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EXECUTIVE SUMMARY

The Savannah River Site (SRS) is owned by the
United States Department of Energy (DOE) and
is currently operated and managed by the West-
inghouse Savannah River Company (WSRC).
Since beginning operations in the early 1950s,
uranium and plutonium recovery processes have
generated liquid high-level radioactive waste,
which currently amounts to 34-37 million gal-
lons stored in underground tanks in the F- and
H-Aresas at the site. DOE intends to remove
from service the high-level waste (HLW) tanks
that do not meet the standards established in
Appendix B of the SRS Federa Facility Agree-
ment (FFA; EPA 1993) entered into pursuant to
Section 120 of the Comprehensive Environ-
mental Response, Compensation, and Liability
Act (CERCLA). After the wastes are removed
from the tanks, the residual contaminants will be
stabilized and the tanks closed under the indus-
trial wastewater permits that regulate their op-
eration. This plan establishes the general proto-
col by which DOE intends to close F- and H-
Area HLW tank systems at SRS to prevent
health hazards and promote safety in and around
the tank systems in accordance with South Caro-
lina Regulation R.61-82, “Proper Closeout of
Wastewater Treatment Facilities.” In addition,
closure of the HLW tanks by this process is in-
tended to be consistent with the requirements of
the Resource Conservation and Recovery Act
and CERCLA, which will control the overal
remediation of the F- and H-Area Tank Farms.

The F- and H-Area Tank Farms are located in
the central portion of the SRS. The F-Area
Tank Farm islocated on 22 acres with 22 HLW
tank systems (including 2 that have already been
closed), and the H-Area Tank Farm islocated on
45 acres and contains 29 HLW tank systems.
The tank systems include the tank structure and
ancillary components such as transfer pipelines,
evaporators, diversion boxes, pump pits, and
stripper columns. The tanks are of four basic
types, designated I, 11, 111, and 1V, and are con-
structed of carbon steel and concrete with waste
capacities ranging from 750,000 to 1,300,000
galons. Type | and Il tanks have 5-foot-high

annular pans (secondary containment), while
Type IV tanks have single-wall designs. The
newest design (Type I1I) has a full-height sec-
ondary containment tank. Nine of the Type |
and Il tanks are known to have experienced
leaks from primary to secondary containment;
one tank (Tank 16) leaked a small amount into

the surrounding soil. As-deseribed-in-the High-

Levelbnsie Traple Clasure Prooram Plan (DO
4996)-DOE intends to remove from service by

2022-and close the 24 tanks (Types|, 11, and 1V)
that do not meet the standards set forth in Ap-
pendix B of the FFA. Removal from service
and closure will be in accordance with the
schedule presented in Appendix E

. Summary information on the F- and H-
Area HLW tanksis presented in Table ES-1.

This plan describes the environmental setting
for the HLW tanks and the human and environ-
mental receptors potentially affected by the tank
closures (i.e., land use and demographics, local
geology, ground and surface waters, biota, and
air quality). Most of the information was com-
piled from existing SRS documents (environ-
mental impact statements, safety anaysis re-
ports, hydrogeologic studies, etc.) that address
the F- and H-Areas.

DOE identified environmental regquirements and
guidance considered pertinent to closure of the
F- and H-Area HLW tank systems and derived
performance objectives from them to ensure
protection of human health and the environment
and consistency with potential remedial actions
in the F- and H-Area Tank Farms. In establish-
ing the performance objectives for HLW tank
system closure, DOE has assumed that the re-
sidual waste material remaining in the tank at
closure will not be managed as high-level waste.

Before initiating the closure process for a tank,
DOE will remove the HLW (salt, sludge, and
supernate) by mechanical agitation or other
means.

ES1

WSRC-2003-00498




Preliminary Draft

August 2004

Table ES-1. Summary of high-level waste tanks.

Number Volume Tank Y ear Year
Tank type of tanks (gallons) Area numbers constructed first used
I 12 750,000 F 1-8 1952 1954-64
H 9-12 1953 1955-56
ne 4 1,030,000 H 13- 16 19560 1957-60
" 27 1,300,000 F 25-28 1978 1980
33-34 1969, 1972 1969, 1972
44 - 47 1980 1980-82
H 29-32 1970 1971-74
35-43 1976-79 1977-86
48 - 51 1981 1983-86
\Ya 8 1,300,000 F 17 - 20° 1958 1958-61
H 21-24 1961-62 1961-65

| a.  Twenty-four Typel, I, and IV HLW tanks will be removed from service-by-2022.
b. Asof publication of thisrevision of the General Closure Plan, two tanks (Tanks 17 and 20) have been closed.

Any waste not removed will be residual waste.
DOE will then determine the inventory of con-
taminants (radiological and nonradiological)
remaining in the tank. The closure process de-
scribed in this plan and shown in Figure ES-1
will be initiated with the following sequence of
activities:

1. DOE will propose a method of stabiliz-
ing the residua contaminants in the
tanks.

2. The closure configuration (i.e.,, the
combination of residual tank source
terms and stabilization method) will be
subjected to fate and transport modeling
to evaluate compliance with the overall
performance objectives determined
from the applicable environmental regu-
lations. Contributions from other
nearby tanks and nontank sources will
also be calculated and accounted for in

comparison with the overall perform-
ance objectives.

3. As tanks are closed, an accounting of
closure impacts against the performance
objectives will be maintained to ensure
ultimate conformance when the last tank
is closed. Chapter 6 provides a more
complete explanation of the accounting
methods.

DOE will then prepare a detailed tank-specific
closure module, which will be submitted to
South Carolina Department of Health and Envi-
ronmental Control (SCDHEC) for review. After
SCDHEC approves the module, DOE will stabi-
lize the residual contaminants as the final step of
the closure process. Tank Farm soils will be
managed by the DOE Environmental Restora-
tion Program according to the requirements of
the FFA. Figure ES-1 summarizes the sequence
of stepsin the closure process.
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Figure ES-1. Summary of HLW tank closure process.
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CHAPTER 1. INTRODUCTION

The Savannah River Site (SRS) occupies ap-
proximately 300 square miles adjacent to the
Savannah River, principally in Aiken, Barnwell,
and Allendale Counties of South Carolina. The
site is owned by the United States Department
of Energy (DOE) and is operated by the West-
inghouse Savannah River Company (WSRC).
Environmental restoration is emphasized in the
current site mission. However, since the early
1950s, the primary mission of the site has been
to produce nuclear materials for national de-
fense. The process used to recover uranium and
plutonium from production reactor fuel and tar-
get assemblies in the chemical separations area
at SRS generated liquid high-level radioactive
waste. This waste, which now amounts to ap-
proximately 34-37 million gallons, is stored in
underground tanks in the F- and H-Areas near
the center of the site.

DOE is committed to remove from service by
2022-those high-level waste (HLW) tank sys-
tems that do not meet the standards set forth in
Appendix B of the SRS Federal Facility Agree-
ment (FFA) (EPA 1993). DOE, the U.S. Envi-
ronmental Protection Agency, and the South
Carolina Department of Health and Environ-
mental Control (SCDHEC) signed the FFA pur-
suant to Section 120 of the Comprehensive En-
vironmental Response, Compensation, and Li-
ability Act (CERCLA) (42 USC 8§9620) for the
comprehensive environmental remediation of
SRS, the agreement became effective in August
1993. After wastes are removed from individual
tank systems, they will be closed under, then
removed from, the industrial wastewater permits
that regulate their operation.

1.1 Purpose and Objectives

The purpose of this document is to set forth the
general protocol by which DOE intends to close
the F- and H-Area HLW tank systems at SRS to
protect public health and the environment in
accordance with South Carolina Regulation
R.61-82, “Proper Closeout of Wastewater
Treatment Facilities. (SCCOR 2003)” This plan

presents the environmental regulatory standards
and guidelines pertinent to closure of the tanks
and describes the process for evaluating and
selecting the closure configuration (i.e., residual
source term and method of stabilizing the tank
system and residual waste material). The plan
also describes the integration of HLW tank sys-
tem closure activities with existing commit-
ments to remove waste from the tanks before
closure and ultimately to remediate the F- and
H-Area Tank Farms.

The specific objectives of this plan are as fol-
lows:

Describe the methods DOE could use to
remove wastes from the tank systems and
stabilize the tank systems and residual waste
material.

Identify the Federal and South Carolina en-
vironmental requirements and guidance that
apply to the tank closure (e.g., groundwater,
surface water, and air emission limits) and
describe how DOE will comply with these
reguirements.

Describe the process DOE will follow in
selecting tank cleaning and stabilization
methods for individual tank systems as they
are closed.

Describe the methodology for using fate and
transport modeling to calculate potential ex-
posure concentrations or radiological dose
rates from residual wastes in the tank sys-
tems and from other nearby sources of con-
tamination.

Provide the methodology for accounting for
closure impacts of individual tank systems
such that the closure of all F- and H-Area
tank systems will comply with environ-
mental standards.

The process outlined in this plan is intended to
comply with the requirements of South Carolina
R.61-82 and be consistent with the requirements
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of the Resource Conservation and Recovery Act
(RCRA) and CERCLA, under which the F- and
H-Area Tank Farms will eventually be remedi-
ated. Thus, evaluation and selection of a pro-
posed closure configuration by the process de-
scribed in this plan will be consistent with
evaluation against the following CERCLA crite-
ria [40 CFR 300.430(e)(9)]: (1) overall protec-
tion of human heath and the environment;
(2) compliance with applicable or relevant and
appropriate requirements (ARARS); (3) long-
term effectiveness and permanence; (4) reduc-
tion of toxicity, mobility, or volume through
treatment; (5) short-term effectiveness; (6) im-
plementability; (7) cost; (8) state acceptance;
and (9) community acceptance. The closure
configuration selection process is documented
in the Savannah River Ste High-Level Waste
Tank Closure Environmental Impact Statement
(DOE 2002). The Record of Decision docu-
mented DOE'’s selection of a closure configura-
tion process (the Fill with Grout Option).

1.2 HLW Tank Systems Closure
Plan

SCDHEC has issued three Industrial Wastewa-
ter Treatment System construction/operating
permits associated with the - and H-Area Tank
Farms. SCDHEC Permit No. 17,424-IW (Sadler
1983) addresses the entire tank farm with the
exception of Tanks 16 and 50. Tank 50 is under
permit No. 14,520. Tank 16 was taken out of
service following waste removal and, therefore,
was not included in the wastewater operating
permits. However, because the application of a
consistent closure methodology is appropriate
for al HLW tank systems, Tank 16 will be
closed under this plan.

Before closure of any tanks, two prerequisite
steps must be accomplished. First, DOE has

prepared an environmental impact statement
(EIS) to evaluate the environmental impacts of
DOFE's tank closure activities. DOE completed
the EIS and issued a Record of Decision in 2002
(67 FR 53784; August 19, 2002).

Secondly, DOE must present the general regula-
tory framework under which al the tanks would
be closed. This closure plan is that framework
and will guide SRS and its regulators through
the closure process. The specific objectives of
this plan have already been listed.

The sequence of steps in the closure process for
an individual tank system is depicted in
Figure 1-1. Chapters 4 and 6 provide explana-
tions of the process steps. Although removal of
the bulk waste from the tank is an operational
activity, not part of tank closure, it is an essen-
tial precursor to closure. The waste removal
process is described in Chapter 4 and Appen-
dix A.

A key element of the process is the preparation
of individual tank closure modules as tanks are
selected for closure. Because the HLW tanks
will be closed over decades, the tank-specific
modules alow DOE the opportunity to address
and evaluate evolving technologies for waste
removal and tank stabilization. The tank closure
modules also provide a mechanism for regula-
tory approval of each closure and present a run-
ning account of cumulative tank closure impacts
against closure performance objectives for the
F- and H-Area Tank Farms.

The remainder of this plan is organized as fol-
lows:

Chapter 2 describes the F- and H-Area Tank
Farm components of the HLW system and
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Figure 1-1. Summary of HLW tank closure process.
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identifies the elements of the tank farms that
this closure plan covers.

Chapter 3 describes the environmental set-
ting of the tank systems.

Chapter 4 describes the waste removal and
stabilization processes for the tank systems
and the methods by which DOE will use
tank-specific impacts and other factors
(eg., other environmental requirements,
technical feasibility, cost) to select an ap-
propriate closure option.

Chapter 5 identifies the regulatory standards
and guidance applicable to closure of the
tank systems.

Chapter 6 describes the methodology for
using fate and transport modeling to account
for tank-specific closure impacts against
overall closure performance objectives.

Appendix A describes the methods DOE
could employ for removing wastes from the
HLW tank systems and for stabilizing the
tank systems and associated residual wastes.

Appendix B summarizes the process to iden-
tify pertinent environmental regulatory re-
quirements and guidance and the resulting
overall performance objectives for HLW
tank system closures.

Appendix C provides an example of the fate
and transport modeling that could be used to
determine tank-specific closure impacts and
accounting against the performance objec-
tives.

Appendix D presents an example of the pro-
cess of accounting for closure impacts
against overall performance objectives.

Appendix E presents DOE's schedule for
closing the tanks.

WSRC-2003-00498
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CHAPTER 2. HIGH-LEVEL WASTE SYSTEM

A legacy of the SRS mission was the generation
of high-level radioactive waste. Since the be-
ginning of SRS operations, an integrated man-
agement system, the “High-Level Waste Sys
tem,” consisting of several facilities designed
for the overall processing of liquid high-level
radioactive waste has evolved. Two of the ma-
jor components of this system are the F- and H-
Area High-Level Waste (HLW) Tank Farms,
which are near the center of the site (Figure 2-
1) F- and H-Areas are where plutonium, ura-
nium, and other radionuclides were separated
from irradiated fuel and target assemblies using
chemical separations processes. Thetank farms,
which store and process HLW from the chemi-
cal separations process, include the following
facilities and structures: tank systems, evapora-
tors, transfer systems, the In-Tank Precipitation
(ITP) Facility, and sludge processing tanks.

The tank farm sites were chosen because of their
favorable terrain, proximity to the F- and
H-Area Separations Facilities (the major waste
generating sources), and isolation distance (at
least approximately 5.5 miles) from the SRS
boundaries. Figure 2-2 shows the setting of the
F- and H-Areas and associated tank farms.

The F-Area Tank Farm is a 22-acre site consist-
ing of 22 waste tanks, 2 evaporator systems,
transfer pipelines, 6 diversion boxes, and 3
pump pits. Figure 2-3 shows the general layout
of F-Area Tank Farm.

The H-Area Tank Farm is a 45-acre site consist-
ing of 29 waste tanks, 2 evaporator systems and
the Replacement High Level Waste Evaporator
(RHLWE), the ITP process building and associ-
ated equipment, transfer pipelines, 8 diversion
boxes, and 10 pump pits. Figure 2-4 shows the
general layout of the H-Area Tank Farm.

The F- and H-Area Tank Farms were con-
structed to receive high-level radioactive waste

generated by various SRS production, process-
ing, and laboratory facilities. The use of the
tank farms isolates these wastes from the envi-
ronment, SRS workers, and the public. In addi-
tion, the tank farms enable radioactive decay by
aging the waste, clarification of waste by gravity
settling, and removal of soluble salts from waste
by evaporation. The tank farms also pretreat the
accumulated sludge and salt solutions (super-
nate) to enable the management of these wastes
at other SRS treatment facilities (i.e., Defense
Waste Processing Facility (DWPF) and Z-Area
Saltstone Manufacturing and Disposal Facility
(SMDF). These treatment facilities convert the
sludge and supernate to more stable forms suit-
able for permanent disposal.

To accomplish the system operational objectives
described above, the following units were as-
sembled in the tank farms:

Fifty-one large underground waste tanks to
receive, store, age, and gravity separate the
waste

Five existing evaporator systems to concen-
trate soluble salts and reduce the waste vol-
ume

Transfer system (i.e., transfer lines, diver-
sion boxes, and pump pits) to transfer su-
pernate, sludge and other waste (e.g., evapo-
rator condensate) between tanks and treat-
ment facilities

Precipitation/filtration system (i.e., ITP Fa
cility) to separate the salt solution into high-
and low-activity fractions for immobiliza-
tion at the DWPF Vitrification Facility and
Z-Area Saltstone Manufacturing and Dis-
posal Facility, respectively [Operation of the
ITP Facility was suspended in early 1998.

WSRC-2003-00498
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DOE is currently evaluating aternate salt
disposition technologies to replace the ITP
process.]

Sludge washing system (i.e, Extended
Sludge Processing) to pretreat the accumu-
lated sludge prior to immobilization at the
DWPF Vitrification Facility

Sections 4.0 and 7.0 of the As-Built Construc-
tion Permit Application for an Industrial
Wastewater Treatment Facility for the F- and
H-Area Radioactive Waste Tank Farms (WSRC
1991) contain detailed descriptions and discus-
sion of the tank farm equipment.

2.1 Tanks

The F- and H-Area tanks are of four different
designs, all constructed of carbon-steel, inside
of reinforced concrete containment vaults. Ta
ble 2-1 summarizes information about the tanks.
Two designs (Types | and 1) have 5-foot-high
secondary annulus “pans’ and forced cooling
(Figure 2-5). The 12 Type | tanks (Tanks 1
through 12) were built in 1952 and 1953, 5 of
which (Tanks 1, 9 through 12) have known leak
sites in which waste leaked from the primary
containment to the secondary containment. The
leaked waste is kept dry by air circulation, and
there is no evidence that the waste has leaked
from the secondary containment. The tank tops
are about 9.5 feet below grade. The bottoms of
Tanks 1 through 8, in F-Area, are situated above
the seasonal high water table. Tanks 9 through
12 in the H-Area Tank Farm are in the water
table.

The four Type Il Tanks (Tanks 13 through 16)
were built in 1956 in the H-Area Tank Farm
(Figure 2-5). All four have known leak sites in
which waste leaked from primary to secondary
containment. In Tank 16, the waste overflowed
the annulus pan (secondary containment) and
tens of gallons of waste migrated into the sur-
rounding soil. Waste removal from the Tank 16
primary vessel was completed in 1980. How-
ever, not all of the waste that leaked into the
annulus has been removed. These tanks are
above the seasonal high water table.

The fourth design (Type 1V) has a single steel
wall and does not have forced cooling (Fig-
ure 2-5). The eight Type IV Tanks (Tanks 17
through 24) were built between 1958 and 1962.
Tanks 17 through 20 are in the F-Area Tank
Farm and Tanks 21 through 24 are in H-Area.
Tank 19 has recently developed a lateral crack,
approximately 18 inches in length, running par-
alel to the weld seam above the waste level.
Tank 20 (which has been closed) has known
cracks that are believed to have been caused by
groundwater corrosion of the tank wall. The
bottoms of Tanks 17 through 20 are dightly
above the water table. Tank 17 has also been
closed. Tanks 21 through 24 are above the
groundwater table; however, they are in a
perched water table caused by the origina
basemat under the tank area.

The newest design (Type I1I) has a full-height
secondary tank and forced water cooling (Fig-
ure 2-5). All of the Type Il tanks (25 through
51) are above the water table. These tanks were
placed in service between 1969 and 1986. None
of them has known leak sites.

DOE intends to remove from service in_accor-
dance with the schedule presented in Appendix
E, by-2022-and close all tank systems that have
experienced leaks or do not have full-height sec-
ondary containment. Thus, the 24 Type I, II,
and IV tanks will be removed from service
while the 27 Type Il tanks will remain in ser-
vice until there is no further need for the tanks

Levpentbrolonpesiebontie 2000,

2.2 Evaporator Systems

Each tank farm has two single-stage, bent-tube
evaporators that concentrate waste following
receipt from the canyons. At present, two of
these evaporators (242-16F and 242-16H) are
operating, one in each tank farm. Each operat-
ing evaporator is made of stainless steel and op-
erates at near atmospheric pressure under alka
line conditions. The evaporators are 8 feet in
diameter and have an operating capacity of ap-
proximately 1,800 galons. An additional
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Table2-1. Wastetank information.?

Tank Design Y ear con-
number type Location structed First used

1° | F 1952 1954
2 | F 1952 1955
3 | F 1952 1954
4 | F 1952 1961
5P | F 1952 1959
6° | F 1952 1964
7 | F 1952 1954
8 | F 1952 1958
9 | H 1953 1955
10° | H 1953 1955
11° | H 1953 1955
12° | H 1953 1956
13° I H 1956 1959
14° I H 1956 1957
15 I H 1956 1960
16’ I H 1956 1960
17 IV F 1958 1961
18 IV F 1958 1958
19° IV F 1958 1961
20 IV F 1958 1960
21 IV H 1961 1961
22 IV H 1962 1965
23 IV H 1962 1963
24 IV H 1962 1963
25 n F 1978 1980
26 n F 1978 1980
27 n F 1978 1980
28 n F 1978 1980
29 n H 1970 1971
30 n H 1970 1974
31 n H 1970 1972
32 n H 1970 1971
33 n F 1969 1969
34 n F 1972 1972
35 n H 1976 1977
36 n H 1977 1977
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Table 2-1. (continued).

Tank Design Y ear con-
number type Location structed First used
37 " H 1977 1978
38 " H 1979 1981
39 " H 1979 1982
40 " H 1979 1986
41 " H 1979 1982
42 " H 1979 1982
43 " H 1979 1982
44 " F 1980 1982
45 " F 1980 1982
46 " F 1980 1986
47 " F 1980 1980
48 " H 1981 1983
49 " H 1981 1983
50 " H 1981 1983
51 " H 1981 1986

a.  Source: WSRC (1991).

| b. Hasone or more known cracksin primary tank shell (WSRC 2004).

evaporator system, the Replacement High-Level
Waste Evaporator (RHLWE or 242-25H), in H-
Area began operationsin 2000. The RHLWE is
fabricated of INCO aloy G3 to allow higher
design temperatures; it has amost twice the op-
erating capacity of the existing evaporators.
Because of the radioactivity emitted from the
waste, the evaporator systems are either shielded
(i.e., lead, stedl, or concrete vaults) or placed
underground. The process equipment is de-
signed to be operated and maintained remotely.

Waste supernate is transferred from the evapora-
tor feed tanks and heated to the aqueous boiling
point in the evaporator vessel. The evaporated
liquids (overheads) are condensed and, if re-
quired, processed through an ion-exchange col-
umn for cesum removal. The overheads are
transferred to the F/H Effluent Treatment Facil-
ity (ETF) for final treatment before being dis-
charged to Upper Three Runs Creek. The over-
heads can be recycled back to a waste tank if
evaporator process upsets occur. Supernate can

be reduced to about 25 percent of its original
volume and immobilized as crystallized sat by
successive evaporations of liquid supernate.

2.3 Transfer System

A network of transfer lines is used to transfer
wastes between the waste tanks, process units,
and various SRS areas (i.e., F-Area, H-Area, S
Area, and Z-Area). These transfer lines have
diversion boxes that contain removable pipe
segments (called jumpers) to complete the de-
sired transfer route. Jumpers of various sizes
and shapes can be fabricated and installed to
enable the transfer route to be changed. The use
of diversion boxes and jumpers allows flexibil-
ity in the movement of wastes. The diversion
boxes are usualy underground, constructed of
reinforced concrete, and either sealed with wa-
terproofing compounds or lined with stainless
steel.

WSRC-2003-00498
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Pump pits are intermediate pump stations in the
F- and H-Area Tank Farm transfer systems.
These pits contain pump tanks and hydraulic
pumps or jet pumps. Many pump pits are asso-
ciated with diversion boxes. The pits are con-
structed of reinforced concrete and have a
stainless-steel liner.
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CHAPTER 3. ENVIRONMENTAL CONDITIONS

This chapter describes the affected environment
of the F- and H-Area Tank Farms. The informa-
tion emphasizes the environmental features of
the F- and H-Areas that are important in the per-
formance evaluation for the tank system closure
discussed in Chapter 4. The affected environ-
ment is addressed in the following subsections:
Land Use and Demographics, Geology and
Soils, Groundwater, Surface Water, Biota, Air
Quality, and Cultural Resources. Most of the
information is from existing Savannah River
Site (SRS) documents, environmental impact
statements (EISs), safety analysis reports
(SARs), hydrogeologic studies, etc. that address
the F- and H-Areas.

3.1 Land Use and Demographics

3.1.1 LAND USE

The SRS is in south-central South Carolina
(Figure 3-1), approximately 100 miles from the
Atlantic Coast. The major physical feature at
SRS is the Savannah River, about 20 miles of
which serve as the southwestern boundary of the
site and the South Carolina-Georgia border.
The SRS includes portions of Aiken, Barnwell,
and Allendale Counties in South Carolina.

The SRS occupies an almost circular area of
approximately 300 square miles or 192,000
acres and contains production, service, and re-
search and development areas (Figure 3-2). The
production facilities occupy less than 10 percent
of the SRS area; the remainder of the site is un-
developed forest or wetlands.

The F- and H-Areas are in the north-central por-
tion of the SRS, bounded by Upper Three Runs
to the north and Fourmile Branch to the south.
The two separations areas, F and H (Figures 3-3
and 3-4), occupy 364 and 395 acres, respec-
tively. Land use within the F-and H-Areas is
classified as heavy industrial. Land within a 5-
mile radius of these areas is entirely within the

SRS boundaries and is used for either industrial
purposes or as forested land.

DOE intends that the SRS defense processing
and environmental management areas (the area
between Fourmile Branch and Upper Three
Runs) would continue to be under institutional
control for the next 100 years and, after that, the
area would be zoned as industrial for an indefi-
nite period with deed restrictions on the use of
the groundwater (DOE 1998). For the purposes
of this closure plan and the modeling used to
support its conclusions, DOE assumes that the
area directly on the opposite side (the south
side) of Fourmile Branch would be available for
residential use (DOE 1998).

3.1.2 DEMOGRAPHICS

Because collective radiation dose (population
dose) to members of the public is not pertinent
to the HLW tank system closure, no perform-
ance objectives are needed. Therefore, demo-
graphic information is not used in the modeling
to support this plan. However, if there were to
be a performance objective limiting collective
radiation dose, demographic data would be
needed to assess compliance with this objective.
The SRS High-Level Waste Tank Closure EIS
(DOE 2002) presents detailed demographic in-
formation for the region surrounding SRS.

3.2 Geology and Soils

3.21 GEOLOGY

SRS is on the Aiken Plateau, which is bounded
by the Savannah and Congaree Rivers and ex-
tends from the fall line to the Orangeburg Scarp.
The highly dissected surface of the Aiken Pla-
teau is characterized by broad interfluvial areas
with narrow, steep-sided valleys. Local relief is
as much as 300 feet. The plateau is generaly
well drained, although many poorly drained
sinks and depressions (called Carolina Bays) do
occur (DOE 1995).
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The surface of the Upper Atlantic Coastal Plain
Province, on which the Aiken Plateau is located,
slopes gently seaward. This province is under-
lain by a southeastern dipping wedge of uncon-
solidated and semiconsolidated sediments that
extends and progressively thickens from the fall
line (separates the Piedmont Plateau from the
Atlantic Coastal Plain) southeastward to the
edge of the continental shelf. The stratigraphic
section underlying SRS ranges from approxi-
mately 600 feet to more than 1,400 feet of
mostly unconsolidated sands, and clays, and
limestones of Tertiary and Cretaceous age.

A more complete description of the geology and
soils of the F- and H-Areas can be found in Ge-
ology and Hydrogeology of the Savannah River
Ste (WSRC 1993a) and in a report titled Hy-
drogeologic Framework of West-Central South
Carolina (SCDNR 1995). The latter report,
prepared by the State of South Carolina De-
partment of Natural Resources, focuses on SRS
and compares the chronostratigraphic,
lithostratigraphic, and hydrostratigraphic units
in the SRSregion.

3.22 LOCAL GEOLOGY AND SOILS

The principal surface and near-surface soils in
F- and H- Areas consist of cross-bedded, poorly
sorted sands and pebbly sands with lenses and
layers of silts and clays. The surface and near
surface soils contain a greater percentage of clay
which has demonstrated a good retention capac-
ity for most radionuclides (Parsons 1996). A
significant portion of the surface soils around
the F- and H- Area Tank Farms are composed of
backfill material resulting from previous exca-
vation and construction activities.

The vadose zone is comprised of the middle to
late Miocene-age “Upland Unit,” which extends
over much of SRS, 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 aso been referred to as the Aiken Plateau
which is bounded by the Savannah and Conga-
ree Rivers and extends from the Fall Line to the

Orangeburg escarpment. Thisunit is highly dis-
sected and is characterized by broad interfluvial
areas with narrow, steep-sided valleys (SCDNR,
1995). Erosion in these dissected, steep-sided
valley areas expose older, underlying deposits.

The occurrence of cross-bedded, poorly sorted
sands with clay lenses indicate fluvial deposi-
tion (high-energy channel deposits to channel-
fill deposits) with occasional transitional marine
influence. This depositional environment re-
sults in wide differences in lithology and pre-
sents avery complex system of transmissive and
confining beds or zones (SCDNR, 1995). The
lower surface of the “Upland Unit” is very ir-
regular due to erosion of the underlying forma-
tions (Fallow and Price, 1992). The thickness
of the “Upland Unit” ranges from 16 feet to 40
feet in the vicinity of the F- and H- Area Seep-
age Basins (WSRC, 1991), but may be as thick
as 70 feet in the Central Savannah River Area
(Fallow and Price, 1992). The F- and H- Area
Seepage Basins are located southwest and west
of the F- and H- Area Tank Farms, respectively.

A notable feature of the “Upland Unit” is its
compositional variability (Figure 3-5). 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 ver-
tically upward through the unit, sorting of grains
becomes poorer, clay beds become more abun-
dant and thicker, and sands become more argil-
laceous and indurated (Fallow and Price, 1992).
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 feldspars. In areas to the east-
southeast, sediments may become more phos-
phatic and dolomitic. The mineralogy of the
clays consists of kaolinite, resulting from highly
weathered feldspars, and muscovite (Nystrom et
a., 1991). The soils at F- and H- Areas may
contain as much as 20 to 40 percent clay
(WSRC, 1991).
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3.3 Groundwater

3.31 HYDROGEOLOGY

In the SRS region, the subsurface contains two
hydrogeologic provinces. The uppermost, con-
sisting of a wedge of unconsolidated Coastal
Plain sediments of Late Cretaceous and Tertiary
age, is the Atlantic Coastal Plain Hydrogeologic
Province. Beneath the sediments of the Atlantic
Coastal Plain Hydrogeologic Province are rocks
of the Piedmont Hydrogeologic Province.
These rocks consist of Paleozoic igneous and
metamorphic basement rocks and lithified mud-
stone, sandstone, and conglomerates of the
Dunbarton basin of the Upper Triassic. Sedi-
ments of the Atlantic Coastal Plain Hydro-
geologic Province are divided into three main
aquifer systems, the Floridan Aquifer System,
the Dublin Aquifer System, and the Midville
Aquifer System as shown in Figure 3-5 (Aad-
land et al. 1995). The Meyers Branch Confining
System and/or the Allendale Confining System
separate the aquifer systems of interest.

Groundwater within the Floridan System (the
shallow aquifer beneath the tank farms) flows
slowly 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, such as
Fourmile Branch, McQueen Branch, Crouch
Branch, allow discharge from the shallow satu-
rated geologic formations. The valleys of major
tributaries of the Savannah River (e.g., Upper
Three Runs) drain formations of greater depth.
With the release of water to the streams, the hy-
draulic head of the aquifer unit releasing the
water can become less than that of the underly-
ing unit. If this occurs, groundwater has the po-
tential to migrate upward from the lower unit to
the overlying unit.

3.3.2 GROUNDWATER STANDARDS

All groundwater within the state, including
those at the SRS, are classified as Class GB Wa-
ter for which the State of South Carolina has set
quality standards. The South Carolina Depart-
ment of Health and Environmental Control
(SCDHEC) recognizes that Class GB might not
be suitable for some groundwater reservoirs and
has two other classifications: GA (exceptionally
valuable groundwater) and GC (groundwater
with little potential for use as an underground
source of drinking water). The quality standards
that SCDHEC has set for Class GB water are
referenced in SCDHEC Regulation R.61-68
H(9) for inorganic and organic chemicals. Items
such as manmade radionuclides, priority pollut-
ant volatile organic compounds, pesticides, her-
bicides, polychlorinated biphenyls, synthetic
organic compounds not specified, treated
wastes, thermal wastes, deleterious substances,
colored wastes, and other wastes or constituents
thereof are not to exceed concentrations or
amounts that interfere with groundwater use,
actual or intended, as determined by SCDHEC.
The groundwater beneath the tank farmsis clas-
sified as GB.

3.3.3 POTENTIALLY AFFECTED
AQUIFERS

The aquifers of interest for F- and H-Areas that
lie within the General Separations Area (GSA)
are the Upper Three Runs and Gordon Aquifers.
The Upper Three Runs Aquifer (i.e., Water Ta-
ble and Barnwell-McBean Aquifers) is the first
aquifer zone encountered beneath the F- and H-
AreaTank Farms. Thisaquifer is defined by the
hydrogeologic properties of the Tinker/Santee
Formation, the Dry Branch Formation, and the
Tobacco Road Formation (DOE 1997a). As
shown in Figure 3-5 these formations are sepa-
rated by the Twiggs Clay Member of the Dry
Branch Formation that acts as a confining unit
(i.e, Tan Clay) that separates the Upper Three
Runs Aquifer into an upper and lower zone.
The Upper Three Runs Aquifer is severely

WSRC-2003-00498
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eroded aong both the Upper Three Runs Creek
and its tributaries to the north of the tank farms
and along Fourmile Branch to the south of the
tank farms.

Groundwater flow in the Upper Three Runs Ag-
uifer is generally horizontal but may have a ver-
tically downward component. In the groundwa-
ter divide areas generally located between sur-
face water drainages a component of groundwa-
ter flow is downward due to the decreasing hy-
draulic head with increasing depth. Because the
F- and H-Area Tank Farms lie near the ground-
water divide the groundwater flow direction
may be toward either Upper Three Runs and its
tributaries to the north or Fourmile Branch to
the south. In areas along Fourmile Branch shal-
low groundwater moves generally in a horizon-
tal direction and deeper groundwater has verti-
cally upward potentia to the shallow aquifers.
In these areas, hydraulic heads increase with
depth. Therefore, along Fourmile Branch any
contaminants in the Upper Three Runs Aquifer
are prevented from migrating into deeper aqui-
fers by the prevailing hydraulic gradient and the
low permeability of the Tan and Green Clay
confining units. To the north of the tank farms,
however, the rising elevation of the Upper Three
Runs Aquifer and the deep incision of Upper
Three Runs Creek result in truncation of the
entire aquifer. In these areas shallow groundwa
ter may seep out along the major tributaries to
Upper Three Runs Creek above the valley floor
or may seep downward to the next underlying
aquifer zone and discharge along the stream val-

ley.

The Gordon Confining Unit (i.e., Green clay),
that separates the Upper Three Runs and
Gordon Aquifers, consists of the Warley Hill
Formation and the Blue Bluff Member of the
Santee Limestone (Figure 3-5). It is not a con-
tinuous clay unit but consists of several super-
imposed lenses of green and gray clay that
thicken, thin, and pinch out abruptly. Locally,
beds of calcareous mud add to the thickness of
the unit with minor interbeds of clayey sand or
sand (Aadland et al. 1995).

The Gordon Aquifer consists of the Congaree,
Fourmile, and Snapp Formations. The Gordon
Aquifer is overlain by the lower zone (i.e,
Barnwell-McBean aquifer) of the Upper Three
Runs Aquifer along the valley of Fourmile
Branch. Along Upper Three Runs Creek the
Gordon Aquifer has been partially eroded by the
deep streambed incison. The aquifer dis
charges along the outcrop area of Upper Three
Runs Creek and is locally recharged by leakage
from overlying aquifers in the tank farms vicin-
ity. The southeast-to-northwest hydraulic gradi-
ent that is observed for this aquifer layer at the
GSA isconsistent across SRS.

The stratigraphic relationships of the localy-
known aguifer and confining units along with
their typical thickness' in the vicinity of the F-
and H-Area Tank Farms are shown in Fig-
ure 3-6. Figure 3-7 shows the relationship of the
tank farms to local surface water features and
shows the First Quarter 1993 potentiometric
surface map of the Water Table Aquifer. The
groundwater divide, potentiometric contours,
and groundwater flow arrows shown in Fig-
ure3-7 are representative of the shallow
groundwater flow beneath the site (e.g., com-
pare with Figure 6-2 in Chapter 6 of this report)
although variations in these features are known
to occur over time in response to seasonal and
manmade influences.

3.4 Surface Water

The Savannah River, which forms the boundary
between Georgia and South Caroling, is the
principal surface-water system near SRS. The
river adjoins the site aong its southwestern
boundary for a distance of about 20 miles, and
the site is 160 river miles from the Atlantic
Ocean. Five upstream reservoirs -- Jocassee,
Keowee, Hartwell, Richard B. Russell, and
Strom Thurmond — minimize the effects from
droughts and the impacts of low flow on down-
stream water quality and fish and wildife re-
sources in the river. River flow averages about
10,000 cubic feet per second a SRS (DOE
1995).
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Five tributaries discharge directly to the Savan-
nah River from SRS: Upper Three Runs, Bea-
ver Dam Creek, Fourmile Branch, Steel Creek,
and Lower Three Runs (Figure 3-2). A sixth
stream, Pen Branch, which does not flow di-
rectly into the river, joins Steel Creek in the Sa-
vannah River floodplain swamp. These tributar-
ies drain al 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 six streams originates on the Aiken Pla-
teau in the Coastal Plain and descends 50 to 200
feet before discharging into the river (DOE
1995).

The source of most of the surface water on SRS
is either natural rainfall, which averages
49.5 inches annually, water pumped from the
Savannah River and used for cooling site facili-
ties, or groundwater discharging to surface
streams (WSRC 1995a). The streams, which
historically have received varying amounts of
effluent from SRS operations, are not commer-
cia sources of water. Downstream of the SRS,
the river supplies domestic and industrial water
(DOE 1995).

The natural flow of SRS streams range from
10 cubic feet per second in smaller streams to
245 cubic feet per second in Upper Three Runs.
In 1995, the mean flow of Upper Three Runs at
Road A was 8.0 m’/s (284 ft/s) and the 7Q10
(minimum 7 day average flow rate that occurs
with an average frequency of once in 10 years)
was 2.8 m® (100 ft%/s). The mean flow in 1995
of Fourmile Branch at Road A-13.2 was 1.1 m’/s
(37.3 ft%/s) and the 7Q10 was 0.23m’/s (8.2 ft%/s)
(Halverson et a. 1997). The SRS Ecology Envi-
ronmental Information Document and the Final
Environmental Impact Statement for the Shut-
down of the River Water System at the Savannah
River Site contain detailed information on flow
rate and water quality of the Savannah River
and SRS streams (DOE 1997a).

SCDHEC regulates the physical properties and
concentrations of chemicals and metals in SRS
effluents under the National Pollutant Discharge
Elimination System (NPDES) program.
SCDHEC, which also regulates biological water

quality standards for SRS waters, has classified
the Savannah River and SRS streams as
“Freshwaters.” “Freshwaters’ are described as
suitable for primary and secondary contact rec-
reation and as a source for drinking water sup-
ply after conventional treatment in accordance
with SCDHEC requirements. “Freshwaters’ are
suitable for fishing, for the survival and propa-
gation of a balanced indigenous agquatic com-
munity of fauna and flora, and for industrial and
agricultural uses. A comparison of 1996 Savan-
nah River water quality analyses showed no sig-
nificant differences between up and downstream
SRS stations and are within guidelines for drink-
ing water established by the U.S. Environmental
Protection Agency (EPA), SCDHEC, and DOE
(Arnett and Mamatey 1999a).

F- and H-Areas are situated on the divide that
separates the drainage into Upper Three Runs
(including McQueen Branch and Crouch
Branch) and Fourmile Branch; approximately
half of each area drains into each stream (DOE
1997b). F- and H-Areas are relatively elevated
areas of SRS and are centrally located inside the
SRS boundary. Surface elevations range from
approximately 270 to 320 feet above mean sea
level for F- and H-Areas, respectively. The F-
and H-Areas are drained by Upper Three Runs
to the north and west and by Fourmile Branch to
the south. In addition, the Water Table Aquifer
for both F- and H-Areas outcrops at the
seeplines along both Fourmile Branch and Up-
per Three Runs.

Upper Three Runs, the longest of the SRS
streams, is a large blackwater stream in the
northern part of SRS that discharges to the Sa-
vannah River. It drains an area of over
195 square miles and is approximately 25 miles
long, with its lower 17 miles within SRS
boundaries. This creek receives more water
from underground sources than other SRS
streams and is the only stream with headwaters
arising outside the site. It is the only major
tributary on SRS that has not received thermal
discharges (Halverson et a. 1997). The Upper
Three Runs valley has meandering channels,
especialy in the lower reaches. It has a steep
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southeastern side and gently sloping northwest-
ern sides (WSRC 19953).

Fourmile Branch is a blackwater stream that
originates near the center of SRS and flows
southwest for 15 miles before emptying into the
Savannah River (Halverson et a. 1997). It
drains an area of about 22 square miles inside
SRS including much of F-, H-, and C-Areas.
Fourmile Branch flows parallel to the Savannah
River behind natural levees and enters the river
through a breach downriver from Beaver Dam
Creek (WSRC 1995a). 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 (DOE 1995). The valley is

V-shaped, with sides varying from fairly steep
to gently sloping. The floodplain is up to
1,000 feet wide (WSRC 19953).

There are various potential sources of contami-
nation to the Upper Three Runs and Fourmile
Branch watersheds in and around the F- and H-
Areas. These potential sources have been iden-
tified in the SRS Federa Facility Agreement,
Appendix C, RCRA/CERCLA Units and are
listed in Table3-1. These potential sources
could contribute contaminants to the surface
waters of Upper Three Runs and Fourmile
Branch in the same manner as the F- and H-Area
Tank Farms.

3.5 Biota

This section describes the biota specific to both
the genera site area and the F- and H-Areas.

Table 3-1. Potential F- and H-Area contributors of contamination to Upper Three Runs and Fourmile

Branch.
Fourmile Branch Watershed

Upper Three Runs Watershed

Burial Ground Complex Groundwatera

Burial Ground Complex [the Old Radioactive Waste
Burial Ground (643-E) and Solvent Tanks S01-S22
portions]

F-Area Coal Pile Runoff Basin, 289-F

F-Area Hazardous Waste Management Facility,
904-41G, -42G, -43G

F-Area I nactive Process Sewer Lines from Building to
the Security Fence?, 081-1F

F-Area Retention Basin, 281-3F

F-Area Seepage Basin Groundwater Operable Unit

H-Area Hazardous Waste Management Facility,
904-44G, -45G, -46G, -56G

H-Area I nactive Process Sewer Lines from Building to
the Security Fence?, 081-H

H-Area Retention Basin, 281-3H

H-Area Seepage Basin Groundwater Operable Unit

H-Area Tank Farm Groundwater

Mixed Waste Management Facility, 643-28E

Warner’'s Pond, 685-23G

a  Unitslocated in more than one watershed.

Burial Ground Complex Groundwatera
Burial Ground Complex [the Low-Level Radioactive

Waste Disposal Facility (643-7E) portion]

Burma Road Rubble Pit, 231-4F
F-Area Burning/Rubble Pits, 231-F, -1F, -2F

F-Area | nactive Process Sewer Lines from Building to

the Security Fenced, 081-1F

H-Area Coal Pile Runoff Basin, 289-H
H-Area Inactive Process Sewer Lines from Building to

the Security Fenced, 081-H

Old F-Area Seepage Basin, 904-49G
211-FB Pu-239 Release, 081-F

3-13
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3.5.1 GENERAL SITE AREA

The SRS represents one of the most intensively
studied environmental systems in the United
States. The area has a variety of habitats,
ranging from well-drained upland forests to
swamps, other wetlands, and river systems. The
entire site has been designated as a National
Environmental Research Park by DOE. The
aquatic resources of SRS have been the subject
of intensive study for more than 30 years. Re-
search has focused on the flora and fauna of the
Savannah River, the tributaries of the river that
drain the SRS, and the artificia impoundments
on two of the tributary systems (DOE 1995).
The SRS Ecology Environmental Information
Document (Wike et al. 1994) describes the
aquatic and terrestrial vegetation cover types
and wildlife species that are commonly found on
SRS and evaluates the importance and sensitiv-
ity of the systems to site activities. In addition,
several monographs; the eight volume compre-
hensive cooling water study; and several EISs
describe the aquatic biota (fish and macroinver-
tebrates) and aguatic system of SRS (DOE
1995).

The diversity and abundance of wildlife inhabit-
ing the SRS reflect the variety of habitats found
on the site. SRS is near the transition between
northern oak-hickory-pine forest and southern
mixed forest. Species typical of both occur on
the site (DOE 1995). Each of the six streams
that drain SRS has floodplains with bottomland
hardwood forests or scrub-shrub wetlands in
varying stages of succession. Areas that are
dightly elevated and well drained are character-
ized by a mixture of oak species as well as red
maple, sweetgum, and other hardwood species.
Low-lying areas that are continuously flooded
are dominated by second-growth bald cypress
and water tupelo. The mild climate and diver-
sity of aquatic and terrestrial habitats on SRS
support an abundant herpetofauna, including 44
species of amphibiants and 59 species of rep-
tiles. The Savannah River Ecology Laboratory
has conducted extensive studies of reptiles and
amphibians living in the SRS wetlands
(Halverson et al. 1997).

More than 255 species of birds occur on the
SRS. Large mammals inhabiting the site in-
clude white-tailed deer and feral hogs. Rac-
coon, beaver, and otter are relatively common
throughout the wetlands of 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 (DOE 1995). Diatoms and ap-
proximately 400 species of algae have been
identified in the Savannah River. Aquatic mac-
rophytes are limited to areas of reduced current
and edges of the river's tributaries. Eight spe-
cies of vascular plants have been identified in
the river adjacent to SRS. A diverse aguatic
invertebrate fauna is found in the shallow areas
and quiet backwaters and marshes off the river.
The river and associated marshes and tributaries
support adiverse fish fauna (WSRC 1991).

Threatened, endangered, and candidate plant
and animal species known to occur or that might
occur on the SRS include the smooth cone-
flower, bald eagle, woodstork, red-cockaded
woodpecker, and shortnose sturgeon. The U.S.
Fish and Wildlife Service has not designated
any critical habitats on the SRS (WSRC 1991).

3.5.2 F- AND H-AREAS

The F- and H-Area Tank Farms are located
within a densely developed, industrialized area
of SRS. The immediate area provides habitat
for only those animal species typically classified
as urban wildlife (Mayer and Wike 1997). Spe-
cies 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
(Mayer and Wike 1997). Lawns and landscaped
areas within F- and H-Area 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 land-
scaped areas around buildings may be present at
certain times of the year, depending on the level
of human activity (e.g., frequency of mowing)
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(Mayer and Wike 1997). Pine plantations man-
aged for timber production by the U.S. Forest
Service (under an interagency agreement with
DOE) occupy surrounding areas (DOE 1994).

As mentioned in Section 3.3.2, F- and H-Areas
are on a near-surface groundwater divide, and
groundwater from these areas discharges at
seeplines adjacent to Fourmile Branch and Up-
per Three Runs. The biota associated with the
seepage areas are discussed in the following

paragraphs.

The Fourmile Branch seepline areais located in
a bottomland hardwood forest community (DOE
1997b). The canopy layer of this bottomland
forest is dominated by sweetgum, red maple,
and red bay. Sweet bay is also common. The
understory consists largely of saplings of these
same species, as well as a herbaceous layer of
smilax, dog hobble, giant cane, poison ivy,
chain fern, and hepatica. At the seepline's up-
land edge, scattered American holly and white
oak occur. Dominant along Fourmile Branch in
this area are tag ader, willow, sweetgum, and
wax myrtle.

The Fourmile Branch floodplain in the vicinity
of the seepline provides habitat for a myriad of
aguatic, semiaguatic, and terrestrial animal spe-
cies. During a site visit on April 5, 1996, the
following animals were identified in the vicinity
of the seepage area by direct observation or by
tracks, scat, and bird cals: white-tailed deer,
rabbit, raccoon, beaver, mink, shrew, various
small rodents, crayfish, gray rat snake, and sev-
eral species of birds. For detailed lists of ani-
mals known or expected to occur in this area,
see Gibbons et. a (1986), (DOE 1997a) and
Halverson et al. (1997).

The Upper Three Runs seepline is located in a
bottomland hardwood forest community (Hal-
verson et al. 1997). The wildlife speciesin this
area are expected to be smilar to those de-
scribed in the preceding paragraphs.

According to summaries of studies on Upper
Three Runs documented in the SRS Ecology En-
vironmental Information Document (Halverson

et al. 1997), the macroinvertebrate communities
of Upper Three Runs drainage are unusual.
They include many rare species and contain spe-
cies not often found living together in the same
freshwater system. Upper Three Runs is a
spring-fed stream and is colder and generaly
clearer than most surface water at its low eleva-
tion, typical species of unpolluted streams in
northern North America or Southern Appaa-
chian Mountains are found here along with low-
land (Atlantic Coastal Plain) species (Halverson
et al. 1997).

The fish community of Upper Three Runs is
typical of third- and higher-order streams on
SRS that have not been greatly affected by in-
dustrial operations, with shiners and sunfish
dominating collections. The smaller tributaries
to Upper Three Runs 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
(Halverson et al. 1997). In the 1970s, the U.S.
Geological Service designated Upper Three
Runs 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
Upper Three Runs watershed north of the SRS
(Halverson et al. 1997).

Following the shutdown of C-Reactor in June
1985, macroinvertebrate communities began to
recover, and in some reaches of Fourmile
Branch began to resemble those in non-thermal
and unimpacted streams of the SRS (Halverson
et a. 1997). Fourmile Branch was rapidly
recolonized by fish from the Savannah River
swamp system. Centrarchids (sunfish) and cy-
prinids (minnows) were the most common taxa.

No endangered or threatened fish or wildlife
species have been recorded near the Fourmile
Branch and Upper Three Runs seeplines. The
seeplines and associated bottom land commu-
nity do not provide habitat favored by endan-
gered or threatened fish and wildlife species
known to occur at SRS. The American aligator
is the only federally-protected species that could
potentially occur in the area of the seeplines.
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Several populations of rare plants have been
found in undeveloped areas adjacent to F- and
H-Areas. One population of Nestronia and
three populations of Oconee azalea (Rhododen-
dron flammeum) were located on the steep
slopes adjacent to the Upper Three Runs flood-
plain approximately one mile north of the F-
Area Tank Farm (DOE 1995: SRFS 1996).
Populations of two additional rare plants, Elli-
ott's croton (Croton elliotti) and spathulate
seedbox (Ludwigia spathulata) were found in
the pine forest southeast of H-Area, approxi-
mately one-half mile from the H-Area Tank
Farm (SRFS 1996).

3.6 Air Quality

This section describes the climate, meteorology,
and ambient air quality at SRS.

3.6.1 CLIMATE AND METEOROLOGY

The climate at SRS is temperate with short mild
winters and long humid summers. Throughout
the year, the weather is affected by warm, moist
maritime air masses (DOE 1995). The average
annual temperature at SRSis64.7°F. July isthe
warmest month of the year with an average daily
maximum of 92°F and an average daily mini-
mum near 72°F; January is the coldest month
with an average daily high around 56°F and an
average daily low of 36°F. Temperature ex-
tremes recorded at SRS since 1961 range from a
maximum of 107°F in July 1986 to -3°F in
January 1985.

Annua precipitation averages 49.5 inches.
Summer is the wettest season of the year with an
average monthly rainfall of 5.2 inches. Fal is
the driest season with a monthly average rainfall
of 3.3 inches. Relative humidity averages
70 percent annually with an average daily
maximum of 91 percent and an average daily
minimum of 45 percent.

Wind directions frequently observed at SRS
show that there is no prevailing wind at SRS,
which istypical for the lower Midlands of South
Carolina.  According to wind data collected

from 1992 through 1996 and illustrated in Fig-
ure 3-8, winds are most frequently from the
southwest sector (9.7 percent) (Arnett and Mam-
atey 1998a). Measurements of turbulence are
used to determine whether the atmosphere has
relatively high, moderate, or low potentia to
disperse airborne pollutants (commonly identi-
fied as unstable, neutral, or stable atmospheric
conditions, respectively). Generdly, SRS at-
mospheric conditions were categorized as un-
stable 56 percent of the time (DOE 1997c¢).

The average wind speed for a measured 5-year
period was 8.5 miles per hour. Average hourly
wind speeds of less than 4.5 miles per hour oc-
cur approximately 10 percent of the time
(NOAA 1994).

An average of 54 thunderstorm days per year
were observed at the National Weather Service
in Augusta, Georgia office during the period
1951 to 1995. About half of the thunderstorms
occurred during the summer. Since operations
began a SRS, 10 confirmed tornadoes, which
have occurred on or in close proximity to the
Site. Severa of these tornadoes, which were
estimated to have winds up to 150 miles per
hour, did considerable damage to forested areas
of SRS. None caused damage to structures.
Tornado statistics indicate that the average fre-
guency of atornado striking any single point on
the Site is 2x10™ per year or about once every
5,000 years (Weber 1998).

The highest sustained wind (fastest-mile) re-
corded at the Augusta National Weather Service
Office is 82 miles per hour. Hurricanes struck
South Carolina 36 times during the period 1700
to 1992, which equates to an average recurrence
frequency of once every 8 years. A hurricane
force wind of 75 miles per hour has been ob-
served at SRS only once, during Hurricane Gra-
ciein 1959.

3.6.2 AMBIENT AIR QUALITY

SCDHEC has air quality regulatory authority at
SRS and determines compliance based on pol-
lutant emission rates and estimates of ambient
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concentrations at the SRS facility boundary
based on air dispersion modeling results. DOE
complies with National Ambient Air Quality
Standards and the gaseous fluoride and total
suspended particulate standards, as required by
SCDHEC Regulation R.61-62.5, Standard 2
(“Ambient Air Quality Standards’). DOE has
identified emission sources for 139 of the 256
SCDHEC Standard No. 8 air toxics; the model-
ing results indicate that SRS complies with
SCDHEC air quality standards (DOE 1995).

3.6.3 EXISTING RADIOLOGICAL
CONDITIONS

Ambient air concentrations of radionuclides at
SRS include nuclides of natural origins, such as
radon from uranium in so0ils; manmade radionu-
clides, such as fallout from worldwide testing of
nuclear weapons; and emissions from coal-fired
and nuclear power plants. DOE operates a 23-
station atmospheric surveillance program; the
stations are inside the SRS perimeter, on the
perimeter, and as far as 100 miles from SRS
(WSRC 1997).

Routine SRS operations result in releases of
guantities of alpha- and beta-gamma-emitting
radioactive materials in the form of gases and
particulates. Gross alphaand gross beta meas

urements are used as a screening method for
determining the concentration of all radionu-
clidesintheair.

The radioactivity in air measured at SRS and at
distances of 25 miles from SRS is listed in Ta-
ble 3-2. With the exception of tritium concen-
trations, no significant difference was observed
between the average concentration measured on
site near the operating facilities and the average
concentration observed at the site perimeter.

3.7 Cultural Resources

DOE uses a memorandum of agreement, ratified
on August 24, 1990, on the management of cul-
tural resources at the SRS to identify cultural
resources, assess them in terms of eligibility for
the National Register of Historic Places, and
develop mitigation plans for affected resources
in consultation with the State Historic Preserva-
tion Officer.

If any historic or archaeological resources are
threatened by HLW tank system closure activi-
ties under this plan, DOE would take appropri-
ate steps to identify the resource and to contact
the appropriate agency (i.e., the Savannah River
Archaeological Research Program and the South
Carolina Ingtitute of Archaeology and Anthro-
pology at the University of South Carolina).

Table 3-2. Radioactivity in air at the SRS boundary and at a 25-mile radius during 1998 (picocuries per

cubic meter).?
Strontium-  Plutonium-  Plutonium-
Location Tritium  Grossapha Grossbeta Cobalt-60 Cesium-137  89.90 238 239
Site boundary
Average® 11.3 1.4x10°° 0.017 1.3x10°  2.6x10%  1.1x10°  7x107 (©)
Maximum® 79.6 5.9x10° 0.061 0.021 0.011 11x10%  4.1x10°  7.4x107
25-mileradius
Average 6.7 1.5x10°® 0.019 15 2.8x10™ (©) (©) (©)
Maximum 54 36x10°  3.0x10° 0.011 79x10°  51x10* 8.6x10°  2.9x10°
a.  Source: Arnett and Mamatey (1999a).
b. Theaverage value is the average of the arithmetic means reported for the site perimeter sampling locations.
c. Below background levels.
d. The maximum valueis the highest value of the maximum reported for the site perimeter sampling locations..
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This wind rose graphicaly depicts the percent of occurrence frequencies
of six wind speed categories by 16 cardinal wind direction sectors at SRS. The wind speed
categories are defined on the plot; direction is defined as the sector from
which the wind blows. The data used to generate the wind rose consist
of hourly averages of wind speed and direction
at the H-Area meteorological tower for the 5-year period 1992-1996;
measurements were taken 200 feet above the ground.

0 ) 4 6 8 12
Wind speed class boundaries
(meters/second)

P: NW Tank Closure/General Closure Plan Update/Grfx/3-8 Wind rose SRS.ai

Figure 3-8. Wind Rose for SRS, 1992-1996.
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CHAPTER 4. WASTE REMOVAL/CLOSURE STRATEGY

This closure plan sets forth the general protocol
by which U.S. Department of Energy (DOE)
will close the F- and H-Area high-level waste
(HLW) tank systems at SRS after completion of
waste removal to ensure protection of human
health and the environment while being cost
effective and prudent. The scope of the tank
closure project (Figure 4-1) encompasses the
general strategy for HLW tank systems closure,
including the general methods for selection and
implementation of appropriately protective
methods for decontamination of tank systems
and stabilization of residual contaminants left in
individual tank systems. With respect to inter-
facing programs, the SRS Environmental Resto-
ration (ER) Program will perform subsequent
evaluation or remediation of contaminant re-
leases as part of the overall remediation of the
F- and H-Area Tank Farms.

The preferred closure option for the HLW tank
systems consists of removing the waste from the
tanks using hydraulic dlurrying techniques or
other cleaning techniques of comparable or
greater effectiveness. After waste removal, each
tank will be filled with pumpable, self-leveling
backfill material(s) (e.g., grout). The fill mate-
rial will be high enough in pH to be compatible
with the carbon-steel walls of the waste tank.
The fill material formula will include chemical
properties that will retard the movement of ra-
dionuclides and chemical constituents from the
closed tank. The Savannah River Ste High-
Level Waste Tank Closure Final Environmental
Impact Statement (DOE 2002) provides DOE’s
analysis of a range of major alternatives for
closing the HLW tank systems and DOE's se-
lected closure configuration alternatives. Chap-
ter 6 describes the methods DOE will use to
evaluate the selected configuration with respect
to performance objectives and refine the closure
configuration, as appropriate. DOE’s plans for
closure of individua HLW tank systems will

documented in specific modules for approval by
South Carolina Department of Health and Envi-
ronmental Control (SCDHEC).

4.1 Waste Removal and Schedule
for Tank System Closure

Before turning a HLW tank system over to the
tank closure project, DOE will remove waste
from the tanks. Waste removal is subject to a
variety of operating constraints including
(1) maintaining  emergency  tank  space,
(2) controlling tank chemistry, including ra-
dionuclide and fissile material inventory,
(3) requirements to remove waste from tanks
with a leakage history and tanks that do not
meet secondary containment and leak detection
requirements, and (4) preparing waste for down-
stream waste treatment facilities. The complex
interdependency of the safety and process re-
guirements of the various HLW facilities drives
the sequencing of waste removal from tanks.

The waste removal process will use the follow-
ing techniques or other techniques of compara-
ble or greater effectiveness; Appendix A pro-
vides additional detail.

Bulk waste removal - Slurry pumps, transfer
pumps, and transfer jets will be used to re-
move as much HLW as practical from the
tank systems.

Spray-Water washing -— If needed tFhe inte-
rior of the tank will be sprayed-washed with
jets-ef-het-water to dislodge loose contami-
nation that was not removed during bulk
waste removal.

Annulus cleaning - On tanks that have
leaked waste from primary to secondary
containment, as much waste as is practical
will be removed from the annulus.
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Figure 4-1. Summary of HLW tank closure process.
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After the tank closure process begins for a given
tank, DOE may determine that further waste
removal of a particular tank is necessary to meet
the performance objectives. DOE will then per-
form enhanced-further waste removal, such as
acid rinsing, e—mechanical meansmethods, or
other means.

The tanks are grouped, by operational interde-
pendency or other rationale. See Figures 2-3
and 2-4 for tank groupings. Just as waste re-
mova has a sequence necessitated by various
requirements and constraints, tank groupings
will be closed in a necessary sequential order
following a DOE schedule. The rationale for
the ordering of closure within a group will be
detailed in the first module developed for each
tank grouping. The ancillary equipment or fa-
cilities not construed as “waste tanks’ such as
evaporator systems and concentrate transfer sys-
tem may be closed independently of waste tank
closure.

DOFE’s anticipated schedules for closure of the

HLW tank systems are-provided-in-the-Savan-
mohveSieHigh-Lope inste Sostesn Plan
LALERC 000 The closure seheduleswerewas
developed in accordance with Federa and state
agreements. The Federal Facility Agreement
(FFA) (EPA 1993) includes provisions for re-
moval from service of noncompliant tanks (i.e.,
tanks that do not meet the standards set forth in
Appendix B of the Agreement). Fhe“F/H-Area

June22-1998—The Waste Remova Plan and
Schedule provides dates for removal from ser-
vice and operational closure of each noncompli-
ant tank and commits to complete closure of all
noncompliant tanks—ne—tater—than—fiscal—year
2022. The Waste Removal Plan and Schedule is
provided in Appendix E of this plan.

4.2 Determination and Use of Per -
formance Objectives

DOE has identified pertinent substantive re-
quirements with which it will comply and guid-
ance it will consider (Chapter 5) to ensure that
closure of the tank systems will be protective of
human health and the environment. DOE will
use these requirements and guidance to develop
tank system closure performance objectives that
provide a basis for comparison of different clo-
sure configurations. The performance objec-
tives apply to the completed closure of all 51
tank systems, however, DOE must close the
tanks one at a time over a period of decades.
Therefore, the Department has developed an
iterative methodology of accounting for the
piecewise consumption of the performance ob-
jectives as the tanks are closed. The methodol-
ogy ensures that when the final tank is ready to
be closed, a sufficient component of the per-
formance objectives remains to ensure public
health and safety and environmental protection.

To further ensure that closure of the tank sys-
tems will be protective of human health and the
environment, DOE considers contributions from
non-tank farm related contaminants. Studies of
groundwater transport (see Section 6.3.3) in the
General Separations Area indicate that contami-
nant plumes from F- and H-Area tanks will not
intersect. Therefore, DOE has established inde-
pendent Groundwater Transport Segments
(GTSg) for the two tank farms that represent the
contaminant plume from the tank farm. DOE
requires that contributions from all contaminant
sources within a GTS, both tank farm-related
and non-tank farm-related, be considered in
comparison of modeled impacts to the perform-
ance objectives.
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4.3 Closure Module Preparation
and Approval

On completion of bulk waste removal and water
rinsing, each tank or group will be sampled to
estimate the inventory of contaminants in the
residual waste. This waste characterization in-
formation will be used to select a closure con-
figuration. Chapter 6 describes the methodol ogy
of calculating closure impacts and comparing
them against the performance objectives. If the
performance objectives are met, the closure con-
figuration will be proposed in a tank-specific
module. If performance objectives cannot be
met, additional waste removal steps could be
taken or the stabilization method could be re-
vised to comply with the performance objec-
tives.

A tank-specific closure module detailing the
closure configuration of an individual tank sys-
tem will be submitted to SCDHEC for review
and approval. |n addition, the closure module
will be provided to EPA Region |1V and
SCDHEC FFA project managers for review to
ensure consistency with the FFA requirements
for overall remediation of the Tank Farms. The
closure module will be provided to members of
the public for their review and comment prior to
SCDHEC approval.

If necessary, additional individual modules will
be written for the evaporators, diversion boxes,
pump pits, and transfer lines;.-Each module will
be a stand-alone document and will build off of
this General Closure Plan and provide specific
details for closure of an individua HLW tank
system. The tank-specific module will present
analyses and modeling calculations to show that
the proposed closure configuration (i.e., combi-
nation of source removal/reduction and stabili-
zation options) is protective of human health
and the environment and that the applicable per-
formance objectives will be met. In addition,
the module will contain characterization infor-
mation on the residual waste, describe the end-
state of the tank (e.g., type and characteristics of
fill material, residual volume and contamination

level), and include details (e.g., methods, sched-
ule) for implementing the closure. ane—the
In_Ieu_ 'IE.I FecipHation ,I aeHity-Her-and StHppeX
bulldmg_ :

be pleul_eleel to-EPA-Regior .I" shd-SCDHEC
I.I A-project FRaRAgEFS for Feview to-ensdre-con

4.4 Tank Stabilization

Each of the HLW tanks has a unique operating
history, as well as various hydrogeologic set-
tings, such as the distance from the water table
and the distance to nearby streams. DOE will
determine the closure configuration for each
tank or group of tanks on a case-by-case basis,
although all closures will have common fea-
tures. Common features include (1) isolation
by eliminating mechanical and electrical ser-
vices, removing or isolating accessible piping
and conduits, and cutting and capping transfer
lines, and (2) pumping fill material into the fa-

cility—ond—{2—baddiing—coll—oroundtopleis
Sover—HEsss e mea—ons—sthe—sreube~

anees. TFhe-anticipatedA potential closure con-
figurations are-is shown in Figure 4-2 for an in-

d|V|duaI waste tank system Appendlx A ex-

tank closure methods.

The layersin and above the tank, from bottom to
top, are asfollows:

The concrete basement of the tank.

The residual waste at the bottom of the tank
is the waste that remains in place after se-
lected waste removal techniques have been

applied.

Fill material composed of a combination of
pumpable, self-leveling backfill materials
for tank system closure. It is anticipated
that grout technologies will be enhanced
during the course of tank closure. DOE
plans to take advantage of improvements
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Tank top structures

and equipment ﬂ

Existing Soll

Strong Grout

Residual

Waste L

——Tank
Equipment

Tank
Wall

| Concrete Basement

Figure4-2. Tank closure example.

and to discuss them in subsequent closure
modules. The following fill materials are
considered suitable:

- Reducing tank fill composed of primar-
ily cement, flyash, and blast furnace
slag (plus reducing chemicals such as
sodium thiosulfate).  The chemical
properties of liquid that leaches through
this backfill material will reduce the
mobility of certain radionuclides and
chemical constituents.

- Strong grout is a pumpable grout with
compressive strengths in the normal
concrete range. This material is used to
fill voids near the top of the tank created
around risers and tank equipment.

Concrete encapsul ating risers.

sthoreretubornscs—erthesotonls bolaw

This closure configuration would promote long-
term stability of the closed tank system by the

controHed . Low-Si engt_ln Material fill material reducing the migration of radionu-
(CLSMy-which-was tsed-H-the closdre clides and chemical constituents, filling the
ofFanks—17-and-20,-is-a-seli-leveling voids to the extent practicable, and preventing
eenerete%empesed—ef—sand—and—eement subsidence of the tank roof. Also, the closure
i " Siittar-to-recuaing-grout, HS configuration discourages inadvertent intrusion.
purmped-into-the tank—The-compressive
Shpenoinandne snerenel desercs o oo Transfer lines associated with the tank system
amount-of-cementin-the-mibxdure: being closed will be filled to the extent the re-
ducing grout flows freely into these lines.
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Because not all tank systems will be closed at
the same time, there will be an interim period
where some tanks remain operational, while
others are closed. During this interim period,
controls will continue to be maintained to re-
strict access to the closed tank systems by unau-
thorized personnel. The existing stormwater
systems will be maintained (including monitor-
ing and surveillance activities) to channel rain-
water away from the tanks. The existing moni-
toring well systems will detect releases from the
closed tank systems.

To further ensure the long-term stability of the
closed tank systems, DOE has proposed institu-
tional control of the site in perpetuity with the
ownership remaining with the Federal govern-
ment and the prohibition of residential use of the
land. DOE assumed for modeling purposes (see
Appendix D) that after 100 years the land may
be used for industrial purposes with the area
immediately around the F-and H-Area Tank
Farms —restricted to industrial/commercia use
for an indefinite period with deed restrictions on
the use of the groundwater.

In addition to the residual waste at the bottom of
the tank, which is the major focus of closure
activities, there will be residual contamination
on equipment inside and near the tank (eg.,
slurry pumps used for waste removal, cooling
coils inside the tank, transfer piping in and out
of the tank, and the secondary containment sys-
tem and leak detection system for the tank). In
addition, the tank farms include other equipment
for processing the waste, such as evaporators,
diverson boxes, pump tanks, and interarea
transfer lines from F- to H-Area and from H-
Area to Defense Waste Processing Facility and
Saltstone. DOE anticipates that the amount of
contamination left on this equipment will be
small compared to the amount of contamination
in the tanks, so closure of this equipment will
have a relatively small environmental impact in
comparison to closure of the tanks.

4.5 Environmental Restoration
Program Activities

The FFA (EPA 1993) directs the comprehensive
remediation of the SRS. It contains reguire-
ments for site investigation and remediation of
releases and potential releases of hazardous sub-
stances and expands the site investigation proc-
ess begun at SRS to address releases of hazard-
ous or radioactive substances. The agreement
also establishes requirements for the prevention
and mitigation of releases or potential releases
at or from the high-level radioactive waste tank
farms and the remediation of soils and ground-
water when the tank systems have been removed
from service.

The HLW tank systems will remain under the
responsibility of the Closure Business Unit Lig-
uid Waste Disposition_until all the tank systems
in_an operational area, such as F-Area Tank
Farm or H-Area Tank Farm, are closed in accor-
dance with the approved closure plan and a de-
cison _has been made to transition the tank
farm(s) to the Soil and Groundwater Closure
Project (SGCP). A network of groundwater
wells, recently established in the area around the
tank farms, monitors any impacts from legacy
releases.  This monitoring network was estab-
lished as a part of the FFA.

DOE anticipates working with SCDHEC and
EPA in the development and optimization of the
various strategies for soils assessment/remedid
and post-closure maintenance through the FFA
process. The schedules for investigation and
remediation are maintained in Appendices D
and E of the FFA and are subject to renegotia-
tions as the final closure confirmation of the
tank farms changes.
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CHAPTER 5. CLOSURE STANDARDS

This section summarizes the regulatory frame-
work for closure of the Savannah River Site
(SRS) high-level waste (HLW) tank systems as
determined through consultation with South
Carolina Department of Health and Environ-
mental Control (SCDHEC) and U.S. Environ-
mental Protection Agency (EPA) Region V.

DOE will close the HLW tank systems, which
are permitted by SCDHEC under authority of
the South Carolina Pollution Control Act
(SCPCA) as wastewater treatment facilities, in
accordance with applicable laws and regula
tions, DOE Orders, and South Carolina Regula-
tion R.61-82, “Proper Closeout of Wastewater
Treatment Facilities” These regulations and
orders require that such closures be performed
in accordance with site-specific guidelines to
prevent health hazards and to promote safety in
and around the tank systems. To facilitate com-
pliance with this requirement and in recognition
of the necessity for consistency with ultimate
remedial action of the SRS under the Federa
Facility Agreement (FFA), DOE has adopted a
general strategy for HLW tank system closure
that includes evaluation of the closed tank sys-
tem with respect to pertinent, substantive envi-
ronmental requirements and guidance and other
appropriate criteria (e.g., technical feasbility,
cost). The genera strategy for HLW tank sys-
tem closure is thus consistent in its substance
with comparative analyses performed as part of
a Resource Conservation and Recovery Act
(RCRA) corrective measures study/ Compre-
hensive Environmental Response, Compensa-
tion, and Liability Act (CERCLA) feasbility
study under the FFA.

DOE will complete the overall remediation of
the F and H-Area Tank Farms in accordance
with the SRS FFA, which defines the RCRA
corrective action and CERCLA reguirements for
the site. DOE’s closure strategy for the HLW
tank systems is intended to be consistent with
the requirements of RCRA and CERCLA which
control the overall remediation of the Tank
Farms.

DOE has identified the environmental require-
ments and guidance applicable to the closure of
the F- and H-Area HLW tank systems (Appen-
dix B). Compliance with these requirements
will ensure that closure of the HLW tank sys-
tems will be protective of human health and the
environment and consistent with final remedial
action for SRS as implemented under the FFA.
Details of these requirements and guidance, the
process used to identify them, and their intended
use in the HLW tank systems closure plan are
described in Appendix B.

DOE will review the list of requirements and
guidance in Appendix B when it develops each
tank system-specific closure module to deter-
mine if any changes to substantive provisions of
the regulations and guidance have occurred that
are pertinent to HLW tank system closure activi-
ties. If so, DOE will incorporate them into the
performance standards for HLW tank-specific
closure modules.

5.1 Performance Standards

The performance standards for HLW tank sys-
tem closure are generally numerical standards,
such as concentration or dose limits for specific
radiological or chemical constituents released to
the environment. These numerical standards
apply to various environmental media, at differ-
ent points of compliance, at various periods dur-
ing or after closure. They will be used to de-
velop performance objectives that provide a ba-
sis for comparison of different tank system clo-
sure configurations. The performance objec-
tives for HLW tank system closure will be the
groundwater protection standards applied at the
point where groundwater discharges to the sur-
face (seepline) and the surface-water quality
standards applied in the receiving stream. Clo-
sure options will be evaluated to show confor-
mance with the performance objectives as part
of the overall evaluation [similar to compliance
with applicable or relevant and appropriate re-
guirements (ARARs) as one of the nine
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CERCLA criterig]. In a manner similar to
CERCLA requirements, appropriate justification
will be necessary to select a nonconforming clo-
sure option.

The performance evaluation will focus on the
exposure pathways and contaminants of most
concern for a specific HLW tank system. DOE
anticipates that the limiting exposure pathway
for the HLW tank system closures will be via
contaminant releases to groundwater and migra-
tion of those contaminants to onsite surface wa-
ters. The contaminants of most concern in that
exposure pathway will be those constituents
subject to the most stringent performance stan-
dards for points of compliance in that pathway.
Tables B-4 through B-6 in Appendix B summa-
rize the nonradiological air quality, nonra-
diological groundwater and surface water qual-
ity, and radiological (all potentia pathways)
performance standards applicable to closure of
the SRS HLW tank systems. The tables in Ap-
pendix B are organized to enable comparison of
the various performance standards to aid in
identifying the most stringent limit that would
be applicable at a specific point of compliance.
The lowest concentration limit for a specific
constituent would become the performance ob-
jective for that constituent in the specific media
(i.e, air, groundwater, or surface water for non-
radiological constituents) and the lowest dose or
concentration limit for a specified exposure
pathway (i.e., air, soil, groundwater, multipath-
way) would become the performance objective
for the radiological constituents.

5.2 Regulatory Basis for HLW
Tank Closure

Appendix B identifies the Performance Stan-
dards applicable to HLW tank system closures
at SRS. These performance standards are:

1. compliance with the SCDHEC Primary
drinking Water Standards for radionu-
clides (i.e. 4 mrem/year beta-gamma
dose and 15 pCi/L total apha concentra-
tion) at the seepline, and,;

2. compliance with the SCDHEC water
quality criteria, criteria to protect
aquatic life, or Maximum Contaminant
Level, whichever is more restrictive, for
nonradiological constituents at the

seepline.

The planned activities for the preparation and
closure of HLW tanks at SRS will meet all per-
formance objectives applicable to closure of a
high-level waste tank system at SRS.

DOE has determined that there are further re-
quirements for closure of the high-level waste
tanks at SRS. These requirements are that the
tank wastes:

1. Have been processed, or will be proc-
essed, to remove key radionuclides to
the maximum extent that is technically
and economically practical,

2. Will be managed to meet safety re-
quirements comparable to performance
objectives set out by the Nuclear Regu-
latory Commission (NRC) in Title 10,
Code of Federal Regulation, Part 61 (10
CFR 61), Subpart C, Performance Ob-
jectives and,

3. Are to be managed, pursuant to DOE’s
authority under the Atomic Energy Act
of 1954, as amended, provided that the
waste will be incorporated in a solid
physical form at a concentration that
does not exceed the applicable concen-
tration limits for Class C low-level ra-
dioactive waste as stated in 10 CFR
861.55, Waste Classification; or will
meet alternative requirements for waste
classification and characterization as
DOE may authorize
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CHAPTER 6. PERFORMANCE EVALUATION

This chapter describes methods for determining
if specific tank closures satisfy the performance
objectives discussed in Chapter 5. A major
component of the decision process involves fate
and transport modeling to evaluate compliance
of aternative closure configurations with those
performance objectives.

The 51 tanks in the F- and H-Area Tank Farms
will be closed at various times over a period of
decades. The 24 tanks that do not meet the
standards established in Appendix B of the Fed-
eral Facility Agreement (FFA) will be removed
from service by—2022-and subsequently closed.
Appendix E provides a schedule for removing
these tanks from service. The remaining 27
tanks will remain in service until thereis no fur-
ther need for them. Thus, for the tanks that re-
main in service, U.S. Department of Energy
(DOE) can provide only estimates about the
condition of the tank systems and the wastes in
the tanks at the time of closure. In addition, po-
tential impacts from the closure of a high-level
waste (HLW) tank must be projected for a pe-
riod that extends thousands of years into the
future. The process described in this section has
been developed to allow closure of individual
tanks to proceed, while recognizing and consid-
ering the uncertainty of the source terms of the
tanks remaining in service.

6.1 Summary of the Technical Ap-
proach

To close a tank, overall performance objectives
have been selected from the performance stan-
dards as described in Appendix B. In the F- and
H-Area Tank Farms, the major sources of poten-
tial contamination are the HLW tank systems,
but the approach must consider other sources
outside the tank farms. Thus, potential impacts
from other tanks and other nontank sources up-
and downgradient from the tank system to be
closed are considered in the devel-

opment of specific performance objectives for
the tank system to be closed. Fate and transport
modeling of aternative closure configurations is
the primary tool used to evaluate conformance
with the performance objectives. The ground-
water pathway is considered the limiting expo-
sure pathway for determining conformance of a
closure configuration to the performance objec-
tives. If the approach determined, however, that
an exposure pathway other than groundwater is
limiting for a particular HLW tank system, the
tank-specific closure module would address that
pathway.

Figure 6-1 shows the overall process for closing
the HLW tank system and the sequence of steps
involved in evaluating tank-specific perform-
ance.

These steps consist of:

1. Defining a groundwater transport seg-
ment (GTS) for the tank system to be
closed.

2. ldentifying and quantifying sources
within the GTS.

3. Developing “adjusted” performance ob-
jectives to account for non-tank sources
inthe GTS.

4. Conducting fate and transport modeling
to determine if adjusted performance
objectives for the GTS are satisfied.

5. Conducting fate and transport modeling
to determine impacts for the tank to be
closed (the “target” tank).

6. Accounting for the tank-specific im-
pacts and previous closure impacts
against the adjusted performance objec-
tives.
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Figure 6-1. Summary of HLW tank closure process.
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Each of these steps is described in detail in the
following sections. Appendix C presents an
example of fate and transport modeling that
could be used to support this process. Appen-
dix D provides an example of the processitself.

6.2 Applicable Performance Stan-
dards

Appendix B lists performance standards appli-
cable to high-level waste tank system closure.
In general, these standards can be divided into
four categories:

1. Air quality performance standards

2. Groundwater and surface-water protec-
tion performance standards

3. Peformance standards that pertain to
radiation protection of hypothetical hu-
man receptors (e.g., intruder, worker,
resident farmer)

4. Performance standards related to protec-
tion of biota

This section discusses the performance stan-
dards that DOE considers pertinent to the clo-
sure of high-level waste tanks.

As discussed in Appendix C, the tank closure
configuration, which entails filling the tank with
agrout material, would not result in exposure to
receptors by the atmospheric pathway. There-
fore, the air quality performance standards listed
in Appendix B are not applicable to the closure
of the tanks.

The groundwater and surface-water performance
standards generally apply drinking water stan-
dards as a limit at various points of compliance,
depending on the source of the requirement. For
example, the Maximum Contaminant Level
could be applied as a limit in groundwater at
locations 1 meter and 100 meters downgradient
from the edge of the tank farm. As shown in
Appendix C, compliance with drinking water
standards at these locations might not be achiev-

able, given the current state of technology for
waste removal from tanks. DOE will ensure
that the SRS defense processing and environ-
mental management areas (including the F- and
H-Area Tank Farms) will be zoned “industrial”
for an indefinite period with deed restrictions on
the use of the groundwater. In 1972, SRS was
designated as the nation’s first National Envi-
ronmental Research Park (NERP) by an Execu-
tive Order that provided for tracts of land where
the effects of human impacts on the environ-
ment can be studied. Therefore, for the closure
of the tank system, the performance standard
related to protection of water resources will be
compliant with South Carolina Department of
Health and Environmental Control (SCDHEC)
water quality criteria, criteria to protect aquatic
life, or Maximum Contaminant Levels, which-
ever is more restrictive, applied at the point
where groundwater discharges to the surface

(the seepline).

As shown in Appendix C, the calculated doses
to an intruder and to the postulated worker at the
seepline after HLW tank closure would be much
less than the calculated dose from consumption
of water at the seepline and would account for a
smaller proportion of the regulatory standard.
Similarly, the calculated doses to the hypotheti-
cal adult and child resident and from consump-
tion of water from Fourmile Branch would be
much less than and proportionately smaller than
the standard than the calculated dose from con-
sumption of water at the seepline. Appendix C
also demonstrates that the calculated impacts to
biota residing on or near the F- and H-Area
Tank Farms would be well within the perform-
ance standards for both radiological and nonra-
diological constituents. For these reasons, DOE
is confident that if it meets drinking water stan-
dards at the seepline, then it would also meet the
performance standards for the hypothetical hu-
man receptors (e.g., intruder, worker, resident
farmer) and for biota.

Therefore, the remainder of this chapter will
discuss the performance of the high-level waste
tank closure in relation to the following per-
formance standards: (1) compliance with the
SCDHEC Primary Drinking Water Standards for
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radionuclides (i.e., 4 mrem/year beta-gamma
dose and 15 pCi/L total apha concentration) at
the seepline, and (2) compliance with the
SCDHEC water quality criteria, criteria to pro-
tect aguatic life, or Maximum Contaminant
Level, whichever is more restrictive, for nonra-
diological constituents at the seepline. The non-
radiological performance standards are listed in
Table 6-1.

Table 6-2 provides the concentrations of beta-
gamma emitting radionuclides equivalent to the
4 mrem/yr dose limit established by the
SCDHEC Primary Drinking Water Regulations.
The table includes the beta-gamma emitting
contaminants analyzed in detail because they
were determined to be important dose contribu-
tors for HLW tank system closures (see Sec-
tion C.8.5 for rationale).

6.3 Defining the Groundwater
Transport Segment

6.3.1 GTSCONCEPTUALIZATION

GTSs represent the approximate flowpath of
contaminants from a tank system or group of
tanks based strictly on the groundwater potenti-
ometric contours in the areas surrounding the
high-level waste tanks and the nearby streams.
For fate and transport modeling, the GTS is a
convenient method to identify all potential
sources whose contaminant plumes may over-

lap.

The GTS is used (see Appendix D) to adjust the
performance objectives to account for all the
sources (both tank and non tank) contained
within the GTS (Section 6.5). The adjustment is
based on the relative impact at the point of ex-
posure at the time of greatest impact of the vari-
ous sources in the GTS. To demonstrate com-
pliance with drinking water standards, a hypo-
thetical receptor is assumed to drink the
groundwater at the location of maximum con-
centration at a point of exposure agreed upon
between DOE and SCDHEC (i.e., the seepline).
A fundamental assumption of the GTS is that
contaminant plume flow is such that a particular

GTS is independent of its neighboring GTSs,
allowing the overall performance objectives to
be applied totally to each GTS.

6.3.2 GTSSELECTION METHODOLOGY

A GTS consists of a physically defined area of
the aquifers directly underlying the tank closure
configuration that extends in both the upgradient
and downgradient groundwater flow direction.
By definition, each GTS contains all HLW tanks
and other contaminant sources that lie within its
boundaries. The nominal width of the GTS is
determined by the size of the tank closure con-
figuration footprint perpendicular to the
groundwater flow direction. The GTS extends
upgradient to a point sufficient to include all
potential upgradient contaminant sources or to a
groundwater divide, whichever occursfirst. The
GTS extends downgradient to a point of expo-
sure agreed upon by SCDHEC and DOE (i.e,
the seepline). The lateral boundaries of the GTS
are drawn perpendicular to the groundwater po-
tentiometric contours; therefore, the width of a
GTS may be variable along its length. Because
of the three dimensional nature of groundwater
flow and the layered aguifer system that lies
beneath the general separations area (referred to
as the GSA, which includes the F- and H-Areas
Separations Facilities, the F- and H-Area Tank
Farms, F and H Seepage Basins, and the Buria
Ground Complex), a GTS may contain stacked
layers which represent pathways through the
potentially affected aquifers. Since the aquifers
do not all discharge at the same time or to the
same surface water body, multiple exposure
points may occur for each GTS.

The GTS concept is not intended to define the
modeling methodology. The types of sources
involved (e.g., types of tanks) may suggest that
the impact from the GTS may be calculated
through several means. For instance, each
source within the GTS could be modeled sepa-
rately and the individual impacts summed to
determine the total impact. Similarly, groups of
sources could be modeled and the group impacts
summed, or the entire GTS could be modeled at
one time to determine the impacts. The GTS s
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Table6-1. Nonradiological groundwater and surface-water performance standards applicable to high-
level waste tank system closure.

Maximum Maximum Maximum Criteriato protect
contaminant contaminant contaminant Water quality criteriafor protection aquatic life
level level goal levels of human health (SC R.61-68, (SC R.61-68,
(40 CFR (40 CFR (SCR.61- Appendix 2) Appendix 1)
Constituents of §141.62) §141.51) 58.5.B(2)) (mg/L)de (mg/L)df

concern (mg/L)a (mg/L)b (mg/L)e MCL Organic Consumption Average Maximum
Aluminate
Aluminum 0.087 0.750
Barium 2.0 2.0 2.0
Boron
Calcium
Carbonate
Chloride
Chromium [11 0.120° 0.980°
Chromium VI 0.011° 0.016°
Tota chromium 0.1 0.1 0.1 0.1 -
Copper 13 0.0065¢ 0.0092¢
Hydroxide
Fluoride 4.0 4.0 4.0
Iron 1.000 2.000
Lead zerg" 0.0013¢ 0.034¢
Lithium
Magnesium 9.091 18.182
Manganese 0.03 0.061
Mercury 0.002 0.002 0.002 - 15" 10* 127 1050  0.0024°
Molybdenum
Nickel 0.1 0.1 4.6 0.088¢ 0.790¢
Nitrate 10 (asN) 10 (asN) 10 (asN)
Nitrite 1(asN) 1(asN) 1(asN)
Total nitrate & nitrite 10 (asN) 10 (as N) 10 (asN)
Oxalate
Phosphate
Potassium
Selenium 0.05 0.05 0.05 0.05 - 0.0050¢ 0.020¢
Silicon
Silver 0.0012¢
Sodium
Sulfate
Titanium

Tributylphosphate
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Table 6-1. (continued).

Maximum Maximum Maximum Criteriato protect
contaminant contaminant contaminant Water quality criteriafor protection aquatic life
level level goal levels of human health (SC R.61-68, (SC R.61-68,
(40 CFR (40 CFR (SCR.61- Appendix 2) Appendix 1)
Constituents of §141.62) §141.51) 58.5.B(2)) (mg/L)de (mg/L)df
concern (mg/L)a (mg/L)b (mg/L)e MCL Organic Consumption Average Maximum
Zinc 0.059 0.065

Zirconium

Note: Not all contaminants present in the tank residual have applicable performance objectives; however, al contaminants are

a

b.

s@

listed in thistable.
Safe Drinking Water Act (SDWA) - The MCLs (8141.62) for inorganic contaminants apply to community water systems,
nontransient noncommunity water systems, and transient noncommunity water systems.
SDWA - The MCLGs (8141.51) are nonenforceabl e health goal s corresponding to the maximum level of a contaminant in
drinking water at which no known or anticipated adverse effect on the health of persons would occur, and that allows an ade-
quate margin of safety.
SC SDWA - The MCLsfor inorganic contaminants specified in R.61-58.5.B(2) apply to al public water systems.
SC Water Classifications and Standards - The water quality standards are applicable to both surface waters and groundwaters

unless indicated otherwise (R.61-68.C).

With the exception of human health criterialisted in Section E.12, the numeric standards of this regulation are applicable
to any flowing waters when the flow rate is equal to or greater than the minimum 7-day average flow rate that occurs with
an average frequency of oncein 10 years (7Q10). State water quality standards for human health protection will be appli-
cable to surface waters at average annual flow conditions or a averagetidal dilution conditions, whichever is appropriate
(R.61-68.C.2.9).
Numeric criteriafor all class surface waters are adopted for toxic pollutants for which EPA has published national criteria
to protect aquatic life pursuant to Section 304(a) for the Federal CWA and for ammonia and chlorine. No numeric crite-
riaare listed in this regulation; however, the national numeric criteria developed and published by EPA are incorporated
by reference. If the State develops site-specific criteria for any substances for which EPA has developed nationa criteria,
the site-specific criteriawill supersede the national criteria. If metal concentrations for national criteria are hardness-
dependent, the chronic and acute concentrations shall be based on 50 mg/L hardness if the ambient hardnessis less than
50 mg/L and based on the actual mixed stream hardnessiif it is greater than 50 mg/L (R.61-68.E.11.a (3)).
Freshwater standards for toxic pollutants listed in Section 307 of the Federal CWA and for which EPA has developed na-
tional criteria are subject to the standards prescribed in Sections E.11 and E.12 of this regulation (R.61-68.G(8)).
It is policy of the Department to maintain the quality of groundwater consistent with its highest potential uses. For this
reason, al South Carolina groundwater is classified GB effective on June 28, 1995. Quality standards for inorganic
chemicalsin Class GB Groundwaters are those set forth in the State Primary Drinking Water Regulations R.61-58.5.B(2)
(R.61-68.H).

SC Water Classifications and Standards - State water quality standards for human health protection specified in Section 8(a)

will be applicable to surface waters at average annual flow conditions or at average tidal dilution conditions, whichever is ap-

propriate (R.61-68.E.12.b).

Average and maximum values for water quality to protect aquatic life identified in spreadsheet obtained from A. Wright of

SCDHEC.

Denotes compounds with national criteriato protect aguatic life identified in R.61-68.E.11.a(5).

Action level for lead is 0.015 mg/L.
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Table 6-2. Derived concentration limits for man-made beta-gamma emitters for high-level waste tank

system closure.

Radionuclide

Concentration
(pei/L)?

Selenium-79
Technetium-99
Carbon-14
lodine-129
Strontium-90
Cesium-137

900
900
2,000
1

8

200

a. Derived concentration limits equivalent to 4 mrem/yr dose taken from 65 FR 21605-21614.

used to ensure that all sources are accounted for;
the actual method of doing so will depend on the
sources themselves, the calculational techniques
involved, and the fate and transport models em-
ployed.

6.3.3 THE F- AND H-AREA GTSs

Currently, DOE has identified three GTSs for
the two tank farms, with 1 GTS in F-Area and
2GTSs in H-Area Due to the three
dimensional nature of groundwater flow and
leakage between the stacked aquifer layers be-
neath the GSA, each GTS contains three layers.
The boundaries of the Water Table Aquifer
layer of the GTS, which is the first aquifer layer
impacted by a future release from the Tank
Farms, will be used to define the boundaries for
the underlying Barnwell-McBean Aquifer layer
of the GTS. In turn, the Barnwell-McBean Ag-
uifer layer of the GTS will control the bounda-
ries of the underlying Congaree Aquifer layer of
the GTS. Therefore, the fate and transport mod-
eling at each tank farm will include components
for each of the aquifer layers within each GTS.
Figures 6-2, 6-3, and 6-4 show the boundaries of
the GTS layersfor each of the tank farm areas.

DOE will derive representative hydraulic pa-
rameters from the conceptual system described
in Appendix C to utilize in the Multimedia En-
vironmental Pollutant Assessment System (ME-
PAS), the fate and transport code currently

being used. The selection of a unique set of po-
tentiometric contours to represent site condi-
tions over the modeled time period (10,000
years) is not possible. To eliminate potential
bias in selecting a set of representative potenti-
ometric contours, the steady-state potentiometric
contours for each aquifer layer from a recent
GSA-wide modeling effort will be used for this
purpose as discussed in Appendix C.

6.4 ldentifying and Quantifying
Sourceswithin the GTS

The entire F-Area Tank Farm, comprised of 22
HLW tanks, is within the F-Area GTS. Except
for Tanks 17 and 20, the source term for the
GTS is based on process knowledge and scat-
tered historical sample results. The Tanks 17
and 20 source term is based on process knowl-
edge, modified by recent sampling and analysis.
The only non-tank-farm source within the GTS
with potential for significant and measurable
impactsis the F-Area Seepage Basins.

The H-Area Tank Farm, comprised of 29 HLW
tanks, contains seven tank groups that are di-
vided into two GTSs due to the presence of a
groundwater divide in the Water Table Aquifer.
Eighteen tanks lie in the northward flowing GTS
and eleven tanks lie in the southward flowing
GTS. Potentia non-tank farm sources that
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could impact the GTSs in H-Area include the
following:

H-Area Seepage Basin

294-H, 294-1H Sand Filters (Water Table
and Barnwell-McBean Aquifers only)

221-H Canyon (marginaly)
221-S Vitrification Building (marginally)

The results in this chapter do not include any
potential H-Area contribution. As part of pre-
paring for closing the first tank in H-Area, DOE
will analyze impacts of non-tank sources in H-
Area.

6.5 Developing Adjusted Perform-
ance Objectives

DOE will consider all nontank-farm sources
within each GTS to determine their potential
contribution to environmental impacts. For the
F-Area GTS, DOE considered previous evalua-
tions of the F-Area Seepage Basins. These
evaluations determined that none of the con-
stituents of concern from the F-Area Seepage
Basins will be detected at the seepline concur-
rent with F-Tank Farm impacts. Therefore, the
adjusted performance objectives are identical in
magnitude to the overall performance objec-
tives. The adjusted performance objectives for
the parameters identified in section 6.1 are pre-
sented in Table 6-1. DOE will follow the same
approach for the H-Area GTS when evaluating
the closure of tanksin the H-Area Tank Farm.

6.6 Modeling to Determineif Ad-
justed Performance Objectivesare
Satisfied

Using the methodology illustrated in Appen-
dix C, DOE will model the impacts of closing
every tank in each GTS using reasonable esti-
mates of the amount of waste removal DOE
could achieve. The results of these modeling

efforts will then be compared to the perform-
ance objectives described in Section 6.2. For
example, in the F-Area Tank Farm (the F-Area
GTS), the results for comparison against the
performance objectives are identified in section
6.2 are provided in Table 6-3. Appendices C
and D demonstrate that seepline concentrations
in the Barnwell-McBean Aquifer provide the
limiting cases. Therefore, the Table 6-3 results
pertain to concentrations of contaminants in the
Barnwell-McBean Aquifer at the seepline. Al-
though water in the Barnwell-McBean Aquifer
mixes with water from the Water Table Aquifer
at the seepline, the degree of mixing is uncer-
tain. Any mixing would reduce the reported
concentrations.

6.7 Modeling to Determine Tar get
Tank Impacts

DOE will model the impacts of closing the spe-
cific tank undergoing closure (the target tank).
For the F-Area Tank Farm, Appendix D con-
tains details of the modeling for a given target
tank (Tank 17). The results are presented in
Table 6-3 for the selected parameters. Concen-
trations and doses are for the Barnwell-McBean
Aquifer at the seepline, assuming no mixing
with other waters. The results represent the
Tank 17 contribution to the overall GTS impacts
a the time the GTS impacts are maximum.
Maximum Tank 17 impacts occur later than the
maximum GTS impacts. Maximum Tank 17
impacts are al'so well below performance objec-
tives.

6.8 Accounting for Target Tank
Impacts

After completing the analysis described in Sec-
tion 6.7, DOE will determine the amount of the
adjusted performance objective remaining after
the impacts of the target tank and previous tank
closures have been accounted for. For example,
the last column of Table 6-3 provides the re-
maining budget of adjusted performance objec-
tives after closure of Tank 17 and shows that all
performance objectives are met for the F-Area

6-11
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Table 6-3. Comparison of modeling results to performance objectives at the seepline.

Adjusted F-AreaGTS Previousclosures Tank 17

Units PO impact impact” impact Remaining PO
Radiological
Beta-gamma dose mrem/yr 4.0 19 0.0055 0.022 3.99
Alphaconcentration  pCi/L 15 3.9 107 (© (©) 15
Total dose mrem/yr 4.0 19 0.0055 0.022 3.99
Nonradiological
Nickel mg/L 0.1 (d) 0 (d) 0.1
Chromiume mg/L 0.1 4.6 10° 5.0 10° 1.1 10° 0.1
Mercury mg/L 0.002 (d) 0 (d) 0.002
Silver mg/L 0.05 1.7 10° 1.9 10" 41 10* 0.049
Copper mg/L 13 (d) 0 (d) 13
Nitrate mg/L 10 (asN) 1.2 10° 1.3 1073 75 10° 10 (asN)
Lead mg/L 0.015 (d) 0 (d) 0.015
Fluoride mg/L 4.0 1.1 10° 1.3 10" 2.7 10" 4
Barium mg/L 2.0 (d) 0 (d) 2
PO = Performance Objective
a Vaues taken from Appendix C.
b. Tank 20.
c.  Concentrationislessthan 1.0" 10™ pGi/L.
d.  Concentration islessthan 1.0 10%° mg/L.
e Total chromium (chromium |11 and V1).
GTS. Future closures will be compared to these DOE will follow the same approach for the H-
values. The reported values are the difference Area GTS when evaluating the closure of tanks
between the adjusted performance objective and in the H-Area Tank Farm.

the sum of Tank 17 impacts and the impacts of
previous closures.
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APPENDIX A

DESCRIPTION OF HIGH-LEVEL WASTE TANK CLOSURE METHODS

This appendix supplements the information in
Chapter 4 by providing additional details on the
technical and operational steps to close a tank
system. _These general steps are (1) waste re-
moval, which includes bulk waste remova (2)
enhaneed-further waste removal (when neces-
sary), and if needed spray-water washing-spray
water-washing, (3) annulus cleaning (if applica-
ble), andand (34) stabilization. Erhanced-waste
dpoten o clasie procecs iasin vosnsiel o op
operationa-precursor-totank-closure:

A.1 Waste Removal

A.11 BULK WASTE REMOVAL

In the Federal Facility Agreement between
DOE, EPA, and the State of South Carolina,
DOE committed to removing wastes from older
tanks that do not meet secondary containment
requirements (Types I, Il, and IV). The HLW
removal operations would comply with the pro-
posed plan and schedule provided under the
Agreement. Therefore, as shown in Figure 1-1,
waste removal is not within the scope of the
General Closure Plan. Nevertheless, it is de-
scribed here for completeness.

The schedule for removing waste from the tanks
is closaly linked to salt and sludge processing
capacity and the Defense Waste Processing Fa-
cility (DWPF) schedule. The priorities for de-
termining the sequence of waste removal from
the tanks are as follows:

1. Maintain emergency tank space in accor-
dance with safety analyses.

2. Control tank chemistry, including radionu-
clides and fissile material inventory.

3. Enable continued operation of the evapora-
tors.

4. Ensure blending of processed waste to meet
salt processing, sludge processing, defense
waste processing, and saltstone feed criteria.

5. Remove waste from tanks with leakage his-
tory.

6. Remove waste from tanks that do not meet
the Federal Facility Agreement require-
ments.

7. Provide continuous radioactive waste feed to
the DWPF.

8. Maintain an acceptable precipitate balance
with the salt processing facility.

9. Remove waste from the remaining tanks.

The general technique for waste removal is hy-
draulic dlurrying. Slurry pumps or other mixing
equipment are installed in the risers of the tank.
DOE is exploring other methods for more effi-
cient waste removal.

A.1.2 SPRAY-WATER WASHING

Following completion of bulk waste removal, if
needed, DOE wit-may rinse the tank using spray
water washing, if necessary. In this process,
water is used to+remeve-the-remaining-residual
waste dislodge |oose contamination that was not
removed during bulk waste removal. Fhiswater
Shmeboonesten ecesenp foes copon oo
rRe—the-eententseithetonleoresumeedta—an-
other HLW tank:

A.1.3 ANNULUSCLEANING

Tank 16 is-the-mest-badhy-eracked-tank-and-has

a documented case of leakage into the annulus
and thus represents a specia case for annulus
cleaning. In this tank, a number of welds were
sandblasted to understand the stress corrosion
cracking phenomena. The sand fell on top of
salt and then mixed with the salt during a waste
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removal effort in 1978 that removed about 70
percent of the salt. Recent samples have shown
that the sand and compounds that formed when
the sand mixed with the salt make it more diffi-
cult to dissolve the waste in this annulus.
Chemical cleaning (such as oxalic acid) may be
needed to dissolve the waste in the Tank 16 an-
nulus. Since this will be a one-time operation,
plans are to develop the cleaning techniques
when needed.

Eleven HLW tanks at SRS have shown evidence
of cracks in the primary tank shell. In two of the
tanks, the cracks are above the current liquid
level and there is no evidence that waste escaped
primary containment. In the remaining nine
tanks, the waste level has been lowered to below
the cracks and leaked salt has been observed on
the exterior of the primary tank shell. The
cracks in these tanks are hairline cracks and the
annuli in these tanks are ventilated to dry the
waste. The waste seeped through the cracks
dowly and dried in the annulus. This waste ap-
pears as dried salt deposits on the side of the
primary tank and sometimes on the floor of the
secondary tank.

DOE has-will developed methods to clean the

annulus seng—reshrenlotine—walte—elsnckalled
I I I . T ol I
tank-for those tanks for which it is deemed nec-

essary. DOE will evaluate the extent of annulus
cleaning needed for these tanks.

A.2 Enhanced-Further Waste Re-
moval

As evaluation for_a tank system closure begins,
DOE may—will determine the extent of tank
cleaning required that-some-tanks—need-meore
thereugh-cleaning-to meet tank closure perform-
ance objectives. ta—sueh—ecases—DOE wedld
could first use additional hydraulic slurrying to
remove more waste from the tank. H-spray-wa-
reduetion—n-waste—DOE wedtd-could employ
other methods to reduce the waste content to the
point where the performance objectives could be
met.

One method DOE could use H—spray—water
washing-s-net-effective-is oxalic acid cleaning.
In this process, het—oxalic acid is sprayed
through-nozzles-on-locations-where-dsludge re-

j aaT id—added to
the tank. The tank contents may be agitated to
enhance contact between the acid and the resid-
ual material. The spent acidic waste is then
transferred from the tank. Oxalic acid has ad-
vantages over other cleaning agents for the fol-
lowing reasons:

Oxalic acid dissolves portions of the sludge
and causes the particles to break down, al-
lowing removal of sludge deposits that are
difficult to mobilize using hydraulic slurry-
ing alone.

Oxadlic acid is only moderately aggressive
against carbon steel. Corrosion rates are on
the order of 0.5 inch per year. Thisrate is
acceptable for a short-term process such as
cleaning.

Between 1978 to 1980, Tank 16 was the subject
of arigorous waste removal, water washing, and
oxalic acid cleaning demonstration. The demon-
stration determined the increased effectiveness
of oxalic acid cleaning for sludge removal.
However, the process generates large quantities
of sodium oxalate that must be disposed by the
Saltstone Manufacturing and Disposal Facility
and Defense Waste Processing Facility.

DOE will also evaluate other methods of en-

hanced waste removal such as mechanica
means.

A.3 Stabilization
A.3.1 TANK FILL MATERIAL

Each tank would be filled with a pumpable, self-
leveling grout, a concrete-like material. The
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Figure A-1. Typical layers of thefill with grout option.

material would have a high pH, which is com-
patible with the carbon steel of the tank. Thefill
material would also be formulated with chemical
properties that would retard the movement of
radionuclides and chemical constituents from the
closed tank. A combination of different types of
grout could be used. They would be mixed at a
nearby batch plant and delivered to the tank.
Figure A-1 shows how the layers of grout would
be poured. The potential combination of layers
of grout isasfollows:

Reducing tank fill is a pumpable, sdlf-
leveling backfill material similar in compo-
sition to that used at the SRS Saltstone
Manufacturing and Disposal Facility, com-
posed primarily of cement, flyash, and blast
furnace slag. The chemical properties of the
liquid that leaches through this backfill ma-

terial will reduce the mobility of selected ra-
dionuclides and chemical constituents under
conditions described in Bradbury and Sarrot
(1995). The formulation may require ad-
justment for a tank based on specific cir-
cumstances. The materia is pumped into
the waste tank through an available opening
(e.g., tank riser).

Controlled Low-Strength Materia (CLSM)
is a self-leveling concrete composed of sand
and cement formers. CLSM was used in the
closure of Tanks 17 and 20. Similar to re-
ducing grout, it is pumped into the tank.
The compressive strength of the material is
controlled by the amount of cement in the
mixture. The advantages of using CLSM
rather than ordinary concrete or grout for
most of the fill are control of compressive
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strength, low heat of hydration, and rela-
tively low cost.

— The compressive strength of the material
can be controlled so that it will provide
adequate strength for the overbearing
strata and yet could be potentially exca-
vated with conventional excavation
equipment. Although excavation of the
tank is not anticipated, filling the tank
with low-strength material would en-
hance the opportunity for future removal
of tank contaminants or perhaps the tank
itself, if future generations were to de-
cide that excavation is desirable.

— CLSM has a low heat of hydration,
which allows large or continuous pours.
The heat of hydration in ordinary grout
limits the rate at which the material can
be placed because the high temperatures
generated by thick pours prevent proper
curing of the grout. Thus, large pours of
grout are usually made in layers, allow-
ing the grout from each layer to cool be-
fore the next layer is poured.

— CLSM isrelatively inexpensive.

— CLSM iswidely used at SRS, so thereis
considerable experience with its formu-
lation and placement, and in controlling
the composition to provide the required
properties.

Strong grout is a loose grout with compres-
sive strengths in the normal concrete range.
This formulation is advantageous near the
top of the tank because:

— Theloose consistency of the grout is ad-
vantageous for filling voids near the top
of the tank created around risers and
tank equipment. The grout would be in-
jected in such a manner to ensure that
voids were filled to the extent practica-
ble. This may involve several injection
points, each with a vent.

— A relatively strong grout will discourage
an intruder from accidentally accessing

the waste if institutional control of the
areais discontinued.

Other potential combinations of multiple or sin-
gle grout layers may be used._It is expected that
new/innovative grout mixes will be developed
during the tank closure period. Any new grout
formulas will be evaluated in the applicable clo-
sure module.

A.3.2 OPERATIONAL ACTIVITIES

The specific actions needed before and during
closure include tank isolation, tank modifica-
tions to facilitate introduction of grout, produc-
tion and installation of grout, and riser cleanup.
These activities are described below in more
detail.

Mechanical and electrical services would be iso-
lated from the tank such that future use is pro-
hibited. Accessible piping and conduits would
be removed and pulled back from each riser so
that a physical break is made from the tank.

DOE would leave the tank structures intact. No
support steel would be removed unless it is nec-
essary to be removed to disconnect services
from the tank risers. Equipment aready in-
stalled in the tank and equipment directly used
in tank closure operations (such as temporary
submersible pumps, cables, temporary transfer
hoses, backfill transfer pipes or tremmies, and
sample pump) would be entombed in the backfill
material as part of the closure process. Hems

removed-in—preparation—for—closure-under—this
g

|||edu,le(_su_eh,asslul_|y PUMIP MBtors-HstFument
|aele_s Piping;—aRa-—tRsulation)—may—be-decon
EE"'"“EE.ed to-suen-levels that-they ey be-sent Eg.
the Se“.d ""’359 Management ae”.'“% a5 SeHpP

' ' It is per-
missible for tank equipment to be relocated from
tank to tank within a given tank farm in order to
maximize the efficiency of the tank closure
process, to reduce radiation exposure to workers,
and entomb the equipment in the closure proc-
ess. This eqguipment transfer does not_include
transfers between the two tank farms.
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The tank risers would be modified to permit
backfill material to be placed into the tank. Pro-
visions would be made to provide a delivery
point into the tank, to manage air displacement,
to address bleed water build-up, and to handle
any tank top overflow.

Risers would be prepared to alow addition of
the backfill material. Equipment located at the
riser would be disconnected. A backfill transfer
line would be inserted through an access port to
allow introduction of the backfill into the tank.
Tank venting would be predominately through
the existing permanently installed ventilation
system until the backfill material nears the top of
the tank. However, a newly constructed vent
device, equipped with a breather high-efficiency
particulate filter, would be supplied for the final
filling operation.

During the filling process, excess water (bleed
water) is expected to float to the top of the grout.
The amount of bleed water would be minimized
during the actual closure operation by limiting
the amount of water in the grout and by specify-
ing the fill material cure times. It is expected
that any bleed water produced would be re-
absorbed back into the fill material. The amount
of re-absorption would be dictated by the cure
times. The possible overflow of bleed water and
grout from around the riser joints would be con-
trolled by constructing forms around the risers
and sealing those forms for watertightness as
part of pre-closure preparation for riser grouting
operations. Each riser would be prepared for
local filling and venting to ensure that the top
void spaces arefilled.

The transfer lines connected to the tank system
being closed will be filled to the extent the re-
ducing grout flows fregly into these lines.

Portable concrete batch plants would supply the
grout needed to fill the tanks. All applicable
environmental permits will be obtained.

Backfill material produced at the plants would
be introduced into the risers of the tanks through

piping from the plants located just outside the
Tank Farm fence.

The actual backfill material installation would
be governed by SRS procedures in accordance
with design engineering requirements as out-
lined in the construction and subcontractor work
packages. The filling progress would be moni-
tored by an in-tank video camera. The backfill
material level would be measured using visual
indications. During riser closure operations,
containment provisions would be made to re-
strict or contain grout overflows. Tank compo-
nents such as the transfer pump, surry pumps,
wiring, cables, steel tapes, hoses, and sample
collection apparatus would be encapsulated dur-
ing tank grouting operations.

The risers and void spaces in the installed
equipment remaining in the tank would be filled
with highly flowable grout material to ensure
that al voids are filled to the fullest extent prac-
tical. The tank fill and riser backfilling opera-
tions would be performed in such a way as to
eliminate rainwater intrusion into the tank.
Upon completion of the tank closure, the riser
tops would be left in a clean and orderly condi-
tion. Risers would be encapsulated in concrete
using forms constructed of rolled steel plates or
removable wooden forms previoudy installed
around each riser. The riser encapsulation
would be completed at the end of the tank dome
fill operation.

Piping and conduit at each of the risers that is
not removed would be entombed in the riser fill-
ing operations. Each riser and the lead lining
within it would be encased in concrete, and de-
contamination of the remaining riser formwork
structures and adjacent areas will be performed,
if necessary. The tank appurtenances, such as
the riser inspection port plugs, riser plug caps,
and the transfer valve box covers, which would
have been removed to ensure complete backfill-
ing of the tank, would be entombed at the same
time as the associated risers are filled and back-
filled.
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APPENDIX B

HLW TANK SYSTEM CLOSURE ENVIRONMENTAL REQUIREMENTS,
GUIDANCE, AND PERFORMANCE STANDARDS

B.1. Identification of Requirements
and Guidance

B.1.1 INTRODUCTION

The U.S. Department of Energy (DOE) has
identified pertinent substantive requirements
and guidance it will comply with and consider,
respectively, to ensure that closure of the F and
H-Area high-level waste (HLW) tank systems at
the Savannah River Site (SRS) will be protec-
tive of human health and the environment and
consistent with overal remediation of the SRS
as implemented under the Federal Facility
Agreement (FFA). These requirements and
guidance, the process DOE used to identify
them, and their intended use in the HLW tank
closure strategy and plan are described in this
appendix.

B.1.2 TECHNICAL APPROACH

DOE will close the HLW tank systems, which
are permitted by the South Carolina Department
of Health and Environmenta  Control
(SCDHEC) under authority of the South Caro-
lina Pollution Control Act (SCPCA) as waste-
water treatment facilities, in accordance with SC
Regulation R.61-82, “Proper Closeout of
Wastewater Treatment Facilities.” This regula-
tion requires the performance of such closures
be carried out in accordance with site-specific
guidelines established by SCDHEC to prevent
health hazards and to promote safety in and
around the tank systems. To facilitate compli-
ance with this requirement and recognizing the
necessity for consistency with overall remedia-
tion of the SRS under the FFA, DOE has
adopted a general strategy for HLW tank system
closure that includes evaluation of an appropri-
ate range of closure alternatives with respect to
pertinent, substantive environmental require-

ments and guidance and other appropriate crite-
ria (e.g., technical feasibility, cost). The genera
strategy for HLW tank system closure is thus
consistent in its substance with comparative
analyses performed as part of a Resource Con-
servation and Recovery Act (RCRA) corrective
measures study/Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) feasility study (CMSFS) under
the FFA.

DOE will close al HLW tank systems in the F-
and H-Area Tank Farms in accordance with this
strategy, including Tank 16, which is no longer
operational and hence was not permitted as part
of the industrial wastewater treatment facility.
However, with respect to closure of the tank
system, Tank 16 is subject to the same consid-
erations that determine acceptable closure alter-
natives for the other 50 HLW tank systems. The
past release from Tank 16 that resulted in its
remova from service will be addressed aong
with the release from the Tank 37 condensate
transfer system as the H-Area Tank Farm
Groundwater Operable Unit (Appendix C of the
FFA) in accordance with provisions of the FFA.

In developing this plan, DOE sought to identify,
in consultation with SCDHEC and EPA Region
IV, those substantive environmental require-
ments and guidance documents most pertinent to
selection and implementation of appropriate
closure option(s). These requirements and
guidance are comparable to those established as
applicable or relevant and appropriate require-
ments (ARARs) and to-be-considered materials
(TBCs) in the context of a CMS/FS under the
FFA. These terms, with comparable definitions
to those used in CERCLA, were adopted for use
in this closure plan.

The initial step in this process involved compil-
ing and evaluating potential “ARARS’ docu-
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ments listed in Appendix A of the FFA (Federal
and South Carolina statutes and, by reference,
implementing regulations), additional laws and
regulations (including potentially useful pro-
posed regulations), DOE Orders implementing
the Atomic Energy Act, SRS environmental
permits, environmental enforcement documents
(e.g., consent orders, settlement agreements)
currently in force for SRS, and selected EPA
guidance. These documents were screened with
respect to applicability, relevance and appropri-
ateness, or usefulness as TBCsin general accord
with pertinent EPA guidance for determination
of “ARARS’ for CERCLA remedial actions
(EPA 1988, 1989a, 1989Db, 1990a, 1990b, 1990c,
and 1991) using the following definitions:

Applicable - Substantive Federal or State
environmental protection requirements, cri-
teria, or limits that directly apply to SRS
high-level waste tank system closure opera-
tions.

Relevant and Appropriate - Substantive Fed-
eral and State environmental protection re-
quirements, criteria, or limits that, while not
directly applicable, are judged to be well
suited for use for SRS high-level waste tank
system closure operations based on their ap-
plicability to similar operations.

To-be-Considered Materials - Advisories,
guidance, proposed rules and the like issued
by Federal or State government that are not
legally binding, but that are judged to be
useful in establishing environmental protec-
tion protocols and performance objectives
or in evaluating closure options with respect
to protection of human health and the envi-
ronment.

Theresults of thisinitial screening process are
listed in Table B-1.

Documents determined to constitute or contain
“ARARS’ or TBCs based on this initial screen-
ing were subjected to more detailed evaluation,

and substantive requirements and guidance were
extracted or summarized, tabulated, and sorted
by category (i.e., Applicable, Relevant and Ap-
propriate, and To-be-Considered). The tabu-
lated results were reviewed by the regulatory
agencies (SCDHEC and EPA Region 1V). The
requirements and guidance were subsequently
evaluated to identify redundancies (e.g., com-
mon standards for environmental protection that
are invoked by more than one regulatory pro-
gram or authority) and confounding or conflict-
ing requirements. Annotations were included in
the “Rationale for Use” column explain why
certain requirements and guidance should be
carried forward to identify specific environ-
mental regulatory standards while others could
be dropped from consideration. In general, a
requirement or guidance in the Relevant and
Appropriate or To-be-Considered Materials
categories was included if it is more stringent
than the corresponding requirement or guidance
in the Applicable category, and excluded if it is
less stringent than a requirement or guidance in
the Applicable category or if compliance is met
by adherence to general provisions of this Clo-
sure Plan. The results of this effort are listed in
Table B-2.

In the next step, redundancies in the require-
ments and guidance were eliminated to develop
a shortened, but no less comprehensive, list
from which to identify specific environmental
regulatory standards. All the requirements and
guidance listed as Applicable in Table B-2 were
retained. Of the requirements and guidance de-
noted as Relevant and Appropriate or TBC Ma-
terials, only those that provide more stringent or
more specific standards than those listed as Ap-
plicable were retained. Those Relevant and Ap-
propriate or TBC requirements and guidance
listed in Table B-2 that are fulfilled by compli-
ance with a standard that is more applicable to
the HLW tank system closure activities or that is
met by adherence to general provisions of this
closure plan were deleted. The results of this
effort are listed in Table B-3.
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B.2. Performance Standards

Performance standards for HLW tank closure
were identified based on the requirements and
guidance listed in Table B-3. These perform-
ance standards are generally numerical, such as
concentration or dose limits for specific radio-
logical or chemical constituents in releases to
the environment, which are set forth in the re-
guirements and guidance. The numerical stan-
dards apply at different points of compliance
and at various periods during or after closure.
Summaries of the performance standards for
HLW tank closure are presented in Tables B-4
(nonradiological air quality standards), B-5
(nonradiological groundwater and surface-water
standards), and B-6 (radiological standards).

The performance objectives that will be used in
the evauations performed for tank system-
specific closure modules are a subset of these

environmental performance standards. The per-
formance objectives for the HLW tank system
closures will be the groundwater protection
standards applied at the point where groundwa-
ter discharges to the surface (seepline) and the
surface-water quality standards applied in the
receiving stream.

The performance standards provide a basis for
comparison of different closure configurations.
Closure options will be evaluated with respect
to conformance with specific performance ob-
jectives based on these performance standards,
and conformance of the closure configuration
option selected with the requirements and guid-
ance listed in Table B-3 as part of the overall
evaluation (smilar to compliance with ARARs
as one of the nine CERCLA criteria). In aman-
ner substantially similar to CERCLA require-
ments, appropriate justification will be neces-
sary to select a nonconforming closure option.
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TableB-1. Initial screening of potential requirements and guidance for high-level waste tank system closure.

Requirements/
Guidance2
Statute/Regulation Potential Rationale
Administrative Procedures Act, 5 U.S.C. 551 et seq. None Imposes no substantive requirements for HLW tank closure.
Atomic Energy Act, 42 U.S.C. 7401 et seg., asim-
plemented by the U.S Department of Energy:
DOE Order 5400.5, “Radiation Protection of the  Applicable Chapter 11, “Requirements for Radiation Protection of the Public and the Envi-

Public and the Environment”

10 CFR 834, “Radiation Protection of the Public
and the Environment” (Proposed Rul€)

To-be-Considered
Materials

ronment,” and Chapter IV, “Residual Radioactive Material,” include substantive
reguirements implementing provisions of the Atomic Energy Act that are applica-
bleto SRSHLW tank closure. The remainder of the order consists primarily of
administrative requirements, which would not be as useful discriminators for tank
closure options.

Proposed by DOE to replace DOE Order 5400.5; includes similar, in many cases
identical, requirements.
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
Atomic Energy Act, 42 U.S.C. 7401 et seq., asim-
plemented by the U.S Department of Energy: (cont.)
10 CFR 835, “Radiation Protection for Occupa-  None Requirements to protect worker health and safety are applicable to all SRS radio-
tional Workers’ logical operations, including HLW tank closure. However, requirements do not
specifically address closure of waste management facilities and would not be use-
ful discriminators for tank closure options.
Atomic Energy Act, 42 U.S.C. 7401 et seq., asim-
plemented by the Nuclear Regulatory Commission:
10 CFR 20, “ Standards for Protection Against Relevant and Ap-  Known asthe License Termination Rule, this regulation provides specific radio-
Radiation,” Subpart E, “Radiological Criteriafor  propriate logical criteriafor the decommissioning of lands and structures licensed by or sub-
License Termination” ject to jurisdiction of the NRC. Not applicable to HLW tank closure, but poten-
tialy relevant and appropriate in that the HLW tank closureis closely analogous
and could provide meaningful performance objectives and criteriafor tank closure
options. The License Termination Rule has been proposed as the decommission-
ing criteriafor the West Valley Demonstration Project, which includes HLW tank
systems. The remainder of the regulation provides requirements to protect worker
health and safety, for which DOE has applicable requirements in place.
10 CFR 20, “ Standards for Protection Against Relevant and Ap-  Not applicable to HLW tank closure, but potentially relevant and appropriate be-
Radiation,” “Permissible Doses, Levels, and Con-  propriate cause requirements are well suited for use as indicators of protection of human
centrations’ and Subpart D, “Radiation Dose health and the environment and are similar in scope and content to DOE Orders
Limits for Individual Members of the Public” and other Federal requirements that are applicable or are being considered asrele-
vant and appropriate to the HLW tank closure.
10 CFR 61, “Performance Objectives’ Relevant and Ap-  Provides criteriafor performance of low-level waste disposal facilities. While not
propriate directly applicable to HLW tank closure, the performance objectives set forth in

Subpart C of 10 CFR 61 are invoked in the criteria described in Section 5.2.
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TableB-1. (Continued).

Statute/Regulation

Requirements/
Guidance2
Potential

Rationae

10 CFR 63, “Disposal of High-Level Radioactive
Wastes in a Geologic Repository at Y ucca Moun-
tain, Nevada

Atomic Energy Act, 42 U.S.C. 7401 et seq., asim-
plemented by the U.S. Environmental Protection

Agency:

40 CFR 191, “Environmental Radiation Protec-
tion Standards for the Management and Disposal
of Spent Nuclear Fuel, High-Level and Tran-
suranic Radioactive Wastes’

Relevant and Ap-
propriate

Relevant and Ap-
propriate

Provides criteria for performance of the proposed repository for disposal of spent
nuclear fuel and HLW at Yucca Mountain, Nevada. Not applicable to HLW tank
closure, but provides radiation protection standards that are well suited asindica-
tors of protection of human health and the environment for the HLW tank closure
project. NRC has promulgated performance objectives for repository operations
(e.g., 15 mrem per year to amember of the public in the general environment asa
result of normal operations) and for long-term performance after permanent clo-
sure (15 mrem/per year to the reasonably maximally exposed individual during the
first 10,000 years). The reasonably maximally exposed individual residesin a
farming community located near Lathrop Wells, Nevada, approximately 20 km
south of the proposed disposal area. NRC proposes a 10,000-year period for
evaluating compliance of the disposal system with the long-term performance ob-
jective.

Requirements of Subpart B, “Environmental Standards for Disposal,” are applica-
ble to disposal of any waste associated with HLW tank closure determined to be
HLW and therefore subject to NRC licensing requirements per requirements of the
Energy Reorganization Act of 1974. For waste that is not considered high-level
waste, these requirements, while not directly applicable, would be relevant and
appropriate because they are well suited for use as indicators of protection of hu-
man health and the environment. The remaining subparts of 40 CFR 191, which
address management of spent fuel, high-level, and transuranic waste, are neither
applicable nor relevant and appropriate because they apply only to facilities regu-
lated by the NRC or Agreement States. (AEA requirements for nondisposal facili-
ties associated with the HLW tank closure project would continue under the juris-
diction of DOE, which hasits own AEA implementing requirements.)
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
40 CFR 193, “Environmental Radiation Protec-  To-be-Considered  When promul gated, these requirements would be applicable to DOE LLW dis-
tion Standards for the Management, Storageand ~ Materials posal facilities. Subpart B, “Environmental Standards for Disposal,” and Subpart

Disposal of Low-Level Radioactive Waste’
(Preproposal Draft, November 30, 1994)

40 CFR 196, “Radiation Site Cleanup Regula-

tions’ (Preproposal Draft, May 11, 1994)

40 CFR 197, “Environmental Radiation Protec-
tion Standards for Y ucca Mountain, Nevada’

To-be-Considered
Materials

Relevant and Ap-
propriate

C, “Environmental Standards for the Protection of Underground Sources of Drink-
ing Water,” are well suited for use as indicators of protection of human health and
the environment for the HLW tank closure project and could be considered at that
time to be relevant and appropriate requirements; they are classified TBC material
at this time because the rule has not yet been promulgated. The remainder of this
rule addresses management and storage of low-level waste for which DOE has
applicable standards.

This draft proposed EPA Federal regulation, when promulgated, will be applicable
to activities resulting in residual radioactive material, including SRS HLW tank
closure. These requirements are well suited for use as indicators of protection of
human health and the environment for the HLW tank closure project. They are
classified as TBC materia at this time because the rule has not been promulgated.

Public health and safety standards for storage and disposal of radioactive materia
at the proposed repository at Y ucca Mountain. Not applicable to HLW tank clo-
sure, but these requirements are well suited for use asindicators of protection of
human health and the environment for the HLW tank closure project.

002 snbny

yelq Areuwiplid



861700-€002-04SM

8-d

TableB-1. (Continued).

Rationae

Requirements/
Guidance2
Statute/Regulation Potential

Clean Air Act, 42 U.S.C. 2011 et seq., Applicable
South Carolina Pollution Control Act, and associated
Federal and State regulations related to air quality:

40 CFR 61, Subpart H, “National Emission Stan-

dards for Emissions of Radionuclides Other than

Radon from Department of Energy Facilities”

40 CFR 50, “National Primary and Secondary

Ambient Air Quality Standards’

SC R.61-62, “Air Pollution Control Regulations

and Standards”
Clean Water Act, 33 U.S.C. 1251 et seq., Applicable

South Carolina Pollution Control Act, South Carolina
Stormwater Management and Reduction Act, and
implementing regulations for discharge of wastewater
and stormwater to surface waters:

40 CFR 125, “Criteria and Standards for the Na-
tional Pollutant Discharge Elimination System”

SC R.61-9, “Water Pollution Control Permits’

Include requirements applicable to all SRS operations, including HLW tank clo-
sure, and provide criteria that might be useful for discriminating among tank clo-
sure options. 40 CFR 61, Subpart H regulates emissions of radionuclides to the
ambient air from DOE facilities. 40 CFR 50 and R.61-62, Standard No. 2 provide
ambient air quality standards for criteria pollutants. R.61-62, Standard No. 8, in-
cludes ambient air quality standards for toxic air pollutants. R.61-62.6 provides
requirements for control of fugitive particul ate matter.

Requirements for process wastewater discharges are applicable to F-/H-Area Ef-
fluent Treatment Facility and other facilities that would process waste from HLW
tank closure activities, but are not directly applicable to HLW tank closure per se.
Requirements for stormwater management and discharge from HLW tank opera-
tions (e.g., routing of potentially contaminated stormwater to retention basins; dis-
charge limits for stormwater outfalls) would be applicable to HLW tank waste
removal operations, but would not be useful discriminators for tank closure op-
tions. Requirements for stormwater management from construction-type activities
associated with HLW tank closure (e.g., tank exhumation, cap installation) would
be applicable and probably would require development of stormwater pollution
prevention plans.
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential

Rationae

Clean Water Act, 33 U.S.C. 1251 et seq.,

South Carolina Pollution Control Act, South Carolina
Stormwater Management and Reduction Act, and
implementing regulations for discharge of wastewater
and stormwater to surface waters (cont.):

SRS NPDES Permits: Nos. SCR100000 (Storm-
water Discharges from Construction Activities),
SCR000000 (Stormwater Discharges from Indus-
trial Activities), SC0000175 (Industrial Wastewa-
ter Discharges)

SC R.72-300, SC Land Resources Conservation
Commission (LRCC), “ Standards for Stormwater
Management and Sediment Reduction”

LRCC Genera Permit for Stormwater Manage-
ment and Sediment Reduction at the Savannah
River Site

Clean Water Act, 33 U.S.C. 1251 et seq., Applicable
South Carolina Pollution Control Act, and imple-

menting regulations for wastewater treatment facility

permitting and closure;

SC R.61-67, “ Standards for Wastewater Facility
Construction”

SC R.61-82, “Proper Closeout of Wastewater
Treatment Facilities”

F-/H-Area High-Level Radioactive Waste Tank
Farms Permit No. 17,424-IW

Tank 50 Permit No. 14520

Include requirements that are directly applicable to HLW tank closure.

SC R.61-82 provides closure requirements for wastewater treatment facilities, and
isinvoked by the FFA (Section IX.E.4) and SRS Waste Removal Plan and Sched-
ule submitted on November 9, 1993, in response to requirements of the FFA (Sec-
tion IX.E.1) as applicable, with some exceptions (e.g., Tank 16; tanks that are im-
practicable to decontaminate). [Note the November 9, 1993 document was re-
placed by the “F/H Area High Level Waste Removal Plan and Schedule” submit-
ted January 15, 1998 and approved by SCDHEC on February 26, 1998 and EPA
Region IV on June 22, 1998.] F- and H-Area Tank Farm system modifications
made as part of or as aresult of closure activities might necessitate changes to
Permit No. 17,424-1W, supported by engineering reports prepared in accordance
with SC R.61-67.
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
Clean Water Act, 33 U.S.C. 1251 et seq., Applicable Include generally applicable standards for maintaining quality of surface water and

South Carolina Pollution Control Act, and imple-
menting regulations related to water quality standards
for surface water and groundwater:

40 CFR 131, “Water Quality Standards’

SC R.61-68, “Water Classifications and Stan-
dards’

SC R.61-69, “Classified Waters’

Coastal Zone Management Act and Corresponding None
SC Statutes and Regulations

groundwater and provide criteria useful as discriminators for HLW tank closure
options. 40 CFR, Section 131 includes requirements for states to establish water
quality standards.

Not applicable because SRS is outside the coastal zone. Not appropriate to tank
closure project, because statute addresses land use planning and associated public
involvement, both of which are being addressed at SRS in the broader context of
SRS environmental restoration and future site missions.
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TableB-1. (Continued).

Statute/Regulation

Requirements/
Guidance2
Potential

Rationae

Comprehensive Environmental Response, Compensa-
tion, and Liability Act, 42 U.S.C. 9601 et seq.:

40 CFR 300, “National Oil and Hazardous Sub-
stances Pollution Contingency Plan”

[The NCP implements CERCLA oil and hazard-
ous substance rel ease response requirements.]

SRS Federal Facility Agreement

[Entered into pursuant to Section 120 of CERCLA to
implement CERCLA remedial action and RCRA Sec-
tion 3004(u) and 3004(v) corrective action require-
ments at SRS.]

Relevant and Ap-
propriate

Applicable

The extent to which CERCLA requirements are applicable to HLW tank closureis
specified in the SRS FFA, which specifies that tanks that cannot practicably be
decontaminated be remediated in accordance with CERCLA remedial action pro-
tocols (i.e.,, Remedial Investigation/Feasibility Study process as described in the
40 CFR 300.400 series regulations, part of the NCP). CERCLA requirements,
particularly those setting forth the process, criteria, and performance objectives for
evaluation of remedial alternatives, are considered to be relevant and appropriate
to HLW tank closure, because: (@) this processisindicated as an appropriate pro-
cessin DOE Order 435.1 and, (b) releases, if any, from the closed HLW tanks
would be addressed by the SRS environmental restoration program in accordance
with CERCLA remedial action requirements under the FFA; tank closure should
therefore be consistent with the final remedial action under that program, as would
be required if tank closure were to be conducted as a CERCLA interim action.
Remaining CERCLA requirements, which address such activities as rel ease report-
ing, are applicableto al SRS operations, including the HLW tank project, but
would not be useful discriminators for evaluation of tank closure options.

Section IX and Appendix B of the FFA include requirements applicable to the
HLW tank closure project, including removal of HLW from the tanks, stabiliza-
tion, and environmental restoration consistent with CERCLA actions. Thesere-
quirements may need to be revised to accommodate closure of all SRS HLW tanks
under authority of R.61-82. Section XXIII, “Permits,” and Section XXIV, “Crea
tion of Danger,” are applicable to activities undertaken pursuant to the FFA, in-
cluding HLW tank closure.
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
Comprehensive Environmental Response, Compensa-
tion, and Liability Act, 42 U.S.C. 9601 et seq.:
(cont.)
F-/H-AreaHigh Level Waste Removal Plan and Applicable Includes a plan and schedule for removing from service (including waste removal

Schedule as Required by the Federal Facility Agree-
ment for the Savannah River Site (WSRC-RP-93-
1477, Rev. 0, November 1993)

High-Level Waste Tank Closure Program Plan,
(Rev. 1, August 2001)

Decommissioning Handbook, DOE/EM-0142P,
U.S. Department of Energy

Office of Environmental Restoration

March 1994

Materials

To-be-Considered

and decontamination) those SRS HLW tanks, except Tank 16, that do not meet
secondary containment standards in the FFA or that leak or have leaked. Made
applicable by Section IX.E of the FFA. This document has been replaced by the
“F/H AreaHigh Level Waste Removal Plan and Schedule” (WRP& S) submitted
January 15, 1998 and approved by SCDHEC on February 26, 1998 and EPA Re-
gion 1V on June 22, 1998. The WRP& S provides dates for removal from service
and operational closure of each noncompliant tank and commits to complete clo-
sure of all noncompliant tanks no later than fiscal year 2022. The approved
WRP& Sis provided in the Savannah River Site High Level Waste System Plan.

DOE’s planning tool for managing HLW tank system closure activities, including
the environmental restoration (ER) program’s soil assessment/remedial actions
related to the closed tank systems. Chapter 4 includes arationale for the proposed
tank closure sequence and identifies operational tank groupings. Chapter 5 pro-
vides a process description and generic schedule for field investigation and reme-
dial actions on contaminated soil around tank groupings as they are closed by the
HLW program. It describes the development of tank grouping-specific co-
occupancy plans (COPs) to define the HLW and ER program responsibilities, plan
and schedule, and coordination of intrusive activities under the ER program with
ongoing HLW operations in the Tank Farms.

Technical guidance for the decommissioning of nuclear facilities, including re-
moval of radioactive and hazardous materials to levels protective of human health
and the environment. Chapter 13 identifies standards for air, surface water, and
groundwater quality during decommissioning including the National Ambient Air
Water Quality Standards, DOE Order 5400.5, “National Emissions Standards for
Hazardous Air Pollutants,” and Safe Drinking Water Act maximum contaminant
levels.

yelq Areuiplid

002 1snbny



€T-d

861700-€00C-04SM

TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
Emergency Planning and Community Right-to Know  None Includes requirements applicable to all SRS operations, including tank closure,

Act, 42 U.S.C. 11001 et seq.

Executive Orders 11990, “Protection of Wetlands,”
and 11988, “Floodplain Management,” asimple-
mented by 10 CFR 1022

Endangered Species Act, 16 U.S.C. 531 et seq. and
related statutes (Fish and Wildlife Coordination Act,
Anadromous Fish Conservation Act, Migratory Bird
Treaty Act, Bald Eagle Protection Act, South Caro-
lina Nongame and Endangered Species Conservation
Act)

Federal Insecticide, Fungicide and Rodenticide Act, 7
U.S.C. 136 et seq.:

Hazardous Materials Transportation Act

National Environmental Policy Act, 42 U.S.C. 4321
et seq.:

10 CFR 1021, “Compliance with NEPA”

National Historic Preservation Act, 16 U.S.C. 470
et seg. and related legislation (e.g., Antiquities Act,
Historic Sites Act, Archeological and Historic Pres-
ervation Act, Archaeological Resources Protection
Act, American Indian Religious Freedom Act)

To-be Considered
Materials

Applicable

None

None

Applicable

Applicable

with respect to such activities as release reporting and chemical inventories. How-
ever, requirements do not specifically address closure of waste management facili-
ties and would not provide useful discriminators for tank closure options.

Includes requirements to avoid adverse impacts to wetlands when practicable al-
ternative exists. Applicable to the extent that water quality of riparian wetlands
and surface streams (e.g., Fourmile Branch) could be affected by HLW tank clo-
sure options. No tank closure activities are anticipated in wetlands or floodplains.

Requirements to evaluate potential impact to protected speciesis applicable to all
SRS projects. Differential impact potential of HLW tank closure options would be
formally evaluated in the context of NEPA and ecological risk assessment for
HLW tank closure.

HLW tanks do not contain pesticides and closure will not involve their use.

Includes requirements applicable to all SRS operations, including tank closure,
with respect to any offsite transport of hazardous materials. However, require-
ments do not specifically address closure of waste management facilities and
would not be useful discriminators for tank closure options.

Requirements of NEPA to evaluate SRS HLW tank closure options are applicable
and would be fulfilled in accordance with DOE's implementing regulations

(10 CFR 1021). NEPA evauation will address impacts, including occupational
exposure to site personnel, associated with the various closure alternatives.

Requirements to evaluate potential impacts to cultural resourcesis applicable to all
SRS projects. Impact potential on cultural resources for HLW tank closure op-
tions, if any, would be formally evaluated in the context of NEPA.
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential

Rationae

Occupational Safety and Health Act, 29 U.S.C. 651 None
et seq.:

River and Harbors Act of 1989 None

Safe Drinking Water Act (Public Health Service Applicable
Act), 42 U.S.C. 300(f) et seq.:

40 CFR 141, “National Primary Drinking Water
Standards”

SC R.61-58.5, “Maximum Contaminant Levelsin
Drinking Water”

Requirements to protect worker health and safety are applicable to all SRS opera-
tions, including HLW tank closure. However, requirements do not specifically
address closure of waste management facilities and would not be useful discrimi-
nators for tank closure options.

Requirements are applicable only to work in waterways, which is not anticipated
for HLW tank closure. No analogous activities associated with tank closure would
make requirements relevant and appropriate.

Maximum contaminant levels (MCLs) promulgated in 40 CFR 141 and in the cor-
responding SC regulations are applicable to the HLW closure in that they arein-
voked as groundwater protection standards in applicable requirements (e.g., DOE
Orders 435.1, 5400.5).
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TableB-1. (Continued).

Statute/Regulation

Requirements/
Guidance2
Potential

Rationae

Solid Waste Disposal Act (as amended by the Re-
source Conservation and Recovery Act and the Fed-
eral Facility Compliance Act), 42 U.S.C. 6901

et seq.:

40 CFR 260-270 “Hazardous Waste Management
Regulations’ (and corresponding portions of the
SC Hazardous Waste Management Regulations)
[Implement Subtitle C of RCRA.]

Consent Order 95-22-HW

[Issued in conformance with requirements of the Fed-
eral Facility Compliance Act to enforce compliance
with requirements of the SRS Approved Site Treat-
ment Plan.]

Applicable/
Relevant and Ap-
propriate

Applicable

RCRA regulatory requirements, most notably generator standards (Part 262),
treatment, storage and disposal standards (Parts 264 and 265), and land disposal
restriction treatment requirements (Part 268) would be variously applicable to haz-
ardous waste removed from the HLW tanks as part of the closure process

(e.g., tank rinsewater and solids meeting the definition of hazardous waste; HLW),
generated during the closure process (e.g., job control waste, contaminated debris
meeting the definition of hazardous waste), and hazardous waste remaining in the
HLW tanks (if any). The operation and closure of the HLW tanks are regulated by
SCDHEC as wastewater treatment units and thus are exempted from RCRA oper-
ating and closure standards (Parts 264 and 265) and permit requirements

(Part 270). Parts 264 and 265, Subpart G, include requirements that are poten-
tially relevant and appropriate to closure of the HLW tanks, because they are ap-
plicable to closure of hazardous waste tank systems that are not subject to the
wastewater treatment unit exemption.

Certain RCRA requirements, particularly those setting forth the process, criteria,
and performance objectives for evaluation of corrective action aternatives, are
relevant and appropriate to HLW tank closure, because: (@) this processisindi-
cated as an appropriate process in DOE Order 435.1 and, (b) releases, if any, from
the closed HLW tanks would be addressed by the SRS environmental restoration
program in accordance with the RCRA corrective action requirements for solid
waste management units (SWMUSs) under the FFA; tank closure should therefore
be consistent with any corrective action under that program.

Includes applicable requirements for identification and treatment of SRS radioac-
tive mixed waste (MW) streams, including HLW removed from HLW tanks and
MW generated as a result of HLW tank closure operations.
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
40 CFR 280, “Underground Storage Tank Regula- None Not applicable. Although these regulations provide requirements applicable to
tions” (including SC Underground Storage Tank management standards for underground storage tanks (USTSs) for oil and hazard-
Control Regulations R.61-92) [Implements Subtitle | ous substances, including requirements for closure and corrective action, USTs for
of RCRA.] hazardous waste (e.g., SRS HLW tanks) are regulated under RCRA Subtitle C
unless exempted (e.g., as wastewater treatment units subject to regulation, includ-
ing closure, under authority of the Clean Water Act, asis the case with the SRS
HLW tanks). Not relevant and appropriate, because UST regulations (i.e., R.61-
92.3.1(1)) do not apply to tanks that contain hazardous waste (see Memorandum of
Agreement between DOE and SCDHEC dated April 8, 1985, as amended May 5,
1988).
40 CFR 258, “ Criteriafor Municipal Solid Waste None RCRA Subtitle D reguirements as applied under the corresponding SC program
Landfills’ (Final Rule) and 40 CFR 257, “Ciriteriafor include requirements applicable to all SRS operations, including HLW tank clo-
Classification of Solid Waste Disposal Facilities and sure, with respect to such operations as recycling and disposal of nonhazardous
Practices’ (Rule for industrial nonhazardous solid solid waste; however, these requirements do not specifically address closure of
waste landfills) and corresponding state regulations waste management facilities and would not be useful discriminators for HLW tank
(R.61-107) [Implements Subtitle D of RCRA.] closure options. Title 40 CFR 258 and 40 CFR 257 include groundwater protec-
tion standards (SDWA MCLs at apoint of compliance as far as 150 meters from a
landfill). However these groundwater protection standards are not appreciably
different than those considered applicable to the HLW project.
South Carolina Administrative Procedures Act, None Imposes no substantive requirements for HLW tank closure.
1-23-10
South Carolina Atomic Energy and Radiation Control  Relevant and Ap-  Not applicable to HLW tank closure, but considered potentially relevant and ap-
Act, 13-7-10: propriate propriate because requirements are well suited for use as indicators of protection
o ) of human health and the environment and are similar in scope and content to DOE
R.61-63, “Radioactive Materials’ Orders and other Federal requirements that are applicable or relevant and appro-
priate to the HLW tank closure.
South Carolina Hazardous Waste Management Act, Applicable/ See entry for Solid Waste Disposal Act as amended by RCRA. [Implements Sub-
S.C. Code Ann. 44-56-10, et seq. Relevant and Ap-  title C of RCRA in SC.]
propriate
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale

South Carolina Oil and Gas Exploration, Drilling, None Not applicable because requirements address operations that affect or involve oil

and Transportation Act, 48-43-10 and gas exploration, extraction, and transportation. No oil or gas resources are
known to exist in areas potentially affected by HLW tank closure operations. Not
relevant and appropriate because tank closure operations are not analogous to
regulated operations.

South Carolina Pollution Control Act, S.C. Code An.  Applicable SCPCA and implementing regulations include some substantive requirements that

48-1-10 et seq. are applicable or relevant and appropriate to HLW tank closure, including R.61-
82, “Proper Closeout of Wastewater Treatment Facilities,” adirectly applicable
requirement for closure of HLW tanks, which are permitted as wastewater treat-
ment units.

South Carolina Safe Drinking Water Act, 44-55-10, Applicable See entry for Safe Drinking Water Act. [Implements SDWA in SC.]

et seq.:

SC R.61-58.5, “Maximum Contaminant Levelsin
Drinking Water”

South Carolina Solid Waste Policy and Management  None See entry for Solid Waste Disposal Act as amended by RCRA. [Implements Sub-

Act, 44-96-10, et seq. title D of RCRA in SC]

Toxic Substances Control Act, 15 U.S.C. 2601 et seq. None Some TSCA requirements, particularly those that address management of PCB
items and significant new uses of toxic chemicals, are applicable to all SRS opera-
tions and could be applicable to HLW tank closure (e.g., disposition of PCB con-
taining electrical insulation, hydraulic ail, if any). However, requirements do not
specifically address closure of waste management facilities and would not be use-
ful discriminators for tank closure options.

Uranium Mill Tailings Radiation Control Act, 42 None Not applicable because requirements address operations involving uranium and

U.S.C. 7910 et seq.

thorium mill tailings, none of which are associated with HLW tank closure. Not
relevant and appropriate in that health and safety standards exist that are applica-
ble or more clearly relevant and appropriate to HLW tank closure (see entries for
Atomic Energy Act).
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TableB-1. (Continued).

Requirements/
Guidance2
Statute/Regulation Potential Rationale
Wild and Scenic Rivers Act None No designated scenic rivers exist in areas potentially affected by HLW tank clo-
sure activities.
Wilderness Act None No designated wilderness areas exist in areas potentially affected by HLW tank

closure activities.

a. Categories are defined as follows:
- Applicable - Substantive Federal and State environmental protection requirements, criteria, or limits that apply directly to SRS high-level waste tank

system closure operations.
Relevant and Appropriate - Substantive Federal and State environmental protection requirements, criteria, or limits that, while not directly applica-
ble, are judged to be well suited for use for SRS high-level waste tank system closure operations based on their applicability to similar operations.
To-be-Considered Materials - Advisories, guidance, proposed rules, and the like issued by Federal or State government that are not legally binding,
but that are judged to be useful in establishing environmental protection protocols and performance objectives or in evaluating closure options with
respect to protectiveness of human health and the environment.
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Table B-2. Potential requirements and guidance detail for SRS high-level waste tank system closure.

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
SCPCA Proper Closeout of Waste Treatment Facilities Not Defined ~ Applicableto SRS HLW tanks that are permitted A
R.61-82, Section IV As L agoons and Package Plants - Waste treatment units by SCDHEC as industrial wastewater treatment
shall be closed in accordance with guidelines issued by facilities (FFA, Section IX.E.4). Made applicable
SCDHEC on anindividual basis. These guidelinesshall be  to all SRS HLW tanks except Tank 16 by DOE's
designed to prevent health hazards and to promote safety in -~ commitment in its November 9, 1993, Waste Re-
and around the abandoned sites. moval Plan and Schedule (FFA, Section IX.E.1, 2).
[Note the November 9, 1993 document was re-
placed by the “F/H-Area High Level Waste Re-
moval Plan and Schedule” submitted January 15,
1998 and approved by SCDHEC on February 26,
1998 and EPA Region IV on June 22, 1998.] Ap-
plicability extended to all SRSHLW tank systems
pursuant to discussions with SCDHEC and EPA.
CWA Water Quality Criteriato Protect Aquatic Life - Numeric Generally applicable standards for maintaining A

R.61-68.E(11)

criteriafor all class surface waters are adopted for toxic
pollutants for which the EPA has published national criteria
to protect aquatic life pursuant to Section 304(a) of the Fed-
eral CWA and for ammonia and chlorine. No numeric cri-
teriaare listed in this regulation; however, the national nu-
meric criteria devel oped and published by EPA are hereby
adopted by reference. Compounds with national criteriato
protect aquatic life listed in this regulation include:

Arsenic Mercury
Cadmium Nickel
Chromium (+3 and +6) Selenium (+4)
Copper Silver

Lead Zinc

[Additional standards are included for pesticides and
PCBs.]

quality of surface water.
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Table B-2. (Continued).

Requirements/
Guidance

Citation Requirement/Guidance Summary Rationale for Use® Category”
CWA Water Quality Criteria- SCDHEC guidance (spreadsheet SCDHEC guidance to be considered in the identi- TBC
NPDES Permit Limitations  dated January 12, 1999) that identifies ambient water qual-  fication of appropriate ambient water quality cri-
and Rationale Guidance ity criteria (concentration limits for individual constituents)  teriafor protection of aquatic life and human

for deriving NPDES permit limits. health.

CWA Water Quality Standards to Protect Human Health - State Generally applicable standards for maintaining A

R.61-68.E(12)(a-b)

ambient water quality standards to protect human health are
listed in Appendix 2 of thisregulation. These standards will
be applicable to surface waters at average annual flow con-
ditions or at average tidal dilution conditions, whichever is
appropriate. The substances and their standards (ug/l) are:

MCL Organic Consumption
Antimony 6 4,300
Arsenic - 14
Beryllium 4 -
Cadmium 5 -
Chromium (total) 100 -
Mercury - 0.15
Nickel 100 4,600
Selenium 50 -
Thallium 2 6.3

[Additional standards are included for cyanide, asbestos,
and organics]

quality of surface water.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

CWA Water Quality Standards to Protect Human Health - A list of  Generally applicable standards for maintaining A
R.61-68.E(10) water quality standards based on organoleptic data (preven-  quality of surface water.

tion of undesirable taste and odor) are adopted herein.

Those substances and their adopted standards are listed in

Appendix 3. For substances that have both aguatic life

and/or human health standards and organoleptic standards,

the more stringent of the three will be used to derive efflu-

ent limits. The substances and their standards (ug/l) are:

Copper 1,000

Zinc 5,000

Chlorobenzene 20

2-chlorophenol 0.1

2,4-dichlorophenol 0.3

2,4-dimethyl phenol 400

3-methyl-4-chlorophenol 3,000

Pentachl orophenol 30

Phenol 300

Acenaphthene 20

Hexachlorocyclopentadiene 1
CWA Class Descriptions, Designations, and Specific Standards Generally applicable standards for maintaining A

R.61-68.G(8)(c)

for Surface Waters - Freshwaters shall meet standards for
toxic pollutants listed in Section 307 of the Federal CWA
and for which EPA has developed national criteria, and
ammonia and chlorine. Standards for these substances are
prescribed in Sections E.11 and E.12 of this regulation.
[The surface waters potentially affected by HLW tank clo-

sure activities, Fourmile Branch and Upper Three Runs, are
classified as “freshwaters’ under R.61-68.G.]

quality of surface water.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CWA Class Descriptions and Specific Standards for Ground Wa=  Generally applicable standards for maintaining A
R.61-68.H ters - All South Carolina groundwater is classified GB ef- quality of groundwater.
fective June 28, 1995. Quality standards for Class GB
groundwaters are:
Inorganic chemicals shall meet standards set forth in
the State Primary Drinking Water Regulations,
R.61-58.5.B(2).
Organic chemicals shall meet standards set forth in the
State Primary Drinking Water Regulations,
R.61-58.5.D(2).
Manmade radionuclides shall not exceed concentra-
tions or amounts such as to interfere with use, actual or
intended, as determined by the Department. [This
standard al so includes primary pollutant VOCs, pesti-
cides, herbicides, PCBs, synthetic organic compounds,
and various wastes.]
SDWA Maximum Contaminant L evels - The fellewing-are the EPA Federal regulation and corresponding SC A
40 CFR 141.66(b)45 maximum contaminant levels for radium-226,radium-228;  regulation that is applicable to operators of public
(Subpart-2G) and-gross alphaparticle radioactivity: drinking water systems. These limits have been
R.61-58.5(J)(2) (a)—Ccombined radium-226 and radium-228 - 5 pCi/L. applied to groundwater beneath and adjacent to
(b)—Gross alpha particle activity-(inchuding radium-226 but projects similar to the HLW tank closure and are
exchuding-radon-and-uranium) 15 pCiHL. well suited for use asindicators of groundwater
protection. Invoked by DOE Order 5400.5,
Chapter 11, 1.d as applicable.
SDWA Maximum Contaminant Levels - The maximum contaminant EPA Federal regulation and corresponding SC A
40 CFR 141.66(c) level for gross alpha particle activity (including radium-226  regulation that is applicable to operators of public
(Subpart G) but excluding radon and uranium) is 15 pCi/L. drinking water systems. These limits have been
R.61-58.5(J)(2) applied to groundwater beneath and adjacent to

projects similar to the HLW tank closure and are
well suited for use as indicators of groundwater
protection. Invoked by DOE Order 5400.5,
Chapter 11, 1.d as applicable.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
SDWA Maximum Contaminant L evels - The average annual con- EPA Federal regulation and corresponding SC A
40 CFR 141.66(d)(1) centration of beta particle and photon radioactivity from regulation that is applicable to operators of public
(Subpart G) man-made radionuclides in drinking water must not produce  drinking water systems. These limits have been
R.61-58.5(L)(2)(a) an annual dose equivalent to the total body or any internal applied to groundwater beneath and adjacent to
organ greater than 4 mrem/year. projects similar to the HLW tank closure and are
well suited for use asindicators of groundwater
protection. Invoked by DOE Order 5400.5,
Chapter 11, 1.d as applicable.
SDWA Maximum Contaminant L evels - Except for the radionu- EPA Federal regulation and corresponding SC A
40 CFR 141.66(d)(2) clideslisted in Table A, the concentration of man-made regulation that is applicable to operators of public
(Subpart G) radionuclides causing 4 mrem total body or organ dose drinking water systems. These limits have been
R.61.58.5(L)(2)(b) equivalents must be calculated on the basis of a 2 liter per applied to groundwater beneath and adjacent to
day drinking water intake using the 168 hour data listed in projects similar to the HLW tank closure and are
“Maximum Permissible Body Burdens and Maximum Per-  well suited for use as indicators of groundwater
missible Concentration of Radionuclidesin Air or Water for  protection. Invoked by DOE Order 5400.5,
Occupational Exposure” (NBS Handbook 69 as amended Chapter 11, 1.d as applicable.
August 1963, U.S. Department of Commerce). If two or
more radionuclides are present, the sum of their annual dose
equivalent to the total body or any organ shall not exceed 4
mrem/year.
Table A - Average Annual Concentrations Assumed to Pro-
duce a Total Body or Organ Dose of 4 mrem/yr
Radionuclide Critical Organ pCi per liter
Tritium Total body 20,000
Strontium-90 Bone marrow 8
SDWA M aximum Contaminant L evels — The maximum contami- EPA Federal regulation that is applicable to op- A
40 CFR 141.66(€) nant level for uranium is 30 pg/L. erators of public drinking water systems. These
(Subpart G) limits have been applied to groundwater beneath

and adjacent to projects similar to the HLW tank
closure and are well suited for use as indicators
of groundwater protection. Invoked by DOE
Order 5400.5, Chapter 11, 1.d as applicable.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

SDWA Maximum Contaminant L evels Goals - The MCLGs for EPA Federal regulation applicable to operators of RA
40 CFR 141.51 inorganic constituents are: public drinking water systems. These limits have
(Subpart F) Contaminant Milligrams per liter been applied to groundwater beneath and adja-

Antimony 0.006 cent to proj ects_ similar to the _H L_W tank closure

. and are well suited for use as indicators of

Banurp 2 groundwater protection.

Beryl I_' um 0.004 [Provides relevant and appropriate groundwater

Cagdmium 0.005 quality standards for copper and lead.]

Chromium 0.1

Copper 13

Fluoride 4

Lead zero'

Mercury 0.002

Nitrate 10 (asN)

Nitrite 1(asN)

Total nitrate & nitrite 10 (asN)

Selenium 0.05

Thallium 0.0005

*action level for lead is 0.015 mg/|
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
SDWA Maximum Contaminant L evels - The MCLs for inorganic EPA Federal regulation and corresponding SC A
40 CFR 141.62(b) congtituents are: regulation that is applicable to operators of public
(Subpart G) drinking water systems. These limits have been

R.61-58.5(B)(2)

Contaminant
Fluoride
Arsenic
Barium
Cadmium
Chromium
Mercury
Nitrate
Nitrite

Total nitrate & nitrite
Selenium
Antimony
Beryllium

Cyanide (as free cyanide)

Thallium

Milligrams per liter

4.0

0.01

2.0
0.005
0.1
0.002

10 (asN)
1(asN)
10 (asN)
0.05
0.006
0.004
0.2

0.002

[Standard also includes asbestos fiber limit.]

applied to groundwater beneath and adjacent to
projects similar to the HLW tank closure and are
well suited for use asindicators of groundwater
protection. Made applicable by R.61-68.H.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA The agreement directs the comprehensive remediation of Standards for SRS HLW tank systems set forth in A

SRS FFA WSRC-05-94-42
- DOE, EPA & SCDHEC,
8/16/93

SRS and a so delineates the relationship between its re-
quirements and the requirements for corrective measures
being conducted under RCRA Sections 3004 (u) and (v)
according to the conditions of the Federal and State RCRA
permit.

Section IX - High-Level Radioactive Waste Tank System(s)

Section I1X.E.1 - DOE has submitted a waste removal plan
and schedule for the waste tank systems. DOE shall remove
the tanks from service according to the approved plan(s)
and schedule(s). Waste tanks deemed unsuitable by
SCDHEC shall not receive additional waste prior to sched-
ule approval for such receipt and only if waste receipt is
approved as part of the plan associated with such a sched-
ule.

Section I1X.E.2 - The DOE waste tank system(s) removal
plan(s) shall provide for the removal or decontamination of
all residues, contaminated containment systems components
(liners, etc.), contaminated soils and structures and equip-
ment contaminated with hazardous and/or radioactive sub-
stances. If DOE demonstrates that it cannot practicably
remove or decontaminate soils or structures and equipment,
then DOE shall conduct all necessary response actions un-
der Section XI through X V1 of this Agreement for those
waste tank system(s).

Section IX.E.3 - DOE will submit to EPA and SCDHEC an
annual report on the status of the tanks being removed from
service under Subsection E.1.

Section I X and Appendix B of the FFA apply to
tank operations, including closure activities. Sec-
tion XXII1, “Permits,” and Section XXIV, “Crea-
tion of Danger,” are applicable to activities un-
dertaken pursuant to the FFA, including HLW
tank closure.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA Section I1X.E.4 - For waste tank system(s) that DOE decides
SRS FFA WSRC-05-94-42 to remove from service that have been issued an industrial
-DOE, EPA & SCDHEC, wastewater permit under the SC Pollution Control Act
8/16/93 (cont.) (SCPCA): DOE shall remove such waste tank system(s)
from service in accordance with the SCPCA and all appli-
cable regulations promulgated pursuant to the SCPCA. For
any waste tank systems(s) for which closure or removal
from serviceis or has been conducted under the SCPCA,
DOE shall conduct Site Evaluation in accordance with Sec-
tion X of the FFA.
CERCLA Waste removal plan and schedule for the HLW tank sys- Applicable to the removal of SRS HLW tanks A
Waste Removal Plan and tem(s) and/or component(s) that do not meet secondary con-  from service in accordance with Section I X.E.1
Schedule for the HLW tainment standards or that leak or have leaked as required of the FFA.

Tank Farms, WSRC-RP-
93-1477, Rev. 0, 11/9/93

by Section I X.E of the SRS FFA. This 1993 document was
replaced by the “F/H AreaHigh Level Waste Removal Plan
and Schedule” (WRP& S) submitted January 15, 1998 and
approved by SCDHEC on February 26, 1998 and EPA Re-
gion IV on June 22, 1998. The WRP& S provides dates for
removal from service and operational closure of each non-
compliant tank and commits to complete closure of all non-
compliant tanks no later than fiscal year 2022. The ap-
proved WRP& Sis provided in the Savannah River Site
High Level Waste System Plan.
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

CERCLA
High-Level Waste Tank

Closure Program Plan,
(Rev. 1, August 2001)

CAA
40 CFR 61.92
(NESHAP)

Standard - Emissions of radionuclides to the ambient air
from Department of Energy facilities shall not exceed those
amounts that would cause any member of the public to re-
ceivein any year an effective dose equivalent of

10 mrem/yr.

DOE's planning tool for managing HLW tank
system closure activities, including the environ-
mental restoration (ER) program’s soil assess-
ment/remedial actions related to the closed tank
systems. Chapter 4 includes arationale for the
proposed tank closure sequence and identifies
operational tank groupings. Chapter 5 provides a
process description and generic schedule for field
investigation and remedial actions on contami-
nated soil around tank groupings as they are
closed by the HLW program. It describes the
development of tank grouping-specific co-
occupancy plans (COPs) to define the HLW and
ER program responsibilities, plan and schedule,
and coordination of intrusive activities under the
ER program with ongoing HLW operationsin the
Tank Farms.

EPA Federal regulation that is applicable to all
SRS operations, including HLW tank closure.

A
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CAA Ambient Air Quality Standard - The following table consti- ~ SC standards which implement national primary A
SC R.61-62.5 tutes the ambient air quality standards for the State of South  and secondary ambient air quality standards.

Air Pollution Control Stan-
dard No. 2

Carolina. The analytical methods to be used will be those
applicable Federal Reference Methods published in 40 CFR
50, Appendices A-H asrevised July 1, 1986. In the case of
fluorides either the double paper tape sampler methods
(ASTM D-3266-79) or the sodium bicarbonate-coated glass
tube and particul ate filter method (ASTM D3268-78) may
be used.

Standard

Measuring (pg/m3 unless

Pollutant Interval noted otherwise) (1)(2)
Sulfur dioxide 3 hour 1,300(3)
24 hours 365(3)
annual 80
Total suspended Annua 75

particulates geometric
mean

PM10 24 hours 150(4)
annual 50(4)
PM2 5 24 hours 65(5)
annual 15(5)
Carbon monoxide 1 hour 40 mg/m3
8 hour 10 mg/m3
Ozone 1 hour 0.12 ppm (4)
8 hour 0.08 ppm (5)
Gaseousfluorides 12 hr. avg. 37
(asHF) 24 hr avg. 29
1 wk. avg. 16
1 mo. avg. 0.8

Standards are applicable to al SRS operations,
including HLW tank closure and provide stan-
dards for evaluation of criteria pollutant emis-
sions and impacts.
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Table B-2. (Continued).

Requirements/
Guidance

Citation Requirement/Guidance Summary Rationale for Use® Category”
CAA Nitrogen dioxide annual 100
SC R.61-62.5 Lead Calendar 1.5
Air Pollution Control Stan- quarterly
dard No. 2 (cont.)

mean

(1) Arithmetic average except in case of total suspended

particulate matter.

(2) At25°Cand 760 mm Hg.

(3) Not to be exceeded more than once a year.

(4) Attainment determinations will be made based on the
criteria contained in Appendixes H and K, 40 CFR 50,
July 1, 1987.

(5) Amendmentsto R.61-62.5 to incorporate new Federal
standards for 0zone and PM2 5 pending EPA imple-
mentation rules.
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Requirements/
Guidance
Rationale for Use® Category”

CAA

SC R.61-62.5

Air Pollution Control Stan-
dard No. 8, Toxic Air Pol-
lutants

Nationa Environmental
Policy Act, 42 U.S.C. 4321
et seq., 10 CFR 1021

Il. Toxic Air Emissions - E. The allowable ambient air
concentrations of atoxic air pollutant beyond the plant
property line as determined by modeling under Part A shall
be limited to the value listed in the following table in this
section, which include:

Maximum
Allowable
Concentration
Chemical Name CAS No. (ug/m®*
Category |: Low Toxicity

None

Category 11: Moderate Toxicity
Oxalic acid 144-62-7 10.00

Category I11: High Toxicity

Benzene 71-43-2 150.00
Chromium(+6) compounds None 2.50
Manganese compounds None 25.00
Mercury 7439-97-6 0.25
Nickel 7440-02-0 0.50
Selenium compounds None 1.00

°For the purpose of this standard, these values shall be
rounded to the nearest hundredth of a ug/ms. For example,
atest or modeled value of 0.005 through 0.01 would be
rounded to 0.01 but values less than 0.005 would be
rounded to 0.00.

[Note: See SC R.61-62.5 for acomplete list of pollutants
and corresponding standards.]

Requirements of NEPA to evaluate SRS HLW tank closure
options would be fulfilled in accordance with DOE imple-
menting regulations (10 CFR 1021). NEPA evaluation will
address impacts, including occupational exposure to site
personnel, associated with various closure alternatives.

SC Standards that implement Federal air toxic A
control program requirements. Standards are

applicableto all SRS operations, including HLW

tank closure and provide standards for evaluation

of toxic pollutant emissions and impact.

Environmental analysis requirements of NEPA A
are applicable to all SRS operations, including
HLW tank closure.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
Endangered Species Act of  Prohibits Federally authorized actions that probably would ~ Applicable if threatened or endangered or other- A
1973 (16 U.S.C. 1531 jeopardize the existence of any threatened or endangered or  wise protected species or habitats exist on or near
et seq.); 50 CFR 402 and otherwise protected species or result in the destruction or the site, or could be affected by the proposed
related statutes (Anadro- adverse modification of acritical habitat. action.
mous Fish Conservation
Act, Bald Eagle Protection
Act, South Carolina Non-
game and Endangered Spe-
cies Conservation Act,
Migratory Bird Treaty Act,
Fish and Wildlife Coordi-
nation Act)
National Historic Preserva-  Impact potential on cultural resources for HLW tank closure  Requirements to evaluate potential impact to cul- A

tion Act, 16 U.S.C. 470 et
seg. and related legidlation
(e.g., Antiquities Act, His-
toric Sites Act, Archeo-
logical and Historic Pres-
ervation Act, Archaeologi-
cal Resources Protection
Act, American Indian Reli-
gious Freedom Act)

options, if any, would be formally evaluated in the context
of NEPA.

tural resourcesis applicable to all SRS projects.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
Executive Orders 11990 Includes requirements to avoid adverse impactsto wetlands ~ Applicable to the extent that water quality of ri- TBC
“Protection of Wetlands’ when practicable alternative exists. parian wetlands and surface streams (e.g., Four-
and 11988 “Floodplain mile Branch) could be affected by HLW tank
Management” asimple- closure options. No tank closure operations are
mented by 10 CFR 1022 anticipated in wetlands or floodplains.
[Requirement met by compliance with R.61-68.]
CERCLA Degree of Cleanup - Remedial actions shall attain adegree  Potentially relevant and appropriate to ensure that RA
42 U.S.C. 9621 of (1) cleanup of hazardous substances, pollutants, or con- HLW tank closure activities are consistent with
Section 121(d) taminants released into the environment and (2) control final remedial actions for the F- and H-Area Tank
(Cleanup Standards) future rel eases which assures protection of human health Farms pursuant to the FFA.

and the environment.

Section 121(d) of CERCLA requires that remedial action
attain alevel or standard of control for any hazardous con-
stituent, pollutant, or contaminant which at least attains:

Any legally applicable or relevant and appropriate
standard, requirement, criterion, or limitation under
Federal environmental law

Any promulgated standard, requirement, criteria, or
limitation under a state environmental or facility siting
law that is more stringent that any Federal standard, re-
quirement, or limitation and that has been identified by
the state in atimely manner
Such remedial action shall require alevel or standard of
control which attains MCL goals established under the
SDWA and water quality criteria under section 304 or 303
of the CWA, where such goals are relevant and appropriate

under the circumstances of the release or threatened rel ease.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA I dentification of applicable or relevant and appropriate re- Potentially relevant and appropriate to ensure that RA
40 CFR 300.400(g) quirements - The lead and support agencies shall identify HLW tank closure activities are consistent with

reguirements applicable to the release or remedial action
contemplated based upon an objective determination of
whether the requirement specifically addressees a hazardous
substance, pollutant, or contaminant, remedial action, loca-
tion, or other circumstance found at a CERCLA site.

If it is determined that a requirement is not applicable to a
specific release, the requirement may still be relevant and
appropriate to the circumstances of the release. 1n evaluat-
ing relevance and appropriateness, the factorsin paragraphs
(9)(2)(i) through (viii) of this section shall be examined,
where pertinent, to determine whether a requirement ad-
dresses problems or situations sufficiently similar to the
circumstances of the release or remedial action contem-
plated, and whether the requirement is well suited to the
site, and is therefore both relevant and appropriate.

final remedial action for the F- and H-Area Tank
Farms pursuant to the FFA.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA The remediation goals establish acceptable exposure levels  Potentially relevant and appropriate to ensure that RA
40 CFR 300.430(e)(2)(i) that are protective of human health and the environment and HLW tank closure activities are consistent with

are developed by considering ARARs (e.g., chemical-
specific ARARS) under Federal or state environmental or
facility siting laws, if available, and the following factors:
For systemic toxicants, acceptable exposure levels represent
concentration levels to which the human population, includ-
ing sensitive subgroups, may be exposed without adverse
effect, during alifetime or part of alifetime, incorporating
an adequate margin of safety.

For known or suspected carcinogens, acceptable exposure
levels are generally concentration levels that represent an
excess upper bound lifetime cancer risk to an individual of
between 10* and 10°. The 10° risk level isthe point of
departure for determining remediation goals for alternatives
where ARARs are not available or are not sufficiently pro-
tective because of the presence of multiple contaminants at
asite or multiple exposure pathways.

final remedia action for the F- and H-Area Tank
Farms pursuant to the FFA.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA Nine Criteriafor Evaluation - The analysis of remedial al- Potentially relevant and appropriate to ensure that RA
40 CFR 300.430(€)(9) ternatives under CERCLA shall consider nine criteria: HLW tank closure activities are consistent with

(1) Overdll protection of human health and the environ-
ment

(2) Compliance with applicable, or relevant and appropri-
ate requirements (ARARS)

(3) Long-term effectiveness and permanence including the
magnitude of the residual risk remaining from untreated
waste or treatment residuals remaining at the conclu-
sion of the remedial activities and the adequacy and re-
liability of controls such as containment systems and
ingtitutional controls that are necessary to manage
treatment residual s and untreated waste

(4) Reduction of toxicity, mobility, or volume through
treatment

(5) Short-term effectiveness

(6) Implementability including technical feasibility, admin-
istrative feasibility, and availability of services and ma-
terials (e.g., treatment, storage, or disposal capacity,
prospective technologies)

(7) Cost

(8) State acceptance

(9) Community acceptance

Thefirst two, overall protection of human health and the
environment and compliance with ARARS, are threshold
reguirements that must be met by each alternative to be eli-
giblefor selection. The next five are the primary balancing
criteriaand state and community acceptance are the modify-
ing criteriato be considered in remedy selection.

final remedia action for the F- and H-Area Tank
Farms pursuant to the FFA.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]

yelq Areuiplid

002 1snbny



Lg-d

861700-€00C-04SM

Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA An alternative may be selected that does not meet an ARAR  Potentially relevant and appropriate to ensure that RA

40 CFR
300.430(f)(1)(ii)(C)

under Federal environmental law or state environmental or
facility siting laws under the following circumstances:

@

)

©)
(4)

©)

The alternative selected is an interim measure and will
become part of atotal remedial action that will attain
the applicable or relevant and appropriate Federal or
state requirement

Compliance with such requirements will result in
greater risk to human health and the environment than
alternative options

Compliance with the requirements is technically im-
practicable from an engineering perspective

The alternative will attain a standard of performance
that is equivalent to that required under the otherwise
applicable standard, requirement, or limitation, through
use of another method or approach

With respect to a state requirement, the state has not
consistently applied, or demonstrated the intention to
consistently apply, the promulgated requirement in
similar circumstances at other remedial actions within
the state

HLW tank closure activities are consistent with
final remedia action for the F- and H-Area Tank
Farms pursuant to the FFA.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

RCRA
40 CFR 262

R.61-79.262

RCRA

40 CFR 265
(Subpart G)

R.61-79.265
(Subpart G)

Standards Applicable to Generators of Hazardous Waste -
Generators of hazardous waste are required to do the fol-
lowing:
Determine if the waste is hazardous waste and identify
reguirements for management of hazardous waste as set
forth in Parts 264, 265, and 268; obtain an EPA identi-
fication number (Subpart A)

Comply with manifest requirements for transport of
hazardous waste off the site (Subpart B)

Comply with pretransport requirements for hazardous
waste packaging, labeling, marking, placarding, and ac-
cumulation; comply with storage facility requirements
of Parts 264, 265, and 270 if hazardous waste is stored
for more than 90 days (Subpart C)
Comply with recordkeeping and reporting requirements
for hazardous waste generation, offsite transport, treat-
ment, storage, and disposal (Subpart D)
Closure and Postclosure - Includes closure standards appli-
cable to all HWMFs (Section 265.111-115) and postclosure
standards (Section 265.116-120) applicable to postclosure
care of tank systems required under Section 265.197 to
meet the requirement for landfills.

Applicable to any hazardous waste generated as a
result of SRSHLW tank closure activities. Haz-
ardous wastes that are managed in wastewater
treatment units (e.g., wastes transferred to other
HLW tank systems) can be excluded from RCRA
permitting and operating standards.

Administrative closure and postclosure require-
ments of Subpart G are not considered as
ARARS, because applicable administrative re-
quirements are provided by R.61-82.

Substantive closure requirements of Subpart G
are generally relevant and appropriate to closure
of HLW tank systems, because these tank sys-
tems contain or have contained RCRA hazardous
waste. These closure requirements are relevant
and appropriate in individual tank closure deci-
sions made under this plan to the extent that indi-
vidual tank closures must be consistent with final
remedial actions for the F- and H-Area Tank
Farms pursuant to the FFA.

A

yelq Areuiplid

002 1snbny



6€-d

861700-€00C-04SM

Table B-2. (Continued).

Citation Requirement/Guidance Summary

Rationale for Use®

Requirements/

Guidance
Category”

RCRA

40 CFR 265
(Subpart G)
R.61-79.265
(Subpart G) (cont.)

RCRA Closure Performance Standard for HWMFs - The

40 CFR 265.111 owner/operator must close the facility in a manner that:
(Subpart G) (1) Minimizes the need for further maintenance
R.61-79.265.111 (2) Controls, minimizes, or eiminates, to the extent neces-
(Subpart G) sary to protect human health and the environment,

postclosure escape of hazardous waste, hazardous con-
stituents, leachate, contaminated runoff, or hazardous
waste decomposition products to the ground or surface
waters or to the atmosphere

(3) Complieswith the closure requirements of Part 265
(e.g., Section 265.197 for tank systems)

Similarly, postclosure requirements of Subpart G
are relevant and appropriate to the extent that
individual HLW tank closure activities must be
consistent with a reasonable postclosure program
to be planned and implemented as part of the
SRS ER Program under the FFA.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensures that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]

Provides relevant and appropriate general per-
formance standards for closure of tank systems
that have been used to manage RCRA hazardous
waste.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

RCRA Closure of HWMFs: Disposal or Decontamination of Provides relevant and appropriate standards for RA
40 CFR 265.114 Equipment, Structures, and Soils - During partial and final the disposition of structures or environmental
(Subpart G) closure periods, all contaminated equipment, structures, and  media contaminated with hazardous waste or
R.61-79.265.114 soils must be properly disposed of or decontaminated, hazardous constituents.
(Subpart G) unless otherwise specified (e.g., under Section 265.197 for  [Compliance with provisions of this closure plan

tank systems). By removing any hazardous wastesor haz-  and regulatory approval of individual HLW tank

ardous constituents during partial or fina closure, the system closure plan modules ensure that closure

owner/operator can become a generator of hazardouswaste  activities to be conducted under this plan will be

and must handle that waste in accordance with all applicable  consistent with RCRA closure and postclosure

requirements of 40 CFR 262. care requirements for the F- and H-Area Tank

Farms, which will be implemented in accordance
with the FFA ]

RCRA Closure of HWMFs: Postclosure Care and Use of Property  Provides relevant and appropriate standards for RA
40 CFR 265.117 Postclosure care of each hazardous waste management unit  postclosure care and use of property contami-
(Subpart G) subject to the requirements of Section 265.117-120 must nated with hazardous waste or hazardous con-
R.61-79.265.117 begin after completion of closure of the unit and continue stituents.
(Subpart G) for 30 years after that date. It must consist of at least the [Compliance with provisions of this closure

following:

(1) Monitoring and reporting in accordance with require-
ments of subparts F, K, L, M, and N of this part.

(2) Maintenance and monitoring of waste containment sys-
tems in accordance with the requirements of subpartsF,
K,L, M, andN.

The Department may extend the postclosure care period

applicable to the unit if it finds that the extended period is

necessary to protect human health and the environment

(e.g., leachate or groundwater monitoring results indicate a

potential for migration of hazardous wastes at |evels that

may be harmful to human health or the environment).

The Department may require continuation of any of the se-

curity requirements of Section 265.14 during part or al of

the postclosure period.

plan and regulatory approval of individual

HLW tank system closure plan modules ensure
that closure activities to be conducted under this
plan will be consistent with RCRA closure and
postclosure care requirements for the F- and H-
Area Tank Farms, which will be implemented
in accordance with the FFA.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Postclosure use of the property on or in which hazardous
40 CFR 265.117 wastes remain after closure must never be allowed to disturb
(Subpart G) the integrity of the final cover, liner(s), or any other compo-
R.61-79.265.117 nents of the containment system, or the function of the facil-
(Subpart G) ity's monitoring systems, unless the Department finds that
(cont.) the disturbance is necessary to the proposed use of the
property and will not increase the potential hazard to human
health or the environment or is necessary to reduce a threat
to human health or the environment.
RCRA Tank System Closure and Postclosure Care - At closureof a  Provides relevant and appropriate standards for RA
40 CFR 265.197 tank system, the owner/operator must remove or decontami-  the disposition of structures or environmental
(Subpart J) nate all waste residues, contaminated containment system media contaminated with hazardous waste or
R.61-79.265.197 components, contaminated soils, and structures or equip- hazardous constituents.
(Subpart J) ment contaminated with waste, and manage them as hazard-  [Requirement to manage contaminated compo-

ous waste (unless they no longer meet the definition of haz-
ardous waste). If the owner/operator demonstrates that not
all contaminated soils can be practicably removed or decon-
taminated, he must close the tank system and perform post-
closure care in accordance with the closure and postclosure
care requirements that apply to landfills (Section 265.310).
Such atank system is considered to be alandfill and must
meet the requirements for landfills in Part 265, Subpart G.

nents, structures, equipment, and hazardous
waste/constituents removed during closure met
through compliance with 40 CFR and SCHWMR
R.61-79, Parts 262, 264/265, and 268.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Landfill Closure - At final closure of the landfill or upon Provides relevant and appropriate standards for RA
40 CFR 265.310(a) closure of any cell, the owner/operator must cover theland-  the closure of HWMFs from which hazardous
(Subpart N) fill or cell with afinal cover designed to: waste or hazardous constituents cannot be re-
R.61-79.265.310(a) (1) Provide long-term minimization of migration of liquids ~moved at the time of closure.
(Subpart N) through the closed landfill. [Compliance with provisions of this closure plan
(2) Function with minimal maintenance. and regulatory approval of individual HLW tank
(3) Promote drainage and minimize erosion or abrasion of ~ System closure plan modules ensure that closure
the cover. activities to be conducted under this plan will be
(4) Accommodate settling and subsidence so that the consstenj[ with RCRA closure and posiclosure
cover's integrity is maintained. care requi r_emen_ts for _the F- and H-Area Tank
2 ) Farms, which will be implemented in accordance
5) _Have permeabil |ty_Iess than or equal to the per_meabll- with the FFA ]
ity of any bottom liner system or natural subsoils pre-
sent.
RCRA Landfill Postclosure Care - After final closure, the Provides relevant and appropriate standards for RA
40 CFR 265.310(b) owner/operator is also required to comply with postclosure  the postclosure care and monitoring of HWMFs
(Subpart N) care requirementsin Section 265.117-120 and: from which hazardous waste or hazardous con-
R.61-79.265.310(b) (1) Maintain the integrity and effectiveness of the final stituents cannot be removed at the time of clo-
(Subpart N) cover. Sure.

(2) Continue to operate the leachate collection and removal
system until leachate is no longer detected.

(3) Maintain and monitor the leak detection system.

(4) Maintain and monitor the groundwater monitoring sys-
tem and comply with all other applicable requirements
of Part 265 Subpart F.

(5) Prevent runoff from eroding or otherwise damaging the
final cover.

(6) Protect and maintain surveyed benchmarks.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Releases from Solid Waste Management Units - Subpart F Potentially relevant and appropriate only with RA
40 CFR 264 requires: (@) for all solid waste management units at facili-  respect to establishing a performance objective
(Subpart F) ties seeking a RCRA permit, corrective action as necessary ~ for groundwater protection.
R.61-79.264 to protect human health and the environment from all re- [Compliance with provisions of this closure plan
(Subpart F) leases of hazardous waste or hazardous constituents, and and regulatory approval of individual HLW tank
(b) for surface impoundments, waste piles, land treatment system closure plan modules ensure that closure
units, and landfills that have received hazardous waste after  activities to be conducted under this plan will be
July 26, 1982, establishment of a groundwater protection consistent with RCRA closure and postclosure
standard, monitoring with respect to the standard, and cor- care requirements for the F- and H-Area Tank
rective action program if the standard is exceeded. Farms, which will be implemented in accordance
with the FFA ]
RCRA Required Programs - Owners/operators subject to thissub-  Potentially relevant and appropriate only with RA
40 CFR 264.91 part must conduct a monitoring and response program as respect to establishing a performance objective
(Subpart F) follows: for groundwater protection.
R.61-79.264.91 (1) Whenever hazardous constituents under Section 264.93  [Compliance with provisions of this closure plan
(Subpart F) from aregulated unit are detected at a compliance point  and regulatory approval of individual HLW tank

under Section 264.95, the owner/operator must institute
a compliance monitoring program under Section
264.99. Detected is defined as statistically significant
evidence of contamination as described in Section
264.98(f).

(2) Whenever the groundwater protection standard under
Section 264.92 is exceeded, the owner/operator must
institute a corrective action program under Sec-
tion 264.100. Exceeded is defined as statistically sig-
nificant evidence of increased contamination as de-
scribed in Section 264.99(d).

system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA (3) Whenever hazardous constituents under Section 264.93
40 CFR 264.91 from aregulated unit exceed concentration limits under
(Subpart F) Section 264.94 in groundwater between the compliance
R.61-79.264.91 point under Section 264.95 and the downgradient facil-
(Subpart F) ity property boundary, the owner/operator must insti-
tute a corrective action program under Section 264.11.
(4) Inall cases, the owner/operator must institute a detec-
tion monitoring program under Section 264.98.

RCRA Groundwater Protection Standard - The owner/operator Potentially relevant and appropriate only with RA
40 CFR 264.92 must comply with conditions specified in the facility's per- respect to establishing a performance objective
(Subpart F) mit that are designed to ensure that hazardous constituents for groundwater protection.
R.61-79.264.92 under Section 264.93 detected in the groundwater from a [Compliance with provisions of this closure plan
(Subpart F) regulated unit do not exceed the concentration limitsunder  and regulatory approval of individual HLW tank

Section 264.94 in the uppermost aquifer underlying the system closure plan modules ensure that closure

waste management area beyond the point of compliance activities to be conducted under this plan will be

under Section 264.95 during the compliance period under consistent with RCRA closure and postclosure

Section 264.96. SCDHEC will establish the groundwater care requi rements for the F- and H-Area Tank

protection standard in the facility permit when hazardous Farms, which will be implemented in accordance

congtituents have been detected in the groundwater. with the FFA ]
RCRA Hazardous Constituents - Hazardous constituents arethose  Potentially relevant and appropriate only with RA
40 CFR 264.93 congtituentsidentified in Appendix V111 of R.61-79.261 that  respect to establishing a performance objective
(Subpart F) have been detected in groundwater in the uppermost aquifer  for groundwater protection.
R.61-79.264.93 underlying aregulated unit and that are reasonably expected  [Compliance with provisions of this closure plan
(Subpart F) to bein or derived from waste contained in aregulated unit,  and regulatory approval of individual HLW tank

unless SCDHEC has granted an exclusion of a constituent
or constituents under paragraph (b) of this section.

Paragraph (b) allows for the exclusion of an Appendix Vi1
congtituent from the groundwater protection standard if the
owner/operator can demonstrate that the constituent is not
capable of posing a substantial present or potential hazard
to human health or the environment. Criteriato be consid-
ered in such demonstrations or set forth in paragraph (b)
include ng potential adverse effects on groundwater
quality and hydraulically connected surface waters.

system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

RCRA Concentration Limits - The concentration of a hazardous Potentially relevant and appropriate only with RA
40 CFR 264.94 constituent must not exceed: respect to establishing a performance objective
(Subpart F) (1) The background level of that constituent in the for groundwater protection.
R.61-79.264.94 groundwater at the time the limit is specified in the [Compliance with provisions of this closure plan
(Subpart F) permit. and regulatory approval of individual HLW tank

(2) The respective MCL value for that constituent if the system closure plan modules ensure that closure

background level is below the MCL level. activities to be conducted under this plan will be
(3) AnACL established by the SCDHEC under para- consistenf[ with RCRA closure and postclosure
graph (b). care requi r_emen_ts for _the F-and H-Area Tank

Paragraph (b) establishes criteria for establishing an ACL. \',:V"I"{mé"’;“;f ]""'” be implemented in accordance

The owner operator must demonstrate that the constituent ’

will not pose a substantial threat to human health or the en-

vironment as long as the ACL is not exceeded.
RCRA Point of Compliance - The owner/operator must specify the  Potentially relevant and appropriate only with RA
40 CFR 264.95 point of compliance at which the groundwater protection respect to establishing a performance objective
(Subpart F) standard of Section 264.92 applies and at which groundwa-  for groundwater protection.
R.61-79.264.95 ter monitoring must be performed. The point of compliance  [Compliance with provisions of this closure plan
(Subpart F) isavertical surface located at the hydraulically downgradi-  and regulatory approval of individual HLW tank

ent limit of the waste management area that extends down
into the uppermost aquifer underlying the regulated unit(s).

The waste management area is the limit, projected in the
horizontal plane, of the area on which waste will be placed
during the active life of the regulated unit, including hori-
zontal space taken up by any liner, dike, or other barrier to
contain waste in aregulated unit. If the facility contains
more than one regulated unit, the waste management areais
described by an imaginary line circumscribing the several
regulated units.

system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

RCRA

40 CFR 264.96
(Subpart F)
R.61-79.264.96
(Subpart F)

RCRA

40 CFR 264.97
(Subpart F)
R.61-79.264.97
(Subpart F)

Compliance Period - The owner/operator will specify the
compliance period during which the groundwater protection
standard of Section 264.92 applies. The compliance period
is the number of years equal to the active life of the waste
management area (including any waste management activity
prior to permitting, and the closure period). If the
owner/operator is engaged in a corrective action program at
the end of the compliance period, the period is extended
until the owner/operator can demonstrate that the groundwa-
ter protection standard of Section 264.92 has not been ex-
ceeded for a period of 3 consecutive years.

General Groundwater Monitoring Reguirements - The

owner/operator must comply with the following require-

ments for any groundwater monitoring program developed

to satisfy Sections 264.98, 264.99, or 264.100.

The groundwater monitoring system must consist of a suffi-

cient number of wells, installed at appropriate locations and

depths to yield groundwater samples from the uppermost

aquifer that:

(1) Represent the quality of background water that has not
been affected by |eakage from a regulated unit

(2) Represent the quality of groundwater passing the point
of compliance

(3) Allow for detection of contamination when hazardous
waste or hazardous constituents have migrated from the
waste management area to the uppermost aquifer

Potentially relevant and appropriate only with
respect to establishing a performance objective
for groundwater protection.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]

Potentially relevant and appropriate only with
respect to establishing a performance objective
for groundwater protection.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA This section also sets forth standards for groundwater moni-
40 CFR 264.97 toring systems at a facility that contains more than one regu-
(Subpart F) lated unit; standards for construction of monitoring wells;
R.61-79.264.97 reguirements for groundwater sampling and analysis proce-
(Subpart F) dures; requirements for the determination of groundwater
(cont.) surface elevation; sampling, monitoring, and statistical
analysis requirements for background wells and compliance
points; and groundwater monitoring data recordkeeping
reguirements.
RCRA Detection Monitoring Program - The owner/operator re- Potentially relevant and appropriate only with RA
40 CFR 264.98 quired to establish a detection monitoring program under respect to establishing a performance objective
(Subpart F) this subpart must: for groundwater protection.
R.61-79.264.98 (@ Monitor for indicator parameters, waste constituents, [Compliance with provisions of this closure plan
(Subpart F) and reaction products that provide areliableindication  and regulatory approval of individual HLW tank

of the presence of hazardous constituents in groundwa-
ter.

(b) Install agroundwater monitoring system at the compli-
ance point as specified under Section 264.95. The
groundwater monitoring system must comply with Sec-
tions 264.97(a)(2), (b), and (c).

(c) Conduct a groundwater monitoring program using
sampling procedures and statistical methods appropri-
ate for the facility as specified in the permit. Maintain
arecord of groundwater analytical data as measured
and in aform necessary for the determination of statis-
tical significance.

(d) Coallect samples and conduct tests at the specified fre-
guency to determine whether thereis statistically sig-
nificant evidence of contamination for any parameter or
hazardous constituent.

system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA (e) Determine groundwater flow rate and direction in the
40 CFR 264.98 uppermost aquifer at least annually.
(Subpart F) This section also specifies requirements for responding to a
R.61-79.264.98 determination that statistically significant evidence of
(Subpart F) groundwater contamination exists.
(cont.)
RCRA Compliance Monitoring Program - The owner/operator Potentially relevant and appropriate only with RA
40 CFR 264.99 must establish a compliance monitoring program to: respect to establishing a performance objective
(Subpart F) (@ Monitor the groundwater to determine whether regu- for groundwater protection.
R.61-79.264.99 lated units are in compliance with the groundwater pro-  [Compliance with provisions of this closure plan
(Subpart F) tection standard under Section 264.92. and regulatory approval of individual HLW tank

(b)

(©

(d)

(€)

Install agroundwater monitoring system at the compli-
ance point as specified under Section 264.95. The
groundwater monitoring system must comply with Sec-
tions 264.97(a)(2), (b), and (c).

Conduct a groundwater monitoring program for each
chemical parameter and hazardous constituent specified
in the permit. Maintain arecord of groundwater ana-
lytical data as measured and in aform necessary for the
determination of statistical significance.

Collect samples and conduct tests at the specified fre-
guency to determine whether thereis statistically sig-
nificant evidence of contamination for any parameter or
hazardous constituent.

Determine groundwater flow rate and direction in

the uppermost aquifer at least annually.

system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]

yelq Areuiplid

002 1snbny



6v-d

861700-€00C-04SM

Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA At least annually, the owner/operator must analyze samples
40 CFR 264.99 from all monitoring wells at the compliance point for all
(Subpart F) constituents contained in Appendix 1X of Part 264 to de-
R.61-79.264.99 termine whether additional hazardous constituents are pre-
(Subpart F) sent in the uppermost aquifer and, if so, at what concentra-
(cont.) tion. This section sets forth requirements that are applicable
if the owner/operator finds Appendix IX congtituentsin the
groundwater that are not already identified in the permit as
monitoring constituents.
RCRA Corrective Action Program - An owner/operator required to  Potentially relevant and appropriate only with RA
40 CFR 264.100 establish a corrective action program must: respect to establishing a performance objective
(Subpart F) (@) Take corrective action to ensure that regulated unitsare ~ for groundwater protection.
R.61-79.264.100 in compliance with the groundwater protection standard  [Compliance with provisions of this closure plan
(Subpart F) under Section 264.92. and regulatory approval of individual HLW tank

(b)

(©
(d)

Implement a corrective action program that prevents
hazardous constituents from exceeding their respective
concentration limits at the compliance point by remov-
ing hazardous waste constituents or treating them in
place.

Begin corrective action within a reasonable period after
the groundwater protection standard is exceeded.

In conjunction with a corrective action program, estab-
lish and implement a groundwater monitoring program
based on the requirements for compliance monitoring
under Section 264.99 and as effective in determining
compliance with the groundwater protection standards
and in determining the success of a corrective action
program.

system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA (e) Conduct corrective action to remove or treat in place
40 CFR 264.100 any hazardous constituents under Section 264.93 that
(Subpart F) exceed concentration limits under Section 264.94 in
R.61-79.264.100 groundwater.
(Subpart F) (f) Continue corrective action measures during the compli-
(cont.) ance period to the extent necessary to ensure that the
groundwater protection standard is not exceeded. If the
owner/operator is conducting corrective action at the
end of the compliance period, he must continue that
corrective action as long as necessary to achieve com-
pliance with the groundwater protection standard.
RCRA This section a so sets forth reporting requirements and pro-
40 CFR 264.100 cedures for seeking modifications to the approved correc-
(Subpart F) tive action program.
R.61-79.264.100
(Subpart F) (cont.)
RCRA Corrective Action for Solid Waste Management Units- An Applicable to the HLW tanks because the F- and A

40 CFR 264.101
(Subpart F)
R.61-79.264.101
(Subpart F)

owner/operator seeking a permit for the treatment, storage,
or disposal of hazardous waste must ingtitute corrective
action as necessary to protect human health and the envi-
ronment for all releases of hazardous waste or constituents
from any Solid Waste Management Unit at the facility, re-
gardless of the time at which the waste was placed in such
unit. Corrective action will be specified in the permit appli-
cation in accordance with this section and subpart S.

The owner/operator must implement corrective action be-
yond the facility property boundary, where necessary to
protect human health and the environment, unless he dem-
onstrates that he was unable to obtain the necessary permis-
sion to undertake such actions.

This section a so sets forth standards for monitoring well
installation.

H-Area Tank Farms are identified on the site
evaluation list (Appendix G) of the FFA. Com-
pliance with the requirements of the FFA, includ-
ing the schedules and commitments therein, will
congtitute compliance with the corrective action
reguirements at SWMUs and Areas of Concern
(AOCs) set forth in Module IV, “ Corrective Ac-
tion,” of the SRS RCRA permit.

Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA reguirements for correc-
tive action for SWMUs with respect to the F- and
H-Area Tank Farms, which will be implemented
in accordance with the FFA.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Land Disposal Restrictions - Specifies standards to which LDR applicableto land disposal of hazardous A
40 CFR 268 hazardous waste must be treated prior to land disposal and wastes:
R.61-79.268 prohibits storage of untreated hazardous waste except under Removed from HLW tanks as part of tank
specified conditions. Subpart D sets forth the treatment closure activities
standards and Subpart E identifies prohibitions on storage Generated as aresult of tank closure activi-
applicable to restricted wastes. ties
RCRA Applicability of Treatment Standards - A waste identifiedin ~ Applicableto land disposal of hazardous wastes A
40 CFR 268.40 the table “ Treatment Standards for Hazardous Wastes’ in that occurs as aresult of HLW tank closure ac-
(Subpart D) this section may be land disposed only if it meets the re- tivities.
R.61-79.268.40 quirements found in the table. For each waste, the table
(Subpart D) identifies one of three types of treatment requirements:

(1) All hazardous constituents in the waste or in the treat-
ment residues must be at or below the levels found in
the table (“total waste standards”)

(2) The hazardous constituents in the extract of the wastes
or the treatment residue must be at or below the levels
found in the table (“waste extract standards”)

(3) The waste must be treated using the technology speci-
fied in the table (“technology standard”)

These standards are established for two types of waste:
“wastewaters’ which are generally wastes containing less
than 1 percent by weight TOC and less than 1 percent by
weight TSS and “nonwastewaters’ [Sections 268.2(d) and
1.

The table includes entries specific to certain mixed wastes:
“Radioactive high level wastes generated during the reproc-
ng of fuel rods’ (nonwastewaters only) that are D002 or
D004-D011 hazardous wastes are subject to the HLVIT
standard.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA “Radioactive lead solids’ (nonwastewaters only) that are
40 CFR 268.40 D008 hazardous wastes are subject to the MACRO stan-
(Subpart D) dard.
R.61-79.268.40 “Elemental mercury contaminated with radioactive materi-
(Subpart D) als’ (nonwastewaters only) that are DO09 hazardous wastes
(cont.) are subject to the AMLGM standard.

In the Third Third rule, EPA indicated that the HLVIT
standard would apply to the “high-level fraction of the
mixed waste generated during the reprocessing of fuel rods’
exhibiting the characteristics of corrosivity and toxicity for
metals (see 55 FR 22627). Incidental wastes associated
with HLW tank closure that are also mixed wastes would
not require treatment by vitrification, but could nevertheless
reguire treatment in accordance with the applicable LDR
treatment standards for any hazardous characteristics, in-
cluding standards for any underlying hazardous constitu-
ents.

In addition to a specified technology or waste-specific con-
centration standard, wastes may also be subject to LDR
treatment standards for underlying hazardous constituents
set forth in Section 268.48. For example, a corrosive char-
acteristic waste (D002) would have to be deactivated (i.e.,
rendered no longer corrosive) and treated to achieve the
UTS concentration limits for any underlying hazardous con-
stituents.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

RCRA Treatment Standards for Hazardous Debris - Hazardous Applicable to land disposal of hazardous wastes A
40 CFR 268.45 debris may be treated in accordance with the waste-specific  that occurs as aresult of HLW tank closure ac-
R.61-79.268.45 standards or, alternatively, the debris may be treated in ac- tivities.

cordance with the standards set forth in Table 1 of this sec-

tion. The alternative standards for hazardous debris include

extraction, destruction, and immobilization technologies.

Debristhat istreated using one of the specified extraction or

destruction technologies, and which does not exhibit a haz-

ardous waste characteristic, is no longer subject to regula

tion as hazardous waste. Debristhat is treated using one of

the specified immobilization technologies may be excluded

(e.g., debris that, after immobilization, no longer exhibits

the characteristic for which the debris was hazardous

waste).
RCRA Universal Treatment Standards - Table UTSinthissection ~ Applicable to land disposal of hazardous wastes A
40 CFR 268.48 identifies the hazardous constituents and their nonwastewa-  that occurs as aresult of HLW tank closure ac-
R.61-79.268.48 ter and wastewater treatment standard levels. For determin-  tivities.

ing compliance with the treatment standards for underlying

hazardous constituents as defined in Section 268.2(i), these

congtituent-specific treatment standards may not be ex-

ceeded.
RCRA Prohibitions on storage of restricted wastes - Storage of Applicable to management of hazardous wastes A
40 CFR 268.50 hazardous wastes restricted from land disposal is prohibited  generated as aresult of SRS HLW tank closure
(Subpart E) unless such storage is in tanks, containers, or containment activities.
R.61-79.268.50 buildings solely for the purpose of accumulating such quan-
(Subpart E) tities of hazardous waste as necessary to facilitate proper

recovery, treatment, or disposal.
RCRA Liguidsin Landfills - The placement of bulk or noncontain-  Relevant and appropriate to determining stabili- RA
Section 3004(c) erized liquid hazardous waste or free liquids contained in zation requirements for any free liquids that are

hazardous waste (whether or not absorbents have been
added) in any landfill is prohibited. Disposal in landfills of
liquids that have been absorbed in materials that biodegrade
or that release liquids when compressed as might occur dur-
ing routine landfill operationsis aso prohibited.

disposed of in the course of HLW tank closure
activities.

[Requirement met by compliance with DOE
Manual 435.1-1, Chapter 1V, G(1)(d)2.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Minimum Technology Requirements - The design of any Might be relevant and appropriate to hazardous RA
Section 3004(0) new or replacement landfill or surface impoundment unit, or  waste disposal that occurs outside the boundaries
lateral expansion to alandfill or surface impoundment unit,  of an existing unit.
shall include two or more liners and a leachate collection [Compliance with provisions of this closure plan
system (for landfills) between such liners. and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA requirements for the F-
and H-Area Tank Farms, which will beimple-
mented in accordance with the FFA ]
AEA Postclosure Observation and Maintenance - The licensee SC state regulation that, while not directly appli- RA
Regulation 61-63, RHA shall observe, monitor, and carry out necessary maintenance cableto HLW tank closure, is relevant and ap-
7.14 and repairs at the disposal site until the site closureiscom-  propriate because it iswell suited for use as an
plete and the license is transferred by the Department in indicator of protection of human health and the
accordance with 7.15. Responsibility for the disposal site environment.
must be maintained by the licensee for 5 years. A shorter or  [No direct comparison for license termination.
longer time period for postclosure observation and mainte-  Substantive requirement met by compliance with
nance may be established and approved as part of the site DOE Orders 435.1 and 5400.5]
closure plan, based on site-specific conditions.
AEA Protection of the General Population from Releases of Ra- SC state regulation that, while not directly appli- RA

Regulation 61-63, RHA
7.18

dioactivity - Concentration of radioactive material that
might be released to the general environment in groundwa-
ter, surface water, air, soil, plant, or animals shall not result
in an annual dose exceeding an equivalent of 25 millirem
(0.25 mSv) to the whole body, 75 millirem (0.75 mSv) to
the thyroid, and 25 millirem (0.25 mSv) to any other organ
of any member of the public. Reasonable effort should be
made to maintain releases of radioactivity in effluent to the
genera environment as low as reasonably achievable.

cableto HLW tank closure, isrelevant and ap-
propriate because it iswell suited for use as an
indicator of protection of human health and the
environment.

[Comparable applicable requirement of DOE
Order 5400.5, Chapter |1, 1.a establishes a public
dose limit of 100 mrem/yr. More stringent re-
quirement for public dose limit of 25 mrem/yr
will be evaluated to determine impact, if any, on
remedia goals.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Protection of Individuals from Inadvertent Intrusion - De- SC state regulation that, while not directly appli- RA
Regulation 61-63, RHA sign, operation, and closure of the land disposal facility cable to HLW tank closure, isrelevant and ap-
7.19 shall ensure protection of any individual inadvertently in- propriate because it is well suited for use as an
truding into the disposal site and occupying the site or con-  indicator of protection of human health and the
tacting the waste at any time after active institutional con- environment.
trols over the disposal site are removed. [Requirement met by compliance with DOE
Manual 435.1-1, Chapter 1V, P(2)(h), which
stipulates maximum inadvertent intruder expo-
sure limits]
AEA Stability of the Disposal Site After Closure - The disposal SC state regulation that, while not directly appli- RA
Regulation 61-63, RHA facility shall be sited, designed, used, operated, and closed cable to HLW tank closure, isrelevant and ap-
7.21 to achieve long-term stability of the/disposal \site and to propriate because it iswell suited for use as an
eliminate, to the extent practicable, the need for ongoing indicator of protection of human health and the
active maintenance of the disposal site following closureso  environment.
that only surveillance, monitoring, or minor custodial careis  [Requirement met by compliance with DOE
required. Manual 435.1-1, Chapter IV, M(1)(c) and
M(3)(c)]
AEA Dose Limits - Management and storage of spent nuclear fuel  EPA regulations that would be applicable to any RA
40 CFR 191.3(a) or high-level or transuranic radioactive wastes at al facili- waste associated with HLW tank closure that is

ties regulated by the NRC or by Agreement States shall be
conducted in a manner that provides reasonable assurance
that the combined annual dose equivalent to any member of
the public in the general environment resulting from (1)
discharges of radioactive material and direct radiation from
such management and storage and (2) all operations cov-
ered by Part 190 shall not exceed 25 mrem to the whole
body, 75 mrem to the thyroid, and 25 mrem to any other
critical organ.

HLW. For waste that is not HLW, these re-
quirements, while not directly applicable, would
be relevant and appropriate because they are well
suited for use asindicators of protection of hu-
man health and the environment.

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter I1, 1.c which stipulates a
dose equivalent not to exceed 25 mrem/yr to the
whole body or a committed dose equivalent not
to exceed 75 mrem/yr to any organ. More strin-
gent requirements for dose equivalent not to ex-
ceed 75 mrem/yr to the thyroid and 25 mrem/yr
to any other organ will be evaluated to determine
impact, if any, on remedial goals.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

AEA Dose Limits - Management and storage of spent nuclear fuel  [Requirement met by compliance with DOE Or- RA
40 CFR 191.3(b) or high-level or transuranic radioactive wastes at al facili- der 5400.5, Chapter I1, 1.c which stipulates a

ties for the disposal of such fuel or waste that are operated dose equivalent not to exceed 25 mrem/yr to the

by the DOE and that are not regulated by the NRC or whole body or a committed dose equivalent not

Agreement States shall be conducted in a manner that pro- to exceed 75 mrem/yr to any organ.

vides reasonable assurance that the combined annual dose

equivalent to any member of the public in the general envi-

ronment resulting from discharges of radioactive material

and direct radiation from such management and storage

shall not exceed 25 mrem to the whole body and 75 mrem

to any critical organ.
AEA Containment Requirements - Disposal systems for spent EPA regulations that would be applicable to any RA
40 CFR 191.13(a) nuclear fuel or high-level or transuranic radioactive wastes ~ waste associated with HLW tank closure that is

shall be designed to provide a reasonable expectation, based HLW. For waste that is not HLW, these re-

on performance assessments, that the cumulative releasesof  quirements, while not directly applicable, would

radionuclides to the accessible environment for be relevant and appropriate because they are well

10,000 years after disposal from all significant processes suited for use asindicators of protection of hu-

and events that might affect the disposal system shall man health and the environment.

(1) have alikelihood of less than one chancein 10 of ex- [More specific requirements regarding quantities

ceeding the quantities calculated according to Table 1 (Ap-  of radionuclides that might be released will be

pendix A), and (2) have alikelihood of less than one chance  evaluated to determine impact, if any, on reme-

in 1,000 of exceeding 10 times the quantities cal culated dial goals]

according to Table 1 (Appendix A).
AEA Dose Limits - (a) Disposal systemsfor waste and any asso-  [Comparable applicable requirement of DOE RA
40 CFR 191.15 ciated radioactive material shall be designed to provide a Order 5400.5, Chapter 11, 1.c stipulates that re-

reasonable expectation that, for 10,000 years after disposal,
undisturbed performance of the disposal system shall not
cause the annual committed effective dose, received through
all potential pathways from the disposal system, to any
member of the public in the accessible environment, to ex-
ceed 15 mrem. (b) Annual committed effective dose shall
be calculated in accordance with Appendix B of this part.

leases to the environment should result in adose
equivalent that does not exceed 25 mrem/yr to the
whole body or a committed dose equivalent of

75 mrem/yr to any organ. More specific re-
quirements for a committed effective dose not to
exceed 15 mrem/yr will be evaluated to deter-

mine impact, if any, on remedial goals.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Disposal Standards - Disposal systems for waste and any [Requirement met by compliance with DOE Or- RA
40 CFR 191.24 associated radioactive material shall be designed to provide  der 5400.5, Chapter 11, 1.d.]
areasonabl e expectation that 10,000 years of undisturbed
performance after disposal shall not cause the levels of ra-
dioactivity in any underground source of drinking water in
the accessible environment to exceed the limits specified in
40 CFR Part 141 asthey exist on January 19, 1994.
AEA Performance Objectives - Land disposal facilities must be NRC regulations that, while not directly applica- RA
10 CFR 61.40 sited, designed, operated, closed, and controlled after clo- bleto HLW tank closure, would be relevant and
(Subpart C) sure so that reasonable assurance exists that exposures to appropriate because they are well suited for use
humans are within limits established in the performance asindicators of the protection of human health
objectivesin Sections 61.41 through 61.44. and the environment.
[Requirements met by compliance with applica-
ble requirements of DOE Orders 5400.5 and
435.1, with specific exceptions noted below.]
AEA Protection of the general population from releases of radio-  [Requirement met by compliance with applicable RA
10CFR 61.41 activity - Concentrations of radioactive material that might reguirement of DOE Manual 435.1-1, Chapter
(Subpart C) be released to the general environment in groundwater, sur- 1V, P(1), which establishes a dose limit of 25
face water, air, soil, plants, or animals must not resultinan ~ mrem/year from all pathways, excluding radon
annual effective dose exceeding an equivalent of : and its progeny in air. Comparable applicable
25 mrem whole body reguirement of DOE Order 5400.5, Chapter |1,
75 mrem thyroid la eﬂab_l ishesa doge limit of 100 mrem/)_/r.
25 mrem any other organ More stringent regquirements for dose equivalent
L not to exceed 25 mrem/yr whole body, 75
Rez_;\sone}bl_e e_ffort should be made to mai ntain releases of mrem/yr to the thyroid, and 25 mrem/yr to any
radioactivity in effluents to the general environment aslow  iher organ will be evaluated to determine im-
as reasonably achievable. pact, if any, on remedial goals]]
AEA Protection of individuals from inadvertent intrusion - De- [Requirement met by compliance with DOE RA
10CFR 61.42 sign, operation, and closure of the land disposal facility Manual 435.1-1, Chapter 1V, P(2)(h), which
(Subpart C) must ensure protection of any individual inadvertently in- stipulates maximum inadvertent intruder expo-

truding into the disposal site and occupying the site or con-
tacting the waste at any time after active institutional con-
trols over the disposal site are removed.

sure limits]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Protection of individuals during operations - Operations at [Comparable applicable requirement of DOE RA
10 CFR 61.43 the land disposal facility must be conducted in compliance Manual 435.1-1, Chapter 1V, P(1) establishes
(Subpart C) with the standards for radiation protection set out in Part 20  performance objectives for low-level waste dis-
of this chapter, except for releases of radioactivity in efflu-  posal. More specific requirementsin the refer-
ents from the land disposal facility, which shall be governed  enced regulations (10 CFR 20, 10 CFR 61.41)
by Section 61.41 of this part. Every reasonable effort shall  are evaluated to determine impact, if any, on re-
be made to maintain radiation exposures aslow asreasona-  medial goals)]
bly achievable.
AEA Stability of the disposal site after closure - The disposal [Requirement met by compliance with DOE RA
10CFR 61.44 facility must be sited, designed, used, operated, and closed Manual 435.1-1, Chapter IV, M(1)(c) and
(Subpart C) to achieve long-term stability of the disposal site and to M(3)(c).]
eliminate to the extent practicable the need for ongoing ac-
tive maintenance of the disposal site following closure so
that only surveillance, monitoring, or minor custodial care
arerequired.
AEA Near surface disposal facility operation and disposal site [No direct comparison for license termination. RA
10 CFR 61.52(a)(6) closure - Wastes must be placed and covered in a manner Specific requirementsin the referenced regula-
that limits the radiation dose rate at the surface of the cover  tion (10 CFR 20.1301) are evaluated separately
to levelsthat at aminimum will permit the licenseeto com-  to determine impact, if any, on remedial goals|]
ply with all provisions of Sections 20.1301 and 20.1302 of
this chapter at the time the license is transferred pursuant to
Section 61.30 of this part.
AEA Classification of waste for near surface disposal - Waste [No direct comparison for Class C limit for near- RA
10 CFR 61.55(8)(2)(iv) that is not generally acceptable for near-surface disposal is ~ surface disposal. Requirement met by compli-

waste for which waste form and disposal methods must be
different, and in general more stringent, than those specified
for Class C waste. In the absence of specific requirements
in this part, proposals for disposal of this waste can be sub-
mitted to the Commission for approval, pursuant to Section
61.58 of this part.

ance with DOE Manual 435.1-1 Chapter 1V,
P(2)(g), which requires that limits on radionu-
clides that may be disposed of near-surface be
established based on a site-specific radiological
performance assessment.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Alternative requirements for waste classification and char- [Requirement met by compliance with criteria RA
10 CFR 61.58 acteristics - The Commission may, upon request or on its described in Section 5.2.
own initiative, authorize other provisions for the classifica-
tion and characteristics of waste on a special basisif after
evaluation of the specific characteristics of the waste, dis-
posal site, and method of disposal, it finds reasonable assur-
ance of compliance with the performance objectivesin Sub-
part C of this part.
AEA Performance Objectives for the Geologic Repository NRC standards applicable to disposal of spent RA
10 CFR 63.111 Operations Area through Permanent Closure - nuclear fuel and high-level radioactive wastesin

(a) Protection against radiation exposures and rel eases of
radioactive material

(1) The geologic repository operations area must meet
the requirements of Part 20 of this chapter.

(2) During normal operations, and for Category 1 event
sequences, the annual TEDE to any real member of
the public, located beyond the boundary of the site
shall not exceed the preclosure standard specified at
10 CFR 63.204.

(b) Numerical guides for design objectives

(1) The geologic repository operations area must be de-
signed so that, taking into consideration Category 1
event sequences and until permanent closure has
been completed, the aggregate radiation exposures
and the aggregate radiation levelsin both restricted
and unrestricted areas, and the aggregate rel eases of
radioactive materials to unrestricted areas, will be
maintained within the limits specified in paragraph
(a) of this section.

the proposed geologic repository at Y ucca Moun-
tain, Nevada. While not directly applicable,
these standards are well suited for use asindica-
tors of protection of human health and the envi-
ronment.

[Comparable applicable requirement of DOE
Order 5400.5, Chapter 11, 1.a establishes a dose
limit of 200 mrem/yr. More stringent require-
ments (e.g., dose equivalent not to exceed 25
mrem/yr) will be evaluated to determine impact,
if any, on remedial goals.]
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Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA (2) The geologic repository operations area must be de-
10 CFR 63.111 signed so that, taking into consideration any single
(cont.) Category 2 event sequence and until permanent clo-

sure has been completed, no individual located on,
or beyond, any point on the boundary of the site,
will receive as aresult of the Category 2 event se-
guence, the more limiting of a TEDE of 0.05 Sv (5
rem), or the sum of the deep dose equivalent and
the committed dose equivalent to any individual or-
gan or tissue (other than the lens of the eye) of 0.5
Sv (50 rem). The lens dose equivalent may not ex-
ceed 0.15 Sv (15 rem), and the shallow dose
equivalent to skin may not exceed 0.5 Sv (50 rem).
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Performance objective for the geologic repository after NRC standards applicable to disposal of spent RA
10 CFR 63.113 permanent closure nuclear fuel and high-level radioactive wastesin

(a) The geologic repository must include multiple barriers,
consisting of both natural barriers and an engineered
barrier system.

(b) The engineered barrier system must be designed so that,
working in combination with natural barriers, radiologi-
cal exposures to the reasonably maximally exposed in-
dividua are within the limits specified at § 63.311 of
subpart L of this part. Compliance with this paragraph
must be demonstrated through a performance assess-
ment that meets the requirements specified at § 63.114
of this subpart, and 8§ 63.303, 63.305, 63.312 and
63.342 of Subpart L of this part.

(c) The engineered barrier system must be designed so that,
working in combination with natural barriers, releases of
radionuclides into the accessible environment are within
the limits specified at § 63.331 of subpart L of this part.
Compliance with this paragraph must be demonstrated
through a performance assessment that meets the re-
quirements specified at § 63.114 of this subpart and
88 63.303, 63.332 and 63.342 of subpart L of this part.

the proposed geologic repository at Y ucca Moun-
tain, Nevada. While not directly applicable,
these standards are well suited for use asindica-
tors of protection of human health and the envi-
ronment.

[Comparable applicable requirement of DOE
Order 5400.5, Chapter 11, 1.a establishes a dose
limit of 100 mrem/yr. More stringent require-
ments (e.g., dose equivalent no to exceed 25
mrem/yr for 10,000 years) will be evaluated to
determine impact, if any, on remedial goals.]
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Table B-2. (Continued).

Citation Requirement/Guidance Summary

Requirements/
Guidance
Rationale for Use® Category”

AEA (d) The ability of the geologic repository to limit radiologi-

10 CFR 63.113 cal exposures to the reasonably maximally exposed in-

(cont.) dividual, in the event of human intrusion into the engi-
neered barrier system, must be demonstrated through an
analysis that meets the requirements at 88 63.321 and
63.322 of subpart L of this part. Estimating radiological
exposures to the reasonably maximally exposed individ-
ual requires a performance assessment that meets the re-
quirements specified at § 63.114 of this subpart, and
88 63.303, 63.305, 63.312 and 63.342 of subpart L of
this part.

AEA Performance Assessment - Any performance assessment
10 CFR 63.114 used to demonstrate compliance with Sec. 63.113 must:

(a) Include datarelated to the geology, hydrology, and geo-
chemistry (including disruptive processes and events) of
the Y ucca Mountain site, and the surrounding region to
the extent necessary, and information on the design of
the engineered barrier system used to define parameters
and conceptual models used in the assessment.

(b) Account for uncertainties and variabilities in parameter
values and provide for the technical basis for parameter
ranges, probability distributions, or bounding values
used in the performance assessment.

(c) Consider aternative conceptual models of features and
processes that are consistent with available data and cur-
rent scientific understanding, and evaluate the effects
that alternative conceptual models have on the perform-
ance of the geologic repository.

(d) Consider only eventsthat have at least one chancein
10,000 of occurring over 10,000 years.

NRC standards applicable to disposal of spent RA
nuclear fuel and high-level radioactive wastesin

the proposed geologic repository at Y ucca Moun-

tain, Nevada. While not directly applicable,

these standards are well suited for use asindica-

tors of protection of human health and the envi-

ronment.

[Comparable applicable requirement of DOE
Manual 435.1-1, Chapter 1V, P.(2) establishes a
performance assessment period of 1,000 years
after closure. More stringent requirements (e.g.,
10,000 years after closure) will be evaluated to
determine impact, if any, on remedial goals.]
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Citation Requirement/Guidance Summary Rationale for Use®
AEA (e) Provide the technical basis for either inclusion or exclu-
10 CFR 63.114 sion of specific features, events, and processes in the
(cont.) performance assessment. Specific features, events, and

processes of the geologic setting must be evaluated in
detail if the magnitude and time of the resulting radio-
logical exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible en-
vironment, would be significantly changed by their
omission.

(f) Provide the technical basis for either inclusion or exclu-
sion of degradation, deterioration, or alteration proc-
esses of engineered barriers in the performance assess-
ment, including those processes that would adversely af-
fect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered bar-
riers must be evaluated in detail if the magnitude and
time of the resulting radiological exposures to the rea-
sonably maximally exposed individual, or radionuclide
releases to the accessible environment, would be signifi-
cantly changed by their omission.

(g) Provide the technical basis for models used in the per-
formance assessment such as comparisons made with
outputs of detailed process-level models and/or empiri-
cal observations (e.g., laboratory testing, field investiga-
tions, and natural analogs).

Requirements/
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Multiple barriers — Demonstration of compliance with Sec-  NRC standards applicable to disposal of spent
10 CFR 63.115 tion 63.113(a) must: nuclear fuel and high-level radioactive wastesin
(a) Identify those design features of the engineered barrier  the proposed geologic repository at Y uccaMoun-
system, and natural features of the geologic setting, that ~ tain, Nevada. While not directly applicable,
are considered barriers important to waste isolation. these standards are well suited for use asindica-
(b) Describe the capability of barriers, identified asimpor- 1S Of protection of human health and the envi-
tant to waste isolation, to isolate waste, taking into ac- ~ onment.
count uncertainties in characterizing and modeling the
behavior of the barriers. [Comparable applicable requirement of DOE
(c) Provide the technical basis for the description of the Manual 435.1-1, Chapter 1V, P.(2) establishes a
capability of barriers, identified asimportant to waste performance assessment period of 1,000 years
isolation, to isolate waste. The technical basisfor each ~ after closure. More stringent requirements (e.g.,
barrier’s capability shall be based on and consistent with 10,000 years after closure) will be evaluated to
the technical basis for the performance assessmentsused ~ determineimpact, if any, on remedial goals,]
to demonstrate compliance with Sec. 63.113(b) and (c).
CERCLA To be considered as guidance for risk assess- TBC
“Risk Assessment Guid- ments conducted at hazardous waste sites.
ance for Superfund [Requirement substantially met by the general
(RAGS): Volumel - Hu- process et forth in this closure plan, which re-
man Health Evaluation quires compliance with substantive applicable
Manual (HHEM) (Part requirements and consideration of relevant and
88; nterim Final, Dec. appropriate requirements for HLW tank closure]]
EPA/540/1-89/002
CERCLA To be considered as guidance for risk assess- TBC

“RAGS/HHEM (Part B),
Development of Risk-
Based Preliminary Reme-
diation Goals,” Interim,
Dec. 1991, EPA/540/R-
92/003

ments conducted at hazardous waste sites.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA To be considered as guidance for risk assess- TBC
“RAGS/HHEM (Part C), ments conducted at hazardous waste sites.
Risk Evaluation of Reme- [Requirement substantially met by the general
dial Alternatives,” Interim, process set forth in this closure plan, which re-
Dec. 1991, EPA/540/R- quires compliance with substantive applicable
92/004 requirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
CERCLA To be considered as guidance for risk assess- TBC
“RAGS: Volumell - Envi- ments conducted at hazardous waste sites.
ronmental Evaluation [Requirement substantially met by the general
Manual,” Interim Final, process set forth in this closure plan, which re-
March 1989, EPA/540/1- quires compliance with substantive applicable
89/001 requirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
CERCLA Region 1V clarifications and interpretations supplementing EPA Region 4 bulletins intended as guidance to TBC

“Supplemental Guidanceto
RAGS: Region 4 Bulle-
tins,”

Human Health Risk As-
sessment, Bulletins 1-5
November 1995

EPA-wide guidance (RAGS) for risk assessments at hazard-
ous waste sites.

all risk assessors preparing human health assess-
ments for CERCLA NPL sites and Federal sites
in the region. To be considered as guidance for
risk assessments conducted for non-CERCLA
remedial actions, such asthe HLW tank closures.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA The Policy, dated May 22, 1995, establishes a decommis- Appropriate to the extent activities associated TBC

Policy on Decommission-
ing of Department of En-
ergy Facilities under the
Comprehensive Environ-
mental Response, Compen-
sation, and Liability Act

CERCLA

Policy on Decommission-
ing of Department of En-
ergy Facilities under the
Comprehensive Environ-
mental Response, Compen-
sation, and Liability Act
(cont.)

sioning framework that presumes DOE's decommissioning
projects will be conducted as non-time-critical removal ac-
tions under CERCLA. Non-time-critical removal actions
are defined in the NCP as removal s with a planning horizon
of 6 months or more. The Policy concludes that non-time-
critical removals are the appropriate CERCLA action for
decommissioning projects for the following reasons:

(1) The aternative approaches available to conduct de-
commissioning projects typically are clear and very
limited, a situation that usually will eliminate the need
for more detailed analysis of alternatives required for
remedial action.

(2) The requirements for non-time-critical removal actions
provide greater flexibility to develop decommissioning
plans that are appropriate for the circumstances pre-
sented.

(3) Non-time-critical removal actions usually will provide
benefits to worker safety, public health, and the envi-
ronment more rapidly and cost-effectively than reme-
dial action.

Under Section 300.415(b)(1), the lead agency (DOE) shall
determine if there is athreat to public health or welfare or
the environment , and if so take any appropriate removal
action to abate, prevent, minimize, stabilize, mitigate, or
eliminate the release or threat of release. Section
300.415(b)(2) of the NCP sets forth criteriafor determining
the appropriateness of aremoval action, which include:
“(iii) Hazardous substances of pollutants or contaminantsin
drums, barrels, tanks, or other bulk storage containers, that
may pose athreat of release.”

with HLW tank closure constitute final decom-
missioning of the subject facilities.

[Requirement substantially met by the general
process set forth in this closure plan, which re-
quires compliance with substantive applicable
reguirements and consideration of relevant and
appropriate requirements for HLW tank closure.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

Decommissioning Hand- Technical guidance for the decommissioning of nuclear Appropriate to the extent activities associated TBC
book facilities, including removal of radioactive and hazardous with HLW tank closure under this plan constitute
DOE/EM-0142P materials to levels protective of human health and the envi-  fina decommissioning of the F- and H-Area
U.S. Department of Energy  ronment. Chapter 13 identifies standards for air, surface- Tank Farms.
Office of Environmental water, and groundwater quality during decommissioning [Compliance with this plan ensures consistency
Restoration, March 1994 including the National Ambient Air Water Quality Stan- with substantive provisions of this handbook.

dards, DOE Order 5400.5, National Emissions Standards Specific requirements in the regul ations and Or-

for Hazardous Air Pollutants, and Safe Drinking Water Act  ders referenced in the handbook (AWQS,

maximum contaminant levels. NESHAP, SDWA, DOE Order 5400.5) have

been evaluated and, where applicable or relevant
and appropriate, addressed in this plan.]

Ambient Water Quality EPA's AWQC for protection of freshwater organisms will AWQC provides the most appropriate criteriafor TBC
Criteria (AWQC) be preferentially used to judge ecological impactsto aquatic  judging ecological impacts.

resources. Other resources will be used for chemicalswith-  [Requirement met by compliance with

out AWQC. R.61-68.E(7).]
AEA Standards for Disposal - Disposal systems for low-level Proposed EPA Federa regulation that, when TBC
40 CFR 193.13(a) radioactive waste shall be designed to provide areasonable  promulgated, will be applicable to activitiesin-
(Proposed) expectation that [OPTION 1. “ within 1,000 years of dis- volving disposal of low-level radioactive waste.

posal, no member of the public shall receive,”] or [OP-
TION 2. “ the highest projected dose following disposal and
received through all pathways from the disposal system will
not exceed,” ] or [OPTION 3. “ no member of the public
shall receive, through all pathways from the disposal sys-
tem, during a period following disposal as determined by
the implementing agency,” ] an annual committed effective
dose of more than 150 microsieverts (15 mrem).

While not directly applicable to HLW tank clo-
sure, these requirements would be relevant and

appropriate because they are well suited for use
asindicators of protection of human health and

the environment.

[Comparable applicable requirement of DOE
Manual 435.1-1, Chapter 1V, P(1)(a) stipulates
releases to the environment should result in an
effective dose equivalent that does not exceed
25 mrem/yr. More specific requirement for a
committed effective dose not to exceed

15 mrem/yr will be evaluated to determineim-
pact, if any, on remedial goals. The 15 mrem/yr
committed effective dose standard is also im-
posed by 40 CFR 191.15 for a 10,000-year per-
formance period.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Standards for Protection of Underground Sources of Drink-  [Requirement met by compliance with DOE Or- TBC
40 CFR 193.24(a) ing Water - Disposal systems for low-level radioactive der 5400.5 Chapter 11, 1.d. The MCL standards
(Proposed) waste shall be designed to provide a reasonable expectation — are also invoked by 40 CFR 191.24 for a
that the levels of radioactivity from the disposal systemin 10,000-year performance period.]
any underground source of drinking water will not exceed
[OPTION 1. “the MCLs, as they exist on the effective date
of this subpart, regardless of pre-existing contamination] or
[OPTION 2. " up to the MCLs, as they exist on the effective
date of this subpart, if the pre-existing contamination is
below the MCLs and permit up to one additional MCL if the
pre-existing contamination is above the MCLSs.]
AEA Dose Limits - A DOE activity shall be conductedinaman-  Proposed DOE regulation that, when promul- TBC
10 CFR 834.101(a) ner such that the exposure of members of the publictoion-  gated, will be applicable to SRS HLW tank op-
(Proposed) izing radiation will: (1) comply with the ALARA program erations, including closure. (When promulgated,

reguirements in Section 834.104; and (2) not cause a TEDE
greater than 100 mrem (1 mSv) in ayear from all sources of
ionizing radiation and exposure pathways, excepting:

(i) dose from radon and its decay products (which is regu-
lated separately); (ii) dose received by patients from medi-
cal sources of radiation used for diagnostic or therapeutic
purposes, and by volunteers in medical research programs;
(iii) dose from background radiation; and (iv) dose to work-
ersthat arises from DOE activities during the performance
of work duties and that is regulated under 10 CFR 835.

thisrule will replace DOE Order 5400.5.)
[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11, 1.aand substantially
equivalent ALARA requirements in Chapter 11,
2]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Dose Limits - On request, the Department may authorize Proposed DOE regulation that, when promul- TBC
10 CFR 834.101(b) temporary dose limits for members of the public in excess gated, will be applicable to SRS HLW tank op-
(Proposed) of 100 mrem (1 mSv) in ayear, but not in excess of erations, including closure. (When promulgated,

500 mrem (5 mSv). A reguest for an authorization for a
temporary operation that could result in a higher dose level
shall: (1) be submitted as soon as practicable when the need
is recognized and, where possible, before the 100-mrem
dose limit is exceeded; (2) contain: (i) ajustification for the
higher dose limit; (ii) a discussion of the alternatives con-
sidered; (iii) an ALARA evaluation; (iv) an estimate of how
long the higher limit will be necessary; and (v) a description
of what is being done to return to normal operations and to
minimize doses to members of the public; and (3) be made
promptly a matter of public record delineating the nature of
the unusual operating condition, and the basis for the vari-
ance as documented under Section 834.101(b)(2).

thisrule will replace DOE Order 5400.5.)

[Substantive requirement met by compliance with
DOE Order 5400.5, Chapter 11, 1.a(4)(a).]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

AEA Dose Limits - A DOE activity shall be conductedinaman-  Proposed DOE regulation that, when promul- TBC
10 CFR 834.201(a) ner such that the release of radioactive materia to the at- gated, will be applicable to SRS HLW tank op-
(Proposed) mosphere shall: (1) be evaluated using the ALARA proc- erations, including closure. (When promulgated,

ess; (2) not cause any member of the public to receive a thisrule will replace DOE Order 5400.5.)

TEDE in excess of 10 mrem (0.1 mSv) in ayear, excluding  [Requirement met by compliance with DOE Or-

doses from radon-220 and radon-222 and their decay prod-  der 5400.5, Chapter |1, 1.b and Chapter IV,

ucts and from background sources; (3) not cause agnual 6.d(1).]

radon-222 flux rates to exceed 20 pCi (0.7 Bg)/(m sec) av-

eraged over the surface area overlaying the waste, including

the covering or other confinement structures, wherever ra-

dium-226 residues are accepted for storage or disposal;

(4) not cause outdoor annual concentrations of radon-220 or

radon-222 resulting from a facility where sources of radon

are handled or processed to exceed 3 pCi (0.1 Bq)/L above

background at the facility or at any location beyond the

facility boundary that is accessible to the public; and (5) not

cause an annual radon-220 or radon-222 average concentra-

tion to exceed 0.5 pCi (0.02 Bg)/L above background at any

offsite location where people reside or work.
AEA Dose Limits - The drinking water system for aDOE activity  Proposed DOE regulation that, when promul- TBC
10 CFR 834.214(a) shall be managed in amanner that complies with the provi-  gated, will be applicable to SRS HLW tank op-
(Proposed) sions of 40 CFR 141 -- National Primary Drinking Water erations, including closure. (When promulgated,

Regulations Pursuant to Section 1412 of the Safe Drinking  thisrule will replace DOE Order 5400.5.)

Water Act. [Requirement met by compliance with R.61-68

and DOE 5400.5, Chapter 11, 1.d(1).]

AEA Dose Limits - Discharges from DOE activities shall be Proposed DOE regulation that, when promul- TBC
10 CFR 834.214(b) managed in a manner that will not cause private or public gated, will be applicable to SRS HLW tank op-
(Proposed) drinking water systems downstream or downgradient of the  erations, including closure. (When promulgated,

facility discharge to exceed the drinking water maximum
contamination levelsin 40 CFR 141.

thisrule will replace DOE Order 5400.5.)

[Requirement met by compliance with R.61-68
and DOE Order 5400.5, Chapter 11, 1.d(3).]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Dose Limits - A DOE activity shall be conductedinaman-  Proposed DOE regulation that, when promul- TBC
10 CFR 834.221(a) ner such that exposure of members of the public to radiation  gated, will be applicable to SRS HLW tank op-
(Proposed) from radioactive waste: (1) complieswith ALARA process  erations, including closure. (When promulgated,
requirements; and (2) does not exceed a TEDE of 25 mrem  thisrule will replace DOE Order 5400.5.)
(0.25 mSv) in ayear from all exposure pathways and radia-  [More stringent requirement for TEDE not to
tion sources, except radon and its daughters. exceed 25 mrem/yr will be evaluated to deter-
mine impact, if any, on remedial goals. Applica-
ble requirement (DOE Order 5400.5, Chapter I,
1.a) limit is 100 mrem/yr.]
AEA Dose Limits for aguatic organisms - A DOE activity shall be  Proposed DOE regulation that, when promul- TBC
10 CFR 834.231 conducted in a manner such that the absorbed dose to gated, will be applicable to SRS HLW tank op-
(Proposed) aquatic animal organisms (e.g., fish, crustaceans, mollusks,  erations, including closure. (When promulgated,

and benthic invertebrates) will not exceed 1 rad (0.01 gray)
per day from exposure to radiation or radioactive material
discharged in liquid waste to natural waterways.

thisrule will replace DOE Order 5400.5.)

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11, 3.a(5).]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Release of Property Containing Residual Radioactive Mate-  Proposed DOE regulation that, when promul- TBC
10 CFR 834.301(a) rial - DOE property or personal property containing residual  gated, will be applicable to SRS HLW tank op-
(Proposed) radioactive material shall not be released from DOE control  erations, including closure. (When promul gated,

unless: (1) the release of property isin compliance with
Authorized Limits (Section 834.301(b)) and Supplemental
Limits (Section 834.301(d)) for concentrations of residual
radioactive material on property surfaces or interior; (2) the
property is evaluated and appropriately surveyed to identify
and characterize contamination within the property and re-
movable radioactive material and total radioactive material
on property surfaces (including contamination present on
and under any coating); and (3) documentation, in a De-
partment-approved format, is completed that: (i) describes
the property, (ii) describes the radiological history of the
property, (iii) states the criteria for release of the property
and the bases for the criteria which have been approved by
the Department and coordinated with appropriate state and
Federal organizations, (iv) describes any restrictions on use
or disposition of the property and how the implementation
of the restrictions will be ensured, (v) describes the survey
of the property, including the date, the identity of the sur-
veyor, the types and identification numbers of the instru-
ments used, and the results of the survey, (vi) indicates the
quantity and disposition of the waste resulting from any
decontamination effort, and (vii) identifies the recipient of
the property, its destination, or its disposition; and

(4) appropriately notifies the recipient or owner of the prop-
erty of the results of the survey of the property, including
the availability of documentation required by Section
834.301(a)(3).

this rule will replace DOE Order 5400.5.)

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11, 5.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Release of Property Containing Residual Radioactive Mate-  Proposed DOE regulation that, when promul- TBC
10 CFR 834.301(b) rial - The Authorized Limits shall be derived in accordance  gated, will be applicable to SRS HLW tank op-
(Proposed) with the ALARA process requirements, documented, ap- erations, including closure. (When promulgated,
proved by the Department, and made part of the public re- this rule will replace DOE Order 5400.5.)
cord. [Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11.5.]
AEA Soil - Authorized Limits and Supplemental Limits for all Proposed DOE regulation, when promulgated, TBC
10 CFR 834.302(a) radionuclidesin soil shall be derived using approved mod-  will be applicable to SRS HLW tank operations,
(Proposed) elsin accordance with the requirements of thissubpart and  including closure. (When promulgated, thisrule
selected on the basis of the ALARA process. will replace DOE Order 5400.5.)
[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 1V, 4.a]
AEA Soil - Authorized Limits for radon-226 and radon-228 shall ~ Proposed DOE regulation, when promul gated, TBC
10 CFR 834.302(b) be selected consistent with Section 834.302(a) and shall not  will be applicable to SRS HLW tank operations,
(Proposed) exceed 5 pCi/gram (0.2 Bg/gram) in excess of background including closure. (When promulgated, thisrule
levels, averaged over 100 m, in the first 15-cm depth of the  will replace DOE Order 5400.5.)
surface layer of soil; and 15 pCi/gram (0.56 Bg/gram) in [Requirement met by compliance with DOE Or-
excess of background levels, averaged over any subsequent  der 5400.5, Chapter IV, 4.a(2).]
15-cm subsurface layer of soil.
AEA Radon - Remedial actions shall be conducted on habitable Proposed DOE regulation, when promulgated, TBC
10 CFR 834.303(a) and occupied structures with the objective of reducing re- will be applicable to SRS HLW tank operations,
(Proposed) sidual radioactive material levels such that the annual aver-  including closure. (When promulgated, thisrule

age radon-222 decay product concentration will not exceed
0.02 WL (or 4 pCi/L radon, when 0.02 WL is approxi-
mately equivalent to 4 pCi/L assuming that the radon decay
products are at 50 percent of equilibrium), including back-
ground, in the structure. [A working level (WL) isany
combination of short-lived radon decay productsin 1 L of
air that will result in the ultimate emission of 1.3 x 100 MeV
of potential alpha energy.]

will replace DOE Order 5400.5.)

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 1V, 4.b.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

AEA Radon - If residual radioactive material cannot be reduced, = Proposed DOE regulation, when promulgated, TBC
10 CFR 834.303(b) practicably, to levels that reduce radon decay product con- will be applicable to SRS HLW tank operations,
(Proposed) centration in a habitable structure to 0.02 WL, remedial including closure. (When promulgated, thisrule

measures, including active controls, shall be employed to will replace DOE Order 5400.5.)

reduce concentrations to 0.03 WL, or less. Inany case, the  [Requirement met by compliance with DOE Or-

radon decay product concentration shall not exceed 0.03 der 5400.5, Chapter IV, 4.b]

WL, including background, in such structures as a result of

residual radioactive material.
AEA Structures - Authorized Limits and Supplemental Limitsfor  Proposed DOE regulation that, when promul- TBC
10 CFR 834.304 residual radionuclidesin or on structures at specific DOE gated, will be applicable to SRS HLW tank op-
(Proposed) properties shall be (a) established in accordance with the erations, including closure. (When promulgated,

requirements of this subpart, (b) consistent with Department  this rule will replace DOE Order 5400.5.)

guidelines or derived using DOE-approved models, and (¢)  [Requirement met by compliance with DOE Or-

selected on the basis of the ALARA process. der 5400.5, Chapter IV, 4.d.]
AEA Control and Disposition of Residual Radioactive Material -  Proposed DOE regulation that, when promul- TBC
10 CFR 834.306(c) A property may be maintained under an interim manage- gated, will be applicable to SRS HLW tank op-
(Proposed) ment arrangement when the residual radioactive material erations, including closure. (When promulgated,

exceeds authorized limits developed for unrestricted release
if: (1) the residual radioactive material isin locations that
are not readily accessible to members of the public; (2) the
residua contamination would be unreasonably costly to
remove; and (3) when needed, administrative controls are
instituted by the operating organization to protect members
of the public.

thisrule will replace DOE Order 5400.5.)

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 1V, 6.c.]

yelq Areuiplid

002 1snbny



G/-d

861700-€00C-04SM

Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Control and Disposition of Residual Radioactive Material -  Proposed DOE regulation that, when promul- TBC
10 CFR 834.306(d) (1) Appropriate administrative and physical controlsfor the ~ gated, will be applicable to SRS HLW tank op-
(Proposed) management of storage or disposal activities shall be devel-  erations, including closure. (When promulgated,

oped, documented, and implemented to limit access, use,
and removal of material contaminated with residual radioac-
tive material. (2) Controls shall be designed such that con-
centrations of radionuclides in the groundwater and residual
radioactive material will not cause the requirements of this
part to be exceeded. (3) Control and stabilization features
for the interim management and storage of residual radioac-
tive material shall be designed to meet the applicable dose
limits and dose constraints selected through application of
the ALARA process for 25 years at a minimum, and 50
yearsif practicable to do so. (4) The controls shall be de-
signed to limit radon concentrations in the atmosphere
above facilities to levels that will not exceed: (i) an annual
average radon-220 and radon-222 concentration of 0.5 pCi
(0.02 Bg)/L, above background, at any offsite location
where persons are likely to reside or work; (ii) flux rates
from the stozrage of radon-producing wastes of 20 pCi

(0.7 Bg)/(m sec), averaged over the area containing the
radon-generating material.

this rule will replace DOE Order 5400.5.)

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 1V, 6.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Control and Disposition of Residual Radioactive Material -  Proposed DOE Federal regulation that, when TBC
10 CFR 834.306(€) (1) Long-term management of residua radioactive material  promulgated, will be applicable to SRSHLW
(Proposed) in residue and waste from a DOE activity shall bein accor-  tank operations, including closure. (When prom-

dance with this section and DOE approved plans. (2) Long-
term management of the residue and waste shall be con-
ducted in a manner that will: (i) comply with dose limits
(Sections 834.201, 834.214, and 834.221); (ii) comply with
the ALARA requirements of this part (Section 834.104);
(iii) comply with the Ground-Water Protection Management
Plan (Section 834.215); (iv) limit radon-222 emanation to
the atmosphere from radon-222 generating waste to less
thazn an annual average release rate of 20 pCi (0.7 Bg)/

(m" sec) averaged over the surface area overlying the waste,
including the covering or other confinement structures; (v)
[imit radon-220 emanation to the atmosphere from Wzaste to
an annual average release rate of 20 pCi (0.7 Bg)/(m sec),
and (vi) limit increases in the annual average radon-222 or
radon-220 concentration at or above any location outside
the boundary of the controlled areato 0.5 pCi (0.02 Bg)/L.
(3) Control and stabilization features shall be designed to:
(i) be effective for 1,000 years, to the extent reasonably
achievable, and, in any case, for at least 200 years,

(i) minimize unauthorized public access or use that might
breach containment of waste; and (iii) provide for proper
conditioning or barriers to control the generation and escape
of biogenic gases from potentially biodegradable con-
taminated waste or residue to ensure that this material will
not cause the emission limits or dose limits to be exceeded
and biodegradation within the facility will not result in pre-
mature structural failure. (4) In the development of controls
and waste management plans, where appropriate, theim-
pacts of alternative disposal modes shall be evaluated be-
yond the 1,000-year design requirement, to 10,000 years.

ulgated, this rule will replace DOE Or-
der 5400.5.)

[Requirements met by compliance with DOE
Order 5400.5, Chapter 1V, 6 except that (pro-
posed) 10 CFR 834.306(e)(4) constitutes a more
stringent requirement for evaluation of alternative
disposal modes to 10,000 years.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA (5) For wastes containing a high specific activity
10 CFR 834.306(€) (e.g., >1 nCi/g) of radium or thorium, alternative disposal
(Proposed) methods, such as deep land disposal, protective covers
(cont.) (e.g., riprap), concrete vaults, or geologic repositories that
provide additional protection from possible inadvertent in-
trusion shall be evaluated and employed if justified by po-
tential risk considerations.
AEA Dose Limitsfor Individual Members of the Public - Each NRC regulation that, while not directly applica- RA
10 CFR 20.1301 licensee shall conduct operations such that: bleto HLW tank closure, would be relevant and

(1) Thetotal effective dose equivalent (TEDE) to individ-
ual members of the public from the licensed operation
does not exceed 0.1 rem (1 mSv) in ayear, exclusive of
the dose contribution from the licensee's disposal of ra-
dioactive material into sanitary sewerage in accordance
with §20.2003; and

(2) Thedosein any unrestricted areafrom external sources
does not exceed 0.002 rem (0.02 mSv) in any 1 hour.

If the licensee permits members of the public to have access
to controlled areas, the limits for members of the public
continue to apply to those individuals.

A licensee may apply for prior NRC authorization to oper-
ate up to an annual dose limit for an individual member of
the public of 0.5 rem (5 mSv).

In addition to the requirements of this part, alicensee sub-
ject to the provisions of EPA's generally applicable envi-
ronmental radiation standards in 40 CFR Part 190 shall
comply with those standards.

The Commission may impose additional restrictions on ra-
diation levelsin unrestricted areas and on the total quantity
of radionuclides that a licensee may releasein effluentsin
order to restrict the collective dose.

appropriate because it iswell suited for use as an
indicator of protection of human health and the
environment.

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter I1, 1.3, except for TEDE not
to exceed 2 mrem in any one hour. This more
stringent requirement will be evaluated to deter-
mine impact, if any, on remedial goals]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Radiological Criteriafor Unrestricted Use - A site will be NRC regulation that, while not directly applica- RA
10 CFR 20.1402 considered acceptable for unrestricted use if the residual bleto HLW tank closure, would be relevant and

radioactivity that is distinguishable from background radia-
tion resultsin a TEDE to an average member of the critical
group that does not exceed 25 mrem (0.25 mSv) per year;
including that from groundwater sources of drinking water,
and the residua radioactivity has been reduced to levels that
are ALARA. Determination of the levels which are
ALARA must take into account consideration of any detri-
ments, such as deaths from transportation accidents, ex-
pected to potentially result from decontamination and waste
disposal.

appropriate because it provides requirements for
NRC licensee activities resulting in residual ra-
dioactive material. The License Termination
Rule has been proposed as the decommissioning
criteriafor the West Valley Demonstration Pro-
ject, which includes HLW tank systems.

[Applicable requirement (DOE Order 5400.5,
Chapter 1V, 3.a) establishes a dose limit of

100 mrem/yr. More stringent requirement of
TEDE not to exceed 25 mrem/year will be evalu-
ated to determine impact, if any, on remedial
goals]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Criteriafor License Termination Under Restricted Condi- [Applicable requirement (DOE Order 5400.5, RA
10 CFR 20.1403 tions - A site will be considered acceptable for license ter- Chapter 1V, 7) establishes adose limit of

mination under restricted conditionsiif:

(@) Thelicensee can demonstrate that further reductionsin
residua radioactivity necessary to comply with the
provisions of §20.1402 would result in net public or
environmental harm or were not being made because
theresidual levels associated with restricted conditions
are ALARA.

(b) The licensee has made provisions for legally enforce-
ableinstitutional controlsthat provide reasonable as-
surance that the TEDE from residual radioactivity dis-
tinguishable from background to the average member
of the critical group will not exceed 25 mrem (0.25
mSv) per year.

(c) Thelicensee has provided sufficient financial assurance
to enable a third party, including a governmental custo-
dian of asite, to assume and carry out responsibilities
for any necessary control and maintenance of the site.

(d) The licensee has submitted a decommissioning plan of
License Termination Plan (LTP) to the Commission in-
dicating the licensee’ s intent to decommission in accor-
dance with §830.36(d), 40.42(d), 50.82(a) and (b),
70.38(d), or 72.54 of this chapter, and specifying that
the licensee intends to decommission by restricting use
of thesite. The licensee shall document inthe LTP or
decommissioning plan how the advice of individuals
and ingtitutions in the community who may be affected
by the decommissioning has been sought and incorpo-
rated, as appropriate, following analysis of that advice.

100 mrem/yr. More stringent requirement of
TEDE not to exceed 25 mrem/year will be evalu-
ated to determine impact, if any, on remedial
goals]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA (e) Residual radioactivity at the site has been reduced so
10 CFR 20.1403 that if the institutional controls were no longer in effect,
(cont.) there is reasonabl e assurance that the TEDE from re-

sidual radioactivity distinguishable from background to
the average member of the critical group iISALARA
and would not exceed either:

(1) 100 mrem (1 mSv) per year , or
(2) 500 mrem (5 mSv) per year provided the licensee:

(i)

(i)
(iii)

Demonstrates that further reductionsin re-
sidual radioactivity necessary to comply with
the 100 mrem (1 mSv) value of paragraph
(e)(2) of this section are not technically
achievable, would be prohibitively expen-
sive, or would result in net public or envi-
ronmental harm;

Makes provisions for durable institutional
controls; and

Provides sufficient financial assurance to en-
able aresponsible government entity or in-
dependent third party, including a govern-
mental custodian of a site, both to carry out
periodic rechecks of the site no less fre-
guently than every 5 years to assure that in-
gtitutional controls remain in place as neces-
sary to meet the criteriain §20.1403(b) and
to assume and carry out responsibilities for
any necessary control and maintenance of
those controls.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Alternate Criteriafor License Termination — The Commis- [Applicable requirement (DOE Order 5400.5, RA
10 CFR 20.1404 sion may terminate alicense using alternate criteriagreater ~ Chapter IV, 7) establishes a dose limit of

than the dose criterion of §820.1402, 20.1403(b), and
20.1403(d)(1)(i)(A), if the licensee:

@

)

©)

(4)

Provides assurance that public health and safety would
continue to be protected, and that it is unlikely that the
dose from all man-made sources combined, other than
medical, would be more than the 100 mrem (1 mSv)
per year limit of subpart D, by submitting an analysis of
possible sources of exposure;

Has employed to the extent practical restrictions on site
use according to the provisions of §20.1403 in mini-
mizing exposures at the site; and

Reduces doses to ALARA levelstaking into considera
tion any detriments such as traffic accidents expected to
potentially result from decontamination and waste dis-
posal;

Has submitted a decommissioning plan or LTP to the
Commission indicating the licensee’ s intent to decom-
mission in accordance with §830.36(d), 40.42(d),
50.82(a) and (b), 70.38(d), or 72.54 of this chapter, and
specifying that the licensee proposes to decommission
by use of alternate criteria. The licensee shall docu-
ment in the decommissioning plan or LTP how the ad-
vice of individuals and ingtitutions in the community
who may be affected by the decommissioning has been
sought and addressed, as appropriate, following analy-
sis of that advice.

100 mrem/yr.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

AEA Environmental Standards for Site Remediation - Remedia- Proposed EPA regulation that, when promul- TBC
40 CFR 196.04(a) tion of sites shall be conducted to provide areasonableex-  gated, will be applicable to activities resulting in
(Proposed) pectation that, for 10,000 years after completion of the re- residual radioactive material, including SRS

medial action, radionuclide concentrations in excess of HLW tank closure.

natural background levels shall not exceed those amounts [Requirement met by compliance with DOE Or-

that could cause any member of the public to receive, der 5400.5, Chapter IV, 6 except that (proposed)

through all potential pathways under aresidential land use 40 CFR 196.04(a) constitutes a more stringent

scenario, an annual committed effective dose of 15 mrem/yr  requirement of 15 mrem/yr dose limit for 10,000

(0.15 mSvlyr). years]
AEA Environmental Standards for Site Remediation - In the [Requirement met by compliance with DOE Or- TBC
40 CFR 196.04(c) event that remediation of a site will not meet the conditions  der 5400.5, Chapter IV, 6 except that (proposed)
(Proposed) of Section 196.04(a), the implementing agency shall: 40 CFR 196.04(a) constitutes a more stringent

(1) remediate the site to provide a reasonable expectation requirement of 15 mrem/yr dose limit for 10,000

that, for 10,000 years after completion of the remedia ac- years]

tion, radionuclide concentrations in excess of natural back-

ground levels shall not exceed those concentrations that

could cause any member of the public to receive, through

all potential pathways under the conditions of the selected

active control measures, an annual committed effective dose

of 15 mrem/yr (0.015 mSv/yr); and (2) remediate the site to

provide a reasonable expectation that, for 10,000 years after

completion of the remedial action in the absence of active

control measures, radionuclide concentrations in excess of

natural background levels on the site shall not exceed those

amounts that could cause any member of the public to re-

ceive, through all potential pathways under the conditions of

residential land use, an annual committed effective dose that

islessthan 75 mrem/yr (0.075 mSvlyr).
AEA Environmental Standards for Site Remediation - All existing [Requirement met by compliance with DOE Or- TBC
40 CFR 196.04(d) and future structures on sites shall meet the guidelines of the  der 5400.5, Chapter 1V, 4.b.]
(Proposed) EPA Radon Program.
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
40 CFR 196.04(e)
(Proposed)

AEA
40 CFR 196.23(a)
(Proposed)

Environmental Standards for Site Remediation - Theim-
plementing agency shall perform compliance assessments.
Compliance assessments heed not provide complete assur-
ance that the requirements of Section 196.04 of this subpart
will be met. Because of the long period involved and the
nature of the processes and events of interest, there may be
substantial uncertaintiesin projective remedial action per-
formance. Proof of the future annual committed effective
dose from radioactive concentrationsis not to be had in the
ordinary sense of the word in situations that deal with much
shorter timeframes. Rather, what is required is areasonable
expectation, on the basis of the record before the imple-
menting agency, that compliance with Section 196.04 will
be achieved.

Environmental Standards for Groundwater Protection -
Remediation of sites shall be conducted to provide area-
sonable expectation that 10,000 years after completion of
the remedial action, onsite radioactive material shall not
cause the levels of radioactivity in any groundwater that isa
current or potential source of drinking water, in the accessi-
ble environment, to exceed the limits specified in

40 CFR 141.

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11, 5.]

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11, 1.d.]

TBC

TBC
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
40 CFR 196.23(b)
(Proposed)

AEA
40 CFR 196.23(c)
(Proposed)

Environmental Standards for Groundwater Protection -
Compliance assessments heed not provide complete assur-
ance that the requirements of Section 196.23 of this subpart
will be met. Because of the long time period involved and
the nature of the processes and events of interest, there will
inevitably be substantial uncertainties in projecting remedial
action performance. Proof of the future levels of radioactiv-
ity in any groundwater that is a current or potential source
of drinking water, in the accessible environment, is not to be
had in the ordinary sense of the word in situations that deal
with much shorter timeframes. Rather, what isrequiredisa
reasonable expectation, on the basis of the record before the
implementing agency, that compliance with Section 196.23
will be achieved.

Environmental Standards for Groundwater Protection -
Compliance with Section 196.23(a) of this subpart will not
be required, if the implementing agency determines compli-
ance to be technically impracticable from an engineering
perspective. |In this situation, the implementing agencies
shall: (1) select active control measures that ensure mem-
bers of the public will not be exposed to groundwater that is
drinking water, in which the levels of radioactivity exceed
the limits specified in 40 CFR 141; (2) select and perform
remedial actions that limit, to the greatest extent, contami-
nation of groundwater that is not already contaminated, asis
reasonable under the circumstances; (3) select and perform
remedial actions that restore, to the greatest extent, ground-
water that is already contaminated, asis reasonable under
the circumstances; (4) comply with the public notice and
comment requirements of Section 196.03(a) of subpart A;
and (5) comply with the periodic verification requirements
of Section 196.24 of this subpart.

[Requirement met by compliance with DOE
Manual 435.1-1, Chapter 1V, P(2).]

[More specific requirement for active control
measures over groundwater which exceeds levels
of radioactivity specified in 40 CFR 141 will be
evaluated to determine impact, if any, on reme-
dial goals]

TBC

TBC
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Public Health and Environmental Standards for Disposal - EPA regulation that establishes public health and RA
40 CFR 197, Subpart B Controlled area means: safety standards for radioactive material stored or
(1)  The surface area, identified by passiveingtitutional ~ diSposed of in the potential repository a Y ucca
controls, that encompasses no more than 300 square ~ Mountain, Nevada
kilometers. It must not extend farther: [Applicable requirement of DOE Manual
(8) South than 36° 40' 13.6661” north latitude, inthe  435-1-1, 1V.P(2)(b), establishes the point of
predominant direction of groundwater flow; and compliance as the point of highest projected dose
(b) Than five kilometers from the repository foot- b_eyond 2100 meter buffer zone surrounding the
o SN disposed waste. A larger or smaller buffer zone
print in any other direction; and : L
i may be used if adequate justification is pro-
(2)  The subsurface underlying the surface area vided]
AEA Individual-Protection Standard - DOE must demonstrate, EPA regulation that establishes public health and RA
40 CFR 197.20 using performance assessment, that there is areasonable safety standards for radioactive material stored or

expectation that, for 10,000 years following disposal, the
reasonably maximally exposed individual receives no more
than an annual committed effective dose equivalent of 150
microsieverts (15 mrem) from rel eases from the undisturbed
Y ucca Mountain disposal system. DOE's analysis must
include al potential pathways of radionuclide transport and
exposure.

disposed of in the potential repository at Y ucca
Mountain, Nevada.

[Applicable requirements (DOE Order 5400.5,
Chapter 1V, 7) establishes a dose limit of 100
mrem/yr. More stringent requirement of TEDE
not to exceed 15 mrem/yr will be evaluated to
determine impact, if any, on remedial goals]
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Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Reasonably maximally exposed individual — The reasonably  EPA regulation that establishes public health and RA
40 CFR 197.21 maximally exposed individual is a hypothetical person who  safety standards for radioactive material stored or
meets the following criteria: disposed of in the potential repository at Y ucca
(8 Livesin the accessible environment above the Mountain, Nevada.
highest concentration of radionuclides in the plume of [Applicable requirements (DOE Order 5400.5,
contamination; Chapter 1V, 7) establishes a dose limit of 100
(b) Has adiet and living style representative of the mrem/yr. More stringent requirement of TEDE

people who now reside in the Town of AmargosaVal- ot to exceed 15 mrem/yr will be evaluated to

ley, Nevada. DOE must use projections based upon  getermine impact, if any, on remedial goals]
surveys of the people residing in the Town of Amar-

gosa Valley, Nevada, to determine their current diets
and living styles and use the mean values of these fac-
torsin the assessments conducted for §§ 197.20 and
197.25; and

(c) Drinks 2 liters of water per day from wells drilled
into the ground water at the location specified in para-
graph (@) of this section.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Human Intrusion Standard - DOE must determinethe earli- ~ EPA regulation that establishes public health and RA
40 CFR 197.25 est time after disposal that the waste package would degrade  safety standards for radioactive material stored or

sufficiently that a human intrusion (see Sec. 197.26) could

occur without recognition by the drillers. DOE must:

(8) If complete waste package penetration is projected to
occur at or before 10,000 years after disposal:

@

)

Demonstrate that there is a reasonable expecta-
tion that the reasonably maximally exposed indi-
vidual receives no more than an annual commit-
ted effective dose equivalent of 150 microsieverts
(15 mrem) as aresult of a human intrusion, at or
before 10,000 years after disposal. The analysis
must include all potential environmental path-
ways of radionuclide transport and exposure; and

If exposures to the reasonably maximally exposed
individual occur more than 10,000 years after
disposal, include the results of the analysis and its
bases in the environmental impact statement for

Y ucca Mountain as an indicator of long-term dis-
posal system performance; and

(b) Include the results of the analysis and its bases in the
environmental impact statement for Y ucca Mountain as
an indicator of long-term disposal system performance,
if theintrusion is not projected to occur before 10,000
years after disposal.

disposed of in the potential repository at Y ucca
Mountain, Nevada.

[Applicable requirements (DOE Order 5400.5,
Chapter IV, 7) establishes a dose limit of 100
mrem/yr. More stringent requirement of TEDE
not to exceed 15 mrem/yr will be evaluated to
determine impact, if any, on remedial goals.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Ground Water Protection Standards - DOE must demon- EPA regulation that establishes public health and RA
40 CFR 197.30 strate that there is a reasonable expectation that, for 10,000  safety standards for radioactive material stored or

years of undisturbed performance after disposal, releases of
radionuclides from waste in the Y ucca Mountain disposal
system into the accessible environment will not cause the
level of radioactivity in the representative volume of
ground water to exceed the limits in the following Table 1:

Table 1 - Limits on Radionuclides in the Representative
Volume.

Is natural
Radionuclide or type of Limit background
radiation emitted included?
Combined radium-226 5 pCi/L Yes
and radium-228
Gross apha activity 15 pCi/L Yes
(including radium-226 but
excluding radon and uranium
Combined beta and 4 mrem/yr No
photon emitting to the whole body
radionuclides or any organ,
based on drinking
2 L of water per
day from the
representative
volume.

disposed of in the potential repository at Yucca
Mountain, Nevada.

[No comparable provision for “representative
volume” but SDWA MCLsareinvoked as
groundwater protection standards by DOE Order
5400.5, Chapter 11, 1.d.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Representative volume EPA regulation that establishes public health and RA
40 CFR 197.31 (@ Itisthevolume of ground water that would be with- safety standards for radioactive material stored or

(b)

drawn annually from an aquifer containing less than

10,000 milligrams of total dissolved solids per liter of

water to supply a given water demand. DOE must

project the concentration of radionuclides released
from the Y ucca Mountain disposal system that will be
in the representative volume. DOE must then use the
projected concentrations to demonstrate a reasonable
expectation to NRC that the Y ucca M ountain disposal
system complies with § 197.30. DOE must make the
following assumptions concerning the representative
volume:

(1) Itincludes the highest concentration level in the
plume of contamination in the accessible envi-
ronment;

(2) Itsposition and dimensions in the aquifer are de-
termined using average hydrologic characteristics
which have cautious, but reasonable, values rep-
resentative of the aquifers along the radionuclide
migration path from the Y ucca Mountain reposi-
tory to the accessible environment as determined
by site characterization; and

(3) It contains 3,000 acre-feet of water (about
3,714,450,000 liters or 977,486,000 gallons).

DOE must use one of two aternative methods for de-

termining the dimensions of the representative vol-

ume. DOE must propose its chosen method, and any
underlying assumptions, to NRC for approval.

disposed of in the potential repository at Yucca
Mountain, Nevada.

[No comparable provision for “representative
volume” but SDWA MCLsareinvoked as
groundwater protection standards by DOE Order
5400.5, Chapter 11, 1.d.]
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA (1) DOE may calculate the dimensions as awell-
40 CFR 197.31 capture zone. If DOE uses this approach, it
(cont.) must assume that the:

(i) Water supply well(s) has (have) character-
istics consistent with public water supply
wellsin the Town of Amargosa Valley,
Nevada, for example, well-bore size and
length of the screened intervals;

(if) Screened interval(s) include(s) the highest
concentration in the plume of contamina
tion in the accessible environment; and

(iii) Pumping rates and the placement of the
well(s) must be set to produce an annual
withdrawal equal to the representative vol-
ume and to tap the highest concentration
within the plume of contamination.

(2) DOE may calculate the dimensions as a dlice of
the plume. If DOE uses this approach, it must:
(i) Proposeto NRC, for its approval, where

the location of the edge of the plume of
contamination occurs. For example, the
place where the concentration of radionu-
clides reaches 0.1% of the level of the
highest concentration in the accessible en-
vironment;

(ii) Assume that the dlice of the plumeis per-
pendicular to the prevalent direction of
flow of the aquifer; and

(iii) Assume that the volume of ground water
contained within the slice of the plume
equals the representative volume.

yelq Areuiplid

002 1snbny



T6-d

861700-€00C-04SM

Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Recommendation 1 - There should be no exposure of the To be considered as guidance for public health TBC
EPA Proposed Federal genera public to ionizing radiation unlessit is justified by and safety standards for radioactive material.
Guidance for Protection of  the expectation of an overall benefit from the activity caus-  [Requirement met by compliance with DOE Or-
the Public from Radiation,  ing the exposure. Justified activities may be allowed, pro- der 5400.5, Chapter 11, 2]
December 23, 1994 vided exposure of the general public islimited in accor-
dance with these recommendations.
Recommendation 2 - A sustained effort should be made to [Requirement met by compliance with DOE Or- TBC
ensure that doses to individuals and to populations are der 5400.5, Chapter I1, 2]
maintained as low as reasonably achievable.
Recommendation 3 - The combined radiation doses in- [Requirement met by compliance with DOE Or- TBC

curred in any single year from al sources of exposure cov-
ered by these recommendations should not normally exceed
a Radiation Protection Guide of 1 mSv (100 mrem) effec-
tive dose equivaent to an individual. The Radiation Protec-
tion Guide appliesto the sum of the effective dose equiva-
lent resulting from exposure to external sources of radiation
during ayear and the committed effective dose equivalent
incurred from the intake of radionuclides during that year.

The Radiation Protection Guide might not be reasonably
achievable in some unusual situations. 1t may be exceeded
temporarily in situations that are not anticipated to recur
chronically and when Recommendations 1 and 2 are satis-
fied, provided that the radiation dose incurred in any year
does not exceed 5 mSv (500 mrem) effective dose equiva-
lent. Continued exposure of an individual over substantial
portions of alifetime at or near the level of the Radiation
Protection Guide should be avoided.

der 5400.5, Chapter 11, 1.a]
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/

RCRA

“Design and Construction
of RCRA/CERCLA Fina
Covers,”
EPA/625/4-91/025, May
1991

AEA
DOE 5400.5, Chapter 11,
la

AEA
DOE 5400.5, Chapter 11,

La(3)(a)

AEA
DOE 5400.5, Chapter 11,

L.a(4)(a)

AEA
DOE 5400.5, Chapter 11,
1b

EPA recommendations to be considered in the design of
low hydraulic conductivity cover systems.

Dose Limits - Except as provided by 11.1a(4), the exposure
of members of the public to radiation sources as a conse-
guence of al routine DOE activities shall not cause, in a
year, an effective dose equivaent greater than 100 mrem

(1 mSv).

Dose Limits - DOE operators shall make a reasonable effort
to be aware of the existence of other than DOE manmade
sources of radiation that, combined with the DOE sources,
might present a potential for exceeding contributions of 10
mrem (0.1 mSv) effective dose equivalent in ayear. Rea-
sonable efforts shall be made to limit dose to members of
the public, from multiple sources of radiation, to 100 mrem
(1 mSv) EDE, or less, in ayear.

Dose Limits - Operations Office may request from EH-1
specific authorization for atemporary public dose limit
higher than 100 mrem (1 mSv), but not to exceed 500 mrem
(5 mSv), for the year.

Dose Limits - The exposure of members of the public to
radioactive materials rel eased to the atmosphere as a conse-
guence of routine DOE activities shall not cause members
of the public to receive, in ayear, an effective dose equiva-
lent greater than 10 mrem (0.1 mSv).

Relevant and appropriate to the design of a cover
system if capping is performed as part of the
HLW tank closure activities.

[Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA closure and postclosure
care requirements for the F- and H-Area Tank
Farms, which will be implemented in accordance
with the FFA ]

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
DOE 5400.5, Chapter 11,
1.c

AEA
DOE 5400.5, Chapter 11,
1d

AEA
DOE 5400.5, Chapter |1,
1.d(3)

AEA
DOE 5400.5, Chapter 11,

3.a(5)

Dose Limits - The exposure of members of the public to

direct radiation or radioactive materials released from DOE
management and storage activities at a disposal facility for
spent nuclear material or for high-level or transuranic radio-
active wastes that are not regulated by the NRC shall not
cause members of the public to receive, in ayear, adose
equivalent greater than 25 mrem (0.25 mSv) to the whole
body or a committed dose equivalent greater than 75 mrem
(0.75 mSv) to any organ.

Dose Limits - Thelevel of protection provided to the public
for drinking water must be equivalent to the drinking water
standards of 40 CFR 141. These systems shall not cause
persons consuming the water to receive an effective dose
equivalent greater than 4 mrem (0.04 mSv) in ayear. Com-
bined radium-226 and radium-228 shall not exceed 5 x 10°
MCi/ml and gross a pha activity (including radium-226 but
excluding radon and uranium) shall not exceed 1.5 x 10°
pCi/ml.

Dose Limits - The liquid effluents from DOE activities shall
not cause private or public drinking water systems down-
stream of the facility discharge to exceed the drinking water
radiological limitsin 40 CFR 141.

Dose Limits for Aquatic Organisms - To protect native ani-
mal aguatic organisms, the absorbed dose to these organ-
isms shall not exceed 1 rad per day from exposure to the
radioactive material in liquid wastes discharged to natural
waterways.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure. Requirements would be applicable to
any waste associated with HLW tank closure that
is considered high-level waste. For waste that is
not considered high-level waste, these require-
ments, while not directly applicable, would be
relevant and appropriate because they are well
suited for use asindicators of protection of hu-
man health and the environment.

[Applicableif residual waste is determined to be
HLW.]

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

RA
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - Release of real property (landand ~ DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 11, structures) shall be in accordance with the guidelines and nent to SRS HLW tank operations, including
5.a reguirements for residual radioactive material presented in closure.

Chapter 1V. These guidelines and requirements apply to
both DOE-owned facilities and to private properties that are
being prepared by DOE for release. Real properties owned
by DOE that are being sold to the public are subject to the
regquirements of Section 120(h) of CERCLA, as amended,
concerning hazardous substances, and to any other applica-
ble Federal, state, and local requirements. The require-
ments of 40 CFR 192 are applicable to properties remedi-
ated by DOE under Title | of the UMTRA.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radionuclidesin Soil - Generic guidelinesfor tho-  DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 1V, rium and radium are specified below. Guidelinesfor resid-  nent to SRS HLW tank operations, including
4.a ual concentrations of other radionuclides shall be derived closure.

from the basic dose limits by means of an environmental
pathway analysis using specific property data where avail-
able. Procedures for these derivations are given in
DOE/CH-8901. Residual concentrations of radioactive
material in soil are defined as those in excess o; background
concentrations averaged over an area of 100 m .

(1) If the average concentration in any surgace or below-
surface arealess than or equal to 25 m g)s(ceeds the
limit or guideline by afactor of (100/A) , [where A is
the area (in square meters) of the region in which the
concentrations are elevated] limits for “hot spots”’ shall
also be developed and applied. Procedures for calcu-
lating these hot-spot limits, which depend on the extent
of the elevated local concentrations, are given in
DOE/CH-8901. In addition, reasonable efforts shall be
made to remove any source of radionuclides that ex-
ceeds 30 times the appropriate limit for soil, irrespec-
tive of the average concentration in the soil.

(2) The generic guidelines for residual concentrations of
radium-226, radium-228, thorium-230 and thorium-232
are

(@) 5pCilg, averaged over the first 15 cm of soil be-
low the surface

(b) 15 pCi/g, averaged over 15-cm thick layers of soil
more than 15 cm below the surface
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
DOE 5400.5, Chapter 1V,
4.b

AEA
DOE 5400.5, Chapter 1V,
4.c

Airborne Radon Decay Products - Generic guidelines for
concentrations of airborne radon decay products shall apply
to existing occupied or habitable structures on private prop-
erty that are intended for release without restriction; struc-
tures that will be demolished or buried are excluded. The
applicable generic guideline (40 CFR 192) is: In any occu-
pied or habitable building, the objective of remedia action
shall be, and areasonable effort shall be made to achieve,
an annual average (or equivalent) radon decay product con-
centration (including background) not to exceed 0.02 WL.
[A working level (WL) isany combination of short-lived
radon decay productsin 1 I_5 of air that will result in the ul-
timate emission of 1.3 x 10" MeV of potential aphaen-
ergy.] Inany case, the radon decay product concentration
(including background) shall not exceed 0.03 WL. Reme-
dia actions by DOE are not required to comply with this
guideline when there is reasonable assurance that residual
radioactive material is not the source of the radon concen-
tration.

Residual Radioactivity - The average level of gammaradia
tion inside a building or habitable structure on a site to be
released without restrictions shall not exceed the back-
ground level by more than 20 uR/h and shall comply with
the basic dose limit when an “appropriate-use” scenario is
considered. This requirement shall not necessarily apply to
structures scheduled for demolition or to buried founda-
tions. External gamma radiation levels on open lands shall
also comply with the basic limit and the ALARA process,
considering appropriate-use scenarios for the area.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

A
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Table B-2. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
DOE 5400.5, Chapter 1V,
4d

AEA
DOE 5400.5, Chapter 1V,
5.a

AEA
DOE 5400.5, Chapter 1V,
5b

AEA
DOE 5400.5, Chapter IV,
6.b(2)

Residual Radioactivity - The generic surface contamination
guidelines provided in Figure 1V-1 are applicable to exist-
ing structures and equipment. These limits apply to both
interior equipment and building components that are poten-
tially salvageable or recoverable scrap. If abuilding is de-
molished, the guidelines in paragraph 1V .6a are applicable
to the resulting contamination in the ground.

Residual Radioactivity - The authorized limits for each
property shall be set equal to the generic or derived guide-
lines unless it can be established, on the basis of specific
property data (including health, safety, practical, program-
matic, and socioeconomic considerations), that the guide-
lines are not appropriate for use at the specific property.
The authorized limits shall be established to (1) provide
that, at a minimum, the basic dose limitsin paragraph V.3
will not be exceeded under the “worst-case” or “plausible-
use” scenarios, consistent with the procedures and guidance
provided in DOE/CH-8901, or (2) be consistent with appli-
cable generic guidelines. The authorized limits shall be
consistent with limits and guidelines established by other
applicable Federal and state laws. The authorized limits are
developed through the project officesin the field and are
approved by the Headquarters Program Office.

Residual Radioactivity - Remedial action shall not be con-
sidered complete until the residua radioactive material lev-
els comply with the authorized limits, except as authorized
pursuant to paragraph 1.7 for specia situations where the
supplemental limits and exceptions should be considered
and it is demonstrated that it is not appropriate to decon-
taminate the area to the authorized limit or guideline value.
Residual Radioactivity - Control and stabilization features
shall be designed to provide, to the extent reasonably
achievable, an effective life of 50 years with aminimum life
of at least 25 years.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA reguirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

A
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - Controls shall be designed such DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 1V, that Rn-222 concentrations in the atmosphere above facility  nent to SRS HLW tank operations, including
6.b(2) surfaces or openings in addition to background levels, will closure.
not exceed: (@) 100 pCi/L at any given point; (b) an annual
average concentration of 30 pCi/L over the facility site;
(c) an annual average concentration of 3 pCi/L at or above
any location outside the facility site; and (d) flux rates from
the storage of radon producing wastes shall not exceed
20 pCi/(m sec), asrequired by 40 CFR 61.
AEA Residual Radioactivity - Controls shall be designed such DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 1V, that concentrations of radionuclidesin the groundwater and  nent to SRS HLW tank operations, including
6.b(3) quantities of residual radioactive materia will not exceed closure.
applicable Federal or state standards.
AEA Residual Radioactivity - Accessto a property and use of DOE Ordersimplement AEA requirements perti- A

DOE 5400.5, Chapter IV,
6.b(4)

onsite material contaminated by residual radioactive mate-
rial should be controlled through appropriate administrative
and physical controls such as those described in 40 CFR
192. These control features should be designed to provide,
to the extent reasonable, an effective life of at least

25 years.

nent to SRS HLW tank operations, including
closure.

yelq Areuiplid

002 1snbny



66-d

861700-€00C-04SM

Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Interim Management - A property may be maintained under  DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 1V, an interim management arrangement when the residual ra- nent to SRS HLW tank operations, including
6.c dioactive material exceeds the guideline valuesif theresid-  closure.

ual radioactive material isin accessible locations and would
be unreasonably costly to remove; provided that administra-
tive controls are established by the responsible authority
(Federal, state, or local) to protect members of the public
and that such controls are approved by the appropriate Pro-
gram Assistant Secretary or Director.

The administrative controls include but are not limited to:
periodic monitoring as appropriate; appropriate shielding;
physical barriersto prevent access,; and appropriate radio-
logical safety measures during maintenance, renovation,
demoalition, or other activities that might disturb the residua
radioactive material or cause it to migrate.

The owner of the property should be responsible for imple-
menting the administrative controls and cognizant Federal,
state, and local authorities should be responsible for enforc-
ing them.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - For uranium, thorium, and their DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 1V, decay products: nent to SRS HLW tank operations, including
6.d(1) closure.

@

(b)

(©

(d)
()

Control and stabilization features shall be designed to
provide, to the extent reasonably achievable, an effec-
tivelife of 1,000 years with aminimum life of at |east
200 years.

Control and stabilization features shall be designed to
limit Rn-222 emanation to the atmosphere from the
wastesto | ess than an annual average release rate of

20 pCi/(m sec) and prevent increases in the annual av-
erage Rn-222 concentration at or above any location
outside the boundary of the contaminated area by more
than 0.5 pCi/L. Field verification of emanation rates
shall be in accordance with the requirements of 40 CFR
Part 61.

Before any potentially biodegradable contaminated
wastes are placed in along-term management facility,
such wastes shall be properly conditioned so that the
generation and escape of biogenic gases will not cause
the requirement in paragraph 1V.6d(1)(b) to be ex-
ceeded and that biodegradation within the facility will
not result in premature structural failurein violation of
the requirements in paragraph 1V.6d(1)(a).
Groundwater shall be protected in accordance with
legally applicable Federal and state standards.

Access to a property and use of onsite material con-
taminated by residual radioactive material should be
controlled through appropriate administrative and
physical controls such as those described in 40 CFR
Part 192. These controls should be designed to be ef-
fective to the extent reasonable for at least 200 years.
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Table B-2. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - If specific property circumstances ~ DOE Ordersimplement AEA requirements perti- A

DOE 5400.5, Chapter IV, 7

indicate that the guideline or authorized limits established
for a given property are not appropriate for any portion of
that property, supplemental limits or an exception may be
requested. Any supplemental limits shall achieve the basic
dose limits set forth in Chapter 11 of this Order for both cur-
rent and potential unrestricted uses of a property. Excep-
tions to the authorized limits defined for a property may be
applied to any portion of the property when it is established
that the authorized limits cannot reasonably be achieved and
that restrictions on use of the property are necessary. It
shall be demonstrated that the exception is justified and that
the restrictions will protect members of the public within the
basic dose limits of this Order.

nent to SRS HLW tank operations, including
closure.

a. Entry shown in brackets provides rationale for including/excluding guidance in the Relevant and Appropriate and To-be-Considered Materials categories
from the consolidated table. In general, such guidance is included in the consolidated table (Table B-3) in cases where it is more stringent than a requirement
in the Applicable category, and excluded from the consolidated table in cases where it is less stringent than a requirement in the Applicable category or where
compliance is met by adherence to general provisions of the Closure Plan.

b. Categories are defined as follows:

A = Applicable (substantive Federal and state environmental protection requirements, criteria, or limits that directly apply to SRS high-level waste
tank system closure operations.)
RA = Relevant and Appropriate (substantive Federal and state environmental protection requirements, criteria, or limits that, while not directly ap-
plicable, are judged to be well suited for use for SRS high-level waste tank system closure operations based on their applicability to similar opera-

tions.)

TBC = To-be-Considered Materials (advisories, guidance, proposed rules and the like issued by Federal or State government that are not legally
binding, but that are judged to be useful in establishing environmental protection protocols and performance objectives or in evaluating closure op-
tions with respect to protectiveness of human health and the environment.)
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Table B-3. Consolidate potential requirements and guidance details for SRS high-level waste tank system closure.

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
SCPCA Proper Closeout of Waste Treatment Facilities Not Defined ~ Applicable to SRS HLW tanks that are permitted A
R.61-82, Section IV As L agoons or Package Plants - Waste treatment unitsshall by SCDHEC asindustrial wastewater treatment
be closed in accordance with guidelinesissued by SCDHEC  facilities (FFA, Section IX.E.4). Made applicable
on an individual basis. These guidelines shall be designed to all SRS HLW tanks except Tank 16 by DOE's
to prevent health hazards and to promote safety in and commitment in its November 9, 1993, Waste Re-
around the abandoned sites. moval Plan and Schedule (FFA, Section 1X.E.1,2).
Applicability extended to all SRS HLW tank sys-
tems pursuant to discussions with SCODHEC and
EPA.
CWA Water Quality Criteriato Protect Aquatic Life - Numeric Generally applicable standards for maintaining A
R.61-68.E(7) criteriafor all class surface waters are adopted for toxic quality of surface water.

pollutants for which the EPA has published national criteria
to protect aquatic life pursuant to Section 304(a) of the Fed-
eral CWA and for ammonia and chlorine. No numeric cri-
teriaare listed in this regulation; however, the national nu-
meric criteria devel oped and published by EPA are hereby
adopted by reference. Compounds with national criteriato
protect aquatic life listed in this regulation include:

Arsenic Mercury
Cadmium Nickel
Chromium (+3 and +6) Selenium (+4)
Copper Silver

Lead Zinc

[Additional standards are included for pesticides and
PCBs.]
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Table B-3. (Continued).

Requirements/
Guidance

Citation Requirement/Guidance Summary Rationale for Use® Category”
CWA Water Quality Criteria- SCDHEC guidance (spreadsheet SCDHEC guidance to be considered in the iden- TBC
NPDES Permit Limita- dated January 12, 1999) that identifies ambient water qual- tification of appropriate ambient water quality
tions and Rationale Guid- ity criteria (concentration limits for individual constituents)  criteriafor protection of aquatic life and human
ance for deriving NPDES permit limits. health.
CWA Water Quality Standards to Protect Human Health - State Generally applicable standards for maintaining A

R.61-68.E(12)(a-b)

ambient water quality standards to protect human health are
listed in Appendix 2 of thisregulation. These standards
will be applicable to surface waters at average annual flow
conditions or at average tidal dilution conditions, whichever
isappropriate. The substances and their standards (pg/l)
are

MCL Organic Consumption
Antimony 6 4,300
Arsenic - 14
Beryllium 4 -
Cadmium 5 -
Chromium (total) 100 -
Mercury - 0.15
Nickel 100 4,600
Selenium 500 -
Thallium 2 6.3

[Additional standards are included for cyanide, asbestos,
and organics]

quality of surface water.

002 snbny

yelq Areuwiplid



861700-€002-04SM

¥0T-9

| TableB-3. (Continued).

Requirements/
Guidance
| Citation Requirement/Guidance Summary Rationale for Use® Category”

CWA Water Quality Standards to Protect Human Health - A list Generally applicable standards for maintaining A
R.61-68.E(10) of water quality standards based on organoleptic data (pre-  quality of surface water.

vention of undesirable taste and odor) are adopted herein.

Those substances and their adopted standards are listed in

Appendix 3. For substances that have both aguatic life

and/or human health standards and organoleptic standards,

the more stringent of the three will be used to derive efflu-

ent limits. The substances and their standards (ug/l) are:

Copper 1,000

Zinc 5,000

Chlorobenzene 20

2-chlorophenol 0.1

2,4-dichlorophenol 0.3

2,4-dimethyl phenol 400

3-methyl-4-chlorophenol 3,000

Pentachl orophenol 30

Phenol 300

Acenaphthene 20

Hexachlorocyclopentadiene 1
CWA Class Descriptions, Designations, and Specific Standards Generally applicable standards for maintaining A

R.61-68.G(8)(c)

for Surface Waters - Freshwaters shall meet standards for
toxic pollutants listed in Section 307 of the Federal CWA
and for which EPA has developed national criteria, and
ammonia and chlorine. Standards for these substances are
prescribed in Sections E.11 and E.12 of this regulation.
[The surface waters potentially affected by HLW tank clo-

sure activities, Fourmile Branch and Upper Three Runs, are
classified as “freshwaters’ under R.61-68.G.]

quality of surface water.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Categoryb
CWA Class Descriptions and Specific Standards for Ground Wa-  Generally applicable standards for maintaining A
R.61-68.H ters - All South Carolina groundwater is classified GB ef- quality of groundwater.
fective June 28, 1995. Quality standards for Class GB
groundwaters are:
Inorganic chemicals shall meet standards set forth in
the State Primary Drinking Water Regulations,
R.61-58.5.B(2).
Organic chemicals shall meet standards set forth in the
State Primary Drinking Water Regulations,
R.61-58.5.D(2).
Manmade radionuclides shall not exceed concentra-
tions or amounts such as to interfere with use, actual or
intended, as determined by the Department. [This
standard also includes primary pollutant VVOCs, pesti-
cides, herbicides, PCBs, synthetic organic compounds,
and various wastes.]
SDWA Maximum Contaminant Levels - The maximum contaminant EPA Federal regulation and corresponding SC A
40 CFR 141.66(b) levels for combined radium-226 and radium-228 - 5 pCi/L. requlation that is applicable to operators of public
(Subpart G) drinking water systems. These limits have been
R.61-58.5(J)(2) applied to groundwater beneath and adjacent to
projects similar to the HLW tank closure and are
well suited for use as indicators of groundwater
protection. Invoked by DOE Order 5400.5,
Chapter 11, 1.d as applicable.
SDWA Maximum Contaminant Levels - The maximum contaminant EPA Federal regulation and corresponding SC A
40 CFR 141.66(c) level for gross alpha particle activity (including radium-226  regulation that is applicable to operators of public
(Subpart G) but excluding radon and uranium) is 15 pCi/L. drinking water systems. These limits have been
R.61-58.5(J)(2) applied to groundwater beneath and adjacent to

projects similar to the HLW tank closure and are
well suited for use as indicators of groundwater
protection. Invoked by DOE Order 5400.5,
Chapter 11, 1.d as applicable.

00z 1snbny

yeuq Areuuipid



861700-€00C-O4SM

90T-4d

(0]
=

Table B-3. (Continued).

Citation

40 CFR 141.66(d)(1)

Requirement/Guidance Summary

Maximum Contaminant Levels - The average annual con-

Rationale for Use®

Requirements/
Guidance

Category”

EPA Federal regulation and corresponding SC

centration of beta particle and photon radioactivity from

regulation that is applicable to operators of public

(Subpart G)
R.61-58.5(L)(2)(a)

man-made radionuclides in drinking water must not produce

drinking water systems. These limits have been

an annual dose equivalent to the total body or any internal

applied to groundwater beneath and adjacent to

organ greater than 4 mrem/year.

projects similar to the HLW tank closure and are
well suited for use as indicators of groundwater
protection. Invoked by DOE Order 5400.5,
Chapter |1, 1.d as applicable.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Categoryb

SDWA Maximum Contaminant Levels - Except for the radionu- EPA Federal regulation and corresponding SC A
40 CFR 141.66(d)(2) clideslisted in Table A, the concentration of man-made ra- regulation that is applicable to operators of public
(Subpart G) dionuclides causing 4 mrem total body or organ dose drinking water systems. These limits have been
R.61.58.5(L)(2)(b) equivalents must be calculated on the basis of a 2 liter per applied to groundwater beneath and adjacent to

day drinking water intake using the 168 hour data listed in projects similar to the HLW tank closure and are

“Maximum Permissible Body Burdens and Maximum Per- well suited for use as indicators of groundwater

missible Concentration of Radionuclidesin Air or Water for  protection. Invoked by DOE Order 5400.5,

Occupational Exposure” (NBS Handbook 69 as amended Chapter 11, 1.d as applicable.

August 1963, U.S. Department of Commerce). If two or

more radionuclides are present, the sum of their annual dose

equivalent to the total body or any organ shall not exceed

4 mrem/year.

Table A - Average Annual Concentrations Assumed to Pro-

duce a Total Body or Organ Dose of 4 mrem/yr

Radionuclide Critical Organ pCi per liter

Tritium Total body 20,000

Strontium-90 Bone marrow 8
SDWA Maximum Contaminant Levels — The maximum contami- EPA Federal regulation that is applicable to op- A
40 CFR 141.66(¢€) nant level for uranium is 30 pg/L. erators of public drinking water systems. These
(Subpart G) limits have been applied to groundwater beneath

and adjacent to projects similar to the HLW tank
closure and are well suited for use as indicators
of groundwater protection. Invoked by DOE
Order 5400.5, Chapter 11, 1.d as applicable.
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Table B-3. (Continued).

Citation

Eag

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance

Category”
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

SDWA Maximum Contaminant L evels Goals - The MCLGs for EPA Federal regulation applicable to operators of RA
40 CFR 141.51 inorganic constituents are: public drinking water systems. These limits have
(Subpart F) Contaminant Milligrams per liter been applied to groundwater beneath and adja-

Antimony 0.006 cent to proj ects_ similar to the _H LW tank closure

. and are well suited for use as indicators of

Barlur_n 2 groundwater protection.

Beryl I_' um 0.004 [Provides relevant and appropriate groundwater

Cagdmium 0.005 quality standards for copper and lead.]

Chromium 0.1

Copper 13

Fluoride 4

Lead zero'

Mercury 0.002

Nitrate 10 (asN)

Nitrite 1(asN)

Total nitrate & nitrite 10 (asN)

Selenium 0.05

Thallium 0.0005

*action level for lead is 0.015 mg/|
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
SDWA Maximum Contaminant L evels - The MCLsfor inorganic EPA Federal regulation and corresponding SC A
40 CFR 141.62(b) congtituents are: regulation that is applicable to operators of public
(Subpart G) drinking water systems. These limits have been

R.61-58.5(B)(2)

Contaminant
Fluoride
Arsenic
Barium
Cadmium
Chromium
Mercury
Nitrate
Nitrite

Total nitrate & nitrite
Selenium
Antimony
Beryllium

Cyanide (as free cyanide)

Thallium

Milligrams per liter

4.0

0.01

2.0
0.005
0.1
0.002

10 (asN)
1(asN)
10 (asN)
0.05
0.006
0.004
0.2

0.002

[Standard also includes asbestos fiber limit.]

applied to groundwater beneath and adjacent to
projects similar to the HLW tank closure and are
well suited for use as indicators of groundwater
protection. Made applicable by R.61-68.H.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA The agreement directs the comprehensive remediation of Standards for SRS HLW tank systems set forth in A
SRS FFA WSRC-05-94- SRS and also delineates the relationship between its re- Section I X and Appendix B of the FFA apply to
42 - DOE, EPA & quirements and the requirements for corrective measures tank operations, including closure activities. Sec-

SCDHEC, 8/16/93

being conducted under RCRA Sections 3004 (u) and (v)
according to the conditions of the Federal and State RCRA
permit.

Section IX - High-Level Radioactive Waste Tank System(s)

Section IX.E.1 - DOE has submitted a waste removal plan
and schedule for the waste tank systems. DOE shall remove
the tanks from service according to the approved plan(s)
and schedule(s). Waste tanks deemed unsuitable by
SCDHEC shall not receive additional waste prior to sched-
ule approval for such receipt and only if waste receipt is
approved as part of the plan associated with such a sched-
ule.

Section I1X.E.2 - The DOE waste tank system(s) removal
plan(s) shall provide for the removal or decontamination of
all residues, contaminated containment systems components
(liners, etc.), contaminated soils and structures and equip-
ment contaminated with hazardous and/or radioactive sub-
stances. If DOE demonstrates that it cannot practicably
remove or decontaminate soils or structures and equipment,
then DOE shall conduct all necessary response actions un-
der Section XI through XVI of this Agreement for those
waste tank system(s).

Section IX.E.3 - DOE will submit to EPA and SCDHEC an
annual report on the status of the tanks being removed from
service under Subsection E.1.

tion XXII1, “Permits,” and Section XXIV, “Crea-
tion of Danger,” are applicable to activities un-
dertaken pursuant to the FFA, including HLW
tank closure.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA Section I1X.E.4 - For waste tank system(s) that DOE decides
SRS FFA WSRC-05-94-  to remove from service that have been issued an industrial
42 - DOE, EPA & wastewater permit under the SC Pollution Control Act
SCDHEC, 8/16/93 (cont.)  (SCPCA): DOE shall remove such waste tank system(s)
from service in accordance with the SCPCA and all appli-
cable regulations promulgated pursuant to the SCPCA. For
any waste tank systems(s) for which closure or removal
from serviceis or has been conducted under the SCPCA,
DOE shall conduct Site Evaluation in accordance with Sec-
tion X of the FFA.
CERCLA Waste removal plan and schedule for the HLW tank sys- Applicable to the removal of SRS HLW tanks A
Waste Remova Planand  tem(s) and/or component(s) that do not meet secondary from service in accordance with Section IX.E.1
Schedule for the HLW containment standards or that leak or have leaked as re- of the FFA.

Tank Farms, WSRC-RP-
93-1477, Rev. 0, 11/9/93

quired by Section IX.E of the SRS FFA. This 1993 docu-
ment was replaced by the “F/H AreaHigh Level Waste
Removal Plan and Schedule” (WRP& S) submitted January
15, 1998 and approved by SCDHEC on February 26, 1998
and EPA Region IV on June 22, 1998. The WRP& S pro-
vides dates for removal from service and operationa clo-
sure of each noncompliant tank and commits to complete
closure of all noncompliant tanks no later than fiscal year
2022. The approved WRP& Siis provided in the Savannah
River Site High Level Waste System Plan.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
CERCLA DOE's planning tool for managing HLW tank A

High-Level Waste Tank
Closure Program Plan,
(Rev. 1, August 2001)

CAA
40 CFR 61.92
(NESHAP)

Standard - Emissions of radionuclides to the ambient air
from Department of Energy facilities shall not exceed those
amounts that would cause any member of the public to re-
ceivein any year an effective dose equivalent of

10 mrem/yr.

system closure activities, including the environ-
mental restoration (ER) program’s soil assess-
ment/remedial actions related to the closed tank
systems. Chapter 4 includes arationale for the
proposed tank closure sequence and identifies
operational tank groupings. Chapter 5 provides a
process description and generic schedule for field
investigation and remedial actions on contami-
nated soil around tank groupings as they are
closed by the HLW program. It describes the
development of tank grouping-specific co-
occupancy plans (COPs) to define the HLW and
ER program responsibilities, plan and schedule,
and coordination of intrusive activities under the
ER program with ongoing HLW operationsin the
Tank Farms.

EPA Federal regulation that is applicable to all A
SRS operations, including HLW tank closure.
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| TableB-3. (Continued).

| Requirements/
Guidance
| Citation Requirement/Guidance Summary Rationale for Use® Category”
| CAA Ambient Air Quality Standard - The following table consti-  SC standards which implement national primary A
SC R.61-62.5 tutes the ambient air quality standards for the State of South  and secondary ambient air quality standards.
Air Pollution Control Carolina. The analytical methods to be used will be those Standards are applicable to all SRS operations,
Standard No. 2 applicable Federal Reference Methods published in 40 CFR  including HLW tank closure and provide stan-
50, Appendices A-H asrevised July 1, 1986. Inthecaseof  dardsfor evaluation of criteria pollutant emis-
fluorides either the double paper tape sampler methods sions and impacts.

(ASTM D-3266-79) or the sodium bicarbonate-coated glass
tube and particul ate filter method (ASTM D3268-78) may

be used.
Standard
Measuring (pg/m3 unless
Pollutant Interval noted otherwise) (1)(2)
Sulfur dioxide 3 hour 1,300(3)
24 hours 365(3)
annual 80
Total suspended Annua 75
particulates geometric
mean
PM10 24 hours 150(4)
annua 50(4)
PM2 5 24 hours 65(5)
Annua 15(5)
Carbon monoxide 1 hour 40 mg/m3
8 hour 10 mg/m3
Ozone 1 hour 0.12 ppm (4)
8 hour 0.08 ppm (5)
Gaseousfluorides 12 hr. avg. 37
(asHF) 24 hr avg. 29
1 wk. avg. 16
1 mo. avg. 0.8
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Table B-3. (Continued).

Requirements/
Guidance

Citation Requirement/Guidance Summary Rationale for Use® Category”
CAA Nitrogen dioxide annual 100
SCR.61-62.5 Lead Calendar 15
Air Pollution Control quarterly
Standard No. 2 (cont.)

mean

(1) Arithmetic average except in case of total suspended

particulate matter.

(2) At25°Cand 760 mm Hg.

(3) Not to be exceeded more than once a year.

(4) Attainment determinations will be made based on the
criteria contained in Appendixes H and K, 40 CFR 50,
July 1, 1987.

(5) Amendmentsto R.61-62.5 to incorporate new federal
standards for 0zone and PM 2 5 pending EPA imple-
mentation rules.
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| TableB-3. (Continued).

| Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

| caa
SC R.61-62.5
Air Pollution Control
Standard No. 8, Toxic Air
Pollutants

| National Environmental
Palicy Act, 42 U.S.C.
4321 et seq., 10 CFR
1021

Il. Toxic Air Emissions - E. The allowable ambient air con-
centrations of atoxic air pollutant beyond the plant property
line as determined by modeling under Part A shall be lim-
ited to the value listed in the following table in this section,
which include:

Maximum
Allowable
Concentration
Chemical Name CASNo. (uq/ms)a
Category |: Low Toxicity

None

Category I1: Moderate Toxicity
Oxalic acid 144-62-7 10.00

Category I11: High Toxicity

Benzene 71-43-2 150.00
Chromium(+6) compounds None 2.50
Manganese compounds None 25.00
Mercury 7439-97-6 0.25
Nickel 7440-02-0 0.50
Selenium compounds None 1.00
°For the purpose of this standard, these val ues shall be
rounded to the nearest hundredth of apg/m. For example,
atest or modeled value of 0.005 through 0.01 would be
rounded to 0.01 but values less than 0.005 would be
rounded to 0.00.
[Note: See SC R.61-62.5 for a complete list of pollutants
and corresponding standards.]
Requirements of NEPA to evaluate SRS HLW tank closure
options would be fulfilled in accordance with DOE imple-
menting regulations (10 CFR 1021). NEPA evaluation will
address impacts, including occupational exposure to site
personnel, associated with various closure alternatives.

SC Standards that implement Federal air toxic
control program requirements. Standards are
applicable to all SRS operations, including HLW
tank closure and provide standards for evaluation
of toxic pollutant emissions and impact.

Environmental assessment requirements of
NEPA are applicable to all SRS operations, in-
cluding HLW tank closure.

A
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

Endangered Species Act
of 1973 (16 U.S.C. 1531
et seq.); 50 CFR 402 and
related statutes (Anadro-
mous Fish Conservation
Act, Bald Eagle Protec-
tion Act, South Carolina
Nongame and Endangered
Species Conservation Act,
Migratory Bird Treaty
Act, Fish and Wildlife
Coordination Act)

National Historic Preser-
vation Act, 16 U.S.C. 470
et seg. and related legidla-
tion (e.g., Antiquities Act,
Historic Sites Act, Ar-
cheological and Historic
Preservation Act, Ar-
chaeological Resources
Protection Act, American
Indian Religious Freedom
Act)

Prohibits Federally authorized actions that probably would
jeopardize the existence of any threatened or endangered or
otherwise protected species or result in the destruction or
adverse modification of acritical habitat.

Impact potential on cultural resources for HLW tank closure
options, if any, would be formally evaluated in the context
of NEPA.

Applicableif threatened or endangered or other-
wise protected species or habitats exist on or near
the site, or could be affected by the proposed
action.

Requirements to evaluate potential impact to cul-
tural resourcesis applicable to all SRS projects.

A
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Standards Applicable to Generators of Hazardous Waste - Applicable to any hazardous waste generated as a A
40 CFR 262 Generators of hazardous waste are required to do the fol- result of SRSHLW tank closure activities. Haz-
R.61-79.262 lowing: ardous wastes that are managed in wastewater
. Determineif the waste is hazardous waste and identify ~ treatment units (e.g., wastes transferred to other
requirements for management of hazardous waste asset  HLW tank systems) can be excluded from
forth in Parts 264, 265, and 268; obtain an EPA identi- ~ RCRA permitting and operating standards.
fication number (Subpart A)
Comply with manifest requirements for transport of
hazardous waste off the site (Subpart B)
Comply with pretransport requirements for hazardous
waste packaging, labeling, marking, placarding, and
accumulation; comply with storage facility require-
ments of Parts 264, 265, and 270 if hazardous waste is
stored for more than 90 days (Subpart C)
Comply with recordkeeping and reporting requirements
for hazardous waste generation, offsite transport, treat-
ment, storage, and disposal (Subpart D)
RCRA Corrective Action for Solid Waste Management Units- An  Applicable to the HLW tanks because the F- and A
40 CFR 264.101 owner/operator seeking a permit for the treatment, storage, = H-Area Tank Farms are identified on the site
(Subpart F) or disposal of hazardous waste must institute corrective evaluation list (Appendix G) of the FFA. Com-
R.61-79.264.101 action as necessary to protect human health and the envi- pliance with the requirements of the FFA, includ-
(Subpart F) ronment for all releases of hazardous waste or constituents  ing the schedules and commitments therein, will

from any Solid Waste Management Unit at the facility, re-
gardless of the time at which the waste was placed in such
unit. Corrective action will be specified in the permit appli-
cation in accordance with this section and subpart S.

The owner/operator must implement corrective action be-
yond the facility property boundary, where necessary to
protect human health and the environment, unless he dem-
onstrates that he was unable to obtain the necessary permis-
sion to undertake such actions.

This section a so sets forth standards for monitoring well
installation.

congtitute compliance with the corrective action
reguirements at SWMUs and Areas of Concern
(AOCs) set forthin Module IV, “ Corrective Ac-
tion,” of the SRS RCRA permit.

Compliance with provisions of this closure plan
and regulatory approval of individual HLW tank
system closure plan modules ensure that closure
activities to be conducted under this plan will be
consistent with RCRA reguirements for correc-
tive action for SWMUSs with respect to the F- and
H-Area Tank Farms, which will be implemented
in accordance with the FFA.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Land Disposal Restrictions - Specifies standards to which LDR applicableto land disposal of hazardous A
40 CFR 268 hazardous waste must be treated prior to land disposal and ~ wastes:
R.61-79.268 prohibits storage of untreated hazardous waste except under Removed from HLW tanks as part of tank

specified conditions. Subpart D sets forth the treatment
standards and Subpart E identifies prohibitions on storage
applicable to restricted wastes.

closure activities

Generated as aresult of tank closure activi-
ties
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Categoryb
RCRA Applicability of Treatment Standards - A waste identifiedin ~ Applicable to land disposal of hazardous wastes A
40 CFR 268.40 the table “ Treatment Standards for Hazardous Wastes’ in that occurs as aresult of HLW tank closure ac-
(Subpart D) this section may be land disposed only if it meets the re- tivities.
R.61-79.268.40 quirements found in the table. For each waste, the table
(Subpart D) identifies one of three types of treatment requirements:

(1)  All hazardous constituents in the waste or in the
treatment residues must be at or below the levels
found in the table (“total waste standards”)

(2) Thehazardous constituents in the extract of the
wastes or the treatment residue must be at or below
the levels found in the table (“waste extract stan-
dards’)

(3) Thewaste must be treated using the technology
specified in the table (“technology standard”)

These standards are established for two types of waste:
“wastewaters’ which are generally wastes containing less
than 1 percent by weight TOC and less than 1 percent by
weight TSS and “nonwastewaters’ [Sections 268.2(d) and
1.

The table includes entries specific to certain mixed wastes:
“Radioactive high level wastes generated during the reproc-
essing of fuel rods’ (nonwastewaters only) that are D002 or
D004-D011 hazardous wastes are subject to the HLVIT
standard.

“Radioactive lead solids’ (nonwastewaters only) that are
D008 hazardous wastes are subject to the MACRO stan-
dard.

“Elemental mercury contaminated with radioactive materi-

als’ (nonwastewaters only) that are DO09 hazardous wastes
are subject to the AMLGM standard.
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

RCRA

40 CFR 268.40
(Subpart D)
R.61-79.268.40
(Subpart D) (cont.)

RCRA
40 CFR 268.45

R.61-79.268.45

In the Third Third rule, EPA indicated that the HLVIT
standard would apply to the “high-level fraction of the
mixed waste generated during the reprocessing of fuel rods’
exhibiting the characteristics of corrosivity and toxicity for
metals (see 55 FR 22627). Incidental wastes associated
with HLW tank closure that are also mixed wastes would
not require treatment by vitrification, but could nevertheless
reguire treatment in accordance with the applicable LDR
treatment standards for any hazardous characteristics, in-
cluding standards for any underlying hazardous constitu-
ents.

In addition to a specified technology or waste-specific con-
centration standard, wastes may also be subject to LDR
treatment standards for underlying hazardous constituents
set forth in Section 268.48. For example, a corrosive char-
acteristic waste (D002) would have to be deactivated (i.e.,
rendered no longer corrosive) and treated to achieve the
UTS concentration limits for any underlying hazardous con-
stituents.

Treatment Standards for Hazardous Debris - Hazardous
debris may be treated in accordance with the waste-specific
standards or, alternatively, the debris may be treated in ac-
cordance with the standards set forth in Table 1 of this sec-
tion. The alternative standards for hazardous debris include
extraction, destruction, and immobilization technologies.
Debristhat istreated using one of the specified extraction
or destruction technologies, and which does not exhibit a
hazardous waste characteristic, is no longer subject to regu-
lation as hazardous waste. Debristhat istreated using one
of the specified immobilization technologies may be ex-
cluded (e.g., debristhat, after immobilization, no longer
exhibits the characteristic for which the debris was hazard-
ous waste).

Applicableto land disposal of hazardous wastes
that occurs as aresult of HLW tank closure ac-
tivities.
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
RCRA Universal Treatment Standards - Table UTSinthissection  Applicable to land disposal of hazardous wastes A
40 CFR 268.48 identifies the hazardous constituents and their nonwastewa-  that occurs as aresult of HLW tank closure ac-
R.61-79.268.48 ter and wastewater treatment standard levels. For determin-  tivities.
ing compliance with the treatment standards for underlying
hazardous constituents as defined in Section 268.2(i), these
congtituent-specific treatment standards may not be ex-
ceeded.
RCRA Prohibitions on storage of restricted wastes - Storage of Applicable to management of hazardous wastes A
40 CFR 268.50 hazardous wastes restricted from land disposal is prohibited  generated as aresult of SRS HLW tank closure
(Subpart E) unless such storage is in tanks, containers, or containment activities.
R.61-79.268.50 buildings solely for the purpose of accumulating such quan-
(Subpart E) tities of hazardous waste as necessary to facilitate proper
recovery, treatment, or disposal.
AEA Protection of the General Population from Releases of Ra- SC state regulation that, while not directly appli- RA

Regulation 61-63, RHA
7.18

dioactivity - Concentration of radioactive material that
might be released to the general environment in groundwa-
ter, surface water, air, soil, plant, or animals shall not result
in an annual dose exceeding an equivalent of 25 millirem
(0.25 mSv) to the whole body, 75 millirem (0.75 mSv) to
the thyroid, and 25 millirem (0.25 mSv) to any other organ
of any member of the public. Reasonable effort should be
made to maintain releases of radioactivity in effluent to the
genera environment as low as reasonably achievable.

cable to HLW tank closure, isrelevant and ap-
propriate because it is well suited for use as an
indicator of protection of human health and the
environment.

[Comparable applicable requirement of DOE
Order 5400.5, Chapter |1, 1.a establishes a public
dose limit of 100 mrem/yr. More stringent re-
quirement for public dose limit of 25 mrem/yr
will be evaluated to determine impact, if any, on
remedial goals.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Dose Limits - Management and storage of spent nuclear [Requirement met by compliance with DOE Or- RA
40 CFR 191.3(b) fuel or high-level or transuranic radioactive wastes at al der 5400.5, Chapter 11, 1.c which stipulates a
facilities for the disposal of such fuel or waste that are oper-  dose equivalent not to exceed 25 mrem/yr to the
ated by the DOE and that are not regulated by the NRC or whole body or a committed dose equivalent not
Agreement States shall be conducted in a manner that pro- to exceed 75 mrem/yr to any organ.
vides reasonable assurance that the combined annual dose
equivalent to any member of the public in the general envi-
ronment resulting from discharges of radioactive material
and direct radiation from such management and storage
shall not exceed 25 mrem to the whole body and 75 mrem
to any critical organ.
AEA Containment Requirements - Disposal systems for spent EPA regulations that would be applicable to any RA
40 CFR 191.13(a) nuclear fuel or high-level or transuranic radioactive wastes ~ waste associated with HLW tank closure that is
shall be designed to provide a reasonable expectation, based HLW. For waste that is not HLW, these re-
on performance assessments, that the cumulative releasesof — quirements, while not directly applicable, would
radionuclides to the accessible environment for be relevant and appropriate because they are well
10,000 years after disposal from all significant processes suited for use asindicators of protection of hu-
and events that might affect the disposal system shall man health and the environment.
(1) havealikelihood of less than one chance in 10 of [More specific requirements regarding quantities
exceeding the quantities calculated according to of radionuclides that might be released will be
Table 1 (Appendix A), and evaluated to determine impact, if any, on reme-
(2) havealikelihood of less than one chancein 1,000  dial goals]
of exceeding 10 times the quantities calculated ac-
cording to Table 1 (Appendix A).
AEA Dose Limits - (a) Disposal systemsfor waste and any asso-  [Comparable applicable requirement of DOE RA
40 CFR 191.15 ciated radioactive material shall be designed to provide a Order 5400.5, Chapter 11, 1.c stipulates that re-

reasonable expectation that, for 10,000 years after disposal,
undisturbed performance of the disposal system shall not
cause the annual committed effective dose, received through
all potential pathways from the disposal system, to any
member of the public in the accessible environment, to ex-
ceed 15 mrem. (b) Annual committed effective dose shall
be calculated in accordance with Appendix B of this part.

leases to the environment should result in adose
equivalent that does not exceed 25 mrem/yr to
the whole body or a committed dose equivalent
of 75 mrem/yr to any organ. More specific re-
quirements for a committed effective dose not to
exceed 15 mrem/yr will be evaluated to deter-
mine impact, if any, on remedial goals.]
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Performance Objectives - Land disposal facilities must be NRC regulations that, while not directly applica- RA
10 CFR 61.40 sited, designed, operated, closed, and controlled after clo- bleto HLW tank closure, would be relevant and
(Subpart C) sure so that reasonable assurance exists that exposures to appropriate because they are well suited for use
humans are within limits established in the performance asindicators of the protection of human health
objectivesin Sections 61.41 through 61.44. and the environment.
[Requirements met by compliance with applica-
ble requirements of DOE Orders 5400.5 and
435.1, with specific exceptions noted below.]
AEA Protection of the general population from releases of radio-  [Requirement met by compliance with applicable RA
10 CFR 61.41 activity - Concentrations of radioactive material that might  requirement of DOE Manual 435.1-1, Chapter
(Subpart C) be released to the general environment in groundwater, sur- 1V, P(1), which establishes a dose limit of 25
face water, air, soil, plants, or animals must not resultinan ~ mrem/year from all pathways, excluding radon
annual effective dose exceeding an equivalent of : and its progeny in air. Comparable applicable
25 mrem whole body reguirement of DOE Order 5400.5, Chapter |1,
75 mrem thyroid la eﬂab_l ishesa dos_e limit of 100 mrem/)_/r.
25 mrem any other organ More stringent regquirements for dose equivalent
L not to exceed 25 mrem/yr whole body, 75
Rez_;\sone}bl_e e_ffort should be made to mai ntqn releases of mrem/yr to the thyroid, and 25 mrem/yr to any
radioactivity in ef_fluents to the general environment aslow i organ will be evaluated to determine im-
as reasonably achievable. pact, if any, on remedial goals]]
AEA Protection of individuals during operations - Operations at [Comparable applicable requirement of DOE RA
10 CFR 61.43 the land disposal facility must be conducted in compliance ~ Manual 435.1-1, Chapter IV, P(1) establishes
(Subpart C) with the standards for radiation protection set out in Part 20  performance objectives for low-level waste dis-

of this chapter, except for releases of radioactivity in efflu-
ents 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 reasona-
bly achievable.

posal. More specific requirementsin the refer-
enced regulations (10 CFR 20, 10 CFR 61.41)
are evaluated to determine impact, if any, on re-
medial goals.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Performance Objectives for the Geol ogic Repository NRC standards applicable to disposal of spent RA
10 CFR 63.111 Operations Area through Permanent Closure - nuclear fuel and high-level radioactive wastes in

(@)  Protection against radiation exposures and rel eases of
radioactive material

(1) The geologic repository operations area must
meet the requirements of Part 20 of this chapter.

(2) During normal operations, and for Category 1
event sequences, the annual TEDE to any mem-
ber of the public, located beyond the boundary of
the site shall not exceed the preclosure standard
specified at 10 CFR 63.204.

(b)  Numerical guidesfor design objectives

(1) The geologic repository operations area must be
designed so that, taking into consideration Cate-
gory 1 event sequences and until permanent clo-
sure has been completed, the aggregate radiation
exposures and the aggregate radiation levelsin
both restricted and unrestricted areas, and the ag-
gregate releases of radioactive materialsto unre-
stricted areas, will be maintained within the limits
specified in paragraph (a) of this section.

(2) The geologic repository operations area must be
designed so that taking into consideration any
single Category 2 event sequence and until per-
manent closure has been completed, no individual
located on, or beyond, any point on the boundary
of the site, will receive as aresult of the Category
2 event sequence,, the more limiting of a TEDE
of 0.05 Sv (5 rem), or the sum of the deep dose
equivalent and the committed dose equivalent to
any individual organ or tissue (other than the lens
of the eye) of 0.5 Sv (50 rem). The lens dose
equivalent may not exceed 0.15 Sv (15 rem), and
the shallow dose equivalent to skin may not ex-
ceed 0.5 Sv (50 rem).

the proposed geologic repository at Y ucca Moun-
tain, Nevada. While not directly applicable,
these standards are well suited for use asindica-
tors of protection of human health and the envi-
ronment.

[Comparable applicable requirement of DOE
Order 5400.5, Chapter 11, 1.a establishes a dose
limit of 200 mrem/yr. More stringent require-
ments (e.g., dose equivalent not to exceed 25
mrem/yr) will be evaluated to determine impact,
if any, on remedial goals.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Performance objective for the geologic repository after NRC standards applicable to disposal of spent RA
10 CFR 63.113 permanent closure nuclear fuel and high-level radioactive wastesin

(a) The geologic repository must include multiple barriers,
consisting of both natural barriers and an engineered
barrier system.

(b) The engineered barrier system must be designed so that,
working in combination with natural barriers, radiologi-
cal exposures to the reasonably maximally exposed in-
dividual are within the limits specified at § 63.311 of
subpart L of this part. Compliance with this paragraph
must be demonstrated through a performance assess-
ment that meets the requirements specified at § 63.114
of this subpart, and 8§ 63.303, 63.305, 63.312 and
63.342 of Subpart L of this part.

(c) The engineered barrier system must be designed so that,
working in combination with natural barriers, releases of
radionuclides into the accessible environment are within
the limits specified at § 63.331 of subpart L of this part.
Compliance with this paragraph must be demonstrated
through a performance assessment that meets the re-
quirements specified at § 63.114 of this subpart and
88 63.303, 63.332 and 63.342 of subpart L of this part.

the proposed geologic repository at Y ucca Moun-
tain, Nevada. While not directly applicable,
these standards are well suited for use asindica-
tors of protection of human health and the envi-
ronment.

[Comparable applicable requirement of DOE
Order 5400.5, Chapter 11, 1.a establishes a dose
limit of 100 mrem/yr. More stringent require-
ments (e.g., dose equivalent no to exceed 25
mrem/yr for 10,000 years) will be evaluated to
determine impact, if any, on remedial goals]
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Requirements/
Guidance

Rationale for Use® Category”

AEA
10 CFR 63.113

(cont.)

AEA
10 CFR 63.114

(d) The ability of the geologic repository to limit ra-
diological exposures to the reasonably maximally exposed
individual, in the event of human intrusion into the engi-
neered barrier system, must be demonstrated through an
analysis that meets the requirements at 88§ 63.321 and
63.322 of subpart L of this part. Estimating radiological
exposures to the reasonably maximally exposed individual
reguires a performance assessment that meets the require-
ments specified at § 63.114 of this subpart, and 88§ 63.303,
63.305, 63.312 and 63.342 of subpart L of this part.

Performance Assessment - Any performance assessment

used to demonstrate compliance with Sec. 63.113 must:

(a) Include datarelated to the geology, hydrology, and geo-
chemistry (including disruptive processes and events) of
the Y ucca Mountain site, and the surrounding region to
the extent necessary, and information on the design of
the engineered barrier system used to define parameters
and conceptual models used in the assessment.

(b) Account for uncertainties and variabilities in parameter
values and provide for the technical basis for parameter
ranges, probability distributions, or bounding values
used in the performance assessment.

(c) Consider aternative conceptual models of features and
processes that are consistent with available data and cur-
rent scientific understanding, and evaluate the effects
that alternative conceptual models have on the perform-
ance of the geologic repository.

(d) Consider only events that have at least one chancein
10,000 of occurring over 10,000 years.

NRC standards applicable to disposal of spent RA
nuclear fuel and high-level radioactive wastesin

the proposed geologic repository at Y ucca Moun-

tain, Nevada. While not directly applicable,

these standards are well suited for use asindica-

tors of protection of human health and the envi-

ronment.

[Comparable applicable requirement of DOE
Manual 435.1-1, Chapter 1V, P.(2) establishes a
performance assessment period of 1,000 years
after closure. More stringent requirements (e.g.,
10,000 years after closure) will be evaluated to
determine impact, if any, on remedial goals]
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
| AEA (e) Provide the technical basis for either inclusion or exclu-
10 CFR 63.114 sion of specific features, events, and processes in the
(cont.) performance assessment. Specific features, events, and

(f)

processes of the geologic setting must be evaluated in
detail if the magnitude and time of the resulting radio-
logical exposures to the reasonably maximally exposed
individual, or radionuclide releases to the accessible en-
vironment, would be significantly changed by their
omission.

Provide the technical basis for either inclusion or exclu-
sion of degradation, deterioration, or alteration proc-
esses of engineered barriers in the performance assess-
ment, including those processes that would adversely af-
fect the performance of natural barriers. Degradation,
deterioration, or alteration processes of engineered bar-
riers must be evaluated in detail if the magnitude and
time of the resulting radiological exposures to the rea-
sonably maximally exposed individual, or radionuclide
releases to the accessible environment, would be signifi-
cantly changed by their omission.

(g) Provide the technical basis for models used in the per-

formance assessment such as comparisons made with
outputs of detailed process-level models and/or empiri-
cal observations (e.g., laboratory testing, field investiga-
tions, and natural analogs).
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
10 CFR 63.115

AEA
40 CFR 193.13(a)
(Proposed)

Multiple barriers — Demonstration of compliance with Sec-
tion 63.113(a) must:

(a) Identify those design features of the engineered barrier
system, and natural features of the geologic setting, that
are considered barriers important to waste isolation.

(b) Describe the capability of barriers, identified asimpor-
tant to waste isolation, to isolate waste, taking into ac-
count uncertainties in characterizing and modeling the
behavior of the barriers.

(c) Provide the technical basis for the description of the
capability of barriers, identified asimportant to waste
isolation, to isolate waste. The technical basisfor each
barrier's capability shall be based on and consistent with
the technical basis for the performance assessments used
to demonstrate compliance with Sec. 63.113(b) and (c).

Standards for Disposal - Disposal systems for low-level
radioactive waste shall be designed to provide areasonable
expectation that [OPTION 1. “ within 1,000 years of dis-
posal, no member of the public shall receive,”] or [OPTION
2. “ the highest projected dose following disposal and re-
ceived through all pathways from the disposal system will
not exceed,” ] or [OPTION 3. “ no member of the public
shall receive, through all pathways from the disposal sys-
tem, during a period following disposal as determined by
the implementing agency,” ] an annual committed effective
dose of more than 150 microsieverts (15 mrem).

Proposed EPA Federal regulation that, when
promulgated, will be applicable to activitiesin-
volving disposal of low-level radioactive waste.
While not directly applicable to HLW tank clo-
sure, these requirements would be relevant and
appropriate because they are well suited for use
asindicators of protection of human health and
the environment.

[Comparable applicable requirement of DOE
Manual 435.1-1, Chapter 1V, P(1)(a) stipulates
releases to the environment should result in an
effective dose equivalent that does not exceed
25 mrem/yr. More specific requirement for a
committed effective dose not to exceed

15 mrem/yr will be evaluated to determine im-
pact, if any, on remedial goals. The 15 mrem/yr
committed effective dose standard is also im-
posed by 40 CFR 191.15 for a 10,000-year per-
formance period.]

TBC
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Dose Limits - A DOE activity shall be conductedinaman-  Proposed DOE regulation that, when promul- TBC
10 CFR 834.221(a) ner such that exposure of members of the public to radiation  gated, will be applicable to SRS HLW tank op-
(Proposed) from radioactive waste: (1) complieswith ALARA process erations, including closure. (When promul gated,

reguirements; and (2) does not exceed a TEDE of 25 mrem
(0.25 mSv) in ayear from all exposure pathways and radia-
tion sources, except radon and its daughters.

thisrule will replace DOE Order 5400.5.)

[More stringent requirement for TEDE not to
exceed 25 mrem/yr will be evaluated to deter-
mine impact, if any, on remedial goals. Applica-
ble requirement (DOE Order 5400.5, Chapter I,
1.a) limit is 100 mrem/yr.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Control and Disposition of Residual Radioactive Material -  Proposed DOE Federal regulation that, when TBC
10 CFR 834.306(€) (1) Long-term management of residual radioactive material  promulgated, will be applicable to SRSHLW
(Proposed) in residue and waste from a DOE activity shall bein accor-  tank operations, including closure. (When prom-

dance with this section and DOE approved plans. (2) Long-
term management of the residue and waste shall be con-
ducted in a manner that will: (i) comply with dose limits
(Sections 834.201, 834.214, and 834.221); (ii) comply with
the ALARA requirements of this part (Section 834.104);
(i) comply with the Ground-Water Protection Management
Plan (Section 834.215); (iv) limit radon-222 emanation to
the atmosphere from radon-222 generating waste to less
than an annual average release rate of 20 pCi (0.7 Bq)/(m
sec) averaged over the surface area overlying the waste,
including the covering or other confinement structures; (v)
limit radon-220 emanation to the atmosphere from Waste to
an annual average release rate of 20 pCi (0.7 Bq)/(m Sec),
and (vi) limit increases in the annual average radon-222 or
radon-220 concentration at or above any location outside
the boundary of the controlled areato 0.5 pCi (0.02 Bg)/L.
(3) Control and stabilization features shall be designed to:
(i) be effective for 1,000 years, to the extent reasonably
achievable, and, in any case, for at least 200 years,

(i) minimize unauthorized public access or use that might
breach containment of waste; and (iii) provide for proper
conditioning or barriers to control the generation and es-
cape of biogenic gases from potentially biodegradable con-
taminated waste or residue to ensure that this material will
not cause the emission limits or dose limits to be exceeded
and biodegradation within the facility will not result in pre-
mature structural failure. (4) In the development of controls
and waste management plans, where appropriate, the im-
pacts of alternative disposal modes shall be evaluated be-
yond the 1,000-year design requirement, to 10,000 years.
(5) For wastes containing a

ulgated, this rule will replace DOE Or-
der 5400.5.)

[Requirements met by compliance with DOE
Order 5400.5, Chapter 1V, 6 except that (pro-
posed) 10 CFR 834.306(e)(4) constitutes a more
stringent requirement for evaluation of alternative
disposal modes to 10,000 years.]
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA high specific activity (e.g., >1 nCi/g) of radium or thorium,
10 CFR 834.306(€) alternative disposal methods, such as deep land disposal,
(Proposed) protective covers (e.g., riprap), concrete vaults, or geologic
(cont.) repositories that provide additional protection from possible
inadvertent intrusion shall be evaluated and employed if
justified by potential risk considerations.
AEA Dose Limitsfor Individual Members of the Public - Each NRC regulation that, while not directly applica- RA
10 CFR 20.1301 licensee shall conduct operations such that: ble to HLW tank closure, would be relevant and

(1) Thetotal effective dose equivalent (TEDE) to individ-
ual members of the public from the licensed operation
does not exceed 0.1 rem (1 mSv) in ayear, exclusive of
the dose contribution from the licensee's disposal of ra-
dioactive material into sanitary sewerage in accordance
with §20.2003; and

(2) Thedosein any unrestricted areafrom external
sources does not exceed 0.002 rem (0.02 mSv) in any
1 hour.

If the licensee permits members of the public to have access
to controlled areas, the limits for members of the public
continue to apply to those individuals.

A licensee may apply for prior NRC authorization to oper-
ate up to an annual dose limit for an individual member of
the public of 0.5 rem (5 mSv).

In addition to the requirements of this part, alicensee sub-
ject to the provisions of EPA's generally applicable envi-
ronmental radiation standards in 40 CFR Part 190 shall
comply with those standards.

The Commission may impose additional restrictions on ra-
diation levelsin unrestricted areas and on the total quantity
of radionuclides that alicensee may releasein effluentsin
order to restrict the collective dose.

appropriate because it iswell suited for use as an
indicator of protection of human health and the
environment.

[Requirement met by compliance with DOE Or-
der 5400.5, Chapter 11, 1.a, except for TEDE not
to exceed 2 mrem in any one hour. This more
stringent requirement will be evaluated to deter-
mine impact, if any, on remedial goals]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Radiological Criteriafor Unrestricted Use - A site will be NRC regulation that, while not directly applica- RA
10 CFR 20.1402 considered acceptable for unrestricted use if the residual bleto HLW tank closure, would be relevant and

radioactivity that is distinguishable from background radia-
tion resultsin a TEDE to an average member of the critical
group that does not exceed 25 mrem (0.25 mSv) per year;
including that from groundwater sources of drinking water,
and the residua radioactivity has been reduced to levels that
are ALARA. Determination of the levelswhich are
ALARA must take into account consideration of any detri-
ments, such as deaths from transportation accidents, ex-
pected to potentially result from decontamination and waste
disposal.

appropriate because it provides requirements for
NRC licensee activities resulting in residual ra-
dioactive material. The License Termination
Rule has been proposed as the decommissioning
criteriafor the West Valley Demonstration Pro-
ject, which includes HLW tank systems.
[Applicable requirement (DOE Order 5400.5,
Chapter 1V, 3.a) establishes a dose limit of

100 mrem/yr. More stringent requirement of
TEDE not to exceed 25 mrem/year will be evalu-
ated to determine impact, if any, on remedial
goas]
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Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Criteriafor License Termination Under Restricted Condi- [Applicable requirement (DOE Order 5400.5, RA
10 CFR 20.1403 tions - A site will be considered acceptable for license ter- Chapter 1V, 7) establishes a dose limit of

mination under restricted conditionsif:

(@) Thelicensee can demonstrate that further reductionsin
residua radioactivity necessary to comply with the pro-
visions of §20.1402 would result in net public or envi-
ronmental harm or were not being made because the re-
sidual levels associated with restricted conditions are
ALARA.

(b) The licensee has made provisions for legally enforce-
ableinstitutional controlsthat provide reasonable as-
surance that the TEDE from residual radioactivity dis-
tinguishable from background to the average member
of the critical group will not exceed 25 mrem (0.25
mSv) per year.

(c) Thelicensee has provided sufficient financial assurance
to enable a third party, including a governmental custo-
dian of asite, to assume and carry out responsibilities
for any necessary control and maintenance of the site.

(d) The licensee has submitted a decommissioning plan of
License Termination Plan (LTP) to the Commission in-
dicating the licensee’ s intent to decommission in accor-
dance with §830.36(d), 40.42(d), 50.82(a) and (b),
70.38(d), or 72.54 of this chapter, and specifying that
the licensee intends to decommission by restricting use
of thesite. The licensee shall document inthe LTP or
decommissioning plan how the advice of individuals
and ingtitutions in the community who may be affected
by the decommissioning has been sought and incorpo-
rated, as appropriate, following analysis of that advice.

100 mrem/yr. More stringent reguirement of
TEDE not to exceed 25 mrem/year will be evalu-
ated to determine impact, if any, on remedial
goas]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA (e) Residual radioactivity at the site has been reduced so
10 CFR 20.1403 that if the institutional controls were no longer in effect,
(cont.) there is reasonabl e assurance that the TEDE from re-

sidual radioactivity distinguishable from background to
the average member of the critical group iISALARA
and would not exceed either:

(1) 100 mrem (1 mSv) per year , or
(2) 500 mrem (5 mSv) per year provided the licensee:

(i) Demonstrates that further reductionsin resid-
ual radioactivity necessary to comply with the
100 mrem (1 mSv) value of paragraph (e)(1)
of this section are not technically achievable,
would be prohibitively expensive, or would
result in net public or environmental harm;

(i) Makes provisions for durable institutional
controls; and

(iii) Provides sufficient financial assurance to en-
able aresponsible government entity or inde-
pendent third party, including a governmental
custodian of asite, both to carry out periodic
rechecks of the site no less frequently than
every 5 years to assure that institutional con-
trols remain in place as necessary to meet the
criteriain §20.1403(b) and to assume and
carry out responsibilities for any necessary
control and maintenance of those controls.
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Alternate Criteria for License Termination — The Commis- [Applicable requirement (DOE Order 5400.5, RA
10 CFR 20.1404 sion may terminate alicense using alternate criteriagreater ~ Chapter IV, 7) establishes a dose limit of

than the dose criterion of §820.1402, 20.1403(b), and
20.1403(d)(1)(i)(A), if the licensee:

@

)

©)

(4)

Provides assurance that public health and safety would
continue to be protected, and that it is unlikely that the
dose from all man-made sources combined, other than
medical, would be more than the 100 mrem (1 mSv)
per year limit of subpart D, by submitting an analysis of
possible sources of exposure;

Has employed to the extent practical restrictions on site
use according to the provisions of §20.1403 in mini-
mizing exposures at the site; and

Reduces doses to ALARA levelstaking into considera-
tion any detriments such as traffic accidents expected to
potentially result from decontamination and waste dis-
posal;

Has submitted a decommissioning plan or LTPto the
Commission indicating the licensee’ sintent to decom-
mission in accordance with §830.36(d), 40.42(d),
50.82(a) and (b), 70.38(d), or 72.54 of this chapter, and
specifying that the licensee proposes to decommission
by use of alternate criteria. The licensee shall docu-
ment in the decommissioning plan or LTP how the ad-
vice of individuals and institutions in the community
who may be affected by the decommissioning has been
sought and addressed, as appropriate, following analy-
sisof that advice.

100 mrem/yr.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Environmental Standards for Site Remediation - Remedia- Proposed EPA regulation that, when promul- TBC
40 CFR 196.04(a) tion of sites shall be conducted to provide areasonable ex-  gated, will be applicable to activities resulting in
(Proposed) pectation that, for 10,000 years after completion of the re- residual radioactive material, including SRS
medial action, radionuclide concentrations in excess of HLW tank closure.
natural background levels shall not exceed those amounts [Requirement met by compliance with DOE Or-
that could cause any member of the public to receive, der 5400.5, Chapter IV, 6 except that (proposed)
through all potential pathways under aresidential land use 40 CFR 196.04(a) constitutes a more stringent
scenario, an annual committed effective dose of 15 mrem/yr  requirement of 15 mrem/yr dose limit for 10,000
(0.15 mSvlyr). years]
AEA Environmental Standards for Site Remediation - In the [Requirement met by compliance with DOE Or- TBC
40 CFR 196.04(c) event that remediation of a site will not meet the conditions  der 5400.5, Chapter 1V, 6 except that (proposed)
(Proposed) of Section 196.04(a), the implementing agency shall: 40 CFR 196.04(a) constitutes a more stringent

(1) remediate the site to provide a reasonable expectation
that, for 10,000 years after completion of the remedial ac-
tion, radionuclide concentrations in excess of natural back-
ground levels shall not exceed those concentrations that
could cause any member of the public to receive, through
all potential pathways under the conditions of the selected
active control measures, an annual committed effective dose
of 15 mrem/yr (0.015 mSv/yr); and (2) remediate the site to
provide a reasonabl e expectation that, for 10,000 years after
completion of the remedial action in the absence of active
control measures, radionuclide concentrations in excess of
natural background levels on the site shall not exceed those
amounts that could cause any member of the public to re-
ceive, through all potential pathways under the conditions
of residential land use, an annual committed effective dose
that isless than 75 mrem/yr (0.075 mSv/yr).

requirement of 15 mrem/yr dose limit for 10,000
years]
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| TableB-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
40 CFR 196.23(c)
(Proposed)

AEA
40 CFR 197, Subpart B

Environmental Standards for Groundwater Protection -
Compliance with Section 196.23(a) of this subpart will not
be required, if the implementing agency determines compli-
ance to be technically impracticable from an engineering
perspective. |In this situation, the implementing agencies
shall: (1) select active control measures that ensure mem-
bers of the public will not be exposed to groundwater that is
drinking water, in which the levels of radioactivity exceed
the limits specified in 40 CFR 141; (2) select and perform
remedial actions that limit, to the greatest extent, contami-
nation of groundwater that is not already contaminated, asis
reasonable under the circumstances; (3) select and perform
remedial actions that restore, to the greatest extent, ground-
water that is already contaminated, asis reasonable under
the circumstances; (4) comply with the public notice and
comment requirements of Section 196.03(a) of subpart A;
and (5) comply with the periodic verification requirements
of Section 196.24 of this subpart.

Public Health and Environmental Standards for Disposal -

Controlled area means:

(1) Thesurface area, identified by passive institutional
controls, that encompasses no more than 300 square
kilometers. It must not extend farther:

(a) South than 36° 40" 13.6661" north latitude, in the
predominant direction of groundwater flow; and

(b) Than five kilometers from the repository footprint
in any other direction; and

(2)  The subsurface underlying the surface area

[More specific requirement for active control
measures over groundwater which exceeds levels
of radioactivity specified in 40 CFR 141 will be
evaluated to determine impact, if any, on reme-
dial goals|]

EPA regulation that establishes public health and
safety standards for radioactive material stored or
disposed of in the potential repository at Yucca
Mountain, Nevada.

[Applicable requirement of DOE Manual 435.1-1,
1V.P(2)(b), establishes the point of compliance as
the point of highest projected dose beyond a 100
meter buffer zone surrounding the disposed waste.
A larger or smaller buffer zone may be used if
adequate justification is provided.]

TBC
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Individual-Protection Standard - DOE must demonstrate, EPA regulation that establishes public health and RA
40 CFR 197.20 using performance assessment, that there is a reasonable safety standards for radioactive material stored or
expectation that, for 10,000 years following disposal, the disposed of in the potential repository at Yucca
reasonably maximally exposed individual receivesnomore  Mountain, Nevada.
than an annual committed effective dose equivalent of 150 [Applicable requirements (DOE Order 5400.5,
microsieverts (15 mrem) from releases from the undisturbed  Chapter 1V, 7) establishes a dose limit of 100
YuccaMountain disposal system. DOE'sanalysismustin-  mrem/yr. More stringent requirement of TEDE
clude al potential pathways of radionuclide transport and not to exceed 15 mrem/yr will be evaluated to
exposure. determine impact, if any, on remedial goals)]
AEA Reasonably maximally exposed individual — The reasonably  EPA regulation that establishes public health and RA
40 CFR 197.21 maximally exposed individual is a hypothetical personwho  safety standards for radioactive material stored or

meets the following criteria
(a) Livesin the accessible environment above the
highest concentration of radionuclides in the plume of
contamination;
(b) Has adiet and living style representative of the
people who now reside in the Town of Amargosa Val-
ley, Nevada. The DOE must use projections based
upon surveys of the people residing in the Town of
Amargosa Valley, Nevada, to determine their current
diets and living styles and use the mean values of these
factors in the assessments conducted for 8§ 197.20 and
197.25; and
(c) Drinks 2 liters of water per day from wells drilled
into the ground water at the location specified in para-
graph (@) of this section.

disposed of in the potential repository at Yucca
Mountain, Nevada.

[Applicable requirements (DOE Order 5400.5,
Chapter 1V, 7) establishes a dose limit of 100
mrem/yr. More stringent requirement of TEDE
not to exceed 15 mrem/yr will be evaluated to
determine impact, if any, on remedial goals.]
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Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Human Intrusion Standard - DOE must determinethe earli- ~ EPA regulation that establishes public health and RA
40 CFR 197.25 est time after disposal that the waste package would degrade  safety standards for radioactive material stored or

sufficiently that a human intrusion (see Sec. 197.26) could
occur without recognition by the drillers. DOE must:

(a) If complete waste package penetration is projected to
occur at or before 10,000 years after disposal:

(1) Demonstrate that there is a reasonable expecta-
tion that the reasonably maximally exposed indi-
vidual receives no more than an annual commit-
ted effective dose equivalent of 150 microsieverts
(15 mrem) as aresult of a human intrusion, at or
before 10,000 years after disposal. The analysis
must include all potential environmental path-
ways of radionuclide transport and exposure; and

(2) If exposures to the reasonably maximally exposed
individual occur more than 10,000 years after dis-
posal, include the results of the analysis and its
bases in the environmental impact statement for
Y ucca Mountain as an indicator of long-term dis-
posal system performance; and

(b) Include the results of the analysis and its bases in the
environmental impact statement for Y ucca Mountain as
an indicator of long-term disposal system performance,
if the intrusion is not projected to occur before 10,000
years after disposal.

disposed of in the potential repository at Y ucca
Mountain, Nevada.

[Applicable requirements (DOE Order 5400.5,
Chapter 1V, 7) establishes a dose limit of 100
mrem/yr. More stringent requirement of TEDE
not to exceed 15 mrem/yr will be evaluated to
determine impact, if any, on remedial goals.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Ground Water Protection Standards - DOE must demon- EPA regulation that establishes public health and RA
40 CFR 197.30 strate that there is a reasonable expectation that, for 10,000  safety standards for radioactive material stored or

years of undisturbed performance after disposal, releases of
radionuclides from waste in the Y ucca Mountain disposal
system into the accessible environment will not cause the
level of radioactivity in the representative volume of
ground water to exceed the limits in the following Table 1:

Table 1 - Limits on Radionuclides in the Representative
Volume.

Is natural
Radionuclide or type of Limit  background
radiation emitted included?
Combined radium-226 5 pCi/L Yes
and radium-228
Gross apha activity 15 pCi/L Yes
(including radium-226 but
excluding radon and uranium
Combined beta and 4 mrem/yr No
photon emitting to the whole body
radionuclides or any organ,
based on drinking
2 L of water per
day from the

representative volume.

disposed of in the potential repository at Y ucca
Mountain, Nevada.

[No comparable provision for “representative
volume” but SDWA MCLs are invoked as
groundwater protection standards by DOE Order
5400.5, Chapter 1, 1.d.]
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Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Representative volume EPA regulation that establishes public health and RA

40 CFR 197.31 (@ Itisthevolume of ground water that would be with- safety standards for radioactive material stored or
drawn annually from an aquifer containing less than disposed of in the potential repository at Y ucca
10,000 milligrams of total dissolved solids per liter of ~ Mountain, Nevada.
water to supply a given water demand. DOE must [No comparable provision for “ representative
project the concentration of radionuclides released volume” but SDWA MCLs areinvoked as
from the Yucca Mountain disposal system that will be  groundwater protection standards by DOE Order
in the representative volume. DOE must then usethe  5400.5, Chapter 11, 1.d]
projected concentrations to demonstrate a reasonable
expectation to NRC that the Y ucca M ountain disposal
system complies with § 197.30. DOE must make the
following assumptions concerning the representative
volume:

(1) Itincludesthe highest concentration level in the
plume of contamination in the accessible envi-
ronment;

(2) Itsposition and dimensions in the aquifer are de-
termined using average hydrologic characteristics
which have cautious, but reasonable, values rep-
resentative of the aquifers along the radionuclide
migration path from the Y ucca Mountain reposi-
tory to the accessible environment as determined
by site characterization; and

(3) It contains 3,000 acre-feet of water (about
3,714,450,000 liters or 977,486,000 gallons).

(b) DOE must use one of two alternative methods for de-
termining the dimensions of the representative vol-
ume. DOE must propose its chosen method, and any
underlying assumptions, to NRC for approval.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA (1) DOE may calculate the dimensions as awell-
40 CFR 197.31 capture zone. If DOE uses this approach, it
(cont.) must assume that the:

(i) Water supply well(s) has (have) character-
istics consistent with public water supply
wellsin the Town of Amargosa Valley,
Nevada, for example, well-bore size and
length of the screened intervals;

(if) Screened interval(s) include(s) the highest
concentration in the plume of contamina
tion in the accessible environment; and

(iif) Pumping rates and the placement of the
well(s) must be set to produce an annual
withdrawal equal to the representative vol-
ume and to tap the highest concentration
within the plume of contamination.

(2) DOE may caculate the dimensions as a dlice of
the plume. If DOE uses this approach, it must:
(i) Proposeto NRC, for its approval, where

the location of the edge of the plume of
contamination occurs. For example, the
place where the concentration of radionu-
clides reaches 0.1% of the level of the
highest concentration in the accessible en-
vironment;

(ii) Assume that the dlice of the plumeis per-
pendicular to the prevalent direction of
flow of the aquifer; and

(iii) Assume that the volume of ground water
contained within the slice of the plume
equals the representative volume.
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| TableB-3. (Continued).

Requirements/
Guidance
| Citation Requirement/Guidance Summary Rationale for Use® Category”
| AEA Dose Limits - Except as provided by 11.1a(4), the exposure ~ DOE Orders implement AEA requirements perti- A

DOE 5400.5, Chapter I,  of members of the public to radiation sources as a conse- nent to SRS HLW tank operations, including
la guence of all routine DOE activities shall not cause, in a closure.

year, an effective dose equivaent greater than 100 mrem

(1 mSv).
AEA Dose Limits - DOE operators shall make areasonable effort DOE Orders implement AEA requirements perti- A
DOE 5400.5, Chapter I,  to be aware of the existence of other than DOE manmade nent to SRS HLW tank operations, including
1.a(3)(a) sources of radiation that, combined with the DOE sources, closure.

might present a potential for exceeding contributions of 10

mrem (0.1 mSv) effective dose equivalent in ayear. Rea-

sonable efforts shall be made to limit dose to members of

the public, from multiple sources of radiation, to 100 mrem

(1 mSv) EDE, or less, in ayear.
AEA Dose Limits - Operations Office may request from EH-1 DOE Orders implement AEA requirements perti- A
DOE 5400.5, Chapter I, specific authorization for atemporary public dose limit nent to SRS HLW tank operations, including
la(4)(a) higher than 100 mrem (1 mSv), but not to exceed 500 mrem  closure.

(5 mSv), for the year.
AEA Dose Limits - The exposure of members of the public to DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter 11, radioactive materials released to the atmosphere asaconse-  nent to SRS HLW tank operations, including
1b guence of routine DOE activities shall not cause members closure.

of the public to receive, in ayear, an effective dose equiva-

lent greater than 10 mrem (0.1 mSv).
AEA Dose Limits - The exposure of members of the public to DOE Orders implement AEA requirements perti- RA

DOE 5400.5, Chapter |1,
1.c

direct radiation or radioactive materials released from DOE
management and storage activities at a disposal facility for
spent nuclear material or for high-level or transuranic radio-
active wastes that are not regulated by the NRC shall not
cause members of the public to receive, in ayear, adose
equivalent greater than 25 mrem (0.25 mSv) to the whole
body or a committed dose equivalent greater than 75 mrem
(0.75 mSv) to any organ.

nent to SRS HLW tank operations, including
closure. Requirements would be applicable to
any waste associated with HLW tank closure that
is considered high-level waste. For waste that is
not considered high-level waste, these require-
ments, while not directly applicable, would be
relevant and appropriate because they are well
suited for use asindicators of protection of hu-
man health and the environment.

[Applicableif residual waste is determined to be
HLW.]
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”

AEA Dose Limits - Thelevel of protection provided to the public  DOE Orders implement AEA requirements perti- A
DOE 5400.5, Chapter 11, for drinking water must be equivalent to the drinking water ~ nent to SRS HLW tank operations, including
1d standards of 40 CFR 141. These systems shall not cause closure.

persons consuming the water to receive an effective dose

equivalent greater than 4 mrem (0.04 mSv) in ayear. Comg—

bined radium-226 and radium-228 shall not exceed 5 x 10

pCi/ml and gross apha activity (including radium-226 béjt

excluding radon and uranium) shall not exceed 1.5 x 10

pCi/ml.
AEA Dose Limits - Theliquid effluents from DOE activitiesshall DOE Orders implement AEA requirements perti- A
DOE 5400.5, Chapter I, not cause private or public drinking water systems down- nent to SRS HLW tank operations, including
1.d(3) stream of the facility discharge to exceed the drinking water ~ closure.

radiological limitsin 40 CFR 141.
AEA Dose Limits for Aquatic Organisms - To protect native ani-  DOE Orders implement AEA requirements perti- A
DOE 5400.5, Chapter I,  mal aquatic organisms, the absorbed dose to these organ- nent to SRS HLW tank operations, including
3.a(5) isms shall not exceed 1 rad per day from exposure to the closure.

radioactive material in liquid wastes discharged to natural

waterways.
AEA Residual Radioactivity - Release of real property (landand ~ DOE Orders implement AEA requirements perti- A

DOE 5400.5, Chapter |1,
5a

structures) shall be in accordance with the guidelines and
reguirements for residual radioactive material presented in
Chapter IV. These guidelines and requirements apply to
both DOE-owned facilities and to private properties that are
being prepared by DOE for release. Real properties owned
by DOE that are being sold to the public are subject to the
reguirements of Section 120(h) of CERCLA, as amended,
concerning hazardous substances, and to any other applica-
ble Federal, state, and local requirements. The require-
ments of 40 CFR 192 are applicable to properties remedi-
ated by DOE under Title | of the UMTRA.

nent to SRS HLW tank operations, including
closure.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radionuclidesin Soil - Generic guidelines for DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, thorium and radium are specified below. Guidelinesfor nent to SRS HLW tank operations, including
Chapter IV, 4.a residual concentrations of other radionuclides shall be de- closure.

rived from the basic dose limits by means of an environ-
mental pathway analysis using specific property data where
available. Procedures for these derivations are given in
DOE/CH-8901. Residual concentrations of radioactive
material in soil are defined as those in excess o; background
concentrations averaged over an area of 100 m .

@

)

If the average concentration in any surgace or below-
surface arealess than or equal to 25 m g)s(ceeds the
limit or guideline by afactor of (100/A) ", [where A
isthe area (in square meters) of the region in which
the concentrations are elevated] limits for “hot spots”
shall also be developed and applied. Procedures for
calculating these hot-spot limits, which depend on the
extent of the elevated local concentrations, are given
in DOE/CH-8901. In addition, reasonable efforts
shall be made to remove any source of radionuclides
that exceeds 30 times the appropriate limit for soil,
irrespective of the average concentration in the soil.
The generic guidelines for residual concentrations of
radium-226, radium-228, thorium-230 and thorium-
232 are:
(8 5pCilg, averaged over the first 15 cm of soil be-
low the surface
(b) 15 pCi/g, averaged over 15-cm thick layers of
soil more than 15 cm below the surface
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
DOE 5400.5, Chapter 1V,
4.b

AEA
DOE 5400.5, Chapter 1V,
4.c

Airborne Radon Decay Products - Generic guidelines for
concentrations of airborne radon decay products shall apply
to existing occupied or habitable structures on private prop-
erty that are intended for release without restriction; struc-
tures that will be demolished or buried are excluded. The
applicable generic guideline (40 CFR 192) is: In any occu-
pied or habitable building, the objective of remedial action
shall be, and areasonable effort shall be made to achieve,
an annual average (or equivalent) radon decay product con-
centration (including background) not to exceed 0.02 WL.
[A working level (WL) isany combination of short-lived
radon decay productsin 1 I_5 of air that will result in the ul-
timate emission of 1.3 x 10" MeV of potential aphaen-
ergy.] Inany case, the radon decay product concentration
(including background) shall not exceed 0.03 WL. Reme-
dial actions by DOE are not required to comply with this
guideline when there is reasonable assurance that residual
radioactive material is not the source of the radon concen-
tration.

Residual Radioactivity - The average level of gammaradia-
tion inside a building or habitable structure on a site to be
released without restrictions shall not exceed the back-
ground level by more than 20 pR/h and shall comply with
the basic dose limit when an “appropriate-use” scenario is
considered. This requirement shall not necessarily apply to
structures scheduled for demolition or to buried founda-
tions. External gamma radiation levels on open lands shall
also comply with the basic limit and the ALARA process,
considering appropriate-use scenarios for the area.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

A
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
DOE 5400.5, Chapter 1V,
4d

AEA
DOE 5400.5, Chapter 1V,
5a

AEA
DOE 5400.5, Chapter 1V,
5b

AEA
DOE 5400.5, Chapter IV,
6.b(1)

Residual Radioactivity - The generic surface contamination
guidelines provided in Figure 1V-1 are applicable to exist-
ing structures and equipment. These limits apply to both
interior equipment and building components that are poten-
tially salvageable or recoverable scrap. If abuilding is de-
molished, the guidelines in paragraph 1V .6a are applicable
to the resulting contamination in the ground.

Residual Radioactivity - The authorized limits for each
property shall be set equal to the generic or derived guide-
lines unless it can be established, on the basis of specific
property data (including health, safety, practical, program-
matic, and socioeconomic considerations), that the guide-
lines are not appropriate for use at the specific property.
The authorized limits shall be established to (1) provide
that, at a minimum, the basic dose limitsin paragraph V.3
will not be exceeded under the “worst-case” or “plausible-
use” scenarios, consistent with the procedures and guidance
provided in DOE/CH-8901, or (2) be consistent with appli-
cable generic guidelines. The authorized limits shall be
consistent with limits and guidelines established by other
applicable Federal and state laws. The authorized limits are
developed through the project officesin the field and are
approved by the Headquarters Program Office.

Residual Radioactivity - Remedial action shall not be con-
sidered complete until the residua radioactive material lev-
els comply with the authorized limits, except as authorized
pursuant to paragraph 1.7 for specia situations where the
supplemental limits and exceptions should be considered
and it is demonstrated that it is not appropriate to decon-
taminate the area to the authorized limit or guideline value.
Residual Radioactivity - Control and stabilization features
shall be designed to provide, to the extent reasonably
achievable, an effective life of 50 years with aminimum life
of at least 25 years.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Ordersimplement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

DOE Orders implement AEA requirements perti-
nent to SRS HLW tank operations, including
closure.

A
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - Controls shall be designed such DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter IV,  that Rn-222 concentrations in the atmosphere above facility — nent to SRS HLW tank operations, including
6.b(2) surfaces or openings in addition to background levels, will closure.
not exceed: (&) 100 pCi/L at any given point; (b) an annual
average concentration of 30 pCi/L over the facility site;
(c) an annual average concentration of 3 pCi/L at or above
any location outside the facility site; and (d) flux rates from
the storage of radon producing wastes shall not exceed
20 pCi/(m sec), asrequired by 40 CFR 61.
AEA Residual Radioactivity - Controls shall be designed such DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter IV,  that concentrations of radionuclides in the groundwater and  nent to SRS HLW tank operations, including
6.b(3) quantities of residual radioactive material will not exceed closure.
applicable Federal or state standards.
AEA Residual Radioactivity - Accessto a property and use of DOE Ordersimplement AEA requirements perti- A

DOE 5400.5, Chapter IV,
6.b(4)

onsite material contaminated by residual radioactive mate-
rial should be controlled through appropriate administrative
and physical controls such as those described in 40 CFR
192. These control features should be designed to provide,
to the extent reasonable, an effective life of at least

25 years.

nent to SRS HLW tank operations, including
closure.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Interim Management - A property may be maintained under  DOE Orders implement AEA requirements perti- A
DOE 5400.5, Chapter IV,  an interim management arrangement when the residual ra- nent to SRS HLW tank operations, including
6.c dioactive material exceeds the guideline valuesif theresid-  closure.

ual radioactive material isin accessible locations and would
be unreasonably costly to remove; provided that administra-
tive controls are established by the responsible authority
(Federal, state, or local) to protect members of the public
and that such controls are approved by the appropriate Pro-
gram Assistant Secretary or Director.

The administrative controls include but are not limited to:
periodic monitoring as appropriate; appropriate shielding;
physical barriersto prevent access,; and appropriate radio-
logical safety measures during maintenance, renovation,
demoalition, or other activities that might disturb the residua
radioactive material or cause it to migrate.

The owner of the property should be responsible for imple-
menting the administrative controls and cognizant Federal,
state, and local authorities should be responsible for enforc-
ing them.
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - For uranium, thorium, and their DOE Ordersimplement AEA requirements perti- A
DOE 5400.5, Chapter IV,  decay products: nent to SRS HLW tank operations, including
6.d(1) closure.

@

(b)

(©

(d)
()

Control and stabilization features shall be designed to
provide, to the extent reasonably achievable, an effec-
tivelife of 1,000 years with aminimum life of at least
200 years.

Control and stabilization features shall be designed to
limit Rn-222 emanation to the atmosphere from the
wastesto | ess than an annual average release rate of
20 pCi/(m sec) and prevent increases in the annual av-
erage Rn-222 concentration at or above any location
outside the boundary of the contaminated area by
more than 0.5 pCi/L. Field verification of emanation
rates shall be in accordance with the regquirements of
40 CFR Part 61.

Before any potentially biodegradable contaminated
wastes are placed in along-term management facility,
such wastes shall be properly conditioned so that the
generation and escape of biogenic gases will not cause
the requirement in paragraph 1V.6d(1)(b) to be ex-
ceeded and that biodegradation within the facility will
not result in premature structural failure in violation of
the requirements in paragraph 1V.6d(1)(a).
Groundwater shall be protected in accordance with
legally applicable Federal and state standards.

Access to a property and use of onsite material con-
taminated by residual radioactive material should be
controlled through appropriate administrative and
physical controls such as those described in 40 CFR
Part 192. These controls should be designed to be ef-
fective to the extent reasonable for at least 200 years.
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| TableB-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Residual Radioactivity - If specific property circumstances ~ DOE Orders implement AEA requirements perti- A

DOE 5400.5, Chapter 1V,
7

indicate that the guideline or authorized limits established
for a given property are not appropriate for any portion of
that property, supplemental limits or an exception may be
requested. Any supplemental limits shall achieve the basic
dose limits set forth in Chapter 11 of this Order for both cur-
rent and potential unrestricted uses of a property. Excep-
tions to the authorized limits defined for a property may be
applied to any portion of the property when it is established
that the authorized limits cannot reasonably be achieved and
that restrictions on use of the property are necessary. It
shall be demonstrated that the exception is justified and that
the restrictions will protect members of the public within
the basic dose limits of this Order.

nent to SRS HLW tank operations, including
closure.
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Table B-3. (Continued).

Citation

Requirement/Guidance Summary

Requirements/
Guidance
Rationale for Use® Category”

AEA
SECY-99-284

AEA
SECY-99-284 Attachment
1

Classification of Savannah River Residual Tank Waste as
Incidental - NRC staff recommends that an alternative waste
classification be administered at SRS for the HLW tank
residuals similar to that provided for in 10 CFR 61.58.
Staff considers that residual tank waste concentrations
should be limited to avoid unreasonably high concentra-
tions, and to further protect the public health and safety.
The following limits are related to the development of the
Class C concentration limits, which is discussed in the Draft
Environmental |mpact Statement (DEIS) for the 10 CFR 61
rulemaking. Staff recommends the following alternative
waste classification be administered at SRS for the HLW
tank residuals similar to that provided for in 10 CFR 61.58.
The reclassification shall redefine the maximum allowable
radionuclide concentrations as follows: no radionuclide
concentration shall exceed ten times the value specified in
Table 1 of 10 CFR 61.55, at 500 years following the pro-
posed CERCLA closure for each tank grouping, and no
radionuclide concentration shall exceed the value specified
in Table 2, Column 3in 10 CFR 61.55. The procedure es-
tablished in 10 CFR 61.55(a)(7) shall be followed such that
the sum of the fractions for al Table 1 radionuclides shall
not exceed ten, and the sum of the fractions for all Table 2
radionuclides shall not exceed one.

Classification of Savannah River Residual Tank Waste as
Incidental - NRC staff recommends that future performance
assessments for SRS tank closures, including individual
tank closure modules, and the H-Area Tank Farm Fate and
Transport Modeling, include the full agriculture scenario
(all pathways) as well as the discovery scenario, as de-
scribed in the DEIS for 10 CFR 61.

NRC guidance regarding classification of the A
SRS HLW tank system residuals as other than
high-level waste.

NRC guidance regarding classification of the A
SRS HLW tank system residuals as other than
high-level waste.
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| TableB-3. (Continued).

Citation

Requirement/Guidance Summary

Rationale for Use®

Requirements/
Guidance
Category”

AEA
SECY-99-284 Attachment
1

AEA
SECY-99-284 Attachment
1

Classification of Savannah River Residual Tank Waste as
Incidental - NRC staff notes that closure of ancillary piping
and equipment must consider an inadvertent intruder. That
is, performance assessment must consider disturbed surface
piping and equipment, which in addition to tank sources
must not exceed the 500 mrem per year (all pathways, total
effective dose equivalent) for the discovery and agriculture
scenarios. All external components should meet radionu-
clide concentration limits as stated in 10 CFR 61.55 without
concentration averaging, unless DOE demonstrates that
closed external components provide the protection to an
inadvertent intruder (similar to that provided for the resid-
ual in the HLW tank bottoms).

Classification of Savannah River Residual Tank Waste as
Incidental - NRC staff recommends that a set waste sam-
pling protocol be developed and followed. The number of
samples obtained will be a function of the tank contents as
well as the homogeneity of the sludge. All sample results
should be compared to process estimates to ensure consis-
tency and accuracy. Any significant inconsistencies result-
ing from tank sampling and process history should result in
further sampling.

NRC guidance regarding classification of the
SRS HLW tank system residuals as other than
high-level waste.

NRC guidance regarding classification of the
SRS HLW tank system residuals as other than
high-level waste.

A
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Table B-3. (Continued).

Requirements/
Guidance
Citation Requirement/Guidance Summary Rationale for Use® Category”
AEA Classification of Savannah River Residual Tank Waste as NRC guidance regarding classification of the A
SECY-99-284 Attachment Incidental - NRC staff recommends that future tank closure SRS HLW tank system residuals as other than
1 modeling provide rigorous sensitivity and uncertainty analy- high-level waste.

ses including, but not limited to:

early degradation of grout/cement fill for submerged
tanks or tanks within the fluctuating water table zone

combined aquifer scenario (for both public and in-
truder)

horizontal versus vertical flux (particularly in the satu-
rated zone)

conservative distribution coefficient analysis
dispersive solute flux for submerged scenarios

arevised leachate model for submerged tanks which

incorporates geochemical and fluid transport effects.
DOE should perform sensitivity analyses on key parameters
that could be impacted by natural phenomenon changes.

a. Entry shown in brackets provides rationale for including/excluding guidance in the Relevant and Appropriate and To-be-Considered Materials categories
from this consolidated requirements and guidance table. In general, such guidance isincluded in the consolidated table in cases where it is more stringent
than arequirement in the Applicable category, and excluded from the consolidated table in cases where it is less stringent than a requirement in the Applica-
ble category or where compliance is met by adherence to general provisions of the Closure Plan.

b. Categories are defined as follows:

A = Applicable (substantive Federal and State environmental protection requirements, criteria, or limits that directly apply to SRS high-level waste

tank system closure operations.)

RA = Relevant and Appropriate (substantive Federal and State environmental protection requirements, criteria, or limits that, while not directly ap-
plicable, are judged to be well suited for use for SRS high-level waste tank system closure operations based on their applicability to similar opera-

tions.)

TBC = To-be-Considered Materials (advisories, guidance, proposed rules and the like issued by Federal or State government that are not legally
binding, but that are judged to be useful in establishing environmental protection protocols and performance objectives or in evaluating closure op-

tions with respect to protectiveness of human health and the environment.)
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Table B-4. Nonradiological air quality performance standards applicable to high-level waste tank system

closure.
Ambient Air Quality Standard No. 2.2
. Standard oo
Pollutant Measuring Interval (ug/m” unless noted otherwise)
Sulfur dioxide 3 hours 1300°
24 hours 365"
Annual 80
Total suspended particul ates Annual geometric mean 75
PM10 24 hours 15(2}e
Annual 50
PM> 5 24 hours 65;
Annual 15
Carbon monoxide 1 hour 40 mg/mz
8 hours 10 mg/m
Ozone 1 hour 0.12 ppm°®
8 hour 0.08 ppm’
Gaseous fluorides (as HF) 12 hour average 37
24 hour average 29
1 week average 16
1 month average 0.8
Nitrogen dioxide Annua 100
Lead Calendar quarterly mean 15

Ambient Air Quality Standard No. 8

Chemical Name’
Category |: Low Toxicity
None
Category I1: Moderate Toxicity
Oxadlic acid
Category I11: High Toxicity
Benzene
Chromium (+6) compounds
Manganese compounds
Mercury
Nickel
Selenium compounds

At 25°C and 760 mm Hg.

Se@rpapoo

Maximum Allowable Concentration (pg/mS)h

See SC R.61-62.5 for detailed compliance requirements.
Arithmetic average except in case of total suspended particulate matter.

Not to be exceeded more than once per year.
Attainment determinations will be based on the criteria contained in Appendixes H and K, 40 CFR 50, July 1, 1987.
Amendments to R.61-62.5 to incorporate new Federa standards for ozone and PM , 5 pending EPA implementation rules.
See SC R.61-62.5 Standard 8 for complete list of constituents and corresponding standards.

For the purpose of this standard, these values are rounded to the nearest hundredth of a pg/m.

10.00

150.00
2.50
25.00
0.25
0.50
1.00

WSRC-2003-00498
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Table B-5. Nonradiological groundwater and surface-water performance standards applicable to high-
level waste tank system closure.

Maximum Con- Water Quality Criteria
taminant Level for Protection of Hu-  Criteriato Protect Aquatic
Maximum Con- Goa Maximum Contami- man Health Life
_ taminant Level (40 CFR nant Levels (SC R.61-68, (SC R.61-68,
Constituents of (40 CFR 8141.62) §141.51) (SC R.61-58.5.B(2)) Appendix 2) Appendix 1)

Concerns (mg/)@ (mg/hP (mg/)C (mg/)de (mg/)df

Average Maximum

Aluminate

Aluminum 0.087 0.750

Boron

Calcium

Carbonate

Chloride

Chromium 111

Chromium VI 0.046 0.069°
Total chromium 0.1 0.1 0.1 0.046 0.069

Copper 13 0.0065° 0.0092°
Hydroxide

Fluoride 4.0 4.0 4.0

Iron 1.000 2.000

Lead zeroh 0.050 0.0013 0.034

Lithium

Magnesium

Manganese

Mercury 0.002 0.002 0.002 1.53x 104 0.00302x°  0.0053°
Molybdenum

Nickel 46 0.088’ 0.790°
Nitrate 10 (asN) 10 (asN) 10 (asN)

Nitrite 1(asN) 1(asN) 1(asN)

Total nitrate & nitrite 10 (asN) 10 (asN) 10 (asN)

Oxalate

Phosphate

Potassium

Selenium 0.05 0.05 0.05 0.10 0.0050° 0.020°
Silicon

Silver 0.050 0.0012°
Sodium

Sulfate

Titanium

Tributylphosphate

Zirconium

a. Safe Drinking Water Act (SDWA) - The MCL s (§141.62) for inorganic contaminants apply to community water systems, nontransient non-
community water systems, and transient noncommunity water systems.

b. Safe Drinking Water Act (SDWA) - The MCL Gs (§141.50) are nonenforceable health goal's corresponding to the maximum level of a con-
taminant in drinking water at which no known or anticipated adverse effect on the health of persons would occur, and that allows an ade-
quate margin of safety.

€. SC Safe Drinking Water Act (SC SDWA) - The MCLs for inorganic contaminants specified in R.61-58.5.B(2) apply to all public water
systems.

B-157 WSRC-2003-00498
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Table B-5. (Continued).

d. SC Water Classifications and Standards - The water quality standards are applicable to both surface waters and groundwaters unless indi-
cated otherwise (R.61-68.C).

- With the exception of human health criterialisted in Section E.11, the numeric standards of this regulation are applicable to any flowing
waters when the flow rateis equal to or greater than the minimum 7-day average flow rate that occurs with an average frequency of once
in 10 years (7Q10). State water quality standards for human health protection will be applicable to surface waters at average annual
flow conditions or aaveragetidal dilution conditions, whichever is appropriate (R.61-68.E.12).

Numeric criteriafor all class surface waters are adopted for toxic pollutants for which EPA has published national criteriato protect
aguatic life pursuant to Section 304(a) for the Federal CWA and for ammonia and chlorine. No numeric criteriaare listed in this regula-
tion; however, the national numeric criteria developed and published by EPA are incorporated by reference. |f metal concentrations for
national criteria are hardness-dependent, the chronic and acute concentrations shall be based on 50 mg/l hardness if the ambient hard-
nessisless than 50 mg/l and based on the actual mixed stream hardnessiif it is greater than 50 mg/l (R.61-68.E.11.a(3)).
Freshwater standards for toxic pollutants listed in Section 307 of the Federal CWA and for which EPA has developed national criteria
and ammonia and chlorine are subject to the standards prescribed in Sections E.11 and E.12 of this regulation (R.61-68.G.8).
Itis policy of the Department to maintain the quality of groundwater consistent with its highest potential uses. For thisreason, al South
Carolina groundwater is classified GB effective on June 28, 1995. Quality standards for inorganic chemicalsin Class GB Groundwaters
are those set forth in the State Primary Drinking Water Regulations R.61-58 (R.61-68.H(2)).

e.  SC Water Classifications and Standards - State water quality standards for human health protection specified in Section 11.awill be appli-

cable to surface waters at average annual flow conditions or at average tidal dilution conditions, whichever is appropriate (R.61-68.E.12.b).

f.  Average and maximum values for water quality to protect aquatic life identified in spreadsheet obtained from M. Vickers of SCDHEC.

g. Denotes compounds with national criteriato protect aquatic life identified in R.61-68.E.11.a(5).

h.  Action levd for lead is 0.015 mg/l.

WSRC-2003-00498 B-158
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Table B-6. Radiological performance standards applicable to high-level waste tank closurée?.

Agency/Type of Standard

DOEb EPAC

NRcd SCDHEC®

Standards that Apply to Radiation Site Multiple Pathways

Cleanups

100 mrem/yr 15 mrem/yr (residential exposure) or
15 mrem/yr (al pathways under selected
active controls) and 75 mrem/yr (residen-
tial exposure)

Single Media- Soil

“Hot spot” limits developed and applied if
the average concentration in any surface
or below surface area £ 25 m2 exceeds the
limit by afactor of (100/A)0-5 where A is
area(m2)

5 pCilg; averaged over thefirst 15 cm of
soil below the surface; and 15 pCi/g,
averaged over 15-cm-thick layers of soil
more than 15 cm below the surface

Annual average radon decay product
concentration not to exceed 0.02 WL and
radon decay product concentration (in-
cluding background) not to exceed 0.03
WL

Single Media- Air

10 mrem/yr

20 pCi/(m?2-sec) Rn-222 emanation to the
atmosphere from wastes; and 0.5 pCi/l
increase in annual average concentration

at or above any location outside the
boundary of the contaminated area

25 mrem/yr (unrestricted use) or

25 mrem/yr (under institutional con-
trols) and 100 mrem/yr (in the absence
of those controls) or

25 mrem/yr (under institutional con-
trols) and 500 mrem/yr (in the absence
of those controls) if complying with
the limit of 200 mrem/yr is not techni-
cally or economically feasible, would
be prohibitively expensive, or would
result in net public or environmental
harm, or

aternate criteria (greater than the dose
limits identified above) approved by
NRC under 10 CFR 20.1404
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Table B-6. (Continued).

Agency/Type of Standard

DOEb

EPAC NRcd

SCDHECE

Standards that Apply to Radiation
Site Cleanups (cont.)

Single Media - Groundwater

Single Media - Buildings or Habitable
Structures

20 nR/hour gamma radiation

Surface contamination guidelines

(DOE 5400.5, Figure IV-1) for equipment
or building components; if the building is
demolished, the guidelines are applicable
to the resulting contamination in the
ground

Rn-122 concentrations in the atmosphere
above facility surfaces or openings:
100 pCi/l at any point
30 pCi/l annual average over the facil-
ity site
3 pCi/l annual average at or above any
location outside the facility site

20 pCi /(m2—sec) flux rate from storage
of radon producing wastes

4 mrem/yr beta particle and photon radio-
activity

5 pCi/l combined radium-226 and radium-
228

15 pCi/l gross apha (including radium-226
but excluding radon and uranium)

20,000 pCi/l tritium

8 pCi/l strontium

30 nmy/1 uranium

If compliance with the above isimpracti-
cable:

Select active controls that preclude
exposure to groundwater that exceeds
MCLs

Limit contamination of groundwater
that is not already contaminated

Restore groundwater to the greatest
extent, as reasonable under the circum-
stances

yeiqg Areuwipid
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Table B-6. (Continued).

Agency/Type of Standard DOED EPAC NRcd SCDHECe
Standards that Apply to Radiation Multiple Pathways
Exposure During Facility Operations 100 mrem/yr 100 mrem/yr
200 mrem in any 1 hour
500 mrem/yr with prior authorization
25 mrem/yr whole body 25 mrem/yr whole body 25 mrem/yr whole body 25 mrem/yr whole body
75 mrem/yr critical organ 75 mrem/yr any critical organ 75 mrem/yr thyroid 75 mrem/yr thyroid
25 mrem/yr any other organ 25 mrem/yr any other organ
25 mrem/yr [proposed 10 CFR 834.221(a)]
Single Media- Air
10 mrem/yr 10 mrem/yr
Single Media - Groundwater
4 mrem/yr beta particle and photon radio- 4 mrem/yr beta particle and photon radio- 4 mrem/yr beta particle and
activity activity photon radioactivity

5x 109 Ci/ml combined radium-226 and

radium-228

1.5 x 10-8 nci/m gross apha (including
radium-226 but excluding radon and ura-

nium)
20,000 pCi/l tritium
8 pCi/l strontium

Single Media - Surface Water (Aquatic

Organisms)

1 rad/day from liquid discharges to natural

waterways

5 pCi/l combined radium-226 and radium-

228

15 pCi/l gross apha (including radium-226
but excluding radon and uranium)

20,000 pCi/l tritium
8 pCi/l strontium
30 ng/1 uranium

5 pCi/l combined ra-
dium-226 and radium-228

15 pCi/l gross apha (includ-
ing radium-226 but exclud-
ing radon and uranium)

20,000 pCi/l tritium
8 pCi/l strontium
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Table B-6. (Continued).

Agency/Type of Standard DOEb EPAC NRcd SCDHEC®
Standards that Apply to Radioactive ~ Multiple Pathways
Waste Management
Low-Level Waste 25 mrem/yr 15 mrem/yr 25 mrem/yr whole body
75 mrem/yr thyroid
25 mrem/yr any other organ
100 mrem/yr - intruder (chronic)
500 mrem/yr - intruder (acute)
High-Level Waste 15 mrem/yr

Single Media- Air
10 mrem/yr
Single Media - Groundwater

Dose limit for member of the public unless otherwise specified.
Includes DOE Orders 5400.5 and 435.1, proposed regulation 10 CFR 834.
Includes EPA Regulations 40 CFR 61, 40 CFR 141, and 40 CFR 191, draft proposed 40 CFR 193; preliminary draft 40 CFR 196; and 40 CFR 197.

15 mrem/yr to the reasonably maximally
exposed individual (RMEI) for 10,000
years following disposal [40 CFR 197]
Lessthan 1 chancein 10 of exceeding the
quantities calculated according to Table 1
of 40 CFR 191.13 (Appendix A); and less
than 1 chance in 1,000 of exceeding 10
times the quantities cal culated according to
Table 1[40 CFR 191]

4 mrem/yr beta particle and photon radio-
activity

5 pCi/l combined radium-226 and radium-
228

15 pCi/l gross apha (including radium-226
but excluding radon and uranium)

20,000 pCi/l tritium
8 pCi/l strontium
30 ng/1 uranium

15 mrem/yr to the RMEI during the
first 10,000 years after permanent
closure [10 CFR 63]

4 mrem/yr beta particle and photon
emitting radionuclides®

5 pCi/l combined radium-226 and

radium-2289

15 pCi/l gross apha (including ra-
dium-226 but excluding radon and
uranium) 9

yeiqg Areuwipid

Includes NRC Regulations 10 CFR 20, 10 CFR 61, and 10 CFR 63.

Includes SCDHEC Regulations R.61-58.5 and R.61-68. 5

A working level (WL) isany combination of short-lived radon decay productsin 1 liter of air that will result in the ultimate emission of 1.3 x 10 MeV of potential alpha
energy.

g. Groundwater protection standard appliesto a “representative volume’ of groundwater as defined in 10 CFR § 63.332.
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APPENDIX C

EXAMPLE OF FATE AND TRANSPORT MODELING

This appendix describes the methodology and
results of the fate and transport modeling that
the U.S. Department of Energy (DOE) per-
formed to support the closure of high-level
waste (HLW) tanks in the F-Tank Farm and the
H-Tank Farm at the Savannah River Site (SRS).
This modeling estimates potential human health
and ecological impacts of residual contamination
remaining after closure. It also estimates the
groundwater concentrations and dose levels at
the applicable groundwater  outcropping
(seepling), which is the established point of
compliance.

The modeling assumed (1) institutional control
for 100 years and subsequent industrial land use;
(2) the area immediately around the tank farms
remains in commercial/industrial use for the en-
tire 10,000-year period of anaysis, and (3) the
area of commercial/industrial land use extends at
least between Fourmile Branch and Upper Three
Runsin the vicinity of the tank farms.

Potential impacts to workers, intruders, and
nearby adult and child residents were analyzed.
For informational purposes, concentrations and
dose levels were also calculated at 1 meter and
100 meters downgradient from the edge of each
tank farm.

The calculated impacts from the residual con-
tamination in these tanks can be used in con-
junction with results from modeling of other
sources in the Groundwater Transport Segment
(GTS) to account for tank farm impacts against
the GTS performance objectives as discussed in
Chapter 6.

C.1 Analyzed Scenario

In the analyzed scenario, the mobile contami-
nants in the tanks will gradually migrate through
unsaturated or saturated soil to the hydro-
geologic units comprising the Shallow Aquifer
underlying the tank farms. The first hydro-

geologic unit encountered will be the Water Ta
ble Aquifer. Some contaminants will be trans-
ported by groundwater through the Water Table
Aquifer to the seepline and subsequently to the
surface waters of either Upper Three Runs or
Fourmile Branch. Upon reaching the surface
water, the contaminants will contaminate the
seepline, sediments, and the shoreline. Aquatic
organisms in the streams and plants along the
shoreline will become exposed to the contami-
nants. Terrestrial organisms might ingest the
contaminated vegetation and aobtain their drink-
ing water from the contaminated stream. Hu-
man receptors could be exposed to contaminants
through various pathways associated with the
surface water.

Due to vertical leakage through the Tan Clay
layer, a portion of the contaminants will migrate
further downward into the underlying Barnwell-
McBean Aquifer which predominantly dis
charges aong Fourmile Branch. These con-
taminants will affect organisms and human re-
ceptors in and along surface streams in the same
manner as those contaminants transported
through the Water Table Aquifer.

Vertica leakage through the Green Clay layer
underlying the Barnwell-McBean Aquifer re-
sults in flow from the Barnwell-McBean down
to the Congaree Aquifer. Thus, a portion of
those contaminants reaching the Barnwell-
McBean Aquifer will move further downward
into the Congaree Aquifer which predominantly
discharges along Upper Three Runs. However,
since thereis minimal interchange between these
two aguifers and the volume of water in the
Congaree is quite large, impacts to humans and
aguatic and terrestrial organisms at this location
will be negligible. More details on the hydro-
geology of the tank farm area can be found in
Chapter 3.

The closure scenario assumes that the tanks will
be filled with grout and no engineered structures
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will be used to reduce the infiltration of rain wa-
ter.

C.2 Residual Material in HLW
Tanks

The waste removal process will use the follow-
ing techniques or other techniques of compara-
ble or greater effectiveness, Appendix A pro-
vides additional detail.

Bulk waste removal - Slurry pumps, transfer
pumps, and transfer jets will be used to re-
move as much HLW as practical from the

tank systems.

SprayWater washing — If needed, tFhe inte-
rior of the tank will be sprayedwashed with
water to dislodge loose contamination that
was not removed during bulk waste re-
moval.

Annulus cleaning - On tanks that have
leaked waste from primary to secondary
containment, when required by evauation,
as much waste as is practica will be re-
moved from the annulus.

After the tank closure process begins for agiven
tank, DOE may determine that further waste re-
moval of a particular tank is necessary to meet
the performance objectives. DOE will then per-
form further waste removal, such as acid rinsing,
mechanical methods, or other means.

The residual material in the tanks would most
likely be insoluble sludge material that settles
into the bottom of the tanks. For purposes of
analysis, all residual material in a tank is as-
sumed to have a radionuclide distribution equal
to that of the udge material.

C.3 Tank Groupingsfor Modeling
Source Term Calculation

Because each of the HLW tanks has a different
history with regard to transfers of liquid waste
over the years of operation, each tank has a dif-
ferent projected radionuclide distribution in the

dludge material. In addition, there are 4 types of
tanks in the two tank farms, and the distance
from the bottom of the tanks to the water table
aquifer varies by tank. To simplify the calcula
tional process, tank groupings were determined
for both tank farms that were based on the fol-
lowing factors:

tank type
distance to the water table aquifer
proximity to other tanks of the tank type

Table C-1 below shows the characteristics of the
tanks in both F- and H-Area Tank Farm. For
each tank, the type of tank is noted along with
the basemat thickness, tank bottom elevation,
water table elevation, and vadose zone thick-
ness. Thisinformation was used along with the
geographical proximity to determine the appro-
priate groupings.

Based on the information in Table C-1, the tanks
were assigned to groups as listed in Table C-2
below.

C.4 SourceTerm Valuesfor the
Tank Farms

As discussed earlier, it was assumed that the
contaminants remaining in the tanks after any of
the waste removal methods (bulk waste removal,
water washing, oxalic acid cleaning, or me-
chanical means of waste removal) would be
mixed in with the sludge in the tanks. There-
fore, the source term calculation for the individ-
ual tanks, the aggregate groups, and the tank
farms is based on the volume of sludge remain-
ing in the tanks after cleaning. Because it was
assumed that the concentration in the sludge in
each tank would remain unchanged by the clean-
ing process (i.e., it was assumed that the sludge
would contain mostly insoluble contaminants
that would not be dissolved selectively from the
sludge), the total source material in each tank is
determined solely by the volume of sludge as-
sumed to remain following the appropriate
cleaning method.
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Table C-1. Tank-specific characteristics of the HLW tanks at the SRS.

Basemat Vadose zone Basemat Vadose zone
Tank  thickness thickness Tank  thickness thickness
Tank # Area type (ft) (ft) Tank# Area type (ft) (ft)
1 F I 354 19.54 27 F Il 275 26.59
2 F I 354 19.54 28 F Il 275 25.18
3 F I 3.54 18.22 29 H " 2.75 13.92
4 F I 3.54 18.04 30 H Il 275 12.93
5 F I 3.54 16.68 31 H Il 275 12.48
6 F I 3.54 1711 32 H Il 275 10.44
7 F I 3.54 15.88 33 F Il 275 23.49
8 F I 3.54 15.88 34 F Il 275 22.77
9 H I 3.54 -28.3% 35 H Il 275 16.42
10 H I 3.54 -29.47% 36 H Il 275 18.77
11 H I 3.54 -30.69% 37 H Il 275 19.01
12 H I 3.54 -31.81% 38 H Il 275 19.64
13 H I 3.75 -1.64° 39 H Il 275 20.94
14 H I 3.75 -2.22% 40 H Il 275 20.59
15 H I 3.75 -1.32% 41 H Il 275 19.88
16 H I 3.75 -2.21% 42 H Il 275 21.59
17 F Tank has been previously closed. 43 H Il 2.75 22.27
18 F v 0.58 4.89 44 F Il 275 24.75
19 F A\ 0.58 421 45 F Il 275 26.9
20 F Tank has been previously closed. 46 F Il 2.75 26.86
21 H v 0.58 7.99 47 F Il 275 25.35
22 H v 0.58 8.53 48 H Il 275 16.39
23 H v 0.58 8.06 49 H Il 275 16.95
24 H v 0.58 8,51 50 H Il 275 14.19
25 F Il 2.75 25.33 51 H Il 275 14.2
26 F " 2.75 26.63

a. Negative values for the vadose zone thickness indicate that the bottom of the tank is below the top of the water
table aquifer.
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Table C-2. Assigned tank groupings for HLW tanksin F-Area and H-Area..
Averagebasemat  Average vadose zone
Tank farm  Tank type Tanks thickness (ft) thickness (ft)
F-Area 1@ 1-8 3.54 17.61
Il 25-28, 33-34, 44-47 2.75 25.39
v 18,19 0.58 4.55
H-Area | 9-12 3.54 -30.07®
I 13-16 3.75 -1.85®
v 21-24 0.58 8.27
Il 29-32 2.75 12.44
Il 48-51 2.75 15.43
Il 38-43 2.75 20.82
Il 35-37 2.75 18.07

a. Thediameter of Typel tanksis 75 ft, while al other tanks have a diameter of 85 ft.
b. Negative values for the vadose zone thickness indicate that the bottom of the tank is below the top of the water

table aquifer.

Estimates of the current contents of the tanks
were used as the starting point for calculation of
the source term expected to remain after clean-
ing of the tanks. The current contents estimates
were provided by WSRC (Newman 1999). The
concentration of constituents in the sludge was
estimated by dividing the total amount of each
contaminant by the mass of sludge for each con-
stituent.

WSRC also provided estimates of the volume of
sludge expected to remain after the various
cleanings were performed for each tank. For the
In some cases, individual tanks were expected to
require only bulk waste removal to remove es-
sentidly all of the contaminants while other
tanks were assumed to require further cleaning.
For calculational purposes, the tanks to be
cleaned only by bulk waste removal were as-
sumed to contain 1,000 gallons of residual
sludge while the tanks to be cleaned by further
cleaning were assumed to contain 100 gallons of
residual sludge. These volumes were then mul-
tiplied by the concentrations previously obtained
to calculate the total inventory of contaminants
expected to remain in each tank after cleaning.

The total inventory of contaminants for a given
tank group was obtained by summing the contri-
butions from the appropriate tanks. The concen-
tration for the tank groupings was obtained by
dividing the total inventory for the group and

dividing by the total sludge remaining in all
tanksin the group.

In addition to the tank contents, a small quantity
of contamination is also expected in ancillary
equipment and piping that connect the tanks to
each other and to other portions of the Tank
Farm Areas. For conservatism, the concentra-
tions in the equipment and piping for a given
tank grouping were assumed to be the same asin
the tanks, and the total inventory in the equip-
ment and piping were assumed to be equal to 20
percent of that contained in the tank grouping.
However, in the future, DOE expects to estimate
actual ancillary equipment and piping contami-
nation to more closely approximate the actual
contamination level. These estimates will be
described in the applicable closure modules.

C.5 Calculational Methodology for
Human Health Impact Analysis

Groundwater and surface water concentrations
and human health impacts were calculated using
the MEPAS computer code (Buck et al. 1995).
MEPAS integrates source-term, transport, and
exposure models for contaminants. In MEPAS,
contaminants are assumed to be transported
from a contaminated area to potential human
receptors through various transport pathways.
Human receptors then receive doses, both
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chemical and radiation, through exposure or in-
take routes and numerous exposure pathways.
MEPAS includes models to estimate human
health impacts from radiation exposure, carcino-
genic chemicals, and noncarcinogenic chemi-
cals. More details on the use of MEPAS are
givenin Section C.8.

It is expected that during the tank system closure
period, new innovative modeling methods and
programs may be substituted for those described
in this appendix. Any new methods or programs
will be discussed and approved in applicable
closure modules.

This modeling assumed institutional control for
100 years and subsequent industrial land use.
The area immediately around the tank farms
would remain in commercial/industrial use for
the entire 10,000-year period of analysis and
would be unavailable for residential use based
on the DOFE’s Future Use Plan for the Savannah
River Site (DOE 1998). Figure C-1 shows the
potential pathways by which the receptors could
be exposed to contaminants._ None of the ana-
lyzed scenarios took credit for engineered caps
to be placed after completion of closure activi-
ties.

Potential impacts to the following hypothetical
individuals were analyzed:

Worker: An adult who has authorized ac-
cess to, and works at, the tank farm and sur-
rounding areas but is considered to be a
member of the public for compliance pur-
poses. This analysis assumes that the
worker remains on the banks of Fourmile
Branch or Upper Three Runs during work-
ing hours.

Intruder: A teenager who gains unauthor-
ized access to the tank farm and is poten-
tially exposed to contaminants.

Nearby adult resident: An adult who lives
in a dwelling across either Fourmile Branch
or Upper Three Runs downgradient of the
tank farms, near the location of the seepline.

Nearby child resident: A child who livesin
a dwelling across either Fourmile Branch or
Upper Three Runs downgradient of the tank
farms, near the location of the seepline.

In addition to the hypothetical individuals identi-
fied above, concentration and dose levels were
calculated at the groundwater seepline point of
exposure. For informational purposes, concen-
tration and dose levels were also calculated at 1-
meter and 100 meters downgradient from the
edge of the F-Area and H-Area Tank Farms.

Further information on the pathways analyzed
for the various receptors is provided in the fol-
lowing sections.

C.5.1 WORKER

The worker is assumed to be located in the area
including and surrounding the tank farms. Since
ingtitutional controls are in place, the potential
for exposure of the worker to the primary source
(residual material at the bottom of the tanks) is
minimal. Therefore, this analysis assumed that
the worker is located constantly at the nearest
place where contaminants will be accessible
(i.e., on the bank of either Fourmile Branch or
Upper Three Runs), as part of his work duties.
The assumption is conservative because the
worker has a greater potential for exposure to
contaminants at the seepline. Because the
worker does not reside at the tank farms, the ex-
posure pathways by which he could come in
contact with contaminantsis limited. The poten-
tial exposure pathways for the seepline worker
are:

Direct irradiation from the shoreline depos-
its (radioactive contaminants only)

Incidental ingestion of the soil from the
shoreline deposits

Dermal contact with shoreline deposits.
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Exposure from inhalation of resuspended soil
was not evaluated because the soil conditions at
the seepline (i.e, the soil is very damp) are such
that the amount of soil resuspended and poten-
tially inhaled will be minimal.

C.5.2 INTRUDER

Another potential receptor is the intruder, a per-
son who gains unauthorized access to the tank
farm site and becomes exposed to the contami-
nants in some manner. The intruder scenario
was analyzed for a point in time after institu-
tional controls have ceased (i.e., after the 100-
year period following tank closure). Because
the intruder is assumed not to have residential
habits, he would not have exposure pathways
like that of aresident (e.g., the intruder does not
build a house, grow produce, etc.). Instead, the
intruder is potentially exposed to the same path-
ways as the seepline worker but for a shorter
duration (4 hours per day for the intruder com-
pared to 8hours per day for the seepline
worker).

C.5.3 NEARBY ADULT RESIDENT/
NEARBY CHILD RESIDENT

Nearby residents could also potentialy be ex-
posed to contaminants from the tank farms.
While the SRS Land Use Plan calls for the entire
SRS to be unavailable for public use in perpetu-
ity, this analysis assumes that members of the
public construct a dwelling near the tank farms
on the Savannah River Site (but outside the tank
farms). The location of the residential dwelling
is assumed to be downgradient near Fourmile
Branch or Upper Three Runs at a point 100 me-
ters downstream of the groundwater cropping.
The residents of this dwelling include both
adults and children. The adult resident was
modeled separately from the child resident be-
cause of different body weights and consump-
tion rates.

The resident is assumed to use Fourmile Branch
for recreational purposes; to grow and consume
produce irrigated with water from Fourmile
Branch; to obtain milk from cows raised on the
residential property, and to consume meat that
was fed contaminated vegetation from the area.

Therefore, potential exposure pathways for both
the nearby adult and nearby child resident are
the following:

Incidental ingestion of contaminated soil
from shoreline deposits

Inhalation of contaminated soil from shore-
line deposits

Direct irradiation from shoreline (radioac-
tive contaminants only)

Direct irradiation from surface water (radio-
active contaminants only — recreation)

Dermal contact with surface water
Incidental ingestion of surface water
Ingestion of contaminated meat

Ingestion of produce grown on contaminated
soil irrigated with water from Fourmile
Branch or Upper Three Runs

Ingestion of milk from cows that are fed
contaminated vegetation

Ingestion of aquatic foods (e.g., fish) from
Fourmile Branch or Upper Three Runs

C.54 HUMAN HEALTH EXPOSURE PA-
RAMETERSAND ASSUMED VALUES

Because the impact on a given receptor depends
in large part on the physical characteristics and
habits of the receptor, it is necessary to stipulate
certain values to obtain meaningful results. Cer-
tain of these values are included as default val-
ues in MEPAS; however, others must be speci-
fied so that the receptors are modeled appropri-
ately for the scenario being described.

For this modeling effort, site-specific values
were used as much as possible: that is, values
that had been used in other modeling efforts for
the SRS were incorporated when available and
appropriate. Table C-3 lists the major parame-
ters that were used in assigning characteristics to
the receptors used in the calculations.
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C.6 Calculational Methodology for
Ecological Risk Assessment Analy-
Sis

C.6.1 GENERAL METHODOLOGY

Several potential contaminant release mecha
nisms were considered for assessing ecological
risks associated with tank closure. These in-
cluded contamination of runoff water during
rainstorms, soil contamination from ar emis-
sions following tank collapse, and contamination
of groundwater. Onsite inspection showed that
the tanks are well below (4 to 7 meters) the sur-
rounding, original land surface. Therefore, run-
off or soil contamination was not a reasonable
assumption.  Groundwater contamination was
determined to be the most likely means of con-
taminant transport.

Several contaminant migration pathways were
evaluated, which for half of H-Area (south of the
groundwater divide) include seepage of the
groundwater from the Water Table and Barn-
well-McBean Aquifers at a downgradient out-
crop (seepline) and subsequent mixing in Four-
mile Branch and outcrop from the Congaree Ag-
uifer and subsequent mixing in Upper Three
Runs. For the other half of H-Area (north of the
groundwater divide), al three aquifers outcrop at
Upper Three Runs with subsequent mixing with
this stream. For F-Area, the analysis included
seepage of the groundwater from the Water Ta-
ble and Barnwell-McBean Aquifers at a down-
gradient outcrop (seepline) and subsequent mix-
ing in Fourmile Branch, and outcrop from the
Congaree Aquifer and subsequent mixing in
Upper Three Runs. The groundwater-to-surface
water contaminant migration pathway, together
with potential routes of entry into ecologica
receptors, is shown in the conceptual site model
(Figure C-2).

The habitat in the vicinity of the seeplinesis bot-
tomland hardwood forest. On the upsope side

of the bottomland, the forest becomes a mixture
of pine and hardwood.

Potential impacts to terrestrial receptors at the
seepline and aquatic receptors in Fourmile
Branch and Upper Three Runs were evaluated.
For the assessment of risk due to toxicants, the
aquatic receptors are treated as a group because
water quality criteria have been derived for pro-
tection of aguatic life in general. These criteria,
or equivalent values, are used as threshold con-
centrations. For the radiological risk assess
ment, the redbreast sunfish was selected as an
indicator species due to its abundance in Four-
mile Branch and Upper Three Runs (Halverson
et a. 1997).

There are no established criteria for the protec-
tion of terrestrial organisms from toxicants. Re-
ceptor indicator species are usualy selected for
risk analysis and the results extrapolated to the
populations, communities, or feeding groups
(e.g., herbivores, predators) they represent. Two
terrestrial animal receptors, the southern short-
tailed shrew and the mink, were selected in ac-
cordance with EPA Region IV guidance, which
calls for investigation of small animals with
small home ranges. The guidance also calls for
investigation of predators when biomagnifying
contaminants (such as mercury) are being stud-
ied. The southern short-tailed shrew is small
and one of the most common mammals on the
SRS; the mink is a small-bodied predator associ-
ated with waterways and is found on SRS (Co-
thran et al. 1991). Species that are more abun-
dant on SRS than the mink with similar eclogues
were considered for use in this assessment, in-
cluding the raccoon. However, the mink has a
small body size relative to similar species, which
results in a more conservative estimate of expo-
sure. Also, the mink is considered to be a highly
contaminant-sensitive species, and is amost ex-
clusively carnivorous (which maximizes toxi-
cant exposure). The short-tailed shrew and mink
are also used in the radiol ogical assessment.
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Table C-3. Assumed human health exposure parameters.

Applicable
Parameter receptor Value Comments
Body mass Adult 70 kg Thisvalueistaken directly from ICRP (1975). In radio-
logical dose calculations, thisis the standard value in the
industry.

Child 30kg This value was obtained from ICRP (1975). Both amale
and female child of age 9 have an average mass of 30 kg.

Exposure period All 1year Thisvalueis necessary so that MEPAS will calculate an
annual radiation dose. Lifetime doses can be calculated by
multiplying the annual dose by the assumed life of the indi-
vidual.

Leafy vegetable Adult 21kg/yr  Thisvaue was taken from Hamby (1993), which was used

ingestion rate previoudly in other modeling work at SRS.

Child 8.53 kg/lyr Thisvalue was calculated based on the adult ingestion rate
from Hamby (1993) and the ratio of child to adult ingestion
rates for maximum individuals (NRC 1977).

Other vegetables Adult 163 kg/yr  This value was taken from Hamby (1993), which was used

ingestion rate previoudly in other modeling work at SRS.

Child 163 kg/lyr  Thisvalue was calculated based on the adult ingestion rate
from Hamby (1993) and the ratio of child to adult ingestion
rates (equal to unity) for maximum individuals (NRC
1977).

Mest ingestion rate Adult 43 kglyr  This value was taken from Hamby (1993), which was used
previoudly in other modeling work at SRS.

Child 16 kglyr  Thisvalue was calculated based on the adult ingestion rate
from Hamby (1993) and the ratio of child to adult ingestion
rates for maximum individualsin NRC (1977).

Milk ingestion rate Adult 120L/yr  Thisvaue was taken from Hamby (1993), which was used
previously in other modeling work at SRS.

Child 128 L/yr  Thisvaue was calculated based on the adult ingestion rate
from Hamby (1993) and the ratio of child to adult ingestion
rates for maximum individualsin NRC (1977).

Water ingestion All 2L/day  Thisvaueisstandardin MEPAS and is consistent with

rate maximum drinking water ratesin NRC (1977).

Finfish ingestion Adult 9kg/yr  Thisvaue was taken from Hamby (1993), which was used

rate previously in other modeling work at SRS.

Child 2.96 kg/lyr  This value was calculated based on the adult ingestion rate
from Hamby (1993) and the ratio of child to adult ingestion
rates for maximum individualsin NRC (1977).

Time spent at Adult resident 12 hrglyr  Thisisadefault value from MEPAS and is consistent with

shoreline NRC (1977).
Child resident 12 hrglyr  Thisisadefault value from MEPAS and is consistent with
NRC (1977).
Seepline worker 2080 Thisvalue is based on the assumption of continuous expo-
hrs/yr sure of the seepline worker during each working day.
Intruder 1040 Thisvalueis based on the conservative assumption of half-
hrs/yr time exposure during each working day.
Time spent Adult resident 12 hrglyr  Thisisadefault value from MEPAS and is consistent with
swimming NRC (1977).
Child resident 12 hrglyr  Thisisadefault value from MEPAS and is consistent with

NRC (1977).
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The seepage areas are estimated to be smal,
about 0.5 hectare (DOE 1997), so risk to plant
populations would be negligible even if individ-
ua plants were harmed. The only case in which
harm to individual plants might be a concern in
such a small area would be if protected plant
species are present. Because no protected plant
species are known to occur in these areas, risks
to terrestrial plants are not treated further in the
risk assessment.

The following exposure routes were chosen for
calculating absorbed radiation dose to the terres-
trial mammals of interest (shrew and mink) lo-
cated on or near the seeplines: ingestion of food
(earthworms, dlugs, insects and similar organ-
isms for the shrew, and shrews for the mink);
ingestion of soil; and ingestion of water. The
following exposure routes were chosen for cal-
culating absorbed dose to aquatic animals of
interest (sunfish) living in Fourmile Branch and
Upper Three Runs. uptake of contaminants
from water and direct irradiation from submer-
sion in water.

The exposure factors used in calculating doses to
the shrew and mink are listed in Table C-4. An
important assumption of the exposure calcula-
tion is that no feeding or drinking takes place
outside the influence of the seepage, even
though the home ranges of the shrew and the
mink typically are larger than the seep areas.
EPA (1993) presents a range of literature-based
home ranges for the short-tailed shrew that vary
from 0.03 to 1.8 ha. Home ranges for the mink
aso vary widely in the literature from 7.8 to
770 ha (EPA 1993). The bioaccumulation factor
for soil and soil invertebrates is 1 for al metals,
asisthe factor for soil invertebrates and shrews.
Ky values for estimating-contaminant concentra-
tions in soil due to the influence of seepage are
from Baes et al. (1984). Bioconcentration fac-
torsfor estimating contaminant concentrationsin
aquatic prey items are from the EPA Region IV
water quality criteria table. For contaminants
with no listing in the Region 1V table for a bio-
concentration factor, a factor of 1 isused. The
mink was modeled as obtaining half of its diet
from shrews at the seep area and the other half
from aquatic prey downstream of the seepline.

C.6.2 EXPOSURE AND TOXICITY AS
SESSMENT

Exposure for aquatic receptors is simply ex-
pressed as the concentration of contaminants in
the water surrounding them. Thisis the surface-
water exposure medium shown in the conceptual
site model (Figure C-2). The conceptual model
also includes sediment as an exposure medium;
sediment can become contaminated from the
influence of the surface water or from seepage
that enters sediment directly. However, this ex-
posure medium was not evaluated because esti-
mating sediment contamination from surface
water inputs would be highly speculative and
seepage into sediment is not considered in the
groundwater model; all of the transported mate-
rial isassumed to come out at the seepline.

Exposure for terrestrial receptors is based on
dose, expressed as milligrams of contaminant
ingested per kilogram of body mass per day.
The routes of entry (exposure routes) used for
estimating dose were ingestion of food and wa
ter. Dermal absorption is a possibility, but the
fur of shrews and minks was considered to be an
effective barrier against this route. The food of
shrewsis mainly soil invertebrates, and the mink
eats small mammals, fish, and a variety of other
small animals. Contaminants in seepage water
were considered to be directly ingested as drink-
ing water (shrew), ingested as drinking water
after dilution in Fourmile Branch (mink), in-
gested in agquatic prey (mink), and transferred to
s0il, soil invertebrates, shrews, and mink
through asimple terrestrial food chain.

The goal of the toxicity assessment is to derive
threshold exposure levels which are protective
of the receptors (Table C-5). For aguatic recep-
tors, most of the threshold values are ambient
water quality criteria for chronic exposures.
Others include the concentration for silver,
which is an acute value (no chronic level was
available).

Screening for the MCL (10 mg/L as N) in the
seepline water is considered protective for ni-
trate. For terrestrial receptors, toxicity thresh-
olds are based on the lowest oral doses found in

C-11
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Receptor Feeding group Parameter Vaue Notes; Reference
Southern short-tailed shrew Insectivore Body weight 9.7 grams Mean of 423 adults collected on SRS (Cothran et al. 1991)
(Blarina carolinensis)
Water ingestion 2.2 grams/day 0.223 g/g/day X 9.7g (EPA 1993)
Food ingestion 5.2 grams/day 0.541 g/g/day X 9.7g (Richardson 1973 cited in Cothran et
al. 1991)
Soil ingestion 10% of diet Between vole (2.4%) and armadillo (17%) (Beyer et al.
1994)
Home range 0.96 ha Mean value on SRS (Faust et a. 1971 cited in Cothran et al.
1991)
Mink (Mustela vison) Body weight 800 grams “Body weight averages 0.6 to 1.0 kg” (Cothran et al. 1991)
Water ingestion 22.4 grams/day 0.028 g/g/day X 800g (EPA 1993)
Food ingestion 110 grams/day Mean of male and female estimates (EPA 1993)
Soil ingestion 5% of diet Between red fox (2.8%) and raccoon (9.4%); (Beyer et al.
1994)
Home range variable 7.8-20.4 ha (Montana);

259-380 ha (North Dakota) (EPA 1993)

Females: 6-15 ha, males: 18-24 ha (Kansas) (Bee et al.
1981)
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Table C-5. Threshold toxicity values (summarized from valuesin Tables C-6 and C-7).

Aquatic receptors

Terrestrial receptors
(milligrams per kilograms per day)

Contaminant (milligrams per liter) Shrew Mink
Aluminum 0.087 271.7 6.4
Barium 0.0059 1.78 0.41
Chromium 0.011 11.6 27
Copper 0.00142 52.2 12
Fluoride NAD 8.3 25
Iron 1.0 NA NA
Lead 0.00013a 0.012 0.003
Manganese NA 52.9 12.1
Mercury 0.000012 0.082 0.019
Nickel 0.0192 29.7 6.8
Nitrate (as N) NA (c) -
Silver 0.0000552 0.33 0.077
Uranium 0.00187 4.48 101
Zinc® 0.0127 14.0 3.17

a. Based on ahardness of 8.2 mg CaCOx/L.

b. NA: Not applicable (normally not atoxin for this type of receptor).
c. Screening for MCL (10W/L) at seepline considered protective for nitiate.

the literature that are no-observed-adverse-
effect-levels (NOAELS) or lowest-observed-
adverse-effect-levels (LOAELs) for chronic
endpoints that could affect population viability
or fitness (Table C-6). Usually the endpoints are
adverse effects on reproduction or development.
Uncertainty factors are applied to these doses to
extrapolate from LOAELs to NOAEL s and from
subchronic or acute-to-chronic study durations.
The derivation of these values is listed in Ta
bleC-7. Adjustments for differences in meta-
bolic rates between experimental animals, usu-
aly rats or mice, and indicator species are made
by applying a factor based on relative differ-
ences in estimated body surface area to mass
ratios.

C.6.2.1 Chemical Contaminants

For terrestria receptors, the exposure calculation
is a ratio of total contaminant intake to body
mass, on a daily basis. This dose is divided by
the toxicity threshold value to obtain a hazard
guotient. Modeled surface water concentrations
in Fourmile Branch and Upper Three Runs were

divided by aguatic threshold levels to obtain a
hazard quotient.

C.6.2.2 Radioactive Contaminants

Animal ingestion dose conversion factors
(DCFs) for both terrestrial animals (shrew and
mink) were estimated, for purposes of these cal-
culations, by assuming that the animals possess
similar metabolic processes as humans with re-
gard to retention and excretion of radioisotopes,
the chemistry of radioisotopes in the animals
bodies is assumed to be similar to that of hu-
mans. This assumption is appropriate because
much of the data used to determine the chemis-
try of radioisotopes in the humans bodies was
derived from studies of small mammals. Equa-
tions from International Commission on Radio-
logical Protection (ICRP) Publication 2 (ICRP
1959) which provides a more ssimplified human
metabolic model were used to predict the uptake
rate and body burden of radioactive material
over the life span of the animals. All isotopes
were assumed to be uniformly distributed

C-13
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Table C-6. Toxicological basis of NOAELsfor indicator species.

LOAEL (mil- NOAEL (mil-
ligrams per ligrams per
Surrogate  kilograms per kilograms per
Analyte species day) Duration Effect day) Reference Notes
Inorganics
Aluminum Mouse - 13mo Reproductive 19 Ondreickaet a. (1966) in ATSDR
system (1990)
Barium Rat 54 16 mo Systemic 0.54 Perry et al. (1983) in Opresko et al.
(1994)
Chromium VI Rat - ly  Systemic 35 Mackenzie et al. (1958) in ATSDR
(1991)
Copper Mink 15 50w  Reproductive 12 Aulerich et a. (1982) in Opresko et
al. (1994)
Fluoride Rat 5 60d Reproductive - Araibi et a. (1989) in ATSDR
(1993)
Mink 5 382d Systemic - Aulerich et a. (1987) in ATSDR Systemic LOAEL < reproductive
(1993)
[ron Data inadequate; essential nutrient
Lead Rat 0.28 30d Reproductive 0.014 Hilderbrand et a. (1973)
Manganese Rat - 100-224 d Reproductive 16 Laskey et al. (1982)
Mercury Mink 0.25 3mo Death; devel. 0.15 Wobeser et al. (1976) in Opresko et
al. (1994)
Nickel Rat 18 3gens Reproductive - Ambrose et al. (1976) Based on first-generation effects
Nitrate (as N) MCL of 10 mg/L at seeplineis
protective
Silver Mouse 23 125d Behaviora - Rungby & Danscher (1984)
Uranium Mouse - ~102d Reproductive 3.07 Paternain et al. (1989) in Opresko et
al. (1994)
Zinc Mouse 96 9-12mo Systemic — Aughey et al. (1977) Small data base
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Table C-7. Derivation of NOAEL s for indicator species.

NOAEL or LOAEL

Indicator species

in surrogate species Body surface NOAEL (milligrams
Contaminantof ~ Surrogate  (milligrams per area conver- Indicator per kilograms per
concern species  kilogramsper day)  UF& sion factor species day) Notes
Inorganics
Aluminum Mouse 19 1 0.33 Mink 6.4
Mouse 19 1 1.46 Shrew 217
Barium Rat 0.54 1 0.76 Mink 041
Rat 0.54 1 3.30 Shrew 1.78
Chromium V1 Rat 35 1 0.76 Mink 27
Rat 35 1 3.30 Shrew 116
Copper Mink 12 1 1.00 Mink 12.0
Mink 12 1 4.35 Shrew 52.2
Fluoride Mink 5 2 1.00 Mink 25 UF from less serious LOAEL
Rat 5 2 3.30 Shrew 8.3 UF from less serious LOAEL
Iron Datainadequate; essential nutrient
Lead Rat 0.014 4 0.76 Mink 0.003 UF for study duration
Rat 0.014 4 3.30 Shrew 0.012 UF for study duration
Manganese Rat 16 1 0.76 Mink 12.1
Rat 16 1 3.30 Shrew 52.9
Mercury Mink 0.15 8 1.00 Mink 0.019 UF for study duration
Mink 0.15 8 4.35 Shrew 0.082 UF for study duration
Nickel Rat 18 2 0.76 Mink 6.8 UF from LOAEL: NOAEL in 2nd and 3rd generations
Rat 18 2 3.30 Shrew 29.7 UF from LOAEL: NOAEL in 2nd and 3rd generations
Nitrate (as N) MCL of 10 mg/L at seeplineis protective
Silver Mouse 23 100 0.33 Mink 0.077 UF for LOAEL and nature of study
Mouse 23 100 1.46 Shrew 0.33 UF for LOAEL and nature of study
Uranium Mouse 3.07 1 0.33 Mink 101
Mouse 3.07 1 1.46 Shrew 4.48
Zinc Mouse 96 10 0.33 Mink 3.17 UF. LOAEL to NOAEL
Mouse 96 10 1.46 Shrew 14.0 UF: LOAEL to NOAEL

a  UF = Uncertainty factor.
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throughout the body of the animal. Dose con-
version factors for the aquatic animal, sunfish,
were calculated by assuming a steady-state con-
centration of radioactive materia within the tis-
sues of the animal and a uniform concentration
of radioactive material in the water surrounding
the sunfish.

The quantity of radioactivity ingested by the
organisms of interest was estimated by assuming
that the organisms live their entire lives in the
contaminated region (the seepline area for the
terrestrial organisms and Fourmile Branch and
Upper Three Runs near the seepline for the sun-
fish). The shrews are assumed to drink seepline
water at the maximum calculated concentrations
of radioactivity and to eat food that lives in the
soil/sediments near the seepline. The concentra-
tions of radioactivity in these media were de-
rived from the calculated seepline and Fourmile
Branch or Upper Three Runs concentrations.
The mink is assumed to drink Fourmile Branch
or Upper Three Runs water and eat only shrews
that live near the seepline.

The estimated amount of radioactivity that the
terrestrial organisms would ingest, through all
postulated pathways, was then multiplied by the
DCFs to caculate an annual radiation dose to
the organism. For the sunfish, the concentration
of radioactivity in the surface water was multi-
plied by the submersion and uptake dose conver-
sion factors to calculate an annual radiation
dose. These radiation doses are compared to the
limit of 1,000 millirad per day (365,000 millirad
per year) (DOE Order 5400.5).

C.7 Hydrogeologic Data In Sup-

port of Fateand Transport Model-
ing

Hydrogeologic parameters required as input for
the MEPAS fate and transport modeling were
derived from a variety of SRS, State, and Fed-
eral documents published between 1987 and
1997. Most of the data were published as part of
hydrogeologic framework and groundwater fate
and transport studies conducted at several facili-

ties in the General Separations Area (GSA), but
were not specific to the F- and H-Area HLW

Tank farms. Nevertheless, the data in the docu-
ments provided broad coverage and substantial
detail for the groundwater flow regimes beneath
both tank farms downgradient to the points of
groundwater discharge at the seeplines along the
major surface water bodies, namely, Fourmile
Branch and Upper Three Runs Creek (UTRC).
Table C-8, Table C-9, and Table C-10 summa-
rize the data and sources that were used to sup-
port the MEPAS modeling at the H-Area and F-
Areatank farms.

The hydrogeologic setting of the tank farms dic-
tated that three, vertically stacked aguifer zones
(Water Table, Barnwell-M cBean, and Congaree)
and two confining zones (Tan Clay and Green
Clay) would be potentially impacted by arelease
of contaminants from the HLW tanks.

The selection of modeling parameters was com-
plicated by the presence of a groundwater divide
that lies in close proximity to the F-Area tank
farm and which cuts through the H-Area tank
farm. Because of this feature, tank groupsin the
H-Area were sorted to distinguish those beneath
which shallow groundwater flowed toward
Fourmile Branch (south) and those beneath
which shallow groundwater flowed toward
UTRC (north). A further complication was that
groundwater flow in the Water Table and Barn-
well-McBean aguifers near the groundwater di-
vide has a strong downward component. There-
fore, near the tank farms a substantial portion of
the groundwater flow and contaminant transport
was downward toward the Congaree aquifer.
Once contaminants enter the Congaree aquifer
their flow would be northward and their point of
discharge would be UTRC, regardless of their
shallow flow orientation.

C.7.1 AQUIFER FLOW DIRECTION,
GRADIENT, AND DISTANCE

Because spatial heterogeneity exists across the
GSA area the hydrogeol ogic parameters sel ected
to support the MEPAS modeling at each tank-
farm were dependent on the anticipated flowpath
of the contaminant plumes. Representative
flowpaths were, therefore, selected first so that

WSRC-2003-00498
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Table C-8. Hydrogeologic parameters for H-Areatank farm north of the groundwater divide.

Horizontal Vertical hy-

hydraulic con-  draulic con- Soil composition

002 snbny

- ductivity ductivity )
Thickness (fty —POrOStY% ¢y qy) (ft/day) Hydraulic Sand/ Silt/ Clay Water budget (%)
Model layer (Flach 1994) Total® Eff.c (Flach1994) (Flach 1994) gradient? Flow distance (ft)  Class’ (%0)° (WSRC 1994)
1- Water Table 62.5 3B 20 38 0.1Kh ® 0.015 3720 @9 Loamy 83/11/6 50
Aquifer sand
2-Tan Clay 10 40 10 N/A 85 10* N/A N/A Silty clay 7146/ 47 N/A
Aquitard
3- Barnwell- 60 3B 20 38 0.1Kh ® 0.009 5820 @9 Loamy 83/11/6 23
McBean Aquifer sand
4 - Green Clay 10 40 10 N/A 1.00" 10* N/A N/A Clay 20/20/ 60 N/A
Aquitard
5 - Congaree 100 @ 34 25 40 0.1Kh ® 0.003 8390 @9 Sand 92/5/3 27
Aquifer

N/A = Not applicable.

Source: (Geotrans 1987; 1993).

Total porosity, aquifer vertical conductivity, and soil classification is based on data presented by Aadland (1995).

Effective porosity is based on values by EPA (1989) and Aadland (1995).

Gradient and flow distance are from tank farm point of entry to point of exit for each aquifer layer (WSRC 1994, Figs. 11,12,13,14)
Assumes that the Water Table and Barnwell-McBean aquifers discharge at McQueen Branch.

Flow discharges at UTR Creek.

MEPAS guidance Table 2.1, PNL-10393, 1997.
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Table C-9. Hydrogeologic parameters for H-Areatank farm south of the groundwater divide.

Horizontal Vertical hy-

hydraulic con-  draulic con- Soil composition

- ductivity ductivity i
Thickness (fty —POrOStY% (fygqy) (ftiday)  Hydraulic Flow distance Sand/ Silt/ Clay Water budget (%)
Model layer (Flach1994)  Total® Effc (Flach1994) (Flach1994) gradient® (ft) Class® (%) (WSRC 1994)
1- Water Table 62.5 3B 20 45 0.1Kh ® 0.014 4520 © Loamy 83/11/6 47
Aquifer Sand
2-Tan Clay 10 40 10 N/A 9.0' 10" N/A N/A Silty Clay 7146/ 47 N/A
Aquitard
3- Barnwell- 65 3B 20 45 0.1Kh ® 0.011 4840 © Loamy 83/11/6 31
McBean Aquifer Sand
4 - Green Clay 10 40 10 N/A 1.00" 10" N/A N/A Clay 20/20/ 60 N/A
Aquitard
5 - Congaree 100@ 34 25 40 0.1Kh ® 0.004 11400 @9 Sand 92/5/3 22
Aquifer

N/A = Not applicable.

Geotrans (1987, 1993).

Total porosity, aquifer vertical conductivity, and soil classification is based on data presented by Aadland (1995).

Effective porosity is based on values by EPA (1989) and Aadland (1995).

Gradient and flow distance is from tank farm point of entry to point of exit for each aquifer layer (WSRC 1994, Figs. 11,12,13,14)
Flow discharges at UTR Creek.

MEPAS guidance Table 2.1, PNL-10393, 1997.
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Table C-10. Hydrogeologic parameters for F-Areatank farm.?

Horizontal
hydraqllp Vertica hy.draullc Soil Composition
- conductivity conductivity i
Thickness (fty —POrosity % (ft/day) (ft/day) Hydraulic  Flow distance Send/ Silt/ Clay  water budget (%)
Model layer (Flach 1994) Total® Eff.c (Flach 1994) (Flach 1994) gradient® (ft) Class® (%0)° (WSRC 1994)

1- Water Table 40 35 20 20 0.1Kh 0.006 6260 Loamy 83/11/6 31
Aquifer sand
2-TanClay 3 40 10 N/A 450102 N/A N/A Silty clay 7146147 N/A
Aquitard
3 - Barnwell- 60 35 20 16 0.1Kh 0.004 6135 Loamy 83/11/6 65
McBean Aquifer sand
4 - Green Clay 5 40 10 N/A 1.25 10° N/A N/A Clay 20/20/60 N/A
Aquitard
5 - Congaree 100 34 25 38 0.1Kh 0.006 5440 Sand 92/5/3 4
Aquifer

N/A = Not applicable

a  Total porosity, aquifer vertical conductivity, and soil classification is based on data presented by Aadland (1995).
b. Effective porosity is based on EPA 1989.

c. MEPASguidance Table 2.1, PNL-10393, 1997

d.

Information comes from Figures 20 and 26 of the referenced document.
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the remaining parameters could be chosen on a
more flowpath-specific basis from the site-wide
data and modeling simulations provided in the
literature. As indicated above, because of the
vertical flow components and leaking confining
layers, the contaminant plumes follow lateral
flowpaths within three aquifer layers and verti-
cal flowpath across two confining layers. Pa
rameters required for the modeling were there-
fore selected for each of thefive layers.

The gradient and distance are shown in Ta-
ble C-8 for flow toward UTR Creek and Ta-
ble C-9 for flow toward Fourmile Branch. The
conceptual model in the reference only consid-
ered flow toward McQueen Branch, therefore,
the direction, gradient, and distance for flow
toward Fourmile Branch was graphically ex-
trapolated from the referenced potentiometric
surface figures.

The source of groundwater flow direction, gra-
dient, and distance data for the F-Areatank farm
was a document by GeoTrans (1993). Model-
calibrated, potentiometric surface maps provided
in the referenced document were the basis for
the aquifer layers. The gradient and distance
graphically extrapolated from the figures are
shown in Table C-10 for flow toward Fourmile
Branch. Groundwater flow in the Water Table
and Barnwell-McBean aguifers below the F-
Area tank farm was assumed to be south of the
groundwater divide and only toward Fourmile
Branch; flow in the Congaree aquifer is only
toward UTRC.

The flow distance for both tank farms was taken
as the distance in feet along a representative
groundwater flow line beginning a the ap-
proximate center of the tank farm and extending
downgradient to the natural point of discharge
along a streambed (i.e., seepline). Because of
the strong vertical gradientsin the vicinity of the
tank farms the flow distance for each aquifer
layer began at the tank farm. The average gradi-
ent across the flow domain was then calculated
as the change in elevation along the representa-
tive flowline divided by the distance along the
flowline.

The flow direction in all confining layers was
assumed to be vertical. Flow through the Tan
Clay and Green Clay was only simulated as part
of the partialy saturated zone when flow
through the underlying aquifer layers, Barnwell-
McBean and Congaree, respectively, was mod-
eled. As such, flow distance and saturated gra-
dient, as used in the context of the saturated ag-
uifer layers, were not required.

C.7.2 LAYER THICKNESS

The source of datafor the upper aquifer and con-
fining layers at the H-Area tanks was a docu-
ment by Flach (1994). Conceptual models for
the Water Table and Barnwell-McBean aquifer
were used as the basis for the aquifer and confin-
ing layer thickness. The thickness of the Conga-
ree aquifer was based on reports by GeoTrans
(1987; 1993) that reported a GSA-wide thick-
ness of 100 feet.

The sources of data for all the aguifer and con-
fining layers at the F-Area tanks were two
documents by GeoTrans (1987; 1993). These
documents were used as the major data refer-
ences during development of the tank closure
methodology. GeoTrans (1987) provided aver-
age thicknesses for each of the aquifer and con-
fining layers. These thicknesses were consistent
with the model cell-specific thickness ranges
used in subsequent work (GeoTrans 1993).

C.7.3 HYDRAULIC CONDUCTIVITY

The source of data hydraulic conductivities for
the upper aquifer and confining layers at the H-
Area tanks was a document by Flach (1994).
The source of datafor al the aguifer and confin-
ing layers at the F-Area tanks was a document
by GeoTrans (1993).

The vertical conductivities for all aquifer layers
were assumed to be 1/10 of the horizontal con-
ductivities. This was based on the moderate
stratification of the sand beds that make up the
aquifer units as described by Aadland (1995).
Walton (1987) suggests that a vertical to hori-
zontal ratio of 1/10 is appropriate for sediments
with medium dratification ratios. A verti-

WSRC-2003-00498 C-20
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ca/horizontal ratio of 1/10 was also used in
GeoTrans 1993.

C.7.4 SOIL COMPOSITION

Sail characteristics for each of the aguifer and
confining units have been described by Aadland
(1995) and are included in the various modeling
reports used as data sources for this appendix
(GeoTrans 1987, 1993; Flach 1994; Smits
1997). From these descriptions USDA soil clas-
sifications were assigned to the various layers
with the intent of representing the dominant
lithologic types within each layer. The soil clas-
sifications and relative percents of sand/silt/clay
for each soil class were taken from Table 2.1 in
the MEPAS guidance handbook (Buck et al.
1995). The hydraulic conductivity of the aquifer
and confining layers were used as a relative dis-
criminator in selecting the soil compositions. A
slightly lower sand to silt/clay ratio composition
was selected for the Water Table and Barnwell-
McBean aquifers compared to the Congaree ag-
uifer based on a seemingly higher incidence of
mud layers and intra-aquifer confining beds in
the upper aquifer layers (Aadland 1995).

C.7.5 WATER BUDGET

The water budget is used in modeling to track
the distribution of water flowing into and out of
the model domain. In caibrated steady-state
models the total discharge from the system
should closely equal the total recharge to the
system. For three-dimensional models, the flow
into and out of each aquifer layer can be tracked.
Because contaminant mass is transported
through aquifers predominantly by advective
flow, the water budget can be used to approxi-
mate the distribution of contaminant mass within
the system. Because MEPAS is a single-layer
trangport model in the saturated zone, previous
three-dimensional modeling results were used to
apportion the contaminant mass between the
three aguifer layers based on the water budget
distribution.

The source of datafor the aquifer layers at the F-
and H-Areatank farms was a document by Flach
(1994). The water budget percentages shown in
Tables 4, 5, and 6 of this calculation package

correspond to the hydraulic conductivities se-
lected.

C.7.6 TOTAL AND EFFECTIVE POROS
ITY

The basis for the selection of total porosity for
aquifer and confining layers was a report by
Aadland (1995). Average values for the UTR
aquifer (Water Table and Barnwell-McBean)
and for the Gordon aguifer (Congaree), 35.2 and
34.6 percent, respectively, were reported in the
reference. Values for the Tan and Green Clays
were taken from a large set of undifferentiated
sandy clay and clayey sand samples reported in
the reference (average 40-41 percent).

The effective porosity was based on the domi-
nant lithology of the layer and was selected from
default values used by the EPA for time of travel
analyses (EPA 1989). The reference lists
20 percent for sand and gravel dominated
lithologies (e.g., SW, SP, SM, SC soils) and
10 percent for silt/loam/clay loam lithologies.
These values are aso consistent with Aadland
(1995) who reported a generally accepted, effec-
tive porosity range of 20 to 25 percent for the
lower sand zone of the UTR aquifer (Barnwell-
McBean) and 5 to 12 percent for clay/sandy clay
to clayey sand lithologiesin the GSA.

C.8 MEPASANALYSIS

C.8.1 GENERAL MEPASMETHODOL-
oGY

The MEPAS code is widely used and accepted
throughout the DOE complex and has been pre-
sented to and accepted by regulatory agencies,
such as the U.S. Environmental Protection
Agency (EPA). Examples of its use by DOE
include the EH-Environmental Survey Risk As-
sessment (DOE 1988) and the Complex-Wide
Programmatic Waste Management EIS (DOE
1997) Impact Analysis. This code has been used
to demonstrate environmental impacts in Re-
source Conservation and Recovery Act (RCRA)-
Subpart X permit applications to various EPA
regions.

C-21
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The modeling results presented in this appendix
are based on the amount of contaminants re-
maining in each tank in the F-Tank Farm and H-
Tank Farm after DOE has completed bulk waste
removal and additional cleaning as appropriate
for the analyzed scenario. For purposes of mod-
eling, the inventory is distributed over a square
with area corresponding to that of the tank bot-
tom. The results can generally be scaled to dif-
fering amounts of residual contaminants in a
tank.

Because MEPAS was not specifically designed
to model rainwater runoff efficiencies afforded
by engineered caps or thick covers such as the
grout fill, analyses were performed specifying
infiltration rates that relate to the closure sce-
nario. For example, previous studies by WSRC
(1993) showed that an infiltration rate of
2 centimeters per year could be used to smulate
an intact engineered cap. Since the grout fill
would hinder infiltration but to a lesser degree
than a grout and cap combination, an infiltration
rate of 4 centimeters per year was chosen to rep-
resent conditions for the time interval when the
grout remains intact. Similarly, an infiltration
rate of 40 centimeters per year (average infiltra-
tion rate for SRS soils) would correspond to the
infiltration rate occurring after grout and base-
mat failure (WSRC 19943).

The impacts at the point of exposure from
groups of tanks that are similar in location and
structure were calculated. Separate MEPAS
calculations were performed for each grouping
of tanks. For each calculation, the source term
data (in both concentration and total inventory)
for the grouping distributed over a square with
area equal to that of the tank bottoms in the
grouping was entered. For instance, for the
Type | tanks in F-Area, the source term for the
MEPAS calculation would consist of the tota
inventory of the affected tanks and the concen-
tration of contaminants in the grouping (i.e., the
total inventory of the affected tanks divided by
the total solids in these tanks) distributed over a
square with area equal to the area of the eight
Type| tanks.

To account for overlapping of the contaminant
plumes from the separate groupings of tanks

within a given tank farm, the calculations were
performed assumed that the tank groupings in
the same tank farm with similar flow paths were
placed along the same centerline. For example,
in F-Area, all the tank groupings were modeled
as though they had a similar centerline; in H-
Area, the tank groups that included tanks 21-24,
29-39, and 35-37 were assumed to lie on a
common centerline while the balance of the tank
groupings in H-Area were assumed to lie on a
common centerline. The centerline concentra-
tions were summed from each plume at the point
of exposure to ensure that the highest concentra-
tion is reported. Therefore, although the plumes
from the groupings may not overlap entirely,
this calculation methodology provides an upper
estimate for the projected impacts.

MEPAS runs were performed for early (before
structural failure) and late (after structural fail-
ure) conditions for the tanks. As previoudly dis-
cussed, a failure time was assumed based on the
anticipated performance of the tank fill material
and concrete basemat. Failure would be catas-
trophic: that is, the tank fill and basemat would
fail simultaneously. For modeling purposes,
failure was simulated by increasing the infiltra-
tion rate to 40 cm/yr and increasing the hydrau-
lic conductivity of the concrete basemat to that
of sand. Because radionuclide and chemical
contaminants could leach through imperfections
in the concrete before catastrophic failure oc-
curs, the original source term was reduced by an
amount equal to the quantities released to the
Water Table Aquifer during the prefailure pe-
riod. In addition, radionuclides continualy de-
cay, further diminishing the source term. Thus,
for late runs, in addition to changing the infiltra-
tion rates and hydraulic conductivities, the
source term concentrations were adjusted to re-
flect losses and decay occurring before failure.

In the groundwater transport pathway, infiltra-
tion causes leaching of contaminants from the
tank through distinct media below the waste unit
down to the groundwater in the three uppermost
aquifers. To model the movement of the con-
taminants from the waste unit to the aquifers,
MEPAS requires identification of the distinct
strata that the contaminants encounter.

| WSRC-2003-00498
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To model the tanks in F-Tank Farm, the residual
solids remaining at the bottom of the tank were
considered to be the contaminated zone. Be-
tween the contaminated zone and the Water Ta
ble Aquifer, two discernible layers were identi-
fied: the concrete basemat of the tank and the
unsaturated (vadose) zone. Parameters describ-
ing the concrete layer were defined for both pre-
and post-failure conditions because values for
such parameters as porosity, field capacity, and
hydraulic conductivity change with degradation
state. Flow through the vadose zone is compli-
cated in that movement varies with soil-moisture
content and wetting and drying conditions.
Therefore, soil parameters values (e.g., density,
porosity) for the Water Table Aquifer were con-
servatively used to describe the unsaturated zone
as described in Section Il of this calculation
package.

Once contaminants reach the Water Table Aqui-
fer, they may follow one of three possible
routes: (1) they will be transported through the
water table and outcrop a the respective
seepling; (2) they will leak from the Water Table
Aquifer through the underlying Tan Clay layer
into the Barnwell-McBean Aquifer which also
outcrops at the seepline; or (3) they will con-
tinue downward from the Barnwell-McBean
Aquifer though the Green Clay layer, into the
Congaree, and appear in Upper Three Runs.

In MEPAS, only one of these groundwater paths
may be analyzed at a time; thus, three separate
runs were performed both for early and late con-
ditions. In MEPAS, the aquifer being analyzed
in a particular computer run is considered to be
the saturated zone; al the layers between the
contaminated zone and this saturated zone are
recognized by the code as partialy saturated
zones. For example, in modeling contaminant
transport through the Barnwell-McBean Aquifer,
the Barnwell-McBean is identified as the satu-
rated zone while the concrete basemat, vadose
zone, Water Table Aquifer, and Tan Clay layer
are all modeled as partially saturated zones. The
parameters used for modeling the various strata
in the model are discussed in Section 11l of this
calculation package.

For each of the eight layers modeled (contami-
nated zone, concrete basemat, vadose zone, Wa-
ter Table Aquifer, Tan Clay layer, Barnwell-
McBean Aquifer, Green Clay layer, and Conga-
ree Aquifer), soil-water distribution coefficients,
Kd values, were selected for each radionuclide
and chemical. Because distribution coefficients
are a chemical property, the Kd values were not
changed for degraded or failed materials. The
identification and derivation of the Kd values are
described in further detail below.

As contaminants are transported from the con-
taminated zone to the seepline, they are dis-
persed longitudinally (along the streamline of
fluid flow), vertically, and transversely (out
sideways) by the transporting medium. MEPAS
incorporates longitudinal dispersivity of con-
taminants moving downward through the par-
tially saturated zone layers (i.e., concrete base-
mat and vadose zone) into concentration calcula-
tions. In the saturated zone, concentration cal cu-
lations include the three-dimensional dispersion
along the length of travel. Dispersion distances
were calculated through each of the layers en-
countered by the contaminants. As expected,
dispersion increases with longer travel distances.

Groundwater concentrations and doses due to
ingestion of water were calculated at hypotheti-
cal wells at 1 meter and 100 meters downgradi-
ent from the edge of the respective Tank Farm,
a the seeplines of Fourmile Branch and Upper
Three Runs, and in Fourmile Branch and Upper
Three Runs. No human receptors would be ex-
posed to the groundwater pathway at the 1-meter
and 100-meter locations, but the calculations
were performed for information purposes.

Impacts to adult and child residential receptors
were evaluated at a point 100 meters down-
stream of the groundwater outcropping in Four-
mile Branch and Upper Three Runs. The con-
centrations of contaminants in Fourmile Branch
and Upper Three Runs were aso calculated.
Based on the dimensions, flow rate, and stream
velocity of the surface streams, MEPAS ac-
counts for the mixing of the contaminant-
containing water from the aquifer with stream
water and other groundwater contributions. For
both adult and child residents, ingestion rates
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were based on site-specific parameters. Parame-
ters and associated assumptions used in calculat-
ing human impacts are presented in Table C-3.

In addition to the tank contents, MEPAS runs
were performed to determine the impacts of re-
sidual contaminants contained in ancillary
equipment and piping. The piping and other
outside equipment were assumed to be filled
with whatever fill material was used for the
given closure scenario. For modeling in ME-
PAS, the ancillary egquipment was considered to
be the contaminated zone, and the entire dis
tance between the contaminated zone and the
upper saturated zone was characterized as one
layer of typical SRS soil. Therefore, no credit
was taken for the additional reduction of
leachate afforded by the tank structure in its
closed configuration, thus, providing conserva-
tive results.

C.8.2 DETERMINATION OF DISTANCES
FOR H-AREA

Distances were based on tank locations. Local
flow directions were taken as approximately
west for tanks south of the groundwater divide
(Tanks 21-24, 29-32, and 35-37) and NE for
tanks north of the divide (Tanks 9-12, 13-16, 48-
51, and 38-43). For each tank group a centroid
was located and the distance (along the flow di-

rection) to the nearest fenceline was measured.
These distances were added to 1m to obtain the
distance from the tank group to the 1 meter well.
The 100 meter well distances were obtained by
adding 99m to the 1m well distances. Distances
to the seepline were based on the generic dis-
tance from the tank farm to the seepline, as
shown in Tables C-8 and C-9. The seepline dis-
tances were assumed to be from the center of
each site (approximated by the centroids of they
or u group, north of the divide and by the cen-
troid of the w group south of the divide). Dis
tances from the other tank groups (Tanks 35-37
and 21-24 south of the divide, and Tanks 9-12
and 48-51 north of the divide) to these central
groups were measured and distances to seeplines
incremented accordingly. Distances to all H-
Area receptors from all tank groups listed in Ta-
ble C-11 below.

C.8.3 DETERMINATION OF DISTANCES
FOR F-AREA

Distances to receptor locations were consistent
with those previoudly used in the Industrial
Wastewater Closure Plan for F- and H-Area
High-Level Waste Tank Systems (DOE 1996).
Distances were estimated at that time from
Fig. 2-3 of the referenced document with the
general flow direction being SW. Distances to
the receptors are listed below in Table C-12.

Table C-11. Distance from H-Areatank groups to receptor locations.

H-Area Tank Group

9-12 1316 21-24 29-32 48-51 38-43 35-37

Distance to 1-m well (ft): 265.7 646.3 767.7 6266 610.2 206.7 206.7

Distance to 100-m well (ft): 590.5 971.1 10925 9514 9350 5315 5315

Distance to water table aquifer outcrop (ft): 3330 3720 4828 4520 4147 3720 4130

Distance to Barnwell-McBean aquifer outcrop (ft): 5430 5820 5148 4840 6247 5820 4450

Distance to Congaree aquifer outcrop (ft): 8000 8390 11708 11400 8817 8390 11010
WSRC-2003-00498 C-24
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Table C-12. Distance from F-Areatank groups to receptor locations.

Distanceto 1-m wdll (ft):

Distance to 100-m well (ft):

Distance to water table aquifer outcrop (ft):
Distance to Barnwell-M cBean aquifer outcrop (ft):
Distance to Congaree aquifer outcrop (ft):

F-Area Tank Group
25-28, 33,

1-8 34, 44-47 18,19
761.1 304.8 465.9
1086 629.9 790.7

6529 6102 6266

6398 5971 6135

5807 5282 5446

C.8.4 DISTRIBUTION COEFFICIENTS
(Kp)

The distribution coefficient, Ky, is defined for
two-phased systems as the ratio of the constitu-
ent concentration in the solid (soil) to the con-
centration of the constituent in the interstitial
liquid (leachate). For a given element, this pa-
rameter may vary over several orders of magni-
tude depending on such conditions as soil pH
and clay content. Experiments have been per-
formed (Bradbury and Sarott 1995) that have
demonstrated that pH and oxidizing or reducing
environments tend to affect the Kd values mark-
edly. Because this parameter is highly sensitive
in relation to breakthrough and peak times (but
not necessarily peak concentration), careful se-
lection is imperative to achieve reasonable re-
sults. For this reason, several literature sources
were used to assure the most current and appro-
priate Kd values were selected for the example
calculation.

For modeling purposes, four distinct strata were
used for groundwater contaminant transport for
al four closure scenarios (except for ancillary
equipment and piping, which used only three,
see below). These four strata are identified as
(1) contaminated zone (CZ), (2) first partially

saturated zone or concrete basemat, (3) second
partialy saturated zone or vadose zone, and
(4) saturated zone. Distribution coefficients for
each of these zones differ depending on the clo-
sure scenario-specific chemical and physical
characteristics.

The models for ancillary equipment/piping and
tanks were similar, except the piping model was
assumed to have only one partialy saturated
zone. For this model, the concrete basemat was
conservatively assumed to have no effect on re-
ducing the transport rate of contaminants to the
saturated zone. The thickness of the vadose
zone was increased depending on the tank
grouping to reflect the higher elevation of the
piping in relation to the saturated zone.

Distribution coefficients for each strata under
various conditions are listed in Table C-13. For
the tank model, K4 values for the CZ, first and
second partially saturated zones, and the satu-
rated zone are listed in Columns III, II, |, and |
of Table C-13, respectively.

Similarly, for the piping model, K4 values for
the CZ, partidly saturated zone, and the satu-
rated zone are listed in Columns |11, I, and | of
Table C-13, respectively.
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Table C-13. Radionuclide and chemical groundwater distribution coefficients, cubic centimeters per gram.

Reducing/ _

SRS Soil Ref. Concrete Ref. Reducing CZ  Ref.
Se-79% 5 b 0.1 i 0.1 i
Sr-90 10 b 1 i 1 i
Tc-99 0.36 b 1,000 i 1,000 i
Sn-126 130 b 1,000 i 1,000 i
Cs-135, 137 100 b 2 i 2 i
Sm-151 800¢ c 5,000™ i 5,000™ i
Eu-154' 800° c 5,000™ i 5,000™ [
Np-237 10 b 5,000 b 5,000 i
Pu-238, 239 100 b NA f NA f
Iron 15 g 15 k 15 k
Manganese 16.5 g 100 i 100 i
Nickel 300 b 100 i 100 i
Aluminum 35,300 g 353 k 353 k
Chromium VI" 16.8 g 7.9 k 7.9 k
Mercury 322 g 5,280 k 5,280 k
Silver 04 g 1 i 1 i
Copper 41.9 g 33.6 k 33.6 k
Zirconium 50 g 5,000 i 5,000 i
Nitrate 0 g 0 k 0 k
Phosphate 50 g 5 k 5 k
Chloride® 0 g 20 i 20 i
Fluoride 0 g 0 k 0 k
Lead 234 g NA n NA n
a  Valuesalso used for chemical contaminants. k. MEPAS default used for soil >30% clay and pH >9.
b. E-AreaRPA (WSRC 19944), Table 3.3-2, page 3-69. I.  Characteristics similar to Sm per Table 3, page 16 of Bradbury and Sarott (1995).
c. Yueta. (1993), Table 32.1, page 105. m. Characteristics similar to Am per Table 3, page 16 of Bradbury and Sarott (1995).
d. Vaueusedfor loam fromc. n. Leadisoutside of reducing environmentsfor all cases. Therefore, value from Col-
e. Modeled as chlorate. umn | isused for al cases.
f.  Solubility limit of 4.4x10™ mols/liter used, WSRC (1994a), page C-32.
g. MEPASdefault for soil <10% clay and pH from 5-9.
h. For conservatism, all chromium modeled as VI valence.
i.  Bradbury and Sarott (1995), Table 4, Region 1, page 42.
j.  Reducing environment assumed for grout fill.
K.
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The solubility-limited values for ky for pluto-
nium and uranium were calculated from the
equation Ky = conc-soil/conc-gw = source
conc./solubility limit. The molecular weight of
uranium was taken as 238, and the molecular
weight of plutonium was taken as 239 when
converting moles to grams. Plutonium and ura
nium ky values are listed in Table C-14.

C.85 CONTAMINANTSAND SOURCE
TERMS

The beta-gamma contaminants analyzed in detail
for long-term impacts are the same ones previ-
ously shown to be the important dose contribu-
tors in the Industrial Wastewater Closure Plan
for F- and H-Area High-Level Waste Tank Sys-
tems (DOE 1996). Strontium-90 and isotopes of
cesium were also analyzed because of the pres-
ence of submerged tanks in H-Area and possible
importance of these nuclides at short distances

(e.g., 1-m well). Uranium isotopes were not in-
cluded as alpha-emitters because they have a
separate (from a-emitters) drinking water crite-
rion. The nonradiological contaminants were
the same as those analyzed previously. The
source terms are given in Tables C-15 through
C-17.

C.8.6 SURFACE WATER FLOW

The flow rate for Fourmile Branch was taken
from USGS Water Resources for Water Year
1993 for the location denoted as Savannah River
Basin, 02197340 Site No. 6 at Savannah River
Site, SC. Its location is noted as on Fourmile
Branch at upstream side of bridge on SRS Road
C, and 0.7 mi. southeast of F-Area. The annud
mean flow for the water years 1973-1993 was
given as 12.4 cfs.

Table C-14. Values of kg calculated for uranium and plutonium based on solubility limits.

kqvaueforura- kg vauefor pluto-

Tank Group nium nium
F-Area 1-8 1.50" 10° 1.55 10°
25-28, 33, 34, 6.43 10° 2,54 10°
44-47
18, 19 3.55 108 8.41 10°
H-Area 9-12 4.35 10° 1.91" 10°
13-16 250" 108 1.50" 10°
21-24 4.06° 10° 8.34° 10’
29-32 1.41° 108 1.62° 10°
48-51 1.86" 10° 6.55 108
38-43 1.03 108 3.09" 10°
35-37 1.28 10® 2.47 10°

Cc-27

WSRC-2003-00498



Preliminary Draft August 2004
Table C-15. Tota inventory and concentration for beta-gamma emitting radionuclides
Total inventory for beta-gamma emitters
Tank group Se-79(Ci) Tc-99(Ci) C-14(Ci) 1-129(Ci) Sr-90(Ci) Cs-137 (Ci)
1-8 7.65 10" 178 7.44 10* 6.30°10° 333 10° 233 10°
25-28,33, 384 10" 89.6 266 10° 3.16°10° 283 10° 1.92°10°
34, 44-47
18,19 1.11° 107 2.59 228 10° 91310’ 576 10° 3.99" 10
9-12 3.55 10* 82.4 501 10* 262°10° 163 10° 1.02" 10°
13-16 3.03 10* 69.7 344 10* 203 10° 151°10° 894 10°
21-24 410 10° 9.37 1.24°10° 240°10° 341 10°  1.90" 10?
29-32 1.77° 10™ 40.6 297 10* 1.14°10° 1.04°10° 592 10?
48-51 473 10° 109 8.04 10* 3.24°10° 231°10° 1.38 10°
38-43 2.04 10™ 46.7 394 10% 1.2310° 1.70°10° @ 9.21" 10?
35-37 1.52" 10 35.0 255°10% 9.65°10° 1.0010° 5.62 10
Concentration of beta-gamma emitters
Se-79 (Cilg) Tc-99 (Cilg) C-14(Cilg) 1-129(Cilg) Sr-90 (Ci/lg) Cs-137(Cilg)
1-8 1.08°10°  1.87710° 105 10° 891 10" 4.71°10% 3.30 10°
2528,33,  529'10° 916 10" 366 10° 43610 391°10° 265 10*
34, 44-47
18,19 6.27°10°  1.09°10°" 1.29°10° 516 10" 326 10* 226 10°
9-12 1.00°10°  172°10° 1.42°10° 740 10" 461°10% 289 10°
13-16 856 107  1.46 10° 9.72°10° 573 10" 427 10°% 253 10°
21-24 357 10%  6.04°107 1.08 10 209 10 297 10° 1.66 10*
29-32 499107 850°10° 839 10" 323 10" 293 10° 167 10°
48-51 411107 7.0310° 7.00 10" 282 10" 201 10°% 1.20°10°
38-43 384107 652°10° 743 10° 232°10" 32010° 1.74 10°
35-37 574107 976 10° 963 10° 364 10" 378102 212 10°
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Table C-16. Tota inventory and concentration for alpha-emitting radionuclides.

Total inventory for apha emitters

Am-241 +

Ingrown
Tank Pu-238  Pu-239 Pu-242 Am-241®  Am-242m Cm-244 Cm-245
group  (Ci) (Ci)  Pu-240(Ci) Pu-241(Ci) (Ci) (Ci) (Ci) Th-232 (Ci) Np-237(Ci)  (Ci) (Ci)
18 0.00 6.71 1.61 4.26 9.63 10* 1.14 10> 1.29° 10* 0.00 436 102 259 102 217 10°®

25-28, 0.00 113 10> 253 10" 495 10° 520 10° 438 10° 4.76 107 0.00 1.72°10% 294 10% 1.09 10°®
33, 34,

44-47
18,19  0.00 9.03 221 522°10' 336 10° 117 107 0.00 0.00 0.00 4.87 10* 3.18 10%
912 151°10° 3.39 154 26510 233 10° 1.01°10° 489 10° 6.44 10* 284 102 812 10° 7.85 10°
13-16 641 100 290 1.18 5.38 6.36'10* 515 10" 356 102 148 10° 187 10% 9.85 102 1.18 10°
21-24 107 10> 1.95 10* 1.27" 10! 765  22210% 118 10 294 10° 7.83 10° 4.84 10° 3.70'10° 246 10°
29-32 196 10° 252 157 574 10" 275 10%° 103 10° 196 10% 126 10* 9.87 10° 844 10% 7.85 10°
4851 118 10° 401 1.66 9.04  110°10° 833 10" 561°10° 545 10% 4.05 102 143 10' 1.65 10°
3843 7.82°10° 643 4.13 3.09 10° 964 10° 32510° 241 10% 419 10° 101 10% 250 10> 1.73 10
35-37 262100 271 1.86 897 10 377°10° 136 10> 166 10° 839 10° 6.86 10° 911 10° 7.31°10°
Concentration of alpha emitters
Am-241 +
Ingrown
Pu-238  Pu-239 Pu-240 Pu-241  Pu-242 Am-2419 Am-242m  Th-232 Np-237 Cm-244 Cm-245
(Ci/g) (Ci/g) (Cilg) (Ci/g) (Ci/g) (Ci) (Ci/g) (Cilg) (Ci/g) (Cilg) (Cilg)

1-8 0.00 948 10° 227 10° 6.03 10° 136 10° 1.62 10* 1.82 107 0.00 6.16'10® 3.66" 10° 3.07 10

2528, 000 156 10° 349 10° 6.83 10° 7.18 10° 6.04 10° 6.56 10° 0.00 2.37°10° 4.05 10° 151 10
33, 34,
44-47

18,19 000 511°10° 125 10° 295 10° 1.90°10° 6.62 10° 0.00 0.00 000 276 10 1.80 10%
9-12 426 10* 958 10° 4.35 10° 7.48 10° 6.60°10° 286 10* 138 107 1.82°10° 803 10° 230 107 222 10"
13-16 1.81°10* 821°10° 3.3210° 152 10° 1.80°10° 146 10* 1.01°107 418 10° 528 10° 279 107 3.34 10“
21-24 934 10° 169 107 111107 6.6510° 1.93 10 1.03 10° 256 10° 6.82° 10 4.21'10° 3.22°10® 214 10%
29-32 553 10* 7.13 10° 443 10° 162 10* 7.78 10° 290°10* 553 10% 356 10° 279 10° 239 107 222 10™"
4851 1.03 10* 3.49 10° 144 10° 7.86 10° 958 10 7.2510° 4.88 10° 475 10 353 10®° 125107 1.43 10"
38-43 147°10° 1.21°10° 7.78 10° 583 10* 1.82 10° 6.13 10% 454 10% 791" 10" 190 10° 471 10* 3.27 10°
35-37 987 10* 1.02°10° 7.00 10° 338 10* 142 10® 511 10* 6.25 10° 3.16°10° 259 10® 3.44 107 276 10™

a  Am-241ispresent dueto direct production in theirradiation and separation process and also due to radioactive decay of Pu-241.
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Table C-17. Tota inventory and concentration for nonradiol ogical constituents.
Total Inventory for Nonradiological Constituents

Tank
Group  Ag(g) Al(g  Ba(g) F(9) Cr(@ Cu(® Fe(@ Hg(@ NOs(g Mn(g Ni(® Pb@ U@ 2Zn(9

1-8  1.0410° 290 10 1.65 10° 5.14 10° 146 10° 6.87° 10> 1.33 10° 7.23 10° 7.52° 10° 6.61 10* 4.15 10* 1.84" 10° 7.58 10" 1.25 10°
25-28, 200 10* 6.82 10° 1.21°10* 1.06"10* 1.44 10" 1.01° 10 1.63 10° 4.31'10° 1.09°10° 1.52"10° 1.35 10 1.92' 10" 3.33 10° 200" 10*
18,19 6,01 10° 1.08 10° 350" 10° 3.17 10° 4.23 10° 3.01 10° 4.85 10° 123 10° 325 10° 225 10* 0 5.68 10° 4.48 10 599 10°
9-12 305 10° 287 10* 575 10° 3.71°10° 6.07 10° 257 10° 510 10* 6.30° 10° 7.18 10° 4.62° 10 8.94 10° 5.98 10° 1.10°10* 4.11 10?
13-16 3.80° 10" 4.36' 10* 5.28 10 2.56" 10* 4.97 10*> 1.50° 10* 5.13 10* 8.69° 10° 658 10° 231" 10° 4.11°10° 7.64" 10° 6.31°10° 1.46 107
21-24 0 395 10° 535 10° 9.75 10* 2.35 10° 1.07 10° 327 10° 815 10° 1.27° 10* 1.52 10° 0 1.97' 10° 3.33 10° 7.06 10°
29-32 474 10 31010 6.07 10° 3.09 10° 564 10° 1.81°10° 7.78 10* 1.22°10* 7.89 10° 1.20°10* 2.24 10° 1.26'10° 355 10° 1.44 10°
48-51 205 10° 874 10° 194 10° 4.62° 10> 1.49 10° 514 10° 2.88 10° 296 10* 136" 10* 4.49" 10" 7.98 10° 5.28 10° 1.52° 10 3.62° 10?
3843 276 10° 354 10 938 10° 290" 10° 7.53 10° 315 10 1.50'10° 1.37 10* 6.71 10° 7.91 10° 6.14 10> 2.69 10° 391" 10° 3.22" 10?
3537 316" 10" 233 10" 4.65 10° 293 10° 4.67 10° 146 10° 553 10* 1.03 10* 7.29'10° 875 10° 212" 10° 8.31 10° 242  10° 122" 10?

Concentration of Nonradiological Constituents

Tank

Grop 909 Al Ba(@g F(99 Cr(gg Cu(g) Fel@a) Hg(ga) NOs(gg) Mn(gg) Ni(ga) Pb(gg U@ 2Zn(99)

1-8 147 10° 4.09 102 233 10° 7.30" 10* 2.06" 10° 9.70' 10* 1.88" 10 1.02 10° 1.06" 102 9.35" 102 5.87 10? 2.60° 10° 1.07" 10" 1.77" 10°
25-28, 2.76°10° 9.4110% 1.66 10° 1.46"10° 1.98' 10° 1.39' 10° 2.26' 10" 5.90° 10* 151" 10 2.10° 102 1.86" 10° 2.66" 10° 4.59' 102 2.76" 10°
18,19 340 10° 6.09' 102 1.98 10°% 1.79' 10° 2.39' 10° 1.70° 10° 2,74 10" 7.00 10* 1.84" 102 1.27" 10? 0 3217 10° 254" 10% 3.39 10°
9-12 860 10* 812 10% 1.63 10° 1.05 10° 1.72° 10° 7.30° 10* 1.44° 10" 1.78" 102 2.03 102 1.31 10* 2,53 102 1.69' 10° 3.11° 10% 1.16" 10°
13-16 110" 10* 1.23 10" 1.49 10°% 7.20' 10* 1.41° 10° 4.20° 10* 1.45 10" 2.46 102 1.86° 102 6.53 10? 1.16° 102 2.1610° 1.78' 102 4.10° 10*
21-24 0 3.44 10° 4.70° 10* 850" 107 2.05 10° 9.40° 10° 2.85 10" 7.09° 10° 1.11° 102 1.30 10* 0 1.71° 10° 2.90° 10* 6.15 10°
29-32  1.30°10* 877 10% 1.72° 10° 8.70' 10* 1.59' 10° 5.10° 10* 2.20° 10 3.45" 102 2.23 102 3.39° 10? 6.34' 10° 3.57 10° 1.01° 10% 4.10° 10*
48-51  1.80°10* 7.60° 107 1.69 10° 4.00° 10* 1.29° 10° 4.50° 10* 250" 10" 257" 102 1.19° 102 3.91 102 6.95 10° 4.59' 10° 1.33 10? 3.20° 10*
38-43 52010 6.68 10% 1.77° 10° 550" 10“ 1.42° 10° 5.90° 10* 2.83 10" 259" 102 1.27° 102 1.49 10% 1.16' 10° 5.07 10° 7.38 10° 6.10" 10"
35-37 1.20°10* 8.80° 102 175 10° 1.11°10° 1.76" 10° 550" 10* 2.09' 10" 3.89" 10? 2.75 102 3.30" 102 8.01' 10° 3.13 10° 9.12° 10° 4.60° 10*
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Upper Three Runs flow rate was taken from a
1997 Environmental Information Document
(WSRC-TR-97-0223). Location 2, above
Road C, is just downstream of F-Area. The
mean flow rate for 1974-1995 was 211 cfs, and
this value was therefore used in the analysis.

MEPAS parameters for surface water flow ve-
locity, width, depth and downstream distance
were chosen so that the resulting (turbulent)
concentrations were for fully mixed conditions.
For modeling purposes, all aquifers discharging
contaminants from the tank groups south of the
groundwater divide in H-Area were modeled as
discharging to Fourmile Branch. In redlity, the
groundwater flow from the Congaree aquifer in
this area turns and discharges to Upper Three
Runs. However, the assumption of discharge to
Fourmile Branch results in conservative esti-
mates of seepline and surface water concentra-
tions because Fourmile Branch is closer to these
tanks and the surface water flow in Fourmile is
less, thus providing less dilution for contami-
nants that reach the stream.

C.8.7 INFILTRATION RATES

As discussed earlier, the performance of the fill
material in the tanks is reflected by the infiltra-
tion rate assigned to the medium. Table C-18
shows infiltration rates for for pre-failure and
post-failure conditions. The post-failure infiltra-
tion rate is set to be equal to the infiltration rate
of SRS soil.,

C.8.8 PIPESAND ANCILLARY EQUIP-
MENT

Contaminants remaining in the tank piping and
ancillary equipment were simulated by assuming
the same concentration as that in the tanks (for
each group), with 20 percent of the tank group

Table C-18. Infiltration rates assumed for tank closure,

inventory. Infiltration rates were assumed to be
the same as the tank, but no concrete basemat
was assumed to be present for piping. However,
pump tanks, diversion boxes, etc. may have bas-
demats when available basemats are included.
The height of the pipes above the tank basemat
is a function of the tank heights. The height of
the pipes above the basemat was taken as 26, 31,
37 and 46 feet for tank types | through IV, re-
spectively.

C.8.9 VADOSE DEPTH AND SUB-
MERGED TANKS

All tank groups were analyzed ssmilarly except
for groups containing Tanks 9-12 and 13-16.
The “vadose zone” for Tanks 13-16 group is
negative but less than the basemat thickness.
This means that the basemat is in the water ta-
ble, but that the source is above the aquifer.
This case is, therefore, ssmilar to most of the
other groups except that the only *vadose zone”
is the basemat (of thickness 3.75-1.8475 ft). The
portion of the basemat within the agquifer was
conservatively modelled as part of the aguifer
(i.e, assumed to allow norma aguifer flow
through).

The group with Tanks 9-12 is totaly (tank,
basemat and pipes) within the water table aqui-
fer. Accordingly, rather than vertical transport
by infiltrating water (the initia transport mode
for al other tank groups), the contaminants in
this group were modelled as releases directly to
the water table aquifer. The contaminant release
rates were determined by multiplying the flow
rate of water passing through the contaminants
by the concentration of that water. The flow rate
was determined by multiplying the aquifer
Darcy velocity (average velocity over the cross-
section) by the width and depth of the group.
The aguifer Darcy velocity = 0.057 ft/da, except

Early Late infiltration Failure
infiltration rate rate time
(Cm/YT) (Cm/Yr) (Yr) Notes
Fill with Grout 4 40 1000 Grout + concrete failure

C-31
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during the first 1000 years for the grout and salt-
stone scenarios. In those cases the Darcy veloc-
ity is restricted by the grout and the saltstone to
the same rate as the infiltration rate, i.e, 4
cm/yr. The width of the tank group is 132.93 ft.
(determined by taking the total horizontal cross-
section area of the 4 tanksin the group, A =4 *
p * r* and assuming a square, so that | = w =
A%%). The thickness of the actual source volume
within the tank group was determined by divid-
ing the sludge volume (400 gal) by A, and is
equal to 0.003 ft for the grout and sand scenarios
and .3 ft for no action. For the saltstone, the
depth was determined by dividing the inventory
of any radionuclide (Ci) by its concentration
(Cilg) and dividing by satstone density
(1700 kg/m®); therefore, the saltstone source
thickness is 22.5 ft. The concentration of the
release was determined from the Ky and the
source concentration, i.e., ¢, = G/ Kg. A mini-
mum release time of 1 year was set for all con-
taminants. The release rates and associated re-
lease durations for this grouping of tanks into
the water table are shown in Table C-19.

The above release rates and durations cover only
the first 1000 years (Darcy velocity through
waste of 4 cm/yr). The release rates and dura-
tions subsequent to the first 1000 years (dura-
tions do not include the first 1000 years), after
grout failure (darcy velocity = 0.057 ft/day) are
shown in Table C-20 below.

Releases from the group with Tanks 9-12 were
assumed to be at the water table surface for the
water table flow path; this approach is conserva-
tive because (1) such a release would encounter
less dilution than a submerged discharge and (2)
the results are directly additive to the other tank
groups. For the other 2 flow paths (Barnwell-
McBean aquifer and Congaree aquifer) the re-
lease is assumed to occur at the level of the tank
bottom within the water table aquifer.

C.8.10 MEPASANALYSS(MECHANICYS)

The basic MEPAS release analysis (for all but
Tanks 9-12 and 13-16) where the basemat is
above water table consists of six separate parts
(for onerelease in one aquifer) aslisted below:

1.  The modd was run with the pre-failure
parameters for the time before failure.
This run, like all MEPAS runs, extends
to 10,000 years.

2. Theresults of run 1 were used to calcu-
late the released inventory which
reaches the aquifer prior to failure (of
infiltration barrier and concrete base-
mat). This modified inventory was used
for run 2, with pre-failure parameters
and is denoted as the early tank run.

3. The remaining inventory (with source-
concentration decreased by the inven-
tory released in run 2 was combined
with the post-failure parameters (e.g.,
increase of infiltration rate and degrada-
tion of concrete) and was denoted as the
late tank run.

4.  These steps are analogous to 1-3, but for
the pipes which feed the tank. The pipe
parameter changes from the tanks are
(@) inventory of 0.2 of the tank, concen-
tration remains the same, (b) no concrete
basemat, and (c) release height above
vadose determined by the tank type, as
discussed earlier.

The early and late tank and pipe runs were com-
bined by adding the concentrations at the same
receptors and at the same times. The times of
the late runs were offset by the time of failure
for the particular scenario.

C.9 Human Health Impacts

The maximum concentration or dose was identi-
fied for each receptor and for each contaminant
aong with the time period during which the
maximum occurred within a 10,000-year per-
formance period. In addition, for radiological
constituents, the total dose was calculated to al-
low evaluation of the impact of all radiological
congtituents. Because the maximum doses for
each radionuclide do not necessarily occur si-
multaneously, it is not appropriate to add the
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Table C-19. Release rates and durations (first 1000 years only) for the group containing Tanks 9-12.

Release rates Release durations
Contaminant Contaminant
Se-79 (Cilyr) 1.80" 102 Se-79 (yr) 23.7
Tc-99 (Cilyr) 3.0910° Tc-99 (yr) 1000.0
C-14 (Cilyr) 254 10° C-14 (yr) 23.7
1-125 (Cilyr) 6.64" 108 1-125 (yr) 4731
Sr-90 (Cilyr) 8.26" 10! Sr-90 (yr) 236.6
Cs-137 (Cilyr) 2.59 Cs-137 (yr) 473.1
Ag (g/yr) 155 Ag (yr) 236.6
Al (g/yr) 413 10* Al (yr) 1000.0
Ba (g/yr 2.92 Ba (yr 236.6
F (ggl% : 4.46° 10° F (ﬁ/) : 1.0
Cr (glyr) 3.90" 10* Cr (yr) 1000.0
Cu (g/yr) 3.88 102 Cu (yr) 1000.0
Fe (glyr) 1.73 107 Fe (yr) 354.8
Hg (glyr) 6.05" 10 Hg (yr) 1000.0
NO; (g/yr) 8.61" 10° NO; (yr) 1.0
Mn (g/yr) 2.35 Mn (yr) 1000.0
Ni (g/yr) 453 10* Ni (yr) 1000.0
Pb (glyr) 6.06" 10° Pb (yr) 1000.0
U (glyr) 1.28" 107 U (yr) 1000.0
Zn (glyr) 1.43 10° Zn (yr) 1000.0
Th-232 (Cilyr) 6.53 10 Th-232 (yr) 1000.0
Np-237 (Cilyr) 2.88"10° Np-237 (yr) 1000.0
Pu-238 (Cilyr) 4,00 100 Pu-238 (yr) 1000.0
Pu-239 (Cilyr) 9.00" 10 Pu-239 (yr) 1000.0
Pu-240 (Cilyr) 4,09 10% Pu-240 (yr) 1000.0
Pu-241 (Cilyr) 7.03 10 Pu-241 (yr) 1000.0
Pu-242 (Cilyr) 6.20" 10 Pu-242 (yr) 1000.0
Am-241 (Cilyr) 1.03 10 Am-241 (yr) 1000.0
Am-242m (Cilyr)  4.96" 10°® Am-242m (yr)  1000.0
Cm-244 (Cilyr) 8.24" 108 Cm-244 (yr) 1000.0
Cm-245 (Cilyr) 7.97 1012 Cm-245 (yr) 1000.0
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Table C-20. Release rates and durations after 1000 years for the group containing Tanks 9-12.

Release rate Release duration

Contaminant Contaminant
Se-79 (Cilyr) 1.00" 10% Se-79 (yr) 0
Tc-99 (Cilyr) 4.90"10° Tc-99 (yr) 1485.9
C-14 (Cilyr) 1.00" 10%® C-14 (yr) 0
1-125(Cilyr) 1.00" 10% 1-125 (yr) 0
Sr-90 (Cilyr) 1.00" 10% Sr-90 (yr) 0
Cs-137(Cilyr) 1.00" 10% Cs-137 (yr) 0
Ag (g/yr) 1.00° 10% Ag (yr) 0
Al (g/yr) 6.54" 10* Al (yr) 520.4
Ba (g/yr) 1.00° 10% Ba(yr) 0
F (glyr) 1.00" 10 F (yr) 0
Cr (glyr) 6.18" 10* Cr (yr) 55
Cu (g/yr) 6.15 Cu (yr) 43.8
Fe (g/yr) 1.00° 10% Fe (yr) 0
Hg (glyr) 9.60" 10 Hg (yr) 7872.4
NO3 (g/yr) 1.00° 10% NO3 (yr) 0
Mn (g/yr) 3.72° 10° Mn (yr) 142.9
Ni (g/yr) 7.19" 10 Ni (yr) 142.9
Pb (glyr) 9.61 10* Pb (yr) 739.8
U (g/yr) 2.03 10° U (yr) 6.5 10°
Zn (glyr) 2.26" 10" Zn (yr) 2172.3
Th-232 (Cilyr) 1.04" 107 Th-232 (yr) 7.45 10°
Np-237 (Cilyr) 457 10° Np-237 (yr) 7.45 10°
Pu-238 (Cilyr) 6.34° 10°® Pu-238(yr) 285 10°
Pu-239 (Cilyr) 1.43 10° Pu-239 (yr) 2.85 10°
Pu-240 (Cilyr) 6.48 100 Pu-240 (yr) 2.85 10°
Pu-241 (Cilyr) 1.11" 10°® Pu-241 (yr) 2.85" 10°
Pu-242 (Cilyr) 9.83 10 Pu-242 (yr) 2.85 10°
Am-241 (Cilyr) 1.63 10?2 Am-241 (yr) 7454.6
Am-242m (Cilyr)  7.86" 10°® Am-242m (yr)  7454.6
Cm-244 (Cilyr) 1.31°10° Cm-244 (yr) 7454.6
Cm-245 (Cilyr) 1.26" 10° Cm-245 (yr) 7454.6
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maximum doses for each radionuclide. Rather,
it is more appropriate to assess the doses as a
function of time, sum the doses from al ra-
dionuclides for each time increment, and then
select the maximum total dose from this compi-
lation. Therefore, the total dose reported in the
following tables for radiological constituents
may not necessarily correlate to the maximum
dose or time period for any individual radionu-
clide because of the contributions from all ra
dionuclides at a given time. In addition to total
dose, the gross apha concentration and the beta-
gamma dose were calculated

Non-radiological constituent concentrations in
the various water bodies were calculated. For
each constituent, the maximum concentration
was calculated along with the time period during
which the maximum concentration occurred.
None of the non-radiological constituents are
known ingestion carcinogens; therefore cancer
risk was not calculated for these contaminants.

Tables C-21 through C-39 list impact estimates
for the closure of the Tank Farms. Table C-21
presents a summary of the impacts at the
seepline.  Tables C-22 through C-30 present
doses for postulated individuals (i.e, Adult
Resident, Child Resident, Seepline Worker, and
Intruder) and at the seepline. Additional calcu-
lations were performed at groundwater locations
close to the tank farm for informationa pur-
poses. For tables (Tables C-31 through C-39)
for nonradiological congdtituents, the maximum
concentration of each contaminant is reported
for each water location. The results are for each
tank farm and by aguifer. Although more than
one aquifer may outcrop to the same point on the
seepline, the concentration values at the seepline
are not additive. Therefore, Tables C-21
through C-39 show only the maximum seepline
concentration for Fourmile Branch and Upper
Three Runs.

C.10 Ecological Impacts
C.10.1 NONRADIOLOGICAL ANALYSIS

C.10.1.1 H-Area: Upper Three Runs—
Barnwell McBean, Water Table, and Conga-

ree Aquifers

Aquatic Hazard Quoatients (HQs) for each con-
taminant were summed to obtain an aguatic
Hazard Index (HI). All His were less than 1.0.
All terrestrial HQs for the shrew and the mink
were less than 1.0 (TableC-40). Thus potentia
risks to ecological receptors at and downgradient
of the Upper Three Runs seeps (from al aquifers
under H-Areq) are negligible.

C.10.1.2 H-Area: Fourmile Branch —Barn-
well McBean and Water Table Aquifers, Up-
per Three Runs— Congar ee Aquifers

Aquatic HQs for each contaminant were
summed to obtain an aquatic Hazard Index (HI).
All Hls were less than 1.0 All terrestrial HQs
for the shrew and the mink were less than 1.0
(C-41). Thus potential risks to ecological recep-
tors at and downgradient of the Fourmile Branch
seep (from the Barnwell McBean and Water Ta-
ble Aquifers and under H-Area) are negligible,
as are those for the Congaree at Upper Three
Runs.

C.10.1.3 F-Area: FourmileBranch —Barn-
well McBean and Water Table Aquifers; Up-
per Three Runs— Congar ee Aquifer

Aquatic HQs for each contaminant were
summed to obtain an aquatic Hazard Index (HI).
This suggests some potential risks, although the
relatively low HI value suggest that these risks
are generaly low. HQs for the shrew and the
mink were lessthan 1.0 (Table C-42).

C.10.2 RADIOLOGICAL ANALYSIS

Calculated absorbed doses to the referenced or-
ganisms are presented in Tables C-43 through
C--45. All caculated doses are below the regu-
latory limit of 365,000 mrad per year (365 rad
per year).

C-35
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Table C-21. Summary of radiological impacts at the seepline.

Barnwell-
Water Table  McBean Ag- Congaree
Aquifer uifer Aquifer
F-Area Total radiation dose (mrem/yr) 1.0 19 6.5x10°3
Time of maximum (years) 385 875 5495
Beta-gamma dose (mrem/yr) 1.0 1.9 6.5x10°3
Time of maximum (years) 385 875 5495
Alpha concentration (pCi/L) 0.03 0.04 3.7x10°
Time of maximum (years) 3885 6405 9345
H-Area Total radiation dose (mrem/yr) 25 0.75 0.098
North of
Groundwater  Time of maximum (years) 455 4515 5005
Divide
Beta-gamma dose (mrem/yr) 25 0.75 0.098
Time of maximum (years) 455 4515 5005
Alpha concentration (pCi/L) 0.15 0.01 6.7x10°
Time of maximum (years) 4655 9975 9975
H-Area Total radiation dose (mrem/yr) 0.95 0.35 0.019
South of
Groundwater  Time of maximum (years) 455 4445 5285
Divide
Beta-gamma dose (mrem/yr) 0.95 0.35 0.019
Time of maximum (years) 455 4445 5285
Alpha concentration (pCi/L) 0.02 0.01 7.8x10%0
Time of maximum (years) 4585 9205 9975
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Table C-22. F-Tank Farm radiological results due to contaminant transport in the Water Table Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 Beta-Gamma Tota dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value ) 1.9 102 €) €) €) N/A 1.9°10%2 4.1 107 N/A
Time of maximum (yr) €) 385 (a) (a) (a) N/A 385 N/A
Child resident Maximum value @ 1.7 102 @ @ @ N/A 1.7 102 13107 N/A
Time of maximum (yr) €) 385 (a) (a) (a) N/A 385 N/A
Seepline worker Maximum value €) €) (a) (a) (a) N/A (a) 1.2°10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 5.9 10" N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
1-meter well Maximum value 8.9 4.3 10 1.8 10 4.6 10° (@ 4.3 10 4.3 10 95 10* 5.22
Time of maximum (yr) 1225 385 1085 1015 (a) 385 385 1855
100-meter well Maximum value 1.8 1.6 10 3.1 10? 1.2°10? @ 1.6 10 1.6 10 3.5 10* 191
Time of maximum (yr) 1295 315 1085 1015 @ 315 315 1995

Seepline Maximum value 3.4 107 1.0 €) €) €) 1.0 10 2.2°10° 2.64° 107
Time of maximum (yr) 2205 385 (a) (a) (a) 385 385 3885

Surface water Maximum value @ 6.9 10° @ @ @ 6.9 10° 6.9 10° 15107 1.83 10*
(Drinking) Time of maximum (yr) €) 385 (a) (a) (a) 385 385 3885

a.  Radiation doseislessthan 0.001 mrem/yr.
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Table C-23. F-Tank Farm radiological results due to contaminant transport in the Barnwell McBean Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 BetaGamma Total dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value @ 2.7 102 @ @ @) N/A 27102 58107 N/A
Time of maximum (yr) €) 875 (a) (a) (a) N/A 875 N/A
Child resident Maximum value @ 2.4 107 @ @ @ N/A 24°10% 1.8 107 N/A
Time of maximum (yr) €) 875 (a) (a) (a) N/A 875 N/A
Seepline worker Maximum value €) €) (a) (a) (a) N/A (a) 1.7 10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A @ 8.4 10 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A

1-meter well Maximum value 32 1.3 107 41 10" 1.7 10" €) 1.3 10° 1.3 10° 29 10° 1.31 10
Time of maximum (yr) 3745 665 1225 1085 (a) 665 665 2695
100-meter well Maximum value 1.0 5.1 10 7.3 107 4.4 10 @ 5.1 10 51 10 1.1 10°% 475
Time of maximum (yr) 3815 665 1225 1085 @ 665 665 2905

Seepline Maximum value 3.6" 107 1.9 €) €) €) 1.9 19 4.1 10° 3.93 102
Time of maximum (yr) 5705 875 (a) (a) (a) 875 875 6405

Surface water Maximum value @ 9.8 10° @ @ @ 9.8 10° 9.810° 217107 217 10*
(Drinking) Time of maximum (yr) €) 875 (a) (a) (a) 875 875 6265

a  Radiation doseislessthan 0.001 mrem/yr.
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Table C-24 F-Tank Farm radiological results due to contaminant transport in the Congaree Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 Beta-Gamma Tota dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value €) €) (a) (a) (a) N/A (a) 1.0" 10°% N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Child resident Maximum value €) €) (a) (a) (a) N/A (a) 3.1 10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Seepline worker Maximum value (@ (@ @) €) @ N/A (@ 30 104 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 15 104 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A

1-meter well Maximum value (@ 9.1 10" 12 10° @ @ 9.1 10" 91°10* 20 10° 3.15 10°
Time of maximum (yr) €) 4935 1505 (a) (a) 4935 4935 8295

100-meter well Maximum value @ 2.2°10* @ @ @ 2.2°10* 22 10t 4.7 10° 1.26" 10°
Time of maximum (yr) €) 1225 (a) (a) (a) 1225 1225 8225

Seepline Maximum value (@ 6.5 10° @ @ @ 6.5 10° 65 10° 1.4 107 3.70' 10°
Time of maximum (yr) €) 5495 (a) (a) (a) 5495 5495 9345

Surface water Maximum value @ @ @ @ @ @ @ 3.8 10° 1.03 10°
(Drinking) Time of maximum (yr) €) €) (a) (a) (a) €) (a) 8365

a.  Radiation doseislessthan 0.001 mrem/yr.
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Table C-25. H-Tank Farm (North of the Groundwater Divide) radiological results due to contaminant transport in the Water Table Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 BetaGamma Total dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value @ 14 10° @ @ @) N/A 14°10% 327108 N/A
Time of maximum (yr) €) 455 (a) (a) (a) N/A 455 N/A
Child resident Maximum value (@ 1.3 10° @ @ @ N/A 1.3°10° 9.7 10° N/A
Time of maximum (yr) €) 455 (a) (a) (a) N/A 455 N/A
Seepline worker Maximum value ) ) €) €) €) N/A €) 9.1 10 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 46 10" N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A

1-meter well Maximum value 4.3 10 1.7 10° 1.8 107 1.0 10" (@ 1.0 10° 1.0 10° 23 2.41 10
Time of maximum (yr) 105 315 35 1015 (a) 175 175 1925
100-meter well Maximum value 5.8 5.6 10 4.0 10° 1.9 102 @ 3.0 107 3.0 107 6.6"10° 6.95
Time of maximum (yr) 245 385 105 1015 (a) 245 245 2205

Seepline Maximum value 7.0" 107 25 €) €) €) 25 25 54 10° 154" 10*
Time of maximum (yr) 1225 455 (a) (a) (a) 455 455 4655

Surface water Maximum value @ @ @ @ @ @ @ 1.2°10°® 3.07 10°
(Drinking) Time of maximum (yr) €) €) (a) (a) (a) €) (a) 4585

a  Radiation doseislessthan 0.001 mrem/yr.
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Table C-26. H-Tank Farm (North of the Groundwater Divide) radiological results due to contaminant transport in the Barnwell McBean Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 Beta-Gamma Tota dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value €) €) (a) (a) (a) N/A (a) 8.2" 10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Child resident Maximum value €) €) (a) (a) (a) N/A (a) 25 10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Seepline worker Maximum value (@ (@ @) €) @ N/A (@ 24 101 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 1.2° 104 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
1-meter well Maximum value (@ 9.7 10 11107 11 10* (@ 9.7 10 9.7 10* 21 10° 3.80
Time of maximum (yr) €) 1155 1295 1155 (a) 1155 1155 5355
100-meter well Maximum value @ 3.2° 10 2.0 10° 1.8 107 @ 3.2° 10 3.2 10 7.0 10* 124
Time of maximum (yr) €) 1155 1435 1225 (a) 1155 1155 5845

Seepline Maximum value (@ 75 10" @ @ @ 75 10" 7510 16 10° 1.01 102
Time of maximum (yr) €) 4515 (a) (a) (a) 4515 4515 9975

Surface water Maximum value @ @ @ @ @ @ @ 3.0 10° 2.02 10°
(Drinking) Time of maximum (yr) €) €) (a) (a) (a) €) (a) 9975

a.  Radiation doseislessthan 0.001 mrem/yr.
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Table C-27. H-Tank Farm (North of the Groundwater Divide) radiological results due to contaminant transport in the Congaree Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 BetaGamma Total dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value €) €) (a) (a) (a) N/A (a) 7.4 10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Child resident Maximum value €) €) (a) (a) (a) N/A (a) 2.3 10° N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Seepline worker Maximum value ) ) €) €) €) N/A €) 21 10 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 1.1 104 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A

1-meter well Maximum value €) 3.2 10 @ 8.7 10° @ 3.2 10 3.2 10 7.0"10* 7.35 10
Time of maximum (yr) €) 5005 (a) 1715 (a) 5005 5005 9975

100-meter well Maximum value €] 5.6 @ 1.9 10° @ 5.6 5.6 1.2 10* 1.92" 10*
Time of maximum (yr) €) 4935 (a) 1715 (a) 4935 4935 9975

Seepline Maximum value €) 9.8 10? @ @ @ 9.8"10? 9.8 102 22 10° 6.70° 10°
Time of maximum (yr) €) 5005 (a) (a) (a) 5005 5005 9975

Surface water Maximum value @ @ @ @ @ @ @ 2.7 10° 255 10"
(Drinking) Time of maximum (yr) €) €) (a) (a) (a) €) (a) 9975

a  Radiation doseislessthan 0.001 mrem/yr.
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Table C-28. H-Tank Farm (South of the Groundwater Divide) radiological results due to contaminant transport in the Water Table Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 Beta-Gamma Tota dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value ) 1.0 102 €) €) €) N/A 1.0°10% 227107 N/A
Time of maximum (yr) €) 455 (a) (a) (a) N/A 455 N/A
Child resident Maximum value (@ 9.3 10° @ @ @ N/A 93 10° 6.8 10° N/A
Time of maximum (yr) €) 455 (a) (a) (a) N/A 455 N/A
Seepline worker Maximum value (@ (@ @) €) @ N/A (@ 6.4 100 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 3.2 10" N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
1-meter well Maximum value 2.0 10 12 10° 75 10° 6.3 107 (@ 12 10° 1.2 10° 26 10° 8.64
Time of maximum (yr) 1155 315 1085 1015 (a) 315 315 1855
100-meter well Maximum value 21 2.9 10 1.2 10° 1.1 10? @ 2.9 10 2.9 10 6.3 10" 2.01
Time of maximum (yr) 1295 315 1085 1015 @ 315 315 2065

Seepline Maximum value 2.3 10? 95 10" @ @ @ 9.5 10* 95 10* 21 10° 1.94 102
Time of maximum (yr) 2485 455 (a) (a) (a) 455 455 4585

Surface water Maximum value @ 3.7 10° @ @ @ 3.7 10° 3.7 10° 82 10% 7.86" 10°
(Drinking) Time of maximum (yr) €) 455 (a) (a) (a) 455 455 4655

a.  Radiation doseislessthan 0.001 mrem/yr.
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Table C-29. H-Tank Farm (South of the Groundwater Divide) radiological results due to contaminant transport in the Barnwell McBean Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 BetaGamma Total dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value @ 34 10° @ @ @) N/A 34 10° 7.3 10% N/A
Time of maximum (yr) €) 4515 (a) (a) (a) N/A 4515 N/A
Child resident Maximum value (@ 3.1 10° @ @ @ N/A 31°10° 23108 N/A
Time of maximum (yr) €) 4515 (a) (a) (a) N/A 4515 N/A
Seepline worker Maximum value ) ) €) €) €) N/A €) 21 10" N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 1.1 10% N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
1-meter well Maximum value (@ 5.3 10 7.8 10° 6.5 107 (@ 5.3 10 5.3 10* 12 10° 1.94
Time of maximum (yr) €) 4445 1295 1155 (a) 4445 4445 5005

100-meter well Maximum value @ 16 10 1.0 10° 1.2 10? @ 16 10 16100 35 10* 5.23 10!
Time of maximum (yr) €) 1155 1365 1155 (a) 1155 1155 5355

Seepline Maximum value @ 35 10" @ (@ @ 35 10" 35 10" 7.6 10° 1.04 102
Time of maximum (yr) €) 4445 (a) (a) (a) 4445 4445 9205

Surface water Maximum value @ 12" 10° €] @ @ 12" 10° 1.2°10° 27108 381 10°
(Drinking) Time of maximum (yr) €) 4515 (a) (a) (a) 4515 4515 9555

a  Radiation doseislessthan 0.001 mrem/yr.
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Table C-30. H-Tank Farm (South of the Groundwater Divide) radiological results due to contaminant transport in the Congaree Aquifer.

Gross a-
phaconcentra-
Se-79 Tc-99 C-14 1-129 Sr-90 Beta-Gamma Tota dose Lifetime tion
Location dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) dose (mrem/yr) (mrem/yr) risk (pCi/L)

Adult resident Maximum value ) 1.6°10° €) €) €) N/A 1.6°10° 34 10°® N/A
Time of maximum (yr) €) 5285 (a) (a) (a) N/A 5285 N/A
Child resident Maximum value @ 14 10° @ @ @ N/A 1410° 10 10°® N/A
Time of maximum (yr) €) 5285 (a) (a) (a) N/A 5285 N/A
Seepline worker Maximum value (@ (@ @) €) @ N/A @ 9.8 104 N/A
Time of maximum (yr) €) €) (a) (a) (a) N/A (a) N/A
Intruder Maximum value @ @ €) €) €) N/A €) 49 10" N/A
Time of maximum (yr) @ €) (a) (a) (a) N/A (a) N/A

1-meter well Maximum value (@ 12" 10 @ 22 10° @ 1210 1.2 10 2.7 10* 245 10*
Time of maximum (yr) €) 5215 (a) 1715 (a) 5215 5215 9975

100-meter well Maximum value €] 1.7 € € € 17 17 3.8 10° 522" 10°
Time of maximum (yr) €) 4935 (a) (a) (a) 4935 4935 9975

Seepline Maximum value @ 1.9 102 (@ 6) (@ 1.9 102 197107 417107  7.77 107
Time of maximum (yr) €) 5285 (a) (a) (a) 5285 5285 9975

Surface water Maximum value @ @ @ @ @ @ @ 1.3 10°® 7.98 10"
(Drinking) Time of maximum (yr) €) €) (a) (a) (a) €) (a) 9975

a.  Radiation doseislessthan 0.001 mrem/yr.
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Table C-31. F-Tank Farm nonradiological results due to contaminant transport in the Water Table Aquifer.

Receptor Silver  Aluminum Barium  Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra- 1.2 10" (a 6.310° 117107 217107 6.0 10° 2.6 26°10° 1.2°10* 19°10* 1.0°10* 5210* 17 10° 44 10°
tion (mg/L)
Time of maximum 1015 @ 9975 105 1715 2765 1575 9975 105 1995 9975 9975 8365 2135
(yn)
100-meter well  Maximum concentra-  2.3" 107 @ @ 38 10° 2710° 76 10* 34 10" @ 397102 28102 @ 83 10° 64 10° 15 10°
tion (mg/L)
Time of maximum 1015 @ @ 105 1855 3255 1785 @ 105 2205 @ 8575 8995 2205
(yn)
Seepline well Maximum concentra-  7.1° 10 @ @ 1.8 10* 31°10° 7.9 10° 39 10° @ 18 10° 38 10* (@ @ @ 2.310°
tion (mg/L)
Time of maximum 1085 @ @ 105 4865 9975 4585 @ 105 5215 @ @ @ 8855
(yn)
Surface Water ~ Maximum concentra- 4.5 10°® @ @ 1.2 10° @ ) 25 10° @ 12°10° 25 10° @ (@ (@ @
tion (mg/L)
Time of maximum 1085 € € 105 €] € 4445 €] 105 5215 @ € €] €

N

a Concentration islessthan 1 x 10°mg/L.
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Table C-32. F-Tank Farm nonradiological results due to contaminant transport in the Barnwell McBean Aquifer .

Receptor Silver  Aluminum Barium Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra- 3.2" 10* ) (@ 20710 23 10% 94 10° 4.7 (@ 21 3.6"10* ) ) (@ 3.3 10°
tion (mg/L)
Time of maximum 1155 @ (@ 1015 3745 6195 2485 (@ 1015 3115 @ @ (@ 9975
(yn)
100-meter well  Maximum concentra- 6.5 107 (@ (@ 45 10% 4410° 15 10° 74 10t (@ 47 10" 6.2 10? (@ (@ (@ 12 10°
tion (mg/L)
Time of maximum 1155 @ (@ 1015 4165 6895 2835 (@ 1015 3535 @ @ (@ 7315
(yn)
Seepline well Maximum concentra- 1.7” 10° ) (@ 1.1°10° 4.6 10° @ 5.8 10° (@ 1.2°10° 5.6 10" ) ) (@ 9.3 10°
tion (mg/L)
Time of maximum 1365 @ (@ 1015 9625 @ 7665 (@ 1015 8855 @ @ (@ 9975
(yn)
Surface Water  Maximum concentra- 8.8" 10°® @ @ 5.7 10° @ ) 3.0"10° @ 59 10° 29 10° @ (@ (@ (@
tion (mg/L)
Time of maximum 1365 € @ 1015 €] € 7665 @ 1015 8785 € € €] €
(yn)
a Concentration islessthan 1 x 10°mg/L.
Table C-33. F-Tank Farm nonradiological results due to contaminant transport in the Congaree Aquifer.
Receptor Silver  Aluminum Barium  Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum Concen-  3.1° 10° @ @ 11 103 @ @ 59 103 @ 12°102 24 10* @ @ @ (@
tration (mg/L)
Time of maximum 4165 (a) €) 1085 €) (a) 4795 €) 1085 6405 @ @ @ @
yn
100-meter well  Maximum concentra- 5.7 10° @ @ 2.0 10* @ @ 11 10° @ 20°10° 46 10° @ @ @ (@
tion (mg/L)
Time of maximum 4235 (a) €) 1085 €) (a) 4865 €) 1085 6755 @ @ @ @
n
Seepline well Maximum concentra- (@ (@ ) 5.8 10° ) €) 25 10° ) 6.1 10° 1.2 10° (@ €) ) €)
tion (mg/L)
Time of maximum (a) (a) €) 1085 €) (a) 6405 €) 1085 8225 @ @ @ @
n
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) €) €) 1.6°10° €) (a) @ @ @
tion (mg/L)
Time of maximum (a) (a) €) €) €) (a) €) €) 1085 @ @ @ @ @

(yn

a Concentration islessthan 1 x 10°mg/L.
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Table C-34. H-Tank Farm (North of the Groundwater Divide) nonradiological results due to contaminant transport in the Water Table Aquifer.

Receptor Silver  Aluminum Barium Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra- 8.6 10° @ 1.9°10* 12°10° 54 10° 90 10* 11 14 10° 23 10* 29 10' 48 10° 73 10* 4.0 10° 6.7 10*
tion (mg/L)
Time of maximum 1015 €) 7945 35 1645 2695 1575 9835 35 1295 5495 9975 9975 2135
n
100-meter well ~ Maximum concentra- 1.5” 10°° @ (@ 32°10° 76 10* 12°10* 1.3 10" 3.0°10° 65 10% 4.3 10% 29 10* 37 10° 13 10° 1.6 10*
tion (mg/L)
Time of maximum 1015 @ €) 35 1995 3465 1995 9975 35 1715 9975 9975 9485 2345
(yn)
Seeplinewell  Maximum concentra- 4.5 10° @ @ 15 10* 1510° 1510° 23 10° @ 31°10° 54 10* @ @ @ 3.7 10°
tion (mg/L)
Time of maximum 1155 (a) €) 35 5495 9835 5145 €) 35 5215 (a) (a) €) 5005
n)
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) €) €) (a) €) (a) (a) €) (a)
tion (mg/L)
Time of maximum €) €) @ @ @ €) @ @ @ @ €) €) @ €)

N

a Concentration islessthan 1 x 10°mg/L.

Table C-35. H-Tank Farm (North of the Groundwater Divide) nonradiological results due to contaminant transport in the Barnwell McBean Ag-

uifer.
Receptor Silver  Aluminum Barium  Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra-  7.1° 10" (a (@ 127102 29 10° (@ 45 10" (@ 28 10" 22°10° @ @ @ @
tion (mg/L)
Time of maximum (yr) 2695 (a) €) 1015 9975 (a) 3605 €) 1015 5145 (a) (a) €) (a)
100-meter well  Maximum concentra-  1.2° 10* (a (@ 23 10° (@ (@ 6.2 10° (@ 6.1 102 62 10° @ (@ @ @
tion (mg/L)
Time of maximum (yr) 2625 (a) €) 1015 €) (a) 4445 €) 1015 6125 (a) (a) €) (a)
Seeplinewell  Maximum concentra- 3.9 10° @ @ 6.3 10° @ @ 1.7 10* @ 17°10° 4.0 10° @ @ @ (@
tion (mg/L)
Timeof maximum (yr) 3115 (a) €) 1085 €) (a) 9975 €) 1085 9975 (a) (a) €) (a)
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) (@ (@ (a) €) (a) @ @ @
tion (mg/L)
Timeof maximum (yr) () @ @ @ @ €Y @ @ €) @ €) €) @ €)

a Concentration islessthan 1 x 10°mg/L.
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Table C-36. H-Tank Farm (North of the Groundwater Divide) nonradiological results due to contaminant transport in the Congaree Aquifer.

Receptor Silver  Aluminum Barium Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra- 2.0 10° (a (@ 2.2 10° @ @ 15 10? @ 52 107 13 10° @ @ @ €
tion (mg/L)
Time of maximum 9975 € € 1155 €] € 9975 € 1155 9975 € € €] €
on
100-meter well  Maximum concentra-  3.1° 107 €) @ 35 10* @ @ 2.1 10° @ 89 10° @ €) (@ @ @
tion (mg/L)
Time of maximum 9905 € @ 1155 €] € 9975 @ 1155 €] € @ @ @
on
Seeplinewell  Maximum concentra-  (a) @ @ 56 10° @ @ @ @ 15 10* (@ (@ (@ @ (@
tion (mg/L)
Time of maximum € € € 1225 €] € €] €] 1225 € @ @ €] @
on
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) €) €) (a) €) (a) (a) €) (a)
tion (mg/L)
(Tin)ﬂe of maximum @ @ @ @ @ @ @ @ @ @ @ @ @ @
yr

a Concentration islessthan 1 x 10°mg/L.
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Table C37. H-Tank Farm (South of the Groundwater Divide) nonradiol ogical results due to contaminant transport in the Water Table Aquifer.

Receptor Silver  Aluminum Barium  Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra- 97" 10" (a (@ 26°10° 36°10° 45 10* 48 10" (@ 7510% 5510% 58 10* 39°10* 37 10° 15 10°
tion (mg/L)
Time of maximum (yr) 1015 @ @ 105 1575 2555 1505 @ 105 1925 9975 9975 9695 2555
100-meter well ~ Maximum concentra- 2.0 10* €) (@ 6.0°10* 52 10* 45 10° 7.4 107 (@ 21710 6.4 10° €) €) 13°10° 74 10*
tion (mg/L)
Time of maximum (yr) 1015 @ €) 105 2065 3465 1925 €) 105 2345 @ €) 9975 2975
Seeplinewell ~ Maximum concentra 5.2 10°® @ €)] 19°10° 9.2 10° @ 1.4 10° @ 9.8 10* 6.8 10° @ @ €)] 2.3 10°
tion (mg/L)
Time of maximum (yr) 1155 (a) €) 105 6265 (a) 5425 €) 1015 6195 (a) (a) €) 5775
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) 6.2 10° €) 4.4 10° €) (a) (a) €) (a)
tion (mg/L)
Time of maximum (yr) (a) (a) €) €) €) (a) 5635 €) 1015 €) (a) (a) €) (a)

a Concentration islessthan 1 x 10°mg/L.
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Table C-38. H-Tank Farm (South of the Groundwater Divide) nonradiological results due to contaminant transport in the Barnwell McBean Ag-

uifer.
Receptor Silver  Aluminum Barium  Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra-  8.8" 10° @ @ 10°10° 14 10° (3 22 10" (a 29°10" 18 10? @ @ @ (@
tion (mg/L)
Time of maximum (yr) 2765 (a) €) 1015 9975 (a) 3465 €) 1015 4445 (a) (a) €) (a)
100-meter well ~ Maximum concentra- ~ 1.7° 10° @ @ 1.7 10° @ @ 4.7 10? (a 597102 28 10° @ @ @ (@
tion (mg/L)
Time of maximum (yr) 2765 (a) €) 1015 €) (a) 4095 €) 1015 5215 (a) (a) €) (a)
Seepline well Maximum concentra- @ @ (@ 55 10° @ @ 7.9 10* @ 25 10° 3.4 10° @ @ (@ @
tion (mg/L)
Time of maximum (yr) (a) (a) €) 1085 €) (a) 9065 €) 1085 9905 (a) (a) €) (a)
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) 3.0" 10° €) 9.3 10° €) (a) (a) €) (a)
tion (mg/L)
Time of maximum (yr) (a) (a) €) €) €) (a) 8785 €) 1085 €) (a) (a) €) (a)
a Concentration islessthan 1 x 10°mg/L.
Table C39. H-Tank Farm (South of the Groundwater Divide) nonradiological results due to contaminant transport in the Congaree Aquifer .
Receptor Silver  Aluminum Barium  Fluoride Chromium Copper Iron Mercury  Nitrate Manganese Nickel Lead Uranium  Zinc
1-meter well Maximum concentra-  1.2" 10°° @ (@ 1.2°10° (@ @ 41 10° (@ 3.2° 107 (@ ) ) (@ @
tion (mg/L)
Time of maximum (yr) 9975 (a) €) 1155 €) (a) 9975 €) 1155 €) [€) (a) €) (a)
100-meter well  Maximum concentra- €) (@ ) 1.7 10* ) (@ 9.2" 10" ) 5.6 10° ) (@ (@ ) €)
tion (mg/L)
Time of maximum (yr) (a) (a) €) 1155 €) (a) 9975 €) 1155 €) (a) (a) €) (a)
Seepline well Maximum concentra- €) (@ ) 1.6 10° ) (@ ) ) 7.0° 10° ) €) (@ @ €)
tion (mg/L)
Time of maximum (yr) (a) (a) €) 1225 €) (a) €) €) 1225 €) (a) (a) €) (a)
Surface Water ~ Maximum concentra- (a) (a) €) €) €) (a) €) €) 2.3 10° €) (a) (a) €) (a)
tion (mg/L)
Time of maximum (yr) (a) (a) €) €) €) (a) €) €) 1225 €) (a) (a) €) (a)

a Concentration islessthan 1 x 10°mg/L.
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Table C-40. Results of terrestrial risk assessment for H-Area/lUpper Three Runs (Barnwell-M cBean, Water Table, and Congaree Aquifers),.
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Barnwell-McBean Aquifer Congaree Aquifer Water Table Aquifer
Maximum HQ Time of Maximum HQ Time of Maximum HQ Time of
maximum maximum maximum

Analyte Mink Shrew HQ? Mink Shrew HQ Mink Shrew HQ
Aluminum b b NA b b NA b b NA
Barium b b NA b b NA b b NA
Chromium b b NA b b NA b b NA
Copper b b NA b b NA b b NA
Fluoride b b NA b b NA b b NA
Lead b b NA b b NA b b NA
Manganese b b NA b b NA b b NA
Mercury b b NA b b NA b b NA
Nickel b b NA b b NA b b NA
Silver b b NA b b NA b b NA
Uranium b b NA b b NA b b NA
zZinc b b NA b b NA b b NA

a
b.
NA =

Y ears after closure.
HQislessthan ~ 1 x 10
Not applicable.
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Table C-41. Results of terrestrial risk assessment for H-Area/Fourmile Branch (Barnwell-M cBean, Water Table, and Congaree Aquifers),.
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Barnwell-McBean Aquifer Congaree Aquifer® Water Table Aquifer
Maximum HQ Time of Maximum HQ Time of Maximum HQ Time of
maximum maximum maximum

Analyte Mink Shrew HQ? Mink Shrew HQ Mink Shrew HQ
Aluminum b b NA b b NA b b NA
Barium b b NA b b NA b b NA
Chromium b b NA b b NA b b NA
Copper b b NA b b NA b b NA
Fluoride b b NA b b NA b b NA
Lead b b NA b b NA b b NA
Manganese b b NA b b NA b b NA
Mercury b b NA b b NA b b NA
Nickel b b NA b b NA b b NA
Silver b b NA b b NA b b NA
Uranium b b NA b b NA b b NA
zZinc b b NA b b NA b b NA

a  Yearsafter closure.

b. HQislessthan~1x 102

c.  Congaree Aquifer discharges to Upper Three Runs for this scenario.
NA = Not applicable.
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Table C-42. Results of terrestrial risk assessment for F-Area/Fourmile Branch (Barnwell-M cBean, Water Table, and Congaree Aquifers),.

Barnwell-McBean Aquifer Congaree Aquifer® Water Table Aquifer
Maximum HQ Time of Maximum HQ Time of Maximum HQ Time of
maximum maximum maximum

Analyte Mink Shrew HQ? Mink Shrew HQ Mink Shrew HQ
Aluminum b b NA b b NA b b NA
Barium b b NA b b NA b b NA
Chromium b b NA b b NA 1.14x10%  2.05x10° 3,955
Copper b b NA b b NA b b NA
Fluoride b 1.07x10° 1,015 b b NA 3.47x10%  8.2x10° 105
Lead b b NA b b NA b b NA
Manganese b b NA b b NA b b NA
Mercury b b NA b b NA b b NA
Nickel b b NA b b NA b b NA
Silver 6.83x10%  1.25x10™ 1,365 b b NA 4.42x10"  8.12x10* 245
Uranium b b NA b b NA b b NA
zZinc b b NA b b NA b b NA

a  Yearsafter closure.

b. HQislessthan~1x 102

c.  Congaree Aquifer discharges to Upper Three Runs for this scenario.
NA = Not applicable.
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Table C--43. Calculated absorbed radiation dose (millirad per year) to aquatic and terrestrial organisms
for F-AreaTank Farm.

Preferred Alternative
Water Table Barnwell-McBean Congaree Ag-

Aquifer Aquifer uifer
Sunfish dose 0.0027 0.0038 6.7x10°
Shrew dose 101 18.7 0.1
Mink dose 11 2.0 0

Table C-44. Calculated absorbed radiation dose (millirad per year) to aquatic and terrestrial organisms
for H-Area Tank Farm to Four Mile Branch.

Preferred Alternative
Water Table Barnwell-McBean Congaree Ag-

Aquifer Aquifer uifer
Sunfish dose 0.0014 2.2x10™ 4.8x10"
Shrew dose 9.5 0.2 35
Mink dose 1.0 0 0.4

Table C-45. Calculated absorbed radiation dose (millirad per year) to aquatic and terrestrial organisms
for H-Area Tank Farm to Upper Three Runs.

Preferred Alternative
Water Table Barnwell-McBean Congaree Ag-

Aquifer Aquifer uifer
Sunfish dose 2.1x10" 5.4x10° 4.8x10°
Shrew dose 24.8 75 1.0
Mink dose 33 0.8 0.1
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APPENDIX D

EXAMPLE OF ACCOUNTING FOR TANK IMPACTS AGAINST
PERFORMANCE OBJECTIVES

The U.S. Department of Energy (DOE) has de-
veloped a method to budget performance objec-
tives applicable to groundwater in the F and H-
Area Tank Farms at the Savannah River Site
(SRS). This appendix provides an example of
the application of this method. The example
presented in this appendix is the accounting
used to support closure of Tank 17 in the F-
Tank Farm. The modeling methods used to de-
velop this appendix are based on the hydro-
geological model presented in Appendix C.

Under the concept of the groundwater transport
segments (GTSs) described in Section 6.3 of the
Program Plan, DOE has performed four types of
calculations for the F-Area GTS pertaining to
the high-level waste tanks:

An apriori calculation of the projected im-
pact of the entire GTS using assumptions on
the degree of tank cleaning achievable,
sample results from previous tank closures,
and sample resultsfor Task 17

An evaluation of the contribution of non-
tank-farm sources to groundwater impacts

An evauation of the contribution from pre-
vioustank closures (i.e., Tank 20)

A tank-specific calculation for Tank 17 us-
ing sampling results available following
cleaning

The a priori calculational results are used to
project whether the GTS will meet the overal
performance objectives. This process helps to
address the cumulative effect of all the tanksin
the tank farm whose plumes may intersect. In
the following sections, results of the F-Area
GTS modeling, the non-tank-farm source
evaluation, and the results of previous tank clo-

sures will be used with the Tank 17 results pre-
sented in Appendix A of the Tank 17 module
(DOE 1996) to ensure that the performance ob-
jective “budget” is not exceeded.

D.1 F-Area A Priori GTS Impacts

D.1.1 SOURCE TERM IDENTIFICATION

To determine the source term for the a priori
calculation of F-Area GTS impacts, DOE re-
viewed information pertaining to transfers of
liquids to the high-level waste tanks since their
placement in the tank farms. This includes log
books showing the data regarding transfers as
well as sampling results, reel tape measure-
ments, and photographs that provided informa-
tion on the solids content in the tanks. Based on
al this information, DOE estimated the current
inventory of solids in each tank and the concen-
trations of radiological and nonradiological con-
stituents in the solids. For Tanks 17 and 20,
sample results were used to augment these esti-
mates.

To determine the inventory of contaminants af-
ter cleaning of the tanks is accomplished, DOE
assumed that the concentration of constituentsin
the solids remains unchanged. This assumption
is redlistic based on the fact that the presence of
constituents in the solids indicates that the con-
stituents are relatively insoluble and would be
expected to remain insoluble throughout the
tank cleaning process, which includes bulk re-
moval of solids followed by water washing.
Thus, the cleaning actions are expected to re-
move the more soluble constituents and reduce
the volume of solids in the tanks; however, the
cleaning may not necessarily change the concen-
tration of constituents in the solids.
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Based on available cleaning technology, DOE
assumed that the cleaning process would still
leave behind a nominal amount of solidsin each
tank. The density of the solids is relatively low
(1.95 Ibs./gal.); this value is used to determine
the total inventory of constituents in each tank.

Based on this discussion, the process of quanti-
fying the source term concentration and total
inventory can be summarized as follows:

1. Concentrations in the solids in each
tank are estimated based on sampling
results, logs of transfers, and other
measurements.

2. Concentrations in the solids remain
constant after the tank cleaning proc-
€sS.

3. Each tank is cleaned with a nominal
amount of solids remaining in each
tank with adensity of 1.95 |bs./gal.

4. The total inventory in each tank is
based on the assumed concentration

and the calculated mass per unit tank
based on the information in Step 3
above.

Based on the assumptions given above, DOE
estimated the radiological and nonradiological
constituent inventories as presented in Ta
bles D-1 and D-2.

DOE assumed that an additional 20 percent of
the radioactive contaminants remaining in the
tank farm after bulk waste remova and spray
washing will be distributed in the ancillary
equipment and piping associated with the tank
system.

As tanks are closed, sampling and analysis of
the residual contamination provides a more ac-
curate source term for these tanks. Since tanks
may contain more or less contamination than
assumed for the a priori F-Area GTS calcula
tion, after each tank is characterized for closure,
the impacts of all the tanks in the GTS will be
recalculated to ensure all performance objec-
tives are satisfied.

TableD-1. F-AreaTank Farm residual inventory of radionuclides after waste removal followed by

cleaning prior to closure (curies).2

Radionuclide

Residual remaining
after waste removal
and cleaning

Se79
Sr-90

Tc-99

Sn-126
Cs135
Cs-137
Eu-154
Np-237
Pu-238
Pu-239

1.2
6.2x10"
270
22
0.013
4,300
350
0.06
Ob
130

a. Derived from Newman (1999) and Hester (1999). Ancillary equipment is assumed to constitute an additional

20 percent of contaminants.

b. Only trace amounts of Pu-238 are present in F-Area Tank Farm.
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D-2



August 2004

Preliminary Draft

Table D-2. F-Area Tank Farm residual inventory of chemicals after waste removal followed by cleaning

prior to closure (kilograms).&

Constituent

Residual remaining
after waste removal
and cleaning

Iron
Manganese
Nickel
Aluminum
Chromium VI°
Mercury
Silver
Copper
Uranium
Nitrate
Zinc
Fluoride
Lead ©

2,300
240
55
820
20
6.3
27
14
450
150
27
14.2
24

a. Derived from Newman (1999) and Hester (1999). Ancillary equipment is assumed to constitute an additional

20 percent of contaminants.
b. All chromium was modeled as Chromium VI.

c. Additional lead from risers are not included in this value.

D.1.2 SOURCE CONFIGURATION

For the F-Area GTS a priori calculation, DOE
calculated the impacts at the point of exposure
from groups of tanks that were similar in loca-
tion and structure. In F-Area, al Type | tanks
(Tanks 1-8) were grouped together, all the
Typelll tanks (Tanks 25-28, 33,34, and 44-47)
were grouped together, and all the Type IV
tanks (Tanks 17-20) were grouped together.
These groupings were appropriate because the
tanks in each grouping have approximately the
same basemat thickness (an important consid-
eration in calculating the retardation effects on
contaminants). DOE also performed a sensitiv-
ity analysis to ensure that the distance between
tanks within a grouping (e.g., al the Type III
tanks in F-Area Tank Farm are not adjacent to
each other) did not affect substantialy the pro-
jected results at the point of exposure for a
given GTS. The results of this analysisindicate
that the distance from F-Area Tank Farm to the
point of exposure is relatively large compared to
the dimensions of the tank farm so that pro-
jected impacts at the point of exposure vary lit-

tle as the source term is moved within F-Area
Tank Farm.

DOE performed a separate MEPAS calculation
for each grouping of tanks. For each calcula-
tion, DOE entered the source term data (in both
concentration and total inventory) for the group-
ing distributed over a square with area equal to
that of the tank bottoms in the grouping. For
instance, for the Type | tanks, the source term
for the MEPAS calculation would consist of the
total inventory of the affected tanks and the
concentration of contaminants in the grouping
(i.e., the total inventory of the affected tanks
divided by the total solids in these tanks) dis-
tributed over a square with area equal to the area
of the eight Type | tanks.

To account for overlapping of the contaminant
plumes from the three separate groupings of
tanks, DOE performed the calculations with the
three groupings at the same initial physical loca-
tion (as discussed above, location of the source
within the F-Tank Farm boundary has little in-
fluence on the calculated concentration at the
point of exposure). DOE aso summed the cen-
terline concentrations from each plume at the

D-3
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point of exposure to ensure that the highest con-
centration is reported. Therefore, although the
plumes from the groupings may not overlap en-
tirely, DOFE’s calculation methodology provides
an upper estimate for the projected impacts.

D.1.3 RESULTSOF F-AREA GTSA
PRIORI CALCULATION

As discussed in Section D.1.2, DOE summed
the concentrations of each constituent at the
centerline of the plume for the F-Area GTS at
the point of exposure. Then DOE identified the
maximum concentration during the 10,000 year
period following closure to determine compli-
ance with performance objectives. For nonra
diological constituents, these concentrations can
be compared directly to the performance objec-
tives. For the radiological constituents, the total
effective dose equivalent is reported in addition
to gross alpha concentration. The results of the
F-Area GTS a priori calculation are provided in
Tables D-3 and D-4.

D.2 Contribution of Nontank
Sour ces

DOE used the F-Area GTS represented in Fig-
ures 6-2, 6-3, and 6-4 to identify non-tank-farm
sources with potential to impact groundwater at
the point of exposure (seepline). The F-Area
Seepage Basin proved to be the only non-tank-
farm source with potentially significant and
quantifiable impacts within the GTS.

DOE performed a performance assessment (PA)
(Cook 1997) for the F-Area Seepage Basin to
evaluate potential contributions of radiological
and nonradiological constituents to the peak
doses for the F-Area GTS presented in Tables
D-3 and D-4. This PA was performed to model
current conditions at the seepage basin (exclud-
ing effects of the pump-and-treat activities) us-
ing best currently available source term and hy-
drogeologic data. The results of this PA for
constituents identified in the seepage basin are
presented in Tables D-5 and D-6 for the radio-

logical and nonradiological constituents, respec-
tively.

Table D-5 shows that of the radionuclides that
have been identified as present in the seepage
basin, only Tc-99 and H-3 have peaks within the
10,000 year period of interest for tank closure.
Because of its relatively short radiological hal-
flife (12.3 years) and the fact that it does not
exist in measurable quantities in tank residuals,
groundwater impacts of H-3 resulting from tank
closure activities are expected to be inconse-
guential.

Of the nonradiological constituents with defined
performance objectives identified in the F-Area
Seepage Basin, only nitrate, nickel, and lead
were determined to also exist in significant
quantities in the F-Area Tank Farm GTS. The
F-Area Tank Farm fate and transport modeling
demonstrates that residual nickel and lead would
not appear at the point of exposure (Fourmile
Branch seepline) in appreciable concentrations
within the 10,000 year period of interest. Fur-
ther, because these two constituents have large
distribution coefficients in SRS soil, the peak
concentrations at the seepline would not be ex-
pected to occur for several hundred thousand
years after tank closure.

However, Table D-3 shows that Tc-99 has been
determined to be the limiting radionuclide with
respect to tank closure impacts at the point of
exposure (Barnwell-McBean Aquifer at the
Fourmile Branch seepline). The F-Area GTS
apriori calculation has predicted a Tc-99 peak
dose of 1.9 mrem per year occurring 875 years
after tank closure. Table D-5 shows that Tc-99
resulting from closure of the seepage basin is
expected to peak at 0.18 mrem per year in 1,495
years. Since the F-Area GTS Tc-99 peak has
been determined to be the limiting radiological
impact, the time-dependent behavior of the
seepage basin Tc-99 was reviewed to determine
if meaningful quantities would be expected to be
present during the GTS peak (875 years). This
review determined that the dose contribution
from Tc-99 at year 875 for groundwater located
490 meters from the seepage basin (distance to
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TableD-3. F-AreaGTSa priori radiological results at the seepline due to contaminant transport in the three aquifers.

Se-79 Tc-99 C-14 1-129 Beta-Gamma Grossapha Lifetime
dose dose dose dose dose Total dose concentration  risk
Aquifer (mrem/yr)  (mrem/yr) (mrem/yr) (mrem/yr) (mrem/yr) (mrem/yr) (pCi/L)
Water Table Maximum Value 3.4 102 1.0 (@ (@ 1.0 1.0 26102 22°10°
Time of Maximum (yr) 2205 385 @ €) 385 385 3885
Barnwell-McBean  Maximum Value 3.6 107 1.9 @ @ 19 1.9 39102 4.1 10°
Time of Maximum (yr) 5705 875 @ @ 875 875 6405
Congaree Maximum Value (@ 6.5 10° (@ (@ 6.5 10° 6.5 10° 3.7 10° 14107
Time of Maximum (yr) @ 5495 @ €) 5495 5495 9345

a. Vaueislessthan 0.001 mrem/yr.
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TableD-4. F-Areaa priori nonradiological results at the seepline due to contaminant transport in the three aquifers.

Aquifer Alumi- Bar- Chro- Mer- Manga- Ura-
Silver num  ium Fluoride mium Copper Iron  cury Nitrate nese  Nickel Lead nium  Zinc
Water  Maximumconcen-  7.1°10%  (a) (@ 1810* 3110° 79°10° 39°10° (& 1810° 3810* (@ (@ (8 23 10°
Table tration (mg/L)
Time of Maximum 1085 @ @ 105 4865 9975 4585 @ 105 5215 @ @ @ 8855
(yr)
Barnwell- Maximumconcen- 1.7 10°  (a) (@ 1110° 4610° (@ 5810° (@ 1210°% 5610° (@& @ (@ 9310°
McBean tration (mg/L)
Time of Maximum 1365 @ @ 1015 9625 @ 7665 @ 1015 8855 @ @ @ 9975
(yr)
Congaree Maximum concen- (a (@ (@ 5810° (a (@ 2510° (@ 6110° 12710° (@ (@ (8 (a)
tration (mg/L)
Time of Maximum @ €) @ 1085 @ €) 6405 €) 1085 8225 @ @ €) €)

(yr)

a. Concentration isless than 0.000001 mg/L.
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Table D-5. F-Area Seepage Basin performance assessment results for radiological constituents of con-

cern.

Time of maximum

Maximum concen- concentration Average dose at
Nuclide tration (pCi/L) (years) peak time (mrem/yr)
Cs137 ~0 >1,700,000 ~0
1-129 25 37,785 0.51
Tc-99 190 1,495 0.18
H-3 1.7 180 7.8 10°
U-234 0.65 150,496 0.12
U-235 0.35 150,567 0.063
U-238 1.7 150,567 0.29
Pu-239 2.1 10° 368,726 6.5 10°
Am-241 ~0 345,152 ~0
Sr-90 ~0 27,674 ~0
Y-90 ~0 27,674 ~0

Table D-6. F-Area Seepage Basin performance assessment results for nonradiological constituents of

concern.

Maximum concentra-

Average dose at
time of maximum
concentration

Time of maximum
concentration

tion (mg/L) (years) (mg/kg/day)

Cadmium 1.1 10" 22,783 3.3 10°
Chromium ~0 >101,000 ~0
Lead ~0 >101,000 ~0
Mercury ~0 >101,000 ~0
Nitrate 7.0 198 0.2
Phosphate 15 13,370 0.044
Sodium 14 198 04

point of exposure) was insignificant. Therefore,
because the seepage basin peak occurs much
later than the tank farm peak, the Tc-99 releases
from the F-Area Seepage Basin do not effect the
radiological performance objectives of the
F AreaGTS.

Nitrate is the only nonradiological constituent of
concern common to both the F-Area GTS and
the F-Area Seepage Basin that is expected to
peak within the 10,000 year period of interest.

The tempora relationship is similar to that for
Tc-99. Although the F-Area GTS and the seep-
age basin have overlapping peaks at 200 years,
the GTS peak is much less than 1 percent of the
seepage basin maximum value of 7 milligram
per liter. Therefore, the GTS nitrate peak,
whenever it occurs, will not affect the seepage
basin maximum value appreciably.

Because of the reasons given above, fate and
transport modeling of the seepage basin and the
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GTS has determined that the impacts of all
common constituents of concern within the two
waste units are separated in time or magnitude
to such an extent that they are not additive in
nature.

D.3 Adjusted Performance Objec-
tives

DOE evaluated performance standards to deter-
mine the overall performance objectives. Ta-
ble D-7 lists the GSA overall performance ob-
jectives at the seepline and stream, which are
the points of exposure.

DOE calculated adjusted performance objec-
tives based on the contributions of sources
within the GTS upgradient from the seepline.
Based on the source identification, the sources
used to calculate adjusted performance objec-

tives were the HLW tank systems and F-Area
Seepage Basin.

As discussed in Section D.2, due to differences
in peak times or relative magnitudes, DOE as-
sumes that the seepage basin does not contribute
constituents during the F-Area GTS peaks at the
seepline in the limiting aquifer (Barnwell-
McBean). Therefore, the adjusted performance
objectives for the point of exposure are equal to
the overall performance objectives listed in Ta-
ble D-7. The following equation expresses this
determination:

PO, =PO - Cys

where: PO, = Adjusted performance ob-
jective
PO = Overal performance objec-
tive

Table D-7. Seepline and stream performance objectives for the F-Area GTS.

Constituent Units Seepline Stream
Radiological
Beta-gamma dose mrem/yr 4 4
Alpha concentration pCi/L 15 15
Total dose2 mrem/yr 4 4
Nonradiological
[ron mg/L - 1
Aluminum mg/L - 0.087
Nickel mg/L 0.1 0.088
Chromiumb mg/L 0.1 0.011
Mercury mg/L 0.002 1.20" 10°
Silver mg/L 0.05 0.0012
Copper mg/L 13 0.0065
Nitrate (as N) mg/L 10 -
Fluoride mg/L 4.0 -
Lead mg/L 0.015 0.0013
Barium mg/L 20 50
Manganese mg/L - 1.0
Zinc mg/L - 0.059

dardsin Appendix C.

b. Tota chromium (chromium Il and V1).

a. Total dose (combined apha and beta-gamma radioactivity) limit used for comparison with performance stan-

WSRC-2003-00498
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Cos = Contribution of  other of magnitude smaller (1.9 versus 0.007 mrem
sources at peak contribution from the per year) and, therefore, the Tank 17 contribu-
HLW tank system tion to the GTS peak at 875 years post closure

must be calculated and subtracted from the ad-

SinceC,s = 0(zero): justed performance objective to determine the
PO, = PO-0(zero) remaining performance objective. The same
PO, = PO calculation must be performed for nonradiol ogi-

The adjusted performance objective is analo-
gous with the performance objective for all tank
systemsin F-Area GTS.

D.4 Previous Closures

DOE must also account for the projected im-
pacts from previous tank closure. The only tank
that has undergone closure prior to Tank 17 is
Tank 20 in the F-Area Tank Farm. Fate and
transport modeling of the residual contamination
remaining in the Tank 20 system was performed
by DOE and documented in the Industrial
Wastewater Closure for the High-Level Waste
Tank 20 System (DOE 1997). Table D-8 lists
the results of the Tank 20 modeling under the
“Previous Closures’ column. The values listed
in this column for each constituent represent the
Tank 20 impacts at the time of the GTS peak for
that constituent.

D.5 Calculation of Remaining Per -
formance Objectives

Fate and transport modeling of the F-Area Tank
Farm a priori calculation has determined that
the overall performance objectives for the GSA
will be satisfied. Therefore, DOE must calcu-
late impacts due to closure of Tank 17 for indi-
vidual constituent contribution at the GTS con-
stituent peak times and subtract thisimpact from
the adjusted performance objectives to deter-
mine the remaining overall performance objec-
tive. For example, the GTS radiological peak
has been predicted to occur in the limiting aqui-
fer (Barnwell-McBean) 875 years after tank
farm closure (Table D-3) but the Tank 17 peak
in this agquifer has been predicted to occur
1,855 years after closure. The 875 year peak is
limiting because the Tank 17 peak is two orders

cal constituents.

The remaining performance objective relation-
ship for the F-Area GTS is given by the follow-
ing expression:

PO, = PO, —Dyc — D17

where: PO, = Remaining performance objective

PO, = Adjusted performance objective

Dypc = Contribution from previous clo-
sures (i.e., Tank 20) at time of peak con-
tribution from the F-Area Tank Farm

D;7 = Contribution of Tank 17 at time of
peak contribution from the F-Area Tank
Farm

The performance objectives (based on dose
equivalent limits) for radiological constituents
are additive for different radionuclides. There-
fore, the remaining performance objective calcu-
lation must consider the contribution of each
radionuclide at the time the total peak from all
radionuclides reaches each point of exposure.

This is done by examining the MEPAS output
results for each radionuclide and determining
the fraction of the total peak attributable to each
radionuclide.

To determine the remaining performance objec-
tives, the Tank 17-specific modeling results
(evaluated at the time of maximum GTS im-
pacts) were subtracted from the adjusted per-
formance objective (provided in Tables D-8 for
the Barnwell-McBean Aquifer). Table D-8 lists
these results for the seepline location in the
Barnwell-McBean Aquifer.

WSRC-2003-00498
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Table D-8. Tank 17 impacts and remaining performance objectives for the F-Area GTS.

Seepline Stream
Adjusted  Previous Clo- Remaining Adjusted  Previous Clo- Remaining

Units PO sures? Tank 17 PO PO sures? Tank 17 PO
Radiological
Beta-gamma dose mrem/yr 4.0 0.0055 0.022 3.99 4.0 3.0°10° 1.2 10" 4.0
Alpha concentration pCi/L 15 (b) (b) 15 15 (b) (b) 15
Total dose mrem/yr 4.0 0.0055 0.022 3.99 4.0 3.0 10° 1.2°10* 4.0
Nonradiological€
Iron mg/L - - 1.4 10 - 1 35 10° 7.5 10° 1
Nickel mg/L 0.1 0 (d) 0.1 0.088 0 (d) 0.088
Chromiume mg/L 0.1 5.0 10° 1.1 10° 0.1 0.011 2.7 10 5.7 10° 0.011
Mercury mg/L 0.002 0 (d) 0.002 1.2°10° 0 (d) 1.2°10°
Silver mg/L 0.05 1.9 10 4.1 10* 0.049 0.0012 1.0"10° 2.3 10° 0.0012
Copper mg/L 1.3 0 (d) 1.3 0.0065 0 (d) 0.0065
Nitrate mg/L 10 1.3 103 7.5 10° 10 - - 4.1 10° -
Lead mg/L 0.015 0 (d) 0.015 0.0013 0 (d) 0.0013
Fluoride mg/L 4.0 1.3 10" 2.7 10° 4 - - 1.5 10° -
Manganese mg/L - - 1.1 10° - 1.0 1.5 107 6.0 10" 1.0
Zinc mg/L - - 5.9 10° - 0.059 15 10 3.1 10°% 0.059
Barium mg/L 2.0 0 (d) 2 50 0 (d) 50
a. Tank 20.
b. Concentration islessthan 1.0" 10™ pCi/L.
c.  Aluminum does not reach seepline in 10,000 years.
d. Concentrationislessthan 1.0" 10° mg/L.
e. Total chromium (chromium 111 and V1).
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To determine the Tank 17 impacts and the re-
mainder performance objective for chemical
constituents, DOE had to determine the relative
contribution to the F-Area GTS peak concentra-
tion attributable to Tank 17. DOE used a
method similar to that described for radiological
constituents, except it derived peak contribu-
tions for each contaminant because concentra-
tions of the different contaminants are not addi-
tive.

DOE derived the GTS remaining chemical con-
stituent performance objectives by subtracting
the Tank 17 peak impact from the adjusted GTS
performance objective. For example, the chro-
mium contribution attributable to Tank 17 at the
GTS peak time is 3.4° 10° milligram per liter.
Therefore, the remaining GTS performance ob-
jective is 0.1 minus 3.4 10° or 0.0999966 or
effectively 0.1. Table D-8 lists the Tank 17 im-
pacts results for all chemical constituents of
concern.

D.6 Summary

The iterative nature of the GTS calculation, us-
ing continually refined source term data will
provide reasonable assurance that the impacts of
future closure activities do not exceed overall
performance objectives. As tanks are closed,
sampling and analysis of the residual contamina-
tion provides a more accurate source term for
these tanks. Since tanks may contain more or
less contamination than assumed for the a priori
F-Area GTS calculation, after each tank is char-
acterized for closure, the impacts of all the tanks
in the GTS will be calculated to ensure al per-
formance objectives are satisfied. The informa-
tion from these calculations will be updated
with each subsequent tank closure.

In using this method, DOE takes credit for the
fact that constituents of concern from various
areas impact compliance points at different
times due to varying closure scenarios and geo-
logical conditions. In addition, the method can
determine the level of resources required for
future site remediation activities.

D-11
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