 feet in height) were 0.05 inches for a PC-3
event and 0.09 inches for a PC-4 event. The height differential in the E-Area vaults is similar
to the height differential of the waste tanks. Extrapolating to probability of exceedance
1.0E-06 (a very low probability event) gives a maximum lateral differential displacement of
0.22 inches. For this small amount of deformation, the soil would deform locally at the
boundaries of the grout-filled waste tank and stresses induced in the waste tank structure will
be minimal. [T-CLC-E-00018]

The impacts from seismic events are considered in the conceptual model. To simulate
potential conditions in the HTF closure system, multiple waste tank cases were identified for
analysis. While the cases and the potential seismic events are not explicitly linked, the types
of cracks caused by the credible seismic events at the HTF are assumed bounded by the cases
and the occurrence probability associated with the cases in the stochastic modeling.

Seismic considerations are also included in the design of the conceptual closure cap to ensure
seismic induced degradation mechanisms are addressed. Section 3.2.4 discusses the
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conceptual closure cap design, which will further consider and handle static loading induced
settlement, seismic induced liquefaction and subsequent settlement, and seismic induced
slope instability.

3.1.5 Hydrogeology

An understanding of the hydrogeology of the HTF is required in order for an estimate of the
fate and transport of the residual HTF contaminants to be modeled. Characterization and
monitoring data in the SRS GSA is extensive and provides a clear understanding of the
hydrogeology containing the HTF, and permitted generation of the GSAD. Additional
background information supporting this conclusion is presented in Section 3.1.5.2.

3.1.5.1  Regional Hydrogeology

The SRS lies in the Atlantic Coastal Plain, a southeast-dipping wedge of unconsolidated and
semi-consolidated sediment, which extends from its contact with the Piedmont Province at
the Fall Line to the continental shelf edge. Sediments range in geologic age from late
Cretaceous to recent and include sands, clays, limestones, and gravels. This sedimentary
sequence ranges in thickness from essentially zero at the Fall Line to more than 4,000 feet at
the Atlantic Coast. At SRS, coastal plain sediments thicken from approximately 700 feet at
the northwestern boundary to approximately 1,400 feet at the southeastern boundary of the
site and form a series of aquifers and confining or semi-confining units. [WSRC-STI-2006-
00198]

Figure 3.1-14 shows a generalized cross-section of the sedimentary strata and their
corresponding depositional environments for the Upper Coastal Plain down-dip through the
SRS into the Lower Coastal Plain. Figure 3.1-15 shows the regional lithologic units
discussed in Section 3.1.4.2 and their corresponding hydrostratigraphic units at the SRS.
This classification system is consistent with the established system and is now widely used as
the SRS standard. [SRNL-STI-2010-00148]

Page 86 of 850



Performance Assessment for the

SRR-CWDA-2010-00128

H-Area Tank Farm at the Revision 1
Savannah River Site November 2012
Figure 3.1-14: Regional NW to SE Cross Section
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Figure 3.1-15: Comparison of Chronostratigraphic, Lithostratigraphic, and
Hydrostratigraphic Units in the SRS Region
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Figures 3.1-16 and 3.1-17 illustrate potentiometric maps of the UTRA and Gordon Aquifer.
Groundwater within the Floridan Aquifer system flows toward streams and swamps and into
the Savannah River at rates ranging from inches to several hundred feet per year. The depth
to which nearby streams cut into sediments, the lithology of the sediments, and the
orientation of the sediment formations control the horizontal and vertical movement of the
groundwater. The valleys of smaller perennial streams in the GSA, such as Fourmile Branch,
McQueen Branch, and Crouch Branch, allow discharge from the shallow saturated geologic
formations. The valleys of major tributaries of the Savannah River (e.g., UTR) drain
formations of greater depth. With the release of water to the streams, the hydraulic head of
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the aquifer unit releasing the water can become less than that of the underlying unit. If this
occurs, groundwater has the potential to migrate upward from the lower unit to the overlying

unit. [DOE-EIS-0303]
Figure 3.1-16:
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Figure 3.1-17: Potentiometric Surface of the Gordon Aquifer
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3.1.5.2 Characterization of Local Hydrogeology

The GSA has been the focus of numerous geological and hydrogeological investigations.
Early work included installation of monitoring wells in the 1950’s and 1960’s. Further
characterization and monitoring were conducted in the area during the 1970’s through
present time, largely to support groundwater monitoring and decommissioning activities.
The GSAD was developed using field data and interpretations for the GSA and vicinity
through 1996. Although characterization and monitoring have been ongoing, the additional
data has not altered fundamental understanding of groundwater flow patterns and gradients in
the GSA. The GSAD is a subset of site-wide data sets of soil lithology and groundwater
information. Figure 3.1-18 shows the location of all hydrostratigraphic picks used in the
GSAD. Picks were made based on a combination of geophysical logs, Cone Penetration Test
(CPT) logs, and core descriptions. Figures 3.1-19 through 3.1-22 show the locations of
laboratory permeability data, multiple well pump tests, single well pump tests, and slug test
data used in the GSAD. Table 3.1-2 presents a summary of the characterization and
monitoring data in the GSAD. These data provide detailed understanding of local
hydrogeology beneath the HTF. See WSRC-TR-96-0399, Volumes 1 and 2, for a more
comprehensive discussion of the data set. The GSAD, comprising the SRS characterization
and monitoring data and interpretations, is used as the basis of hydrogeologic input values
into the computational model for groundwater flow and contaminant transport as described in
Section 4.2.2.1.3.

As described in Section 3.1.4.2, calcareous zones within the UTRA-LZ have been
documented to contain soft zones, often related to dissolution of carbonate material. Soft
zones at the SRS have not been studied using tracer tests; however, no unusual hydraulic
gradients or unexpected flow conditions have been documented in the HTF or the GSA. Soft
zones have however, been the subject of many general and facility-specific investigations.
These studies have shown that the soft zones are isolated, discrete, poorly connected, non-
uniformly distributed features within the UTRA-LZ. Although their size and shape vary
greatly, their average thickness is generally only a few feet with a postulated maximum
lateral dimension approximately 10 to 20 feet or less. [K-ESR-G-00013]
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Figure 3.1-18: Hydrostratigraphic Picks in GSAD
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Figure 3.1-19: Laboratory Determined Permeability Data in GSAD
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Figure 3.1-20: Multiple Well Pump Test Data in GSAD
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Figure 3.1-21

: Single Well Pump Test Data in GSAD
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Figure 3.1-22: Slug Test Data in GSAD
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Table 3.1-2: Characterization and Monitoring Data in the GSAD

Data Type Quantity Reference
Sediment Core Descriptions 204 Locations WSRC-TR-96-0399,
approximately 37,500 ft Vol. 1, App. B
Tops of Hydrostratigraphic Units/Zones
Crouch Branch Confining Unit 52 Locations
Gordon Aquifer Unit 146 Locations
Gordon Confining Unit 161 Locations WSSICiTi;)gp&g:j’gg’
UTRA-LZ 222 Locations - '
TCCZ 225 Locations
Permeability Measurements
Pump Tests 85 Values
Slug Tests 481 Values WS\I;S';RAQF)%OSQQ’
Laboratory Permeability 258 Values o '
Water Levels
Gordon Aquifer Unit 79 Locations
UTRA-LZ 173 Locations WS&S'ERA%%OC%%’
UTRA-UZ 387 Locations o '
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3.1.5.3 Groundwater Flow in the GSA

The aquifers of primary interest for HTF modeling are the UTRA-UZ, UTRA-LZ, and
Gordon Aquifer. Plate 17 of the Hydrogeological Framework of West-Central South
Carolina (PIT-MISC-0112) gives the leakance coefficient of the Crouch Branch Confining
Unit (of the Meyers Branch Confining System) as roughly 3E-06 per day, which corresponds
to 0.13 in/yr for every 10 feet of head difference. The measurement of head difference across
the Crouch Branch Confining Unit is zero to 20 feet causing an upward flow averaging
0.13in/yr. [PIT-MISC-0112] Flow across the unit is therefore a small fraction of total
recharge, and is negligible in the HTF modeling. Potential contamination from the HTF is
not expected to enter the deeper Crouch Branch Aquifer because an upward gradient exists
between the Crouch Branch and Gordon Aquifers near UTRA. Figure 3.1-23 is a cross-
sectional schematic representation of groundwater flow patterns in the UTRA and Gordon
Aquifer along a north-south cross-section running through the center of HTF, shown with
significant vertical exaggeration. Section 4.2.2.1.3 provides the modeling inputs associated
with groundwater flow characteristics obtained from the GSAD.

Although calcareous zones containing soft zones have been identified in the UTRA-LZ
(Section 3.1.4.2) during the 20-year period spanned by investigations used to populate the
GSAD at more than 15 locations near HTF, no open flow conduits or other factors have been
identified that would critically influence contaminant transport.

In addition, a further evaluation of more than 60 years of onsite investigation and research
into soft zone occurrence, origin, and behavior concludes that soft zones at the SRS appear
not to be a critical influence on either groundwater flow or contaminant transport. [SRNL-
TR-2012-00160]

Calcareous zones and associated soft zones are not treated separately in the flow model
because they are isolated and discontinuous in the GSA, representing only a small fraction of
the UTRA-LZ. These features occur near the base of the UTRA-LZ in the GSA and do not
extend through the entire thickness of the aquifer. [WSRC-TR-99-4083]
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Figure 3.1-23: Conceptual Diagram of Groundwater Flow beneath the GSA
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3.1.5.4 Surface-Water Flow in the GSA

The Savannah River, which forms the boundary between Georgia and South Carolina, is the
principal surface-water system near the SRS. The river adjoins the site along its
southwestern boundary for a distance of approximately 20 miles and the site is 160
river-miles from the Atlantic Ocean. Five upstream reservoirs Jocassee, Keowee, Hartwell,
Richard B. Russell, and Clarks Hill Lake (also known as Thurmond Lake), minimize the
effects from droughts and the impacts of low flow on downstream water quality and fish and
wildlife resources in the river. Figure 3.1-24 shows the Savannah River Basin dams. The
long-term yearly Savannah River flow at the SRS averages 10,400 ft*/s. [WSRC-TR-2005-
00201, Table 4-24] For 2010, the measured average annual flow rate was 6,603 ft%s.
[SRNS-STI-2011-00059]
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Figure 3.1-24: Savannah River Basin Dams

NORTH CAROLINA

SPARTANBURG

LAKE
JOCASSEEY

GEORGIA

GREENVILLE @

SOUTH
CAROLINA

COLUMBIA
[ ]

TRUE
NORTH

== DAM
14 JOCASSEE DAM
13 LITTLE RIVER DAM
12 KEOWEE DAM
11 BURTON DAM
10 NACOOCHEE DAM
9 MATHIS DAM
8 TALLULAH FALLS DAM BEAUFQRT
7 TUGALOO DAM RS
6 YONAH DAM HARDEEV] )
5 HARTWELL DAM . f
4 RICHARD B. RUSSELL DAM 2
3 STROM THURMOND DAM o\
2 STEVENS CREEK DAM SAVANNAE
1 NEW SAVANNAH BLUFF LOCK & DAM

The major tributaries that occur on the SRS are UTR, Fourmile Branch, Pen Branch, Steel
Creek, and Lower Three Runs (Figure 3.1-25). These tributaries drain all of SRS with the
exception of a small area on the northeast side, which drains to a tributary of the Salkehatchie

River.

Each of these streams originates on the Aiken Plateau in the Coastal Plain and

descends 50 to 200 feet before discharging into the river. The source of most of the surface
water on SRS is either natural rainfall (Section 3.1.2), water pumped from the Savannah
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River and used for cooling site facilities, or groundwater discharging to surface streams. The
streams, which historically have received varying amounts of effluent from SRS operations,
are not commercial sources of water. Downstream of the SRS, the river supplies domestic
water and is used for commercial and sport fishing, boating, and other recreational activities.
[DOE-EIS-0303]

Figure 3.1-25: Savannah River Site Watershed Boundaries and Major Tributaries
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The natural flow of the SRS streams range from 8 ft*/s in smaller streams to 245 ft%/s in
UTR. [WSRC-IM-2004-00008] Gauging stations located in the GSA (Figure 3.1-26)
monitor flows for UTR and Fourmile Branch. Both Fourmile Branch and UTR are measured
monthly for water flow, temperature, and quality. The annual Savannah River Site
Environmental Report for 2010 contains detailed information on flow rates and water quality
of the Savannah River and the SRS streams. [SRNS-STI-2011-00059]

Figure 3.1-26: GSA Gauging Stations
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The SCDHEC regulates the physical properties and concentrations of chemicals and metals
in the SRS effluents under the National Pollutant Discharge Elimination System (NPDES)
program. Also regulated by SCDHEC, biological water quality standards for the SRS waters
have classified the Savannah River and SRS streams as “Freshwaters.” [DOE-EIS-0303]
Freshwaters are described as suitable for primary and secondary contact recreation and as a
source for drinking water supply after treatment in accordance with SCDHEC requirements.
Freshwaters are suitable for fishing, for the survival and propagation of a balanced
indigenous aquatic community of fauna and flora, and for industrial and agricultural uses.
[SCDHEC R.61-68]
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The longest of SRS streams, UTR, is a large blackwater stream in the northern part of the
SRS that discharges to the Savannah River. It drains an area of over 195 square miles and is
approximately 25 miles long, with its lower 17 miles within the SRS boundaries. This
stream receives more water from underground sources than other SRS streams and is the only
stream with headwaters arising outside the site. The UTR is the only major tributary on the
SRS that has not received thermal discharges. The UTR valley has meandering channels,
especially in the lower reaches, and its floodplain ranges in width from 0.25 to 1 mile. It has
a steep southeastern side and gently sloping northwestern sides. [DOE-EIS-0303]

Fourmile Branch is a blackwater stream that originates near the center of the SRS and flows
southwest for 15 miles before emptying into the Savannah River. It drains an area of
approximately 22 square miles inside the SRS including much of F, H, and C Areas.
Fourmile Branch flow is generally perpendicular to the Savannah River behind natural levees
and enters the river through a breach downstream from Beaver Dam Creek. In its lower
reaches, Fourmile Branch broadens and flows via braided channels through a delta formed by
the deposition of sediments eroded from upstream during high flows. Downstream from the
delta, the channels rejoin into one main channel. Most of the flow discharges into the
Savannah River while a small portion flows west and enters Beaver Dam Creek. The valley
is V-shaped, with sides varying from steep to gently sloping. The floodplain is up to 1,000
feet wide. [DOE-EIS-0303]

Flood hazard recurrence frequencies have been calculated for the various SRS site areas.
The calculated flood water levels for Fourmile Branch near H Area, for the probability of
100-year, 1,000-year, and 10,000-year returns are about 234.3, 235.2, and 235.8 feet above
mean sea level (MSL), respectively. As shown in Section 3.2, the lowest elevation of any
waste tank basemat in HTF is 239.9 feet above MSL,; thus, the highest flood water level of
approximately 236 feet above MSL is below the lowest elevation of residual radioactive
material. In addition, the lowest elevation of the lower foundation layer of the proposed
closure cap is 280 feet above MSL, which is about 44 feet above the highest flood water level
of 236 feet. Therefore, flooding will not affect the HTF and is therefore not considered in
this PA. [WSRC-TR-99-00369, SRNL-ESB-2008-00023]

3.1.6 Geochemistry

The migration of radionuclides in the subsurface environment is dependent on physical and
chemical parameters or properties of cementitious materials, soils, and groundwater. Studies
and analyses have been conducted to determine appropriate Ky values. The data used in the
radionuclide transport model is presented in Sections 4.2.2 and 4.2.3.2 specific to the GSA
and is not reproduced in this section.

3.1.7 Natural Resources

Natural resources at SRS are managed under the Natural Resources Management Plan for
the Savannah River Site (NRMP) prepared for the DOE by the U.S. Department of
Agriculture (USDA) Forest Service - Savannah River. [NRMP-2005] The NRMP, which
governs the SRS natural resource management was updated in May 2005 and fosters the
following principles:
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e All work will be done in accordance with integrated safety management components

found in DOE Policy 450.4A, Integrated Safety Management Policy

Environmental stewardship activities will be compatible with future SRS missions

The SRS will continue to protect and manage SRS natural resources

Sustainable resource management will be applied to SRS natural resources

Close cooperation will be maintained among organizations when managing and

protecting the SRS natural resources

e The results of research, monitoring, and operational findings will be used in the
management of SRS natural resources

e Restoration of native communities and species will continue

e Employees, customers, stakeholders, state natural resource officials, and regulators
will be invited to participate in the natural resource planning process

e The SRS will maintain the area as a National Environmental Research Park (NERP)

3.1.7.1 Water Resources

The SRS monitors non-radioactive liquid discharges to surface waters through the NPDES,
as mandated by the Clean Water Act (CWA). As required by EPA and SCDHEC, SRS has
NPDES permits in place for discharges to the waters of the United States and South Carolina.
These permits establish the specific sites to be monitored, parameters to be tested, and
monitoring frequency, as well as analytical, reporting, and collection methods. [SRNS-STI-
2011-00059] Continuous surveillance monitoring of site streams occurs downstream of
several process areas to detect and quantify levels of radioactivity in effluents transported to
the Savannah River. [SRNS-STI-2011-00059]

Table 3.1-3 characterizes Savannah River water quality both upstream and downstream of
the SRS. Table 3.1-4 characterizes water quality in UTR and Fourmile Branch downstream
of the GSA.
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Table 3.1-3: Water Quality in the Savannah River Upstream and Downstream from SRS

(Calendar Year 2010)
Parameter Unit of _ Upstream " _ Downstream ¢
Measure Minimum | Maximum * Minimum Maximum *
Aluminum mg/L 0.105 0.487 0.11 0.57
Cadmium mg/L ND ND ND ND
Chromium mg/L ND ND ND ND
Copper mo/L ND 0.517 ND 0.0083
Dissolved Oxygen mg/L 4.6 19.9 4.28 11.31
S;gfjaﬁ'lf’/?& pCi/L ND 1.59 ND 1.31
Lead mg/L ND ND ND 0.0023
Mercury mg/L ND 0.000023 ND 0.000024
Nickel mg/L ND ND ND 0.0066
Nitrate (as N) mg/L 0.18 0.38 0.12 0.58
pH pH units 6.25 7.32 6.42 7.41
Phosphate mg/L 0.095 0.17 0.079 0.17
Suspended solids mg/L 2 10 5 20
Temperature °F 44.2 75.9 43.3 79.2
Tritium pCi/L ND 265 98.6 957
Zinc mg/L 0.0022 0.0087 0.0013 0.0352

Notes: Information extracted from SRNS-STI1-2011-00059 accompanying data files. Parameters are those the
DOE routinely measures as a regulatory requirement or as part of ongoing monitoring programs.
a The maximum listed concentration is the highest single result found during one sampling event
b Data from sampling location RM-160
c Data from sampling location RM-118.8
ND Non-detectable
Table 3.1-4: Water Quality in Selected SRS Streams (Calendar Year 2010)
Temperature H Dissolved Total Suspended
(F) P Oxygen (mg/L) Solids (mg/L)
Sampling Location: Fourmile Branch (Downstream from GSA)*
Mean 60.2 6.8 7.0 2.9
Range 39.0-77.2 6.4-7.2 3.3-115 0-6
Sampling Location: UTR (Downstream from GSA)"
Mean 58.2 6.2 7.8 6.1
Range 42.5-75.0 57-7.2 49-16.1 1-12
Notes  All data extracted from SRNS-STI1-2011-00059 accompanying data files
a Stream sample location FM-6
b Stream sample location U3R-4

3.1.711 Groundwater

The Federal Safe Drinking Water Act (SDWA) was enacted in 1974 to protect public
drinking water supplies. The SRS domestic water is supplied by 17 separate systems, all
of which utilize groundwater sources. The A Area and D-Area drinking water facilities
are actively regulated by SCDHEC, while the remaining smaller water systems receive a
reduced level of regulatory oversight. The K-Area drinking water system was
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incorporated into the A Area system in 2010, and removed from SCDHEC’s water
system inventory. [SRNS-STI-2011-00059]

Table 3.1-5 provides the summary of maximum groundwater monitoring results for those
areas that most likely discharge to UTR or Fourmile Branch obtained from the Savannah
River Site Environmental Report for 2008, which represents the latest annual summary of
well monitoring results summarized by area. [SRNS-STI-2009-00190] The groundwater
in these areas is not being consumed and active remediation projects are in progress to

address the groundwater conditions.
Table 3.1-5: Well Monitoring Results for Major Areas within SRS, 2007-2008

Location Maj_or Units | 2007 Max MCL 2008 Max Likely ('_)utcrop
Contaminants Point
UTR/Crouch
E Area Tritiurbn pCi/L | 30,800,000 20,000 29,200,000 | Branch in North;
TCE ppb 370 0.5 460 Fourmile Branch
in South
TCEP ppb 52.2 5.0 60 UTR/Crouch
E Area Tritium pC!/L 73,000 20,000 130,000 Branch_ in North;
Gross alpha pCi/L 2,120 15 1,470 Fourmile Branch
Beta pCi/L 380 4 mrem/yr® 628 in South
F-Area Tritium pCi/L | 5,710,000 20,000 4,810,000
Seepage Gross alpha pCi/L 523 15 77 Fourmile Branch
Basin Beta pCi/L 1,870 4 mrem/yr® 2,100
Tritum | pGi/L | 67,200 20,000 74,800 ngg}’ ﬁ]r?\j‘gnh
H Area Gross alpha pCi/L 25.5 15 14.9 Fourmile Brancﬁ
Beta pCi/L 55.6 4 mrem/yr? 81.9 .
in South
H-Area Tritium pCi/L | 3,020,000 20,000 3,120,000
Seepage Gross alpha pCi/L 88.4 15 85 Fourmile Branch
Basins Beta pCi/L 2,970 4 mrem/yr® 2,050
a The activity (pCi/L) equivalent to 4 mrem/yr varies according to which specific beta emitters are present in
the sample. [SRNS-STI-2009-00190]
b Trichloroethylene

3.1.8 Natural and Background Radiation

All human beings are exposed to sources of ionizing radiation that include naturally
occurring and man-made sources. Individual’s average dose contribution estimates from
various sources were obtained from the review information presented in National Council on
Radiation Protection and Measurements (NCRP) Report 160 and are shown in Figure 3.1-27.
On average, a person living in either the United States or the Central Savannah River Area
(CSRA) receives approximately the same annual radiation dose of 620 mrem/yr. [NCRP-
160] The dose from SRS operations to the maximally exposed offsite individual during
calendar year 2010 was estimated to be 0.11 millirem. [SRNS-STI-2011-00059]
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Figure 3.1-27: Major Sources of Radiation Exposure near SRS
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The major source of radiation exposure to an average MOP in the CSRA s attributed to
naturally occurring radiation (311 mrem/yr) and medical exposure (300 mrem/yr). This
naturally occurring radiation is often referred to as natural background radiation and includes
dose from background radon and its decay products (228 mrem/yr), cosmic radiation (33
mrem/yr), internal radionuclides occurring naturally in the body (29 mrem/yr), and natural
radioactive material in the ground (21 mrem/yr). The dominant medical sources include dose
from computed tomography (147 mrem/yr), nuclear medicine (77 mrem/yr), and
radiography/fluoroscopy (77 mrem/yr). The remainder of the dose is from consumer
products (13 mrem/yr), industrial/educational/research activities (<1 mrem/yr), and
occupational exposure (< 1 mrem/yr). [NCRP-160]

3.2 Principal Facility Design Features

The HTF occupies a 45-acre site within an area of the SRS commonly referred to as the GSA,
which encompasses E, F, H, J, S, and Z Areas (Figure 3.1-9). The HTF consists principally of
three control rooms, approximately 74,800 feet of transfer lines, 10 PPs (each has one pump tank
except HPP-1 which has none), two concentrate transfer system (CTS) PPs, one catch tank, three
evaporators, and 29 waste tanks (Figure 3.2-1).
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Figure 3.2-1: Layout of HTF Including Ancillary Equipment

242-25H
.. ,.E\rapuratﬂr

‘;.ﬁ_f\ System
Catch

132) HoBs ¥
'.-' "-\\. T
- { (—
ba 24 ) (23)
. e o L
Old CTS Pump Pit —— %" N " /75
mp ' (22) (21}

242-H -

Evaporator
System

Faalt o T
138) (39) (40) (41)
Legend: - e
."- -\\
/.' Storage Tank

(42) (a3)

Pump Pit
| Diversion Box
] CTS Pump Pit
| Catch Tank

Evaperator System

Tre 242-16H
“Evaporator
System

Tank Farm Boundary

[NOT TO SCALE]

In order to model the potential risk associated with the HTF stabilized contaminant inventory
expected to remain after the closure of the HTF, locations with the potential for stabilized
contaminant retention and the design features affecting those locations were identified.
There are two primary categories of facility design with the potential for stabilized
contaminant retention in the HTF 1) waste tanks and 2) ancillary equipment.

Waste tanks refer to the 29 subsurface carbon steel tanks in the HTF designed for storing
aqueous liquid wastes. Ancillary equipment refers to the other equipment used in the HTF to
transfer waste (e.g., transfer lines, pump tanks) and reduce waste volume through evaporation
(e.g., the evaporator systems).

3.2.1 Waste Tanks

There are 29 waste tanks in HTF. The waste tanks are all built of carbon steel and reinforced
concrete, but the designs vary. There are four principal types of waste tanks in the HTF,
designated as Type I, II, I, IIA, and IV tanks. The waste tanks were constructed at
different times during which design features were improved on. Waste tank design types are
covered in Sections 3.2.1.1 through 3.2.1.4

The HTF waste tank numbering along with their design type is as follows:
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e Type I: Tanks 9 through 12

e Type Il: Tanks 13 through 16

e Type IV: Tanks 21 through 24

e Type Ill: Tanks 29 through 32

e Type IIIA: Tanks 35 through 43 and 48 through 51

The HTF waste tank locations (North and East coordinates) and working slab top elevations
are summarized in Table 3.2-1.

Table 3.2-1: Waste Tank Locations and Elevations for HTF

Tank North Location | East Location Working Slab Top (MSL) References
9 71680.0 62005.0 241.4 W715395
10 71680.0 62109.0 241.4 W715395
11 71580.0 62005.0 239.9 W715395
12 71580.0 62109.0 239.9 W715395
13 71318.0 62043.0 270.33 W163048
14 71318.0 62160.0 270.33 W163048
15 71200.0 62043.0 270.33 W163048
16 71200.0 62160.0 270.33 W163048

a W230826
21 71463.0 61772.0 281.42 W230945

a W230826
22 71463.0 61660.0 281.42 W230945

a W230826
23 71577.0 61772.0 281.42 W230945

a W230826
24 71577.0 61660.0 281.42 W230945
29 71778.5 61636.0 283.5 W236439
30 71778.5 61520.0 282.5 W236439
31 71778.5 61404.0 281.5 W236439
32 71662.5 61462.0 280 W236439
35 71865.0 61220.0 282.7 W449843
36 71990.0 61075.0 283.7 W449843
37 72052.0 61175.0 283.7 W449843
38 71290.0 62490.0 291.09 W449843
39 71290.0 62610.0 292.09 W700834
40 71290.0 62730.0 292.09 W700834
41 71290.0 62850.0 291.09 W700834
42 71170.0 62590.0 293.09 W700834
43 71170.0 62800.0 293.09 W700834
48 70956.0 62610.0 288.14 W706301
49 70956.0 62735.0 288.14 W706301
50 70820.0 62610.0 285.64 W706301
51 70820.0 62735.0 285.64 W706301

a The elevation shown for the Type IV tanks is at the bottom of the floor slab, there is no working slab under

the Type IV tanks.
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The main component of a waste tank is the primary liner where the liquid waste is contained.
The primary liner is cylindrical in shape and made of carbon steel. Each primary liner type
differs in size and capacity.

Type |, 11, 111, and 111A tanks are enclosed by a secondary liner, which is larger in diameter
than the primary liner. The secondary liner, like the primary liner, is constructed of carbon
steel. Since the secondary liner is larger in diameter than the primary liner, an area is formed
between them called the annulus. The annulus differs in size and capacity for each waste
tank type. The annulus serves several purposes for the waste tanks. It provides a collection
point for any leakage from the primary liner and provides a method for heating or cooling the
primary liner wall in conjunction with the annulus ventilation system. The Type IV tanks do
not have a secondary liner.

A reinforced concrete vault surrounds the secondary liner. The vault concrete provides both
structural support and radiation shielding. The bottom part of the concrete vault is called the
basemat. Underneath the basemat of the Type I, I, I1I, and 111A tanks is a working slab.

The primary cooling method for the liquid waste is provided by cooling water (containing
chromate for corrosion control) that runs through cooling coils located inside the primary
liner. These cooling coils are installed in Type I, Il, 111, and I11A tanks and the cooling coil
design for each waste tank type varies. Type IV tanks do not have cooling coils.

Risers provide access to the waste tank and annulus interiors. Risers are used primarily for
inspections, level detection, dip samples, and the installation of equipment such as annulus
jets, dip tubes, thermocouples, conductivity probes, ventilation inlet and outlets, reel tapes,
hydrogen monitors, and waste removal equipment. Lead or concrete plugs are inserted in the
riser opening if no equipment is installed. The riser structures are made of concrete and lined
with carbon steel. Riser layout is dependent on the specific waste tank being discussed.
However, waste tanks of a given type have similar equipment installed in the risers. Riser
plugs can weigh anywhere from a few pounds to several thousand pounds.

3.2.11 Type I Tanks

There are four Type | tanks in the HTF. The HTF Type | tanks were constructed in the early
1950s. These waste tank primary liners are 75 feet in diameter and 24.5 feet high, with a
nominal operating capacity of 750,000 gallons. A typical Type | tank is shown in Figure
3.2-2.
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Figure 3.2-2: Typical Type I Tank
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32111 Working Slab and Basemat

The working slab for a Type I tank is 4-inches thick, with a radius of 42 feet 5 inches,
and has a 2-inch wire mesh layered in the middle. [W145293] The concrete for the
working slab was installed with 2,500-psi strength at a 28-day cure time. [W145225] A
1.5-inch thick layer of plaster/waterproofing membrane sits above the working slab.
[W145573] A 30-inch reinforced concrete base (basemat) sits on top of the plaster.
[W145293] The basemat was also installed with 2,500-psi strength at a 28-day cure time.
[W145225] A 3-inch layer of construction grout fill sits on top of the basemat and the
secondary liner sits above the grout. In addition, a 3-inch thick layer of grout is placed
between the base of the primary liner and the secondary liner. [W145293] Figure 3.2-3
portrays the details of a typical Type I tank floor formation. Figure 3.2-4 shows the soil
preparation and working slab construction for a typical Type | tank. Figure 3.2-5 shows
Type | tank basemat construction.

Figure 3.2-3: Typical Type I Tank Floor Configuration
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Figure 3.2-4: Typical Working Slab Construction for Type I Tanks
> b, — "t o

Figure 3.2-5: Typical Basemat Construction for Type I Tanks
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32112 Primary and Secondary Liner

The primary liner for Type | tanks is a cylinder of 0.5-inch thick carbon steel. The inner
radius of the primary liner is 37 feet 6 inches and the inner height is 24 feet 6 inches. The
walls of the primary liner are welded to the top and bottom of the waste tank by a
0.5-inch thick, curved knuckle plate. The steel specifications, including material and
welding information, are provided in W145379. Figure 3.2-6 shows the typical
construction of the primary and secondary steel liners for a Type | tank.

Figure 3.2-6: Typical Steel Liner Construction for Type I Tanks
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Type | tanks have an annular space with a width of 2.5 feet. The base of the annular
space is formed between the 5-foot high secondary liner and primary liner. The upper
annular space is formed between the concrete vault and the primary liner. Carbon steel
stiffener angles are located at the top of the secondary liner. All the seams in the bottom
plates of the secondary liner are full penetration butt-welded using a backup strip on the
underside. The steel specifications, including material and welding information, are
provided in W145367. The primary liner sits on a 3-inch layer of grout (above the
secondary liner). The secondary liner sits on a 3-inch layer of grout on top of the
concrete basemat. [W145573] Figure 3.2-7 shows the typical construction of both the
primary and secondary liners in the later construction phase; and Figure 3.2-8 presents a
close-up, showing the 5-foot high carbon steel secondary liner.
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Figure 3.2-7: Typical Steel Liners Construction for Type I Tanks
(Late Construction Phase)
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The primary liner has transfer line penetrations near the top of the tank. There are 3-inch
stainless steel inlet waste-transfer lines that enter the primary liner through the top
knuckle and terminate inside the waste tank. The transfer lines are each enclosed in a 4-
inch carbon steel jacket pipe where they bridge across the waste tank annulus. Each
jacket pipe is welded to the primary liner; the internal pipe is free to move to
accommaodate thermal expansion and contraction. [W145573, W148413]

3.21.1.3 Waste Tank Concrete Vault

A concrete vault, 80-foot inner diameter, surrounds the Type | tank primary liner. The
space between the vault and the primary liner creates a 2 foot 6-inch wide annulus. The
vault is formed by 22-inch thick reinforced concrete roof and walls that surround the
primary container and connect to the basemat. The vault concrete was installed per
construction drawing specifications, with 2,500-psi strength. The walls have horizontal
construction joints however; no vertical construction joints were used. [W145225]
Figures 3.2-9 and 3.2-10 show the typical construction of the concrete vault and risers
(see Section 3.2.1 for description of the waste tank risers) for the Type | tanks.

Figure 3.2-9: Typical Construction of a Type I Tank Concrete Vault
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Figure 3.2-10: Typical Riser Construction for Type I Tanks

e e, =2 — ) S/
- -4 - - ‘.
- L < Toigun St

Because of the presence of the water table around the HTF Type | tanks, the concrete
vaults included waterproofing. At the bottom of the concrete vault, a 5-ply layer of
bituminous impregnated cotton fabric (waterproofing membrane) was placed between the
4-inch thick concrete working slab and the concrete basemat. An additional 5-ply layer
of waterproofing membrane was placed above the 5-ply layer from the bottom of the
concrete vault up to the basemat/vault wall construction joint. Between these two layers
of waterproofing membrane exists a 0.25-inch thick flashing of metal reinforced fabric.
A 5-ply layer of waterproofing membrane was placed on the top of the concrete vault and
covered with a 0.25-inch layer of cement plaster or fiberboard, which was covered with 2
inches of shotcrete. An additional 3-ply layer of waterproofing membrane was placed
below the 5-ply layer from the top of the concrete vault down to the roof/vault wall
construction joint. A 0.25-inch thick flashing separates the two layers of waterproofing
membrane. A 5-ply layer of waterproofing membrane was also installed on the concrete
vault walls and a 4-inch thick brick wall was constructed 4 inches from the waterproofing
membrane on the concrete vault wall. The 4-inch annular space between the brick wall
and the waterproofing membrane on the concrete vault wall was filled with bituminous
grout (hot sand asphalt mastic). [W158908]
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32114 Support Columns

Twelve concrete and steel columns support the roof of a Type | tank (Figures 3.2-11 and
3.2-12). These columns were made from steel pipes welded to a steel bottom plate. The
pipes are 0.5-inch thick carbon steel with a 2-foot outside diameter and are filled with
concrete. The columns have flared capitals at the top also filled with concrete. The
bottoms of the columns are cylindrical and have eight, 1-inch thick stiffeners on each
column. The columns are welded to the top and bottom of the primary liner. The steel
specifications, including material and welding information, are provided in W145225 and
W145379. Figure 3.2-13 portrays the column layout detail per W145573.

Figure 3.2-11: Support Column - Construction Phase
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Figure 3.2-12: Sketch of Typical Support Column Top/Bottom Detail
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Figure 3.2-13: Column Layout Detail
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3.2.1.15 Cooling Coils

The Type | tanks are equipped with a cooling system. The waste tanks have 34 vertical
cooling coils that are supported by hanger and guide rods that are welded to the primary
liner. [D116048] Two horizontal cooling coils, which are supported by guide rods that
are welded to the primary liner, extend across the bottom of the waste tanks. [D116001]
The cooling coils are 2-inch diameter schedule 40 carbon steel seamless pipe. Figure 3.2-
14 shows typical Type | tank cooling coils during construction. [D116048, D116001]

Figure 3.2-14: Type I Tank Cooling Coils - Construction Phase

s

3.2.1.1.6 Soil and Backfill Description

The Type | tank backfill was installed per W145225. The waste tank tops were covered
with a minimum of 9 feet of backfill. Figure 3.2-15 shows the typical structure of the
waste tanks and emplacement of backfill material. [W146377]
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Figure 3.2-15: Type I Tank Backfill
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3.2.1.2  Typell Tanks

There are only four Type Il tanks at SRS. They are located in the HTF and are Tanks 13
through 16. The HTF Type Il tanks were constructed between 1955 and 1956. A typical
Type Il tank is presented in Figure 3.2-16.

The HTF Type Il tank dimensions are as follows:

e Type Il primary liner inner radius is 42 feet 6 inches (excluding 0.625-inch liner
width). [W162672]

e Type Il secondary liner inner radius is 45 feet 1.5 inches (excluding 0.5-inch liner
width). [W162688]

e Type Il primary liner inner height is 27 feet. [W162672]

e Type Il tanks have a nominal operating capacity of 1,030,000 gallons.

Figure 3.2-16: Typical Type II Tank
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32121 Working Slab and Basemat

The working slab for the Type Il tanks is 6 inches thick with the four waste tanks placed
within a 255 foot x 274-foot rectangle. [W163048] Figure 3.2-17 presents the working
slab for the four waste tanks. The concrete for the working slab was installed with 3,000-
psi strength at a 28-day cure time. A 3 foot 6-inch thick reinforced concrete basemat is
located on top of the working slab. The basemat was also installed with 3,000-psi
strength at a 28-day cure time. [W162675] There is a 1-inch layer of sand between the
top of the basemat and the secondary liner. There is also a 1-inch layer of sand between
the secondary liner and primary liner. [W163018] The basemat has reinforcing bars
placed throughout. The depth, length, and type of rebar vary depending upon the location
within the basemat. [W162675]
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Flgure 3.2-17: Type II Tank Working Slab and Basemat
o fr""

A soil hydration system and five feed wells were installed beneath the Type Il tanks to
address potential issues with soil shrinkage and settlement. The hydration system
consists of an interconnecting grid comprised of 4 inch diameter drain tile (perforated
piping) located 18 inches below the working slab (Figure 3.2-18). Five supply lines (feed
wells) made of 4-inch galvanized steel piping were connected to the grid to allow water
to be injected below the working slab. The drain tile was installed inside a 24-inch deep
by 18-inch wide trench filled with sand and aggregate. The bottom 6 inches of the trench
was filled with sand that half buried the drain tile while the remaining 18 inches of the
trench was filled with aggregate. [W163048, W163278] The soil hydration system was
never used for soil hydration since the water table under the Type Il tanks is higher than
anticipated and soil dehydration is not a problem. However, although no longer in use, in
the past, this soil hydration system was used to monitor groundwater levels. The soil-
hydration system wells were used in the 1960s and 1970s to pump water from beneath
Tank 16 as part of the Tank 16 groundwater monitoring effort. [DP-1358]
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Figure 3.2-18: Soil Hydration System below Type II Tanks
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[W163278]
3.2.1.22 Primary and Secondary Liner

The primary liner for Type Il tanks is a cylinder made of carbon steel per W162672. The
primary liner walls and bottom are connected via a curved knuckle plate that is welded to
both the liner walls and bottom. The steel specifications, including material and welding
information are provided in W162672. The primary liner thicknesses within the waste
tank are identified in Table 3.2-2. [W162672]
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Table 3.2-2: Type Il Tank Primary Liner Thicknesses

Location Thickness
Top and bottom 0.5 inch
Upper knuckle 0.562 inch
Wall 0.625 inch
Lower knuckle 0.875 inch

The Type 1l tank primary liner was constructed above a 1-inch sand pad placed on top of
the secondary liner. An additional 1-inch sand pad is located beneath the secondary liner
(Figure 3.2-19). [W163018] In accordance with the requirements of W163018, both
sand pad layers consists of clean, hard, durable, siliceous particles free from foreign
material (i.e., procured and washed sand free of silt or clay), and uniformly graded from
standard sieves #16 and #100. The size of the sand grain ranges from 0.15 millimeter
(#100 sieve) to 1 millimeter (#16 sieve), and is classified as fine to medium sand per the
Unified Soil Classification System and fine to coarse per USDA classification.

Figure 3.2-19: Lower Sand Pad Installation over the Basemat
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The secondary liner for the Type Il tank forms an annulus space 30.625 inches wide
between the primary liner and concrete wall. The upper portion is formed by the concrete
wall while the bottom is formed by the 5-foot high carbon steel annulus pan (secondary
liner). Type Il tank primary and secondary liners are shown in Figure 3.2-20.

Figure 3.2-20: Type II Tank Early Construction of Primary and Secondary Liner

The secondary liner material is 0.5-inch carbon steel. [W162688] A carbon steel
stiffener angle is located at the top of the secondary liner. All the seams in the bottom
plates of the secondary liner are full penetration butt-welded using a backup strip on the

underside. Drawings W163018 and W162672 provide the steel specifications, including
material and welding information.

Type |l tank tops are equipped with risers which provide access into the primary and
secondary liner interiors. A 3-inch stainless steel waste transfer line penetrates the
primary liner through the upper knuckle by way of a 4-inch schedule 40 pipe that is
welded to the primary liner. The annular space between the 3-inch pipe and the 4-inch
pipe is packed with asbestos wicking. [W162672]

3.21.2.3 Concrete Vault

The Type Il tanks are completely enclosed in a concrete vault. A 95 foot 8.5-inch outer
diameter concrete vault surrounds the Type Il tank primary liner creating a 2 foot 6.625-
inch wide annulus.
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The vault is formed by 2 foot 9-inch thick reinforced concrete walls and a 3 foot 9-inch
thick reinforced concrete roof that surrounds the primary liner and connects to the
basemat. [W163018] The concrete vault height is approximately 34 feet 6 inches. The
vault concrete was installed with 2,500-psi strength at a 28-day cure time. The sidewalls
have horizontal construction joints however; no vertical construction joints were used
except at basemat. There are copper water stops at the bottom of the concrete vault wall.
[W163018]

Figures 3.2-21 and 3.2-22 show both early and late stage Type Il tank concrete vault
construction. Figure 3.2-23 portrays the details of a typical Type Il tank floor/annulus
space arrangement.

Figure 3.2-21: Type II Tank - Early Stage of Vault Construction
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Figure 3.2-22: Type II Tank - Late Stage of Vault
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32124 Support Columns

One central reinforced concrete and steel column supports the roof of a Type Il tank
(Figure 3.2-24). The carbon steel column has a thickness of 0.5 inch and an inside
diameter of 6 feet 8 inches. The steel column was welded to a steel bottom plate and
filled with concrete. The column has a reinforced, concrete filled, flared capital at the
top. The concrete for the steel column was installed with 3,000-psi minimum
compressive strength at a 28-day cure time. [W163018] The steel specifications,
including material and welding information, are provided in W162672. The support
column concrete is reinforced with varying length and types of rebar. [W162676]
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Figure 3.2-24: Support Column Dimension Details
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3.2.1.25 Cooling Coils

The Type 1l tanks are equipped with 44 cooling coils (Figure 3.2-25). The waste tanks
have 40 vertical cooling coils (20 operating and 20 auxiliary) that are supported by
hanger and guide rods that are welded to the top and bottom of the primary liner.
[W163593] The four bottom cooling coils (two operating and two auxiliary coils) extend
across the bottom of the waste tanks, and are supported by guide rods and steel angles
welded to the bottom of the primary liner. [W163658] The cooling coils are 2-inch
diameter schedule 40 carbon steel seamless pipes. The total coil length is 14,700 feet for
operating coils and 14,700 feet for auxiliary coils. [W163593]
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Figure 3.2-25: Type II Tank Cooling Coils

3.21.26 Soil and Backfill

The Type Il tank backfill was installed per drawing W163048 specifications. The
backfill below the working slab is test controlled compacted backfill not to contain more
than 7 % material passing through a #200 sieve. Excavated backfill soil around the waste
tanks consisted of suitable approved soil to allow satisfactory consolidation. The backfill
around the waste tanks was placed in successive, uniform layers with a compacted
thickness no more than 12 inches. The backfill layers around the tanks were rolled with
earthwork equipment until uniformly compacted to specification. In areas inaccessible to
such equipment, the backfill was compacted with approved hand or mechanical tampers.
The backfill around the waste tanks was brought to an elevation level with the top of the
waste tanks and extended laterally for a minimum of 21 feet. The backfill was then
sloped down at an angle less than 1:1 for a lateral distance of 31 feet, reaching final grade
at an elevation of 300 feet above MSL. Figure 3.2-26 shows the backfill structure.
[W163048]
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Figure 3.2-26: Type II Tank Backfill Detail
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3.2.1.3  Typelll and IlIA Tanks

There are four, Type I tanks (Tanks 29-32) and 13 Type IlIA tanks (Tanks 35 through 37,
38 through 43, and 48 through 51) in the HTF. The Type 11l tanks were constructed between
1966 and 1970. The Type IIA tanks were constructed between 1974 and 1981. The primary
liners are 85 feet in diameter and 33 feet high with a nominal operating capacity of 1,300,000
gallons. [W236519] Typical HTF Type Il and Type 1A tanks are shown in Figures 3.2-27
and 3.2-28, respectively. Note that Tanks 35, 36, and 37 have been designated as Type IlIA
tanks but they differ from Figure 3.2-28 in that these waste tanks have a flat roof with a
uniform 4-foot concrete thickness, similar to the Type 1l tanks. Additionally, Tank 35 has
insertable cooling coils rather than permanently installed cooling coils.

Figure 3.2-27: Typical HTF Type III Tank
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Figure 3.2-28: Typical HTF Type IIIA Tank
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3.2.1.3.1 Type 111 Working Slab and Basemat

The concrete basemat rests on a 6-inch thick (minimum) construction-working slab that
slopes away as it extends 30 feet beyond the edge of the waste tank. The working slab is
under all four Type Il tanks (Tanks 29 through 32). [W236495] The basemat is 3-foot
6-inches thick (5 feet 4 inches at the drop panel in the waste tank center) with a radius of
45 feet (not including the wall radius of 2 foot 6 inches). [W236562] Figure 3.2-29
shows the early construction of a typical Type Ill and I11A basemat.
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Figure 3.2-29: Early Construction of a Type III and IIIA Tanks Basemat
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The basemat concrete was installed with reinforcing bars placed throughout, with the
length and type of bar varying depending upon the location. The basemat also includes a
water stop embedded in the circumference. [W236495, W236562]

3.2.1.3.2 Type 1A Working Slab and Basemat

The working slab rests on undisturbed soil. [W448847, W700855, W707138] Tanks 35
through 37, 38 through 43, and 48 through 51 were built on a single working slab that
extends out at least 25 feet beyond the edge of the waste tanks. [W449843, W700834,
W706301] Prior to the placement of backfill, the working slab was broken up or
perforated with 4-inch diameter holes spaced 18 inches apart, center-to-center between
the waste tanks to prevent perched water (Figure 3.2-30).

The basemat rests on the 4-inch (minimum) thick working slab. The basemat thickness is
3 feet 7 inches (6 feet 4 inches at the drop panel 