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EXECUTIVE SUMMARY

The 105-C Reactor Building is identified in Appendix K, "Facilities to be Decommissioned', of the

Federal Facility Agreement (FFA 1993). This RSER/EE/CA addresses only the 105-C Disassembly

Basin (105-C DB) which is a subunit of the t05-C Reactor Building. The preferred removal action

includes transferring water ftom the sand filter, settler tank, Emergency Cooling System @CS) tank

(904-89G-1), and other sources (approximately 300,000 gallons) to the 105-C DB for forced

evaporation and In Situ Decommissioning of the disassembly basin. Water from miscellaneous

sources associated with waste water and storm water from within C-Reactor Operable Unit may

also be directed to the disassembly basin for treatrnent as part of this removal action. Sampling

data indicate there are approximately 17 curies of radioactivity associated with the disassembly basin

sediments and approximately 8 1 4 curies associated with the basin water. There is also a large quantity of

activated reactor equipment, scrap metal, and debris on the basin floor. Some of the activated reactor

components exceed 200 roentgen$/hour. A human health risk evaluation was performed on a recent water

sample and determined the total cumulative risk from all pathways to be 1.6E-02 or 1.6 excess cases of

cancer per 100 exposed individuals. This level of risk for the industrial worker justifies the

implementation of a removal action.

Three removal action altematives were evaluated in this RSER /EE/CA: 1). No Action, 2). In Situ

Decommissioning of the DB with Water Removal by Forced Evaporation, and 3). In Situ

Decommissioning of the DB with Basin Water Removal by Trucking to the SRS Eflluent Treatment

Project. ISD in Altematives 2 and 3 consists of stabilization/isolation of any remaining contaminated

water, sediment, activated reactor equipment, and scrap metal by filling the DB with flowable,

nonstructural gout. The roof over the DB would be preserved for historical significance and would also

prevent the infiltration of precipitation. Forced evaporation is a form of treatrnent that will reduce the

volume of contaminated basin water. hradiated materials and sedirnent will be treated by

solidification/isolation thus reducing their mobility and reducing radiation exposure of future industrial

workers, and creating an engineered barrier to prevent access to the contaminants by the future receptors.

Grouting the basin will also provide a low permeability matrix to retard pore-water velocity through the

basin. The alternative analysis compared effectiveness, implementability, cost, regulatory, and

community acceptanse criteria for each ofthe three altematives. The analysis concluded that Altemative

2, Basin Water Removal by Forced Evaporation and In Situ Decommissioning (lSD) of the DB, was the

most effective altemative to remediate the 105-C DB.

SRNS-RP-2010-01r43
Rev' I
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A preliminary NESIIAPs calculation (SRNS 2009e) for Altemative 2 determined the total amount of

radioisotopes released to the atunosphere to a maximally exposed individual at the SRS boundary fiom

forced evaporation has an estimated potential effective dose equivalent (PEDE) of0.036 mrem.iyear. This

dose is less than the regulatory threshold of 0.1 mrem/year established by National Emission Standards

for Hazardous Air Pollutants (NESHAPs) and South Carolina Department of Health and Environmental

Control air pollution regulations. Since the PEDE is less than the regulatory threshold established for

release ofradionuclides, a permit for hazardous air emissions from the evaporators is not required and the

evaporator equipment is exempt. The fate of all radioactive isotopes is conservatively assumed to be

100% dispersible in ambient air. The cumulative PEDE is 0.036 mrem/year, which is an inconsequential

contribution to the receptor dose threshold. Any negative impacts to remedial workers or to risk receptors

associated with the proposed removal would be so small that their potential contribution to an overall

effect on- or offsite would be negligible. Cesium-137 is the primary contributor (78%) of the PEDE

(0.028 mrem/year of the total 0.036 mrem/year) and tritium is a 504 contributor (0.002 mrem/yr). There is

no human or ecological risk receptor exposure to radioisotopes since the evaporator emission dose is

extremely low and will be in the form of water vapor. The water vapor emissions will flow to an above-

grade stack fiom the evaporators into the atrnosphere where it will be immediately dispersed in the

ambient air.

The preferred removal action for the 105-C DB will protect hunan health and the environment from

potential exposure to radioisotopes, immobilize contaminants remaining in the disassembly basin, and

prevent industrial worker or intruder access to hazardous and radiological substances. As has been the

case with previous SRS decommissioning projects, to the extent practicable and not to impact human

health and the environment, efforts will be made to preserve the historical significance ofthe C-Reactor

Area in accordance with the National Historic Preservation Act. The proposed removal action will not

adversely impact the historical significance of the '105-C Reactor Building since the building itself will

not be demolished and will remain unchanged in appearance with the exception of filling the disassembly

basin with gtout, which mitigates the associated hazards to human health and the environment. Above-

grade modifications to the interior of the disassembly basin needed to support construction activities

related to dewatering and grouting ofthe basin will be minimized to the extent practicable.
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1.0 INTRODUCTION

The U.S. Department of Enerry rusDoB) is proposing to perform a non-time critical removal (NTCR)

action at the 105-C Disassembly Basin (105-C DB) which is a portion of the 105-C Reactor Building.

This Removal Site Evaluation Report (RSER)/Engineering Evaluation/Cost Analysis (RSEREE/CA)

identifies the objectives of the removal action for the 105-C DB subunit and compares altematives that

mitigate the potential threats of release of contaminants to the environment and provides a vehicle for

public comment in accordance with the National Oil and Hazardous Substances Pollution Contingency

Plan (NCP),40 Code of Federal Regulations (CFR) 300'415.

The Savannah River Site (SRS) encompasses 310 mi2 ofland adjacent to the Savannah River, principally

in Aiken and Bamwell counties of South Carolina. SRS is located approximately 25 mi southeast of

Augusta, Georgia, and 20 mi south of Aiken, sc (Figure l). SRS is owned by USDoE while Savannah

River Nuclear Solutions, LLC (SRNS) provides management and operating services. SRS has

historically produced tritium, plutonium, and other special nuclear materials for national defense.

Chemical and radioactive wastes are by-products of nuclear material production processes. Hazardous

substances, as defined by Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA), are present in the SRS environment.

The public is encouraged to comment on the altematives presented in this RSER/EE/CA. Following the

public comment period, an Action Memorandum will be prepared by USDOE and added to the SRS

Administrative Record, which is accessible by the public. All responses to the public comnents will be

included in an Action Memorandum.

Copies of this RSER/EE/CA and the Administrative Record for SRS are available at the following

locations:

U.S. Department of Energy
Public Reading Room
Gregg Graniteville Library
University of South Carolina-Aiken
171 University Parkway
Aiken, South Carolina 29801

64t-3465

Thomas Cooper Library
Govemment Documents Department
University of South Carolina
Columbia, SC 29208
(803\ 7774866

02142011
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Hard copies ofthis RSER{EE/CA are available at the following locations:

Reese Library
Augusta State University
2500 Walton Way
Augusta, GA 30910

Asa H. Gordon Library
Savannah State Universiry
Tompkins Road
Savannah, GA 3 1404

912) 356-2183

To submit comments or request a public meeting during the public comment period, contact:

Paul Sauerborn
Savannah River Nuclear Solutions, LLC
Public Involvement
Savannah River Site
Building 730-lB
Aiken. South Carolina 29808
(803)-es2-6658

2.O

2.1

SITE CHARACTERIZATION

Facility Description and Background

The 105-C DB is part ofthe 105-C Reactor Building located in C-Area (Figures I and 2). C-Area which

is located in the Fourmile Branch watershed is approximately 2.7 miles west ofthe geographical center of

SRS and approximately 6 miles east ofthe nearest site boundary and is in the west central ponion ofSRS

(see Figure 2). The 105-C Reactor Building, other associated facilities, and related units in C-Area will

be considered together as part ofthe closure ofthe C-Area Operable Unit (CAOU)'

The 105-c Reactor Building is identified in Appendix K, "Facilities ks be Decommissionei" of the

Federal Facility Agreement (FFA 1993). This RSER/EE/CA addresses the 105-C DB which is a ponion

of the 105-C Reactor Building. The 105-C Reactor Building has been declared an excess facility by

USDOE, and its disposition is under evaluation. The proposed action includes transferring water from the

sand filter. settler tank, and the ECS tank (about 300,000 gallons) to the 105-C DB for forced evaporation

and In Situ Decommissioning of the disassembly basin. In addition, water from miscellaneous sources

(such as the 106-C, 107-C, and 109-C structures) associated with other C-Reactor Operable Unit subunits
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or the 105-C facility may also be directed to the disassembly basin for treatment as part of this removal

acticn. The 106-C, 107-C and 109-C structures are shown on Figure 4.

1t Previous Operation

The 105-C reactor achieved criticality in March of 1955 and was shut down in 1985 for maintenance.

The reactor was placed on cold standby in 1987, followed by shutdown with no possibility of restart

(ESH 1996).

Similar to other SRS reactors, the 105-C reactor produced special nuclear materials (mainly plutonium

and tritium) for defense purposes. The 105-C Reactor Building consists offour main operating facilities

at gfound level: the assembly areq the process room, the purification wing and the disassembly basin

(See Figure 3).

Prefabricated fuel and target elements were shipped from M-Area at the SRS and were received in the

reactor assembly area where they were cleaned and tested prior to insertion in the reactor vessel. The fuel

and targets were activated in the reactor vessel during a production cycle and then transferred to the

disassembly basin where they were stored underwater to allow for thermal cooling and high activity

radioactive isotopes to decay. Afterwards, the fuel and target elements were transported to other facilities

at SRS for further chemical processing and isotope extraction.

To generate these special nuclear materials, the reactors utilized a process of neutron irradiation of either

Uranium-238 or Lithium-6 targets to produce Plutonium-239 and tritium, respectively. The source of
neutrons came from the fission of enriched Uranium-235, which is an isotope present in the uranium

reactor fuel. The fission ofUranium-235 is a process whereby the uranium nucleus disintegrates to emit a

large quantity (flux) of energy in the form of neutrons which causes heat and intense radiation, which

generates many radioactive fission isotopes that form the predominant basis of radioactive waste

products. The fuel and target elements were clad with aluminum, which was intended to contain fission

products from escaping until isotope extraction (ESH 1996).

The transfer of targets and spent fuel fiom the reactor vessel into the disassembly basin resulted in

accumulation of tritium within the disassembly basin water and sediment. Other fission products in the

disassembly basin came fiom underwater cutting operations and failed fuel elements stored in the basin.

The fission products are primarily tritium, Cesium-l37 (+D), and Strontium-9O isotopes. When fuel and

target elements were moved from the reactor vessel to the disassembly basin, tritium on the surface of the
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elements was flushed into the basin. Fission products were also added to the basin water when failed fuel

and target elements were discharged and leaked in the disassembly basin.

The neutron bombardment in the reactor vessel during operations activated the metal (such as 304

stainless steel) of the reactor components and target and fuel elements. Some of these activated reactor

components became very radioactive due to their proximity to the neutron flux and were stored aft€r use

in the disassembly basin for shielding where they currently reside,

Disassembly basin water was filtered tkough a sand filter to remove solids and reduce radioactivity

within the basin water. When the inlet-outlet sand filter pressure head reached a pre-determined

differential pressure, the sand filter was backwashed into the settler tank allowing the suspended particles

in the backwash to settle by gravity. Tritiated water was occasionally discharged to seepage basins to

protect workers in the reactor building as radioactivity accumulated in the disassembly basin water during

operations.

All fuel and target elements have been removed from the 105-C DB (WSRC 1998, WSRC 2001' WSRC

2002\.

2.3 Land Use

C-Area is in an area currently designated for industrial use. The projected future development ofthe 105-

C Reactor Building is planned for historical use under the National Historic Preservation Act which is

concemed with identifuing and preserving historic property. The 105-C Reactor Building is being

preserved for historical significance and may be used as museum in the future. Future industrial land use

will be controlled in accordance with the SRS Land Use Control Assurance Plan (LUCAP) (WSRC

1999). The Early Action Record of Decision Remedial Alternative Selection for the C-' K-, L-' and R'

Reactor Complexes (SRNS 2009a) has selected In-Situ Decommissioning (ISD) as the preferred end-state

for the reactor complexes. The Land Use Control Implementation Plan (LUCIP) for that action speoifies

continuation of current land use controls in the reactor areas (SRNS 2009c). An industrial land use

scenario was selected as t}te risk assessment exposure scenario for the prot€ction of human health and the

environment (USDOE 1996).

The 105-C Reactor Building is an industrial building and provides no ecological habitats within proximity

ofthe buildine.

02l4l0ll
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2.4 Physical Configuration

The 105-C DB is a portion of and located within the 105-C Reactor Building. The 105-C DB is

composed of six primary operating compartments (See Figure 5):

l. Vertical Tube Storage

2. Machine Area

3. Dry Cave Section

4. Monitor (Pin) Basin

5. Transfer Area

6. Final Storage Section

The following table provides approximate areas and volumes for the above compartments

Table I Disassembly Basin Compartments, Areas, I)epths' and Volume

The total estimated empty volume ofthe 105-C DB is 4.75E+05 ftr or 3.55 million gallons (Rucker 2010).

The basin level on January 5, 2010 was -76 inches (-6.33 feet) below 0 elevation (Reedy 2010), therefore,

the basin currently contains approximately 2.72 million gallons of water (Rucker 2010)'

In late 2001 and early 2002 the sediment contained in the settler tank was pumped back into the 1 05-C

DB. A conservative estimate (Rucker 2010) of total sediment volume is 2530 ftr for the 105-C DB based

on earlier observations (FDD 2002) of sediment depth in the disassembly basin and refined estimates of

the DB volume. Sediment mass was estimated to be l 4l E+08 grams, (141,000 kilograms) which was

calculated using the total solids percentage (8%) measured in the 105-P DB. The mass of sediment in

grams is used to estimate the total curi€ content ofthe sediment layer.

The 105-C DB also contains 4 "pits or deep wells" which measured from grade level (0 feet elevation)

would terminate approximately -51 feet below grade level (see Figure 5). The deep pits will be filled with

glout during the removal action. The bottom of these pits is located approximately 20 feet above the

Compartment Area (ff Floor DeDth (ft) Volume (ff
Vertical Tube Storase 3.36E+03 30.0 l.0lE+05

Machine Area 8.808+03 30.0 1.63E+05

Dry Cave Section 3.91E+03 30.0 1.17E+05

Monitor Pin Basin 1 .708+02 30.0 2.3 I E+04

Transfer Area 6.46E+02 20.67 (average) 1.26E+04

Final Storage Section 3.388+03 17,0 5.75E+04

TOTALS 1.75E+04 4.758+05
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potentiometric surface ofthe water table which is located at approximately 70 feet (below ground surface)

bgs.

Generally, the disassembly basin walls and floors below grade level are constructed of steel-reinforced

concrete. The concrete basin walls and floors range in thickness from 2.5 feet to 7 feet with a separate 7 5

foot thick reinforced concrete construction mat beneath the floors. The walls between the individual

basin comparffnents have narrow vertical openings called "slots" that permit the transfer of material ffom

one section to another. There is an overhead monorail system inside the disassembly basin which was

used to move activated reactor components, fuel and target elements, equipment, and sciap buckets

through the various basin compartments utilizing hangers that extended underwater'

105-C DB has a current approximate liquid volume of 2.72 million gallons. Basin water levels are

measured regularly for signs of leakage and there is no indication ofany water loss which might indicate

the release of contaminated water into the environment based on these measurements.

Two groundwater monitoring wells CDB-I and CDB-2 are located adjacent to the disassembly basin (see

Figure 4). The general direction of groundwater flow in the vicinity ofthe DB is site west, so CDB-2 is

located most downgradient. Historically, the highest tritium level detected in either of the two

groundwater monitoring wells is in CDB-I. The highest tritium activity detected was 9,130 pCi/ml from a

sample collected on May 12, 2009. Based on additional characterization conducted subsequent to that

detection (SRNS, 2009d), the source of these elevated tritium levels is believed to be an historic spill up

gradient of CDB-I. Tritium levels in CDB-I have since declined to 101 pCi/rnl on October 18, 2010

indicating the basin does not leak; otherwise, higher levets of tritium would constantly be present in

groundwater with an associated loss ofbasin water.

2.5 Nature and Extent of Contamination

Activated Reactor Components and Scrap Metal Survev 2002

An extensive radiation survey was conducted prior to May 2002 ofthe disassembly basin floor using an

RO-7 radiation detector (FDD 2002). The purpose of the survey was to identifi any "hot spots" which

could represent radiological hazards caused primarily by radionuclides associated vr'ith activated reactor

components and metal (304 stainless steel) including Iron-55, Nickel-59, Nickel-63, cobalt-60, and

Carbon- 14.
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The RO-7 is a beta/gamma radiation measuring instrument which provides a means for underwater

measurement of low to high range beta and gamma fields. The RO-7 can be used with either a low range

detector (gamma only) 0.001PJhour to 1.999 R/hour, a mid-range detector (betalgamma) 0.1 R/hour to

199.99 R/hour, or a high range detector (beta/gamma) 0.01 kR/hour to 19.99 kR/hour. Because Nickel-59,

Nickel-63, Cobalt-60, and Carbon-14 are all beta or beta./gamma emitters, the RO-7 is an effective

instrument to measure the beta/gamma radiation field from the previously mentioned radioisotopes found

in activated stainless steel. The RO-7 is also an excellent tool to determine radioactive emissions from

Cesium-l37+D (a beta/gamma emitter) which is one of the most common by-products of nuclear fission.

The RO-7 detector was lowered into the basin water until it was 3 to 6 inches above the top of the

sediment layer so as not to cause agitation of sediment. Objects lying on the floor of the basin that were

not covered by the sediment were approached even closer. The instrument was moved above the surface

of the floor to all locations that were accessible. The survey report noted that a significant portion of the

basin bottom could not be surveyed due to physical interference at the top of the basin because there was

insufficient clearanc€ to move the deteclor around the cable hangers on the overhead monorail system.

The survey indicated 54 locations, of which 10 were greater than 200 R/hr (see Figure 6). Thirty-five

locations indicated measurements between 1 and 200 R/hr. The remaining 9locations were between 0'l

and 1.0 R/l.r. Most, if not all the spots, represent equipment or activated metal as opposed to "hot"

particles in the sediment (FDD 2002). There is no estimate of the curie inventory for the activated reactor

components or scrap metal in basin which is likely to be the single greatest source of radioactivity in the

basin.

The basin contains a significant amount of metal scrap, debris, used reactor components, tools, cables,

and high activity containment devices. Some of the equipment is suspended by cable hangers from the

overhead rails and other scrap and equipment is lying on the basin floor.

105-C Disassenbly Characterization Sampline Plan 2002

A sampling plan for the 105-C DB was prepared in May 2002 (FDD 2002) and both sediment and water

samples were collected on July 8 and July 23, 2002 respectively, within the various compartments ofthe

DB. The upper portion ofthe dry cave section was sampled, but the enclosed portion ofthe dry cave was

not included in the sampling. The water in the dry cave section is connected by canals and slots to the

remainder of disassembly basin and both the watet and sediment should be representative of the

remainder of the DB.
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The analytical data report (wsRC 2003a, 2003b, 2003c) for the 2002 sampling event meets the

requirements of the National Environmental Laboratory Accreditation Conference (NELAC). In the

following tables, sediment and water data is summarized fiom the 2002 and 2009 sampling events and is

compared to the November 2010 (most recent) USEPA Regional Screening Levels (RSLs), radiological

PRGs, and MCLs.

Data fiom the 2002 and 2009 characterization event contain analytes having reporting limits (RLs),

det€ction limits (DLs), or minimum detected activities (MDAs) which exceed their respective RSL, PRG,

or MCL used for screening purposes in this RSER/EEICA. Primarily, these RLs, DLs, or MDAs exceed

screening limits because the analltical methods were based on data qualiry objectives (DQOs) for waste

determination. These results were not intended to be compared to risk-based thresholds. The anallical

results were intended to be compared to waste determination limits, waste acceptance criteria, or

treatment requirements rather than drinking water standards or industrial worker screening levels.

However, since one ofthe objectives of this RSER /EE/CA is to determine the basis for a removal action,

comparisons have been made to industrial worker thresholds and drinking water criteria.

In the following tables, the lower of the two PRGs for each of two isotopes of the same element (example:

Phlonitm-?391240) was used for comparison purposes to be conservative. This approach ensures the

lowest risk-based threshold ofa radioisotope is accounted for during the screening comparisons.

The number, type and location of sediment samples from the 2002 basin characterization are listed below:

The number, type and location of water samples ffom the 2002 basin characterization are listed below:

2002 Basin Water Samples

2002 Basin Sediment Samples

AnalYtical Class
Number of
Analvtes Data Packase

Number of
SamDles Basio Location*

Organic Compounds 28 WSRC 2003a & b 9 Grab 12.3.4,s.6,4.7A,78,8

Metals WSRC 2003a & b 9 Grab 1,2,3,4,5,6A7A,7B,E

Radiological Anal''tes 34
34

WSRC 2003a & b
WSRC 2003a& b

I Composite
I ComDosite

t&2
3.4.5.6d7A.7B.8

Analvtical Class
Number of
Analvtes Data Packase

Number of
SamDles Basin Location*

organic Compounds 28 WSRC 2003c 5 Cmb 1.4.7.7A.8

Metals 22 WSRC 2003c 4 Grab I,
Radioloeical Analltes 34 WSRC 2003c I ComDosite 1.4.7,
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*Basin Location (see Fiqure 7)
Area l - Final Storage
Area2-FinalStorage
Area3-FinalStorage
Area4-FinalStorage
Area 5 - Transfer Bay
Area 6,4. - Machine Area and Monitor Basin
Area 7A and 78 - Vertical Tube (temporary) Storage

Area 8 - Dry Cave Area

Summarv of 2002 Basin Sediment Data

Organics

Toluene was the only organic contaminant detected in basin sediment samples; however, no toluene

concentration exceeded its respective RSL. No other volatile or semi-volatile organic analltes were

detected in basin sediment (see Table 2).

Metals

All 23 metals were detected at least once in basin sediment samples. None ofthe mean concentrations of

metals exceeded their respective RSL, although the maximum arsenic detection did exceed its respective

RSL (see Table 3).

Radioisotopes

Numerous radioisotopes were detected in basin sediments with several radiological PRGs being exceeded

(see Table 4). Radioisotopes exceeding their respect PRG include: Americium-24l, Carbon-l4, Cesium-

137, Cobalr60, Cuntm-244, Europium-l54, Plutonium-238, Plutonium-239/240, Strontium-90, and

tritium. In the case of Plutonlxn-239?4}, the lower of each of the two PRGs of the radioisotopes was

used for comparison purposes to be conservative.

Radioisotopes which were not detected but whose MDA was greater than the respective PRG included:

Americium-243, Antimony-125, Cesium-134, Europium-152, Europium-155, Neptunium-237, Niobium-

94. Radium-226. and Selenium-79.

Although the primary radionuclides associated with activated metal (304 stainless steel) in the 105-C DB

include lron-55, Nickel-59, Nickel-63, Cobalt-60, and Carbon-I4; lron-55 and Nickel-63 were not

included in the 2002 analysis plan for sediment media. Based on data ftom P-Area disassembly basin

Nickel-63 activities are expected to be about 200 times greater than Nickel-59. Iron-55 has a

comparatively short halfJife (2.7 years), and thus will not contribute significant activity in the future.
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Summarv of 2002 Basin l(ater Data

Aganbs
There were no detections of volatile or semi-volatile organic analyes in basin water samples. Organic

analltes which were not detected but whose RL was greater than the respective PRG included: l,l-
DichloroetJrene, 1,2-Dichlotoethene, 2,4,-Dinitrotoluene, Benzene, Carbon tetrachloride,

Hexachlorobenzene, Hexachlorobutadiene, Hexachloroethane, Nitrobenzene, Pentachlorophenol,

Tetrachloroethylene, Trichloroethylene, and Vinyl chloride (see Table 5).

Metals

The mean concentration of antimony exceeded its respective MCL as did tlte ma.rirnum detection of

antimony. Metallic analles which were not detected but whose MDL was greater than the respective

MCI-/RSL included: arsenic, lead, and thallium (see Table 6).

Radioisotopes

Numerous radioisotopes were detected in basin water with several radioisotope MCLVPRGs being

exceeded (see Table 7). Radioisotopes exceeding their respective MCL/PRG include: Carbon- 14,

Cesium-l37, Cobalt-60, Gross Alpha, Plutonium-238, Tritium, Uranium -234, and Uranium-235. It is

unclear why Strontium-90 was not det€cted in the 2002 sampling event.

Radioisotopes which were not detected but whose MDA was grcater than the respective MCL/PRG

included: Iodine-129 and Selenium-79.

All 2002 and 2009 uranium data for basin water was reported in activity concentration units

(activity/volume [pci,tl]) for U-234, U-235, and U-238 isotopes, instead of mass concentration units

(mass/volume [pg/L]) for total uranium. In order to directly compare the activity concentrations to the

mass-based uranium MCL, an estimate of the uranium isotopic activities equivalent to the 30 pgll-

uranium MCL was used for screening in the RSER/EE/CA. The equivalents are U-234 - 10.0 pCi/L, U-

235 - 0.41 pCiI-, and U-238, 10.0 pCVL = 30 pgll- uranium (Rucker 2001).

Although the primary radionuclides associated with activated metal (304 stainless steel) in the 105-C DB

include Iron-55, Nickel-59, Nickel-63, Cobalt-60, and Carbon-I4; Iron-55 and Nickel-63 were not

included in the 2002 analysis plan for water media. Based on data from P-Area disassembly basin

Nickel-63 activities are expected to be about 200 tirnes greater than Nickel-59. hon-55 has a

comparatively short half-life (2.7 years), and thus will not contribute significant activity in the future.
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Aralvte (mslks) Non-Dects Detects }|inimuIn M{ximum Ntean RSL Meao>RSL?

l.l Dichloroethenc 9 0 0.1 0.t 0.05 1. t00 No

l-2 Dichloroethane 9 0 0.1 0.1 0.05 2.2 No

I .4-Dichlorobenzene 9 0..1.1 0.33 0.165 tz No

2-4 Dinitrotoluene 9 0.33 0.33 0.165 5.5 No

2,4,5 Trichlorophenol 9 0 0.33 0.33 0.165 62.000 No

2.4.6 Trichlorcphenol 0 0.33 0.33 0. r65 160 Ni.t

2-Butarone I 0 0.1 0.1 0.05 200.000 No

2-MerhylpheDol 9 0 0.33 0.-r3 0.165 NA No

4-Meth\lphcnol 0.33 0.31 0.165 NA l-vo

Benzene 9 0 0l 0.1 0.05 54 No

Carbon tetrachloride 9 0 0.1 0.1 0.05 l NO

ChLorobenzene 9 0.1 0.1 0.05 1.400 ),Jo

Chloroform I 0.1 0.1 0.05 Li No

tthylbenTene I 0.t 0.1 0.05 27 No

Hexachlorobenzene 9 0 0.33 0.33 0.165 Ll No

H€xachlorobutadiene 9 0 0.33 0.33 0.165 22 NO

Hexachloroethane I 0 0.33 0.33 0.165 120 No

m,p-Xylenes 9 0 0.1 0.1 0.05 3.400 No

Nitrobenzene 0 0.33 0.13 0. r65 NO

o-Xylene 9 0.1 0.1 0.05 3.800 No

Pentachlorophenol I 0 0.13 0.31 0.165 9 NO

I\ridine 0 0.33 0.13 0.I6i r.000 No

Tetrachlorethen€ 9 0 0.1 0.1 0.05 2.6 No

Toluene 9 0.315 6 2.324 45.000 NO

'lotal Crcsol 9 t) 0.33 0.33 0.165 91.000 No

Trichtoroethycne 9 0 0.1 0.1 0.05 t4 No

Vinvl chloride 9 0 0.1 0.1 0.05 2 No

Xvlenes total 9 0 0.1 0.1 0.05 630 No

RSER/EE/CA for In Situ Decommissioning of the
105-C Disassembly Basin (U)
Savannah River Site
February 2011 Page ll of52

Table 2 2002 Data Summary for Organic Analytes in the 105-C DB Sediment

% RL used as a sunogate for non-detected analytes to derive mean summary statlstrcs
RSL yalues from November 2010 listing liom USEPA website htto:/,'epa.gov/reg3hwmd/riski human./rb-

concentration_table/'index.htm

sRNS-RP-2010-01143
Rev. I

02t4201 I
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Table 3 2002 Data Summary for Metallic Analytes in the 105-C DB Sediment

% MDL used as a surogate for non-detected analltes to derive mean summary statistics

RSL values tiom November 2010 listing liom USEPA website http:/iepa.rrov/reg3hn'md/risk/humartrb-
concentration_table,/index.htm

Analvte (ms/ke) Non-Dects Det€cts Minimum Maximum lfean RSL Yc!n>RSL?

Aluminum 0 9 :400 6690 4373 990.000 No
,1

2 0.0528 8.8 L9l 410 No

6 3 0.0249 7.51 NO

Barium 9 5.13 I0.8 8.78 190.000 No

Bervllium 0 9 0.05 0.099 0.075 2,000 \o

Cadmium 0 0.49 t.67 1.02 800 NO

Calcium s 2M 678 122.2? NA

Chromium 0 6.8 36.7 17.1 NA

Cobalt 0 9 0.2s9 |.27 083 300 No

aoppcr 9 18.6 396 26.93 .r.000 No

Iron 0 4660 24.800 r0.367.78 725.000 NO

Lead 0 9 20.8 83.8 41.5 | NA

Maencsium 0 9 13.8 50.9 32.'19 NA

Marganese 0 9 192 1u2.43 23,000 No

Mcrcury l I 0.0002 0.083 0.048011

Nickel 9 7.03 27.9 I5.43667 44.000

Potassium 0 9 27.8 6l.3 ,10.95556 NA

Selenium 2 1 0.0022 0.584 0.297356 5.100 No

Silver 8 0.0081 1.36 0.15471 I 5.100 NO

Sodium 9 40.5 45.18889 NA

Thallium 6 0.0609 12.5 6.074594 NA

Vanadium 0.915 3.63 L649444 5.200 No

Zinc 0 I 307 3820 990 3'15,000 No

021d2011

ARF # 17479



RSEWEE/CA for In Situ Decommissioning of the SRNS-RP-2010-01143

105-C Disassembly Basin (U) Rev. 1

Savannah River Site
February 2011 Page 13 of52

% MDA used as a surrogate for non-detected anal)'tes to derive mean summary statistics

PRG values liom December2010 listing aom USEPA website httD:iieDa-

orgs.oml.qov/radionuclides'/download.shtml
*MDA was geater than radiological PRC.

Table 4 2002 Data Summary for Radioisotopes in the 105-C DB Sediment

Analyre (pci/s) Non-Dects Detects ll'Iinimum Maximum Mean PRG McNn>PRG?

Am€ricium-241 0 4 r07.6 1.82 Yes

Americium-243 7 0 2.73 3.21 1.4875* 0.288

Antimony-125 2 0 26 31.2 14.3* 0.688

Carbon- l4 2 95.9 4060 2017.95 I L 10

Cesium-13,1 2 0 9.8 I 1.8 5.4r' 0.24

0 2 600 865 0.103

Cobalt-60 0 2280 8260 5270 0.0578 Yes

Curiurn-242 2 0 3.0'7 1.675 2.870 No

Curiuln-244 2 3'l 42.4 34.1

Eurooium.l52 2 0 26.8 34.,1 I5.3* 0.0643

Eurooium-154 0 2 46.3 62.) 0 0735

Eurooium-155 2 0 20 ?'7.5 l L875* 5.41

Gross AlDha 2 1040 I r00 1070 NA

Cross Beta 0 2 4200 8s80 6390 NA

Iodine-129 Lll 3.21 9.49 NO

NeDtunium-237 2 0 2.33 2.45 L r95+ 0.225

Nickcl-59 0 7 't7.8 t72 124.9 11.100 NO

Niobium-94 2 10.3 I.] .l 5.925* 0.0279

Plutonium-238 2 658 662 660 l,l4

Plutonium-239/240 0 2 132 134 lJ3 12.5 Yes

Plutonium-242 2 0 2.2 l.r325 No

Radium-226 2 11.2 22.3 9.875* 0.0223

Ruthenium-103 l3 15.9 l t.2 l5.7 No

Ruthenium-106 l0l t22 3,750.000 No

Selenium-79 2 0 t940 1910 977.51 291

Strontium-90 2 454 750 602 8.91

Technctium-gg I .]5 4.23 299 796 No

Thorium-228 2 0 2.l8 2.68 L215 l0!) No

Thorium-230 2 0 1.45 \.5 7 l8 NO

lhorium-232 2 0 1.45 0.8 t1 No

Tritium I 18.3 99500 49754.58 t27

Llranium-234 0 2 6.03 6.46 6.245 29.1 No

Uranium-235 0 2 r.39 3.56 2.475 30.9 No

Urnniurn-238 2 0 |.92 0.755 t49 No

02142011
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Table 5 2002 Data Summary for Organic Analytes in the 105-C DB Water

7: RL used as a surrogate for non-detected analyes to derive mean summary statistics
RSL values from November 2010 listing from USEPA website http:repa.qov/res3hwmd/risk/human'/rb-
concentration_table/index.htm
*RL ereater than the MCL/RSL.

SRNS-RP-2010-01143
Rev. I

Anibte ([g/L) Non-D€tects Detects Minimum Maximum Mean NICURSL NIean>MCL/RSL?

l.l Dichloroethene 5 0 100 100 50* 1

1.2 Dichloroethane 5 0 100 100 50+ J

1.4 DichLorobenTeno 5 0 10.8 ll.8 5.59 No

2,4 DinitrotoLuene 5 r0.8 I1.8 5.59* 0.22

2-4.5 TrichloroDhenol 5 10.8 Il.8 5.59 3.700 No

2.4.6 TrichloroDhenol 5 I0.8 I1.8 5.59 6.1 No

2-Bulanonc 0 100 100 50 7.100 No

2-MethyLphenol 0 10.8 11.8 5.59 NA

4-Methylphenol 5 10.8 1 1.8 NA

Benzene 5 100 100 50* 5

Carbon tetrachlo.idc 5 100 100 50* 5

Chlorobenucne ) 0 100 100 100 No

Chlorofbrm 5 0 100 100 50 80 N0

E$ylbenzene ) 0 100 100 JU 700 No

Hexaohlorobenz€ne 5 0 10.8 1.8 5.59*

Hexachlorobutadiene ) 0 10.8 I1.8 5.59* 0.86

Hexachloroethane ) 0 10.8 .8 5.59* 4.8

m.D-Xvlenes 5 0 100 100 50 l7-000 No

Nibobenz€ne 5 10.8 r 1.8 i.59* 0.t2

o-Xi"lene 5 IJ 100 100 1-200 No

Pentachlorophenol ) 0 r0.8 1 r.8 5.591

Pyridine 5 10.8 ll8 5.59 910 No

Tetrachloroethylene 5 100 100 50+ 5

Toluene 5 0 r00 r00 50 1000 No

TotaL Cresol 5 10.8 t.8 5.59 930 No

Trichloroethylene 5 0 100 100 50* 5

Vinvl chloride 5 0 t00 r00 50* 2

Xvlencs Total 5 t00 100 50 10.000 \o

0214201I
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Table 6 2002 Data Summary for Metallic Analytes in the 105-C DB Water

% MDL used as a sunogate for non-detected analytes to derive mean summary statistics

RSL values from November 2010 listing from USEPA website http:i/epa.qovheg3hwmd/risk/humani rb-

concenfiation table/index.htm
*MDL was sreater than the MCL/RSL.

sRNS-RP-2010-01143
Rev. I

Analyte (Pg/L) Non-Detects Detects lVinimum Nlarimum MeNn MCL/RSL Yean>MCL/RSL?

Aluminum 0 4 94 1230 430.25 37.000 No

3 52.8 123 6

Arsenic 4 0 24.9 24.9 t2.454 l0

Barium 0 4 l0 I1.3 10.475 2.000 No

Bervllium 3 0.21 0.21 0.18375 4 No

Cadmium 4 0 1.1 5 NO

Calcium 0 4 9300 9540 9400 NA

Chromium l I 6 9.9 5.475 100 No

Cobalt 4 0 .l 3 1.5 1l No

Copper 2 2 6.5 43 r.300 No

Iron 0 4 61 451 t16.9 26,000 No

LeaJ 4 48.9 48.9 24.45* l5

Maqnesium 0 88.2 lll 99.325 NA

Marga.nese 0 4 1.4 52.4 14.625 NA

4 0 0.2 0.2 0.1 2 No

Nickel l 10.2 12.I 6.85 730 NO

Potassium 0 4 )7100 18400 17975 NA

Seleniurn 4 0 25.1 12.85 No

Silver 4 0 8.1 8.1 4.05 180 No

Thallium 4 0 60.9 60.9 30.,15+ 2

Vanadium 4 0 43 2. t5 No

Zinc 0 4 23.2 137 s2.975 1 1.000 No

02112011
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Table 7 2002 Dila Summary for Radioisotopes in the 105-C DB Water

7z MDA used as a sunogate for non-detected anal''tes to derive mean summary statistics

PRG values fiom December 2010 listing from USEPA website httD:/ieDa-

Drss.oml.gov/radionuclides/'download-shtml
MCL for each beta/photon emitter is based upon and average annual concentration which produces an annual dose

equivalent of 4 mrem/year.
*MDA was greater than radiological MCL/PRG.
+lsotopic activities ofnaturally occurring uranium equivalent to the 30.0 pg/L MCL for total uranium (Rucker

2001).

Analyte (pCi,/L) Non-I)etects Detects !linimum llarimum n.ean }ICLIPRG Mean>}|CL/PRG

Americium-241 t l -2.l8 69 2.905 15.00 NO

Americium-243 I 0.t05 0.105 0.0525 15 00 No

Antimony-125 I 0 -23.2 I1.6 300.00 llo

Carbon- 14 0 I t.840.000 t.840.000 r.8.10.000 2.000 00 Yes

Cerium-134 I 0 908 9.08 4.5,1 80.00 NO

Cesium-137 0 I 30.400 30,400 30,400 200.00 Yes

Cobalt-6t) I 1910 1910 l9l0 r00.00

Curium-z42 I -0.131 -t,. Il l -0.0655 15.00 No

Curium-244 0 I 7.57 2.57 15.00 No

Europium-l i2 I -41.5 -21.',75 60.00 No

Europium-154 I 32.1 l2.l 16.05 200.00 No

EuroDium-155 I 0 18.4 t8.4 9.7 600.00

Gross Ajpha 553 553 15.00

Cross Beta 0 72.300 72.300 72.300 NA No

Iodine-129 I 0 9.79 9.79 4.895* L00

Neptunium-?37 I 0 0.3 L5 0 315 0.1575 15.00 No

Nicke159 23.3 300.00 NO

Niobium-94 0 2.95 2.95 6.81 No

Plutonium-238 0 181 l8l l8t 15.00

Plutonium-239D40 12.5 12.5 1?.5 I5.00 NO

Ptulonium-242 0 0.1l8 0.1t8 0.059 15.00 NO

Radium-226 0 -14.2 -'7.r 5.00 NO

Ruftenium-103 2.34 L.l7 1i.70 No

Rurhcnium-106 -'t9.6 -19.6 -39.8 1.25 No

Selcnium-79 0 4940 {940 2,170* 7.26

Strontium-90 -173 -173 -86.s 800 No

'lechnetium-99 0 17.8 17.8 8.9 900.00

Thorium-228 0.726 0.'726 0.363 I5.00 No

Thorium-230 0 0.605 0.605 0.3025 15.00

Thorium-232 0 -0.212 -0.242 -0.l2l 15.00 NO

Tritium 0 79,700.000 79.?00,000 79.700.000 20,000.00

Uranium-234 0 16.I 16.1 16.I 10.00+

llranium-235 0 1 2.54 2.54 0..17+ Ycs

Uranium-238 0 I 0.142 0.7 42 n.142 10.00+ No
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2005 llater Disposal from L-Area

In 2005, 13,400 gallons of waste water (containing about 680 curies) from L-Area was transfened to the

105-C DB. The water was sampled for beta,/gamma emitting radioisotopes prior to transfer to the 105-C

DB. The radiological concentrations of constituents detected in the water flom L-Area are listed in Table

8.

Table 8 2005 Data Summary for Radiological Content of LArea Water Disposal

Isotope Conc€ntration (DCi/L)

Carbon- 14 5.34E+{7
Cesium-137 2.31E+04

Cobalt-60 1.70E+03
Tritium 1.33E+10

2009 Basin Water Data
A single water sample was collected on April 6, 2009 from the 105-C DB. The basin water was analyzed

for TCL volatile and TAL analyes plus a radiological suite. The 2009 sampling plan did not contain the

same list of analltes as the 2002 sampling event and is more comprehensive than the 2002 list of analltes.

The 2009 water data includes the 200112002 settler tank sediment and 2005 L-Area additions into the

105-C DB. The 2009 water sample included Nickel-59 and Nickel-63. Strontium-9O was also detected in

this sample at a concentration of 15,200 pcilL.

In the 2009 sampling event, analltes may have detection limits (DLs) or minimum detected activities

(MDAs) which exceed the respective PRGs or MCLs used for screening purposes in this EE/CA. Some

DLs and MDAs may exceed screening limits because the analytical methods were based on data quality

objectives (DQOs) for waste determination. These reporting limits were never intended to be compared

to risk-based tlresholds. The analytical results were intended to be compared to waste determination

limits, waste acceptance criteria, or treatnent requirements rather than drinking water standards or

industrial worker screening levels. Regardless, one of the objectives of this EE/CA is to determine the

basis for a rernoval action, comparisons have been made to industrial worker risk thresholds and drinking

water criteria. In the following tables, the lower of the two PRGs for each isotope (example: Plutonium-

2391240) was used for comparison purposes to be conservative. This approach ensures the lower of both

radioisotopes are accounted for during the screening comparisons.

The results for detected and non-detected constituents in the 105-C DB basin water are listed in Tables 9,

10, and 11 and are compared to MCL/PRG and RSL values. The results of this sample are used later in

the Human Health fusk Evaluation because it is the most recent sampling of the 105-C DB basin water;

therefore, it is the most representative and reflects the curent water quality.

SRNS-RP-2010-01143
Rev. I
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RSL values from November 20lO listing from USEPA website http;'//epa sov,'reg3hwmdirisk/human/rb-
concentmtion table,/index,htm
*DL exceeds MCLiRSL

Table 9 2009 Data Summary for Volatile Organic Analytes in the 105-C DB Water

Analyte (Fg/L) Oualifi€r Result DL \,TCT,/RSL >MCL/RSL?

1. l-l -Trichloroethane U 0.125 201) No

I , I .2,2-Tetrachloro€thane U 0 0.25+ 0.067

I . I .2-Trichloroethane U 0 0.25 5 No

l-l-Dichloroethiie U 0.3 5 No

I . I -Dichlor'J€thylene L 0.3 7 No

1.2.4- f ichlorobenzene 1J 0 0.3 't0 \o
1.2-Dibromo-3-chloropropanc U 0 0.3* 0.2

l-2-Dibromomethane U 0 0.25* 0.05

I .2-Dichlorobcnzene 0 0.25 600 No

1.2-Dichloro€thane t.l 0.25 No

1,2-Dichloropropane 0.25 No

1 .3-Dichlorobenzene U U 0.25 NA

1.4-Dichlorobenzf,ne U 0 0.25 NO

2-Butanone U 0 1.25 7.100 No

2-Hexanong TJ t.25 47 No

4-Methyl-2-Dcntanone U 0 1.25 1.000 No

U 0 1.5 22.000 No

Benzene 0 0.3 ) NO

Bromodichloromethanc U 0 0.25 8t) \o
Bromoform IJ U 0.25 80 No

Brcmometbane U 0 0.5 t\. / No

Carbon disulfide ti 0 1.25 1,000

Carbon tetrachloride U 0 0.26 5 No

Chlorobenzen€ U 0 0.25 100 No

Chloroethane U 0.3 21.00i) No

Chloroform U 0.25 80 No

Chloromcthare Lr 0.3 190 No

cis- 1.2-Dichloro€thytene U 0 0.3 '70 No

cis- 1.3-Dichloropropylene 0 0.25 NA
(yclohcxar€ U 0 0.3 13,000 No

Dibromochloromethane U 0 0.26 80 ,\o
Dichlorodifl uoromethare U 0 390 No

E(hylbenzene 0 0.25 700 No

Isopropylbenzenc U 0 0.25 680 No

Mcthyl acetate U 0 37.000 NO

Methllcyclohexane U 0 0.25 NA
Methylene chloride U 0 2 5 NO

Styrene U 0 0.25 100 No

tert-Burr.-'l-methylether TJ 0 0.25 12 NO

T€rachlorocthylene U 0 0.45 5 No

Iolusnc tl 0.25 1,000 No

trans-1.2-Dichloroethylene U 0 0.3 100 No

rrans-l.l-Drchloropfop\'lens U 0 0.25 NA

Triohloroethylene IJ 0 0.25 ) l.lO

Irichlorofl uoromethane U 0 1.300 No

Vinylchloride IJ 0 05 2

Xylenes Total 0 0.6 10.000 No

02142011

ARF # 17479



RSER/EE/CA for In Situ Decommissioning of the
105-C Disassembly Basin (U)
Savannah River Site

sRNS-RP-2010-01143
Rev. I

19 of 52

Table 10 2009 Data Summary for Metallic Analytes in the 105-C DB Water

RSL values fiom November 2010 listing fiom USEPA website http:r'lepa.gov,/regShwtnd,/risk/humani rb-

concentration table,/index.htm
*DL exceeds MCL/RSL

Analyt€ (pglL) Qualifier Result DL MCL/RSL >MCL/RSL?

Aluminum U 26.7 680 37,000 No

Antimony U -2.0 30* 6

Arsenlc U 4.44 50* l0
Barium J 15.8 l0 2,000 No

Beryllium U t.47 l0* 4

Cadmium U l0* 5

Calcium I1.700 300 NA
Chromium U 5.69 20 100 No

Cobalt U 1.53 l0 ll No

Copper U - 14,8 l .300 No

Iron U 20.4 zs0 26.000 No

Lead U 6.21 25* l5
Magnesium U 373 850 NA

Manganese U -2.17 20 NA

Mercury U 0.1 l9 0.6'7 2 No

N ickel J 14 10 '130 No

Potassium 28.000 500 NA
Selenium U 17.5 50 50 No

Silver U 3.46 l0 180 No

Sodium 26,900 450 NA No

Thallium U 7 .t2 50* 2

Vanadium J I1.8 l0* l.o Yes

Zinc J 44.1 20 I 1.000 No
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Table 11 2009 Data Summary for Radioisotopes for the 105-C DB Water

*DL exceeds MCI-/PRC
PRG values from December 2010 listing ftom USEPA \rEbsite htto://epa-pres.oml.gov/radionuclid€tdownload.shtml
MCL for each bettphoton emitter is bas€d uf,on and average annual concentration which produces an annual dose equivalett of4 mredvyear.

+Isotopic activities of natually occuning uranium equivalent to the 30.0 pgll, MCL for total uranium (Rucker
2001).

SRNS-RP-20I0-01143
Rev. 1

Aorlv.e (di/L) Qudifier Rciurt DL MCL >MCL
Actinium-228 U 5.97 26 I

I A

Am€ricium-243 l5 No
60 No

-9 300

Barium-133 -ll 43.6 1.77

Bismuth-2l2 -r2.9 29.4

Bismuth-214 -11.6 41.7

crrrfonium-249 U
Californium-2s l U -45.8 No

CarboE-14 .700 No

Cmum-141 U 51.

Ceriulnn44 U -54. l9 No
Cesiun- 134 u l 1.8' 1t 80

Cesium-137 36.1( t95 200

Cobalt-s7 lJ. 9.0( 24.7 ),000
Cob3lt-s8 -1. t6 -1.64 9.

U 5l 4,1

CuriuD243244 U 0.0383

EuroDium- 152 U 7.19 60 N

Eumpium-154 200 No
155 60 No

i9 15

|oss Bata t3 NA
Iodin€-129 1

Iodin€-131 'I 62 0.47

LEaA-212 U -7.01 53.5

U 0.495
Neltu un-237 U 0. N

Neptunium-239 300 N

Nickel-59 21. 300 NO

Nickel-63 25', 50

Niobium-94 6.81

Plutonium-238 2. 0.423 l5
Plutonium-z38D39 J 1.69 0.423 L5

un-?41 U 6.04 28.? 30

Plutoniun-242 U 0.163 ll
18.: 2.)

l5 No
Promethium- 7 12.7 No

-5 300 No
F€dium-226 0.: 0.532 5 No
R dium-228 18.4 t.9? 5

Ruth€nium- 101 U -0.865 200

Ruth€niuin- 106 N
-2 7.26 No

Sodiun-22 -1r 400 No
SEootium Total r5.700 )91 No
SFootium-90 15.200 I ll
Technetium-99 U 291 900

Thalliun-208 U -0.653 NA
Tin-113 300 No

Tin-126 2.07 No
Tritiun ,7

7 l6-100 20,000
U 0006?8

Uranium-233/23a 13.r

Uranium-235/236
Uraniu'n-238 0. No
Ynrium-88 -0 No
Zinc-65 U 0.112 899
Z;coDiruD-95 U 3.39 ? _15 200
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2009 llater Data for Emergenc)t Cooling S),slem Tank Water

The ECS Tank contains tritiated water. The concentrations of analyes detected in the water from the

ECS Tank are listed in Table 12. The ECS Tank was sampled for complete Target Anallte List, Target

Compound List (TAL/TCL), and a radiological suite of analyes on August 26, 2009. The Emergency

Cooling System Tank water is proposed to be pumped into the 105-C DB and evaporated with the basin

liquid.

Table 12 Data Summary for ECS Tank Water Sample Results

Units in lrg/L excepl radioisotopes which are pCi/L
RSLvaluesfromNovcmber20l0listingfromUSEPAwebSite@
concenl.ation table/index.htm
*ssEQL cxceeds MCL/RSL/PRC.

2010 Cask Additions

In 2010 two casks (radiological material containers) used for transporting radiological material were to be

rinsed with water and drained into the disassembly basin. Both casks contained a total of 0.0176 curies of

tritium and 0.549 curies ofCesium-137. The total volume of *'ater added to the basin is unknown but is

estimated to be several hundred gallons which is negligible when compared to the basin volume of 2.7

million gallons. Based on the 2009 water sampling results, the total tritium activity of the basin water

was 813 curies. With the addition of 0.0176 curies from the casks, the total tritium activity is now

approximately 813.02 curies. Based on the 2009 water sampling results, the total Cesium-137 activity of

the basin water was 0.372 curies. With the addition of0.549 curies from the casks, the total Cesium-137

content would increase to 0.921 curies.

Analyte Result ssEOL Qualifier MCL/RSL/PRG >MCL/RSL/PRG

Arsenic 35.4 50* UJ l0
Barium 87.8 50 2,000 No

Boron 42.9 150 J 7 ,300 No

Calcium 2300 2000 NA
Chromium 10.9 50 J 100 No

Iron r000 J 26.000 No

Magnesium 326 150 NA
Nonvolatile Beta t6 3.1 NA
Potassium 60900 3000 NA
Potassium-40 '74.8 190.1 J z.I4 Yes

Sodium 36300 2500 NA
Strontium 46.3 100 J 22.400 No
Thallium 10 J 2 Yes

Toluene 2.18 I 1.000 No

T tium 2,030,000 81000.03 20,000 Yes
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Human Health Risk Evaluation

The result from the water sample collected from the disassembly basin in April 2009 was used for the

Human Health Risk Evaluation. This evaluation and the data processing are presented in Appendix C,

Streamlined Risk Evaluation. A summary of the human health risk assessment is presented below. The

risk from exposure to the ECS tank water was not calculated because the risk exposure from tank water is

insigrificant when compared to the risk from the basin water. The tritium concentrations in the

disassembly basin are forty times greater than the ECS tank water.

Table 13 105-C Disassembly Basin Water External Exposure Risk

a- Results from table Appendix C, Table C-l
b- Results converted to pCi/g, assumes 1ml water = lg
c- PRG from Appendix C, Attachment I
d- Risk = (Converted Result / PRG) x 1E-06
e- Constituent identified as a COC if risk > 1E-06

Worker

Analyt€
Result"
(pci/L)

Converted
Result"
(pCi/ml)
(pcve)

External
Exposure PRG"

(Pci/g)

External Exposure
Risk'

coc?'

c-14
Co-60
Cs-137 (+D)
H-3
Ni-63
Pu-23 8

Pt-239240
Sr-90 (+D)

u-233/234
u-?3s/236

'1.70E+03

5.10E+01

3.61E+04
1 .908+07
3.71E+02
2.41E+00
1.69E+{0
l.52Er{4
1.36E+01
2.638+00

1.70E+00

5.l0E-02
3.61E+01

7.908 +04

3.71E-01
2.41E-03
1.69E-03

L52E+01
1.36E-02
2.63E-03

2.68E+04
6.43E-02
1.l5E-01

na

na
2.97E+03
9.75E+02
1.32E+01

199E+02
3.91E-01

6.34E-l I
7 .93E-0',7

3.148-04
na

na
8.1 1E- 13

t, t JE- tL
l l5E-06
6.83E-11

6.73E-09

coc

coc

External Erposure Risk Total = 3.16E-04
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Analyte
R€sult"
(pciil,)

Converted
Result"
(pCi/ml)
(pci/g)

Inhalation
PRGG (pci/g) Inhalation Risk' coc?"

H-3 (organic)

H-3 (vapor)
7 .90E+O7

7 .908+07

'7.908+04

7.90E+04

L4l E+00

4.99E+00

5.608-02

1.58E-02

coc
coc

Table 14 10AC Disassemblv Basin Water Inhalation Risk

Future Industrial Worker Scenarto

a- Results from table Appendix C, Table C-l
b- Results converted to pCi/g, assumes 1ml water = lg
c- Organically bound H-3 PRG from Ap pendix C, Attachment 2; vapor phase H-3 PRG per calculation

d- Risk : (Converted Result / PRG) x 1E-06

e- Constituent identified as a COC ifrisk > 1E-06

Table 15 105-C Disassemblv Basin Water Total Cumulative Risk

a- COCs from Appendix C, Tables C-2 and C-3. Vapor-phase H-3 assumed (Table C-3)
b- Extemal exposure risk from Table C-2
c- Inhalation risk fiom Appendix C, Table C-3

d- Total risk : extemal exposure risk + inhalation risk

Conclusion

The total cumulative risk to the future industrial worker from all pathways is 1.6E-02. Quantitatively, the

risk evaluation indicates the disassembly basin water exceeds the USEPA carcinogenic target risk range

of 1.0E-06 to I .0E-4 for the industrial worker and there is basis to proceed with the removal action for the

105-C DB. The DB water can also be considered principal threat source material (PTSM), as the risk

exceeds the 1.0E-03 toxicity risk threshold that defines PTSM.

Future Industrial Worker Scenario

coc" Result (pCi/L)
Converted

Result (pCi/ml)
(Pci/g)

External
Exposure Riskb

Iohalation
Risk"

Total Risk'

Cs-I37 (+D)

Sr-90 (+D)
H-3 (vapor)

3.61E+04
t.52E+04
7.90E+07

3.618+01
1.52E+{1
7.90E+04

3.148-04
1.15E-06

na

na

na
1.58E-02

3.14E-04

1.15E-06

1.58E-02

Total CumulatiYe Risk : 1.61E-02
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Based on the 2002 basin sediment characterization data, Americium241, Carbon'14, Cesium-l37'

Cobalt-60, Curium-244, Europium-154, Plutonium-238, Strontium-90, and tritium mean activities

exceeded their respective radiological PRG in the 105-C DB.

Based on 2009 water sample data, Thallium and Vanadium exceeded their respective MCL/RSL. Based

on the 2009 water sample data, Cesiurn-l37, Gross Alpha, Nickel-63, Radium-228, Strontium-90, tritium,

lJranium-2331?3{ and Uranium-2351236 exceeded their respective radiological drinking water

MCL/PRG. Because the previously listed analytes exceed their respective MCL/RSL/PRG, there is a

possibility ofexceeding drinking water standards in groundwater ifthere was ever a release ofbasin water

into the environment.

Based on the 2002 analytical data and sediment volume estimate there are an estimated 17.5 curies of

radioactivity present in the basin sediment. Based on the 2009 analytical data and water volume estimate

there is 814 curies of radioactivity present in the basin water. Based on a refined volume estimate of

300,000 gallons of water from tle settler tank, ECS tank, sand filter, and other sources there is

approximately 2.3 curies ofradioactivity present in miscellaneous water sources.

One data gaps were identified after evaluation of the characterization information:

1. An estimate ofthe total curie inventory of activated reactor components and scrap metal should

be performed.

The total curie inventory for the activated reactor components and scrap metal will be used to develop a

comprehensive radiological inventory for the disassembly basin to perform a fate and transport analysis.

3.0 REMOVAL ACTION SCOPE A]\ID OBJECTIVES

The removal action scope and objectives for this RSER/EE/CA are consistent with those removal

objectives listed in the ra,,/] Action Record of Decision Remedial Alternative Selection for the C-, K-, L-,

and R-Reactor Complexes (SRNS 2009a). The basic premise ofISD is that the most cost-effective

approach to isolating and containing residual radioactivity from past nuclear operations is

internment of the radiological contamination in place to allow natural radioactive decay to

reduce hazards to manageable levels. This method limits release of radiological contamination

to the environment, minimizes radiation exposue to workers, prevents human access to

hazardous substances, and allows for ongoing monitoring of the decommissioned facility. The

SRNS-RP-2010-01143
Rev. I
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details of how ISD will be implemented at the C-Reactor Building Complex will be determined

in a funue decision document at the time the Reactor Complex is addressed. However, for the

removal alternative proposed in this RSER/EE/CA for the 105-C DB, the existing water will be

removed from the disassembly basin and the below-grade structure of the disassembly basin will

be grouted. Since the C-Reactor Building Complex is being presewed because of its historical

significance, the above-grade portions of the disassembly basin stn"rcture (including the roof and

walls) will remain intact. Preservation of the roof will also prevent the infilhation of

precipitation into the disassembly basin. This action is expected to be consistent with the final

ISD remedy for the C-Reactor Building Complex.

3.1 Justification for the Proposed Removal Action

USDOE, as the lead agency, is mandated to take action to reduce the adverse effects of man-made

contamination on human health and the environment. The NCP states that if the lead agency determines a

release or potential release poses a threat to public health or welfare or the environment, the lead agency

may take any appropriate removal action to abate, prevent, minimize, stabilize, mitigate, or eliminate the

release or threat of release. This determination is based on the criteria identified in 40 CFR Section

300.415(b) (2).

The 105-C DB subunit of the CAOU is a candidate for a removal action to reduce risk to human health

and the possible release of contaminants into the environment. The elevated levels of hazardous

substances (radioisotopes and metals) meet the criteria in 40 CFR Section 300.415(b) (2) (iv.). '
Hazardous substances or pollutants or contaminants in drums, banels, tanks, or other bulk storage

containers that may pose a threat of release. In this case, the release of v/ater within the 105-C DB can

mobilize radioisotopes and metals which could potentially migrate to the aquifer and contaminate the

groundwater and exceed MCLs. The basin water needs to be removed and the remaining sediment and

reactor components need to be stabilized/isolated by grouting to prevent unacceptable radiation exposure

to the future indusffial worker.

3.2 Renoval Action Objectives

The removal action objectives listed below are consistent with the Early Action Record of Decision

for Remedial Alternative Selectionfor the C-, K-, L-, and R-Reactor Conrple;res.(SRNS 2009a):

SRNS-RP-2O10-01143
Rev. I
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o Prevent the migration of radionuclides from the disassembly basin structure, water, and/or

sludges to the groundvr'ater at concentrations that exceed regulatory standards (i.e., MCLs) to the

extent practicable.

r Prevent industrial worker exposure to disassembly basin water, sludge, and activated reactor

components and metal scrap exceeding 1E-06 industrial worker risk and 1E-03 PTSM risk

thresholds.

. Prevent adverse impact to the historical significance ofthe 105-C Reactor Building by preserving

its original configuration to the extent practicable while protecting human health and the

environment.

It is anticipated the preferred removal action for the 105-C DB will be ln Situ Decommissioning (ISD).

This remedy would leave hazardous substances in place that pose a potential future risk and will require

land use restrictions for an indefinite period of time. Given that the 105-C DB is a portion of the C-

Reactor Building Complex, the disassembly basin will be in the area that will be managed by land use

controls for the C-Reactor Building Complex as described in the early action LUCP (SRNS 2009c).

IDENTIFICATION OF REMOVAL ACTION ALTERNATIVES

In accordance with CERCLA, the following alternatives for the 105-C DB removal action were

evaluated:

o Allernative I - No Action: Contaminated water, sediment, activated reactor components, and scrap

metal in the 105-C DB remain in their present state without implementation of a removal action. The

'No Action" altemative is required to be evaluated bv the NCP as a baseline for altematives

comparison.

r Alternative 2 - In Situ Decommissioning (ISD) and Basin Water Removal by Forced

Evaporation. Altemative 2 consists of transferring water from the sand filter, settler tank, ECS

tank, and other sources (such as 106-C, 107-C and 109-C structures - estimated 300,000 gallons)

to the 105-C DB for forced evaporation and In Situ Decommissioning of the disassembly

basin. Water from miscellaneous sources associated with waste water and storm water from

within C-Reactor Operable Unit may also be directed to the disassembly basin for treatrnent

as part of this removal action. Evaporation will address the volatile radioisotopes present in the

SRNS-RP-2010-01143
Rev. 1
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water, primarily tritium. Those radioisotopes that are present as dissolved ions, such as Strontium-g0

and Cesium-I37, will remain in the retums after evaporation and will ultimately be retumed back to

the basin. ISD will consist of stabilization/isolation of remaining contaminated water, sediment,

activated reactor equipment, and scrap metal by filling the DB, including the four deep wells, with

flowable, nonstructural gout. The roof over the DB would be preserved for historical significance

and would also prevent the infiltration of pr€cipitation. Evaporation is a form of treatment that will

reduce the volume of contaminated basin water. Irradiated materials and sediment will be heated by

solidification/isolation thus reducing their mobility and reducing radiation exposure of future

industrial workers, aad creating an engineered banier to prevent access to the contaminants by the

future industrial worker and intruders. The grouting in the basin will also provide a low permeability

barrier to retard pore-water velocity beneath the basin, thus minimizing any potential transport of

contaminants to the aquifer. It is anticipated that the volume of water to be evaporated is

approximately 3.0 million gallons, assuming 2.7 million gallons cunently in the disassembly basin

and an estimated additional 300,000 gallons fiom other sources. It is anticipated that the disassembly

basin water will be evaporated to a level of about -16 feet below grade, which will provide shielding

to protect removal action workers ftom extemal exposure to irradiated scrap present at the -17 foot

level. An underwater grout will then be used to first fill the basin to the - 16 foot elevation. Then any

residual water and evaporator retums will be incorporated into the final grout. Finally, the grout will

be filled to the base of the wooden floors over the basin compartments. The dewatering and grouting

sequencing details for the disassembly will need to be kept flexible because ofradiological conditions

and basin configuration within the facility.

A preliminary National Emission Standards for Hazardous Air Pollutants (NESHAPs) evaluation was

perforrned to determine whether emissions from the evaporators would be protective of a ma.rimally

exposed individual located at the SRS boundary. The total amount of radioisotopes released to the

atmosphere from forced evaporation has an estimated potential effective dose equivalent (PEDE) of

0.036 mrem/year at the site boundary, which is less than the regulatory threshold of 0.1 mrem/year

established by NESI{APs and South Carolina Departrnent of Health and Environmental Control air

pollution regulations. The fate of all radioactive isotopes is conservatively assumed to be 100%

dispersible in ambient air, although only tritium would be 100% dispersible. Based on these

assumptions, Cesium-l37 is the primary contributor (78%) ofthe PEDE (0.028 mrem/year ofthe total

0.036 mrem/year); and tritium contributes 5%. Thus, the risk to the public or ecological receptor

from exposure to radioisotopes is extremely low since the evaporator emission dose is so low (0.036
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mrem/year). The evaporator emissions (water vapor) will flow to a stack designed to an adequate

height to disperse emissions and minimize worker exposure.

e Alternative 3 -In Situ Decommissioning (ISD) and Removal of Basin Water by Trucking to the

Effluent Treatment Project (ETP). This altemative differs from Altemative 2 because instead of

forced evaporation; the contaminated water in the DB, sand filter, settler tanh and ECS tank or other

sources would be pumped to tanker trucks and treated in the Eft'luent Treatment Project (ETP) at

SRS. ETP is a perrnitted facility which discharges to Upper Three Runs Creek and ultimately drains

into the Savannah River. The removal action would proceed as above in Altemative 2, only

contaminated basin water would be removed by trucking to ETP instead of being evaporated. It is

anticipated that the volume of water to be trucked is approximately 3.0 million gallons, assuming 2.7

million gallons currently in the disassembly basin and as estimated additional 300,000 gallons flom

other sources. It is anticipated that the disassembly basin water will renoved to a level ofabout -16

feet below grade, which will provide shielding to protect removal action workets from external

exposure to inadiated scrap present at the -17 foot level. An underwater grout will then be used to

first fill the basin to the -16 foot elevation. Then any residual water and evaporator returns will be

incorporated into the final grout. Finally, the grout will be filled to the base ofthe wooden floors over

the basin comparUnents. The dewatering and grouting sequencing details for the disassembly will

need to be kept flexible because ofradiological conditions and basin configuration within the facility.

Alternatives 2 and 3 are consistent with the additional work and remediation activities that will be

conducted witlin the CAOU as a part of area closure. Altematives 2 and 3 are specific for the 105-C DB

and do not apply as a final remedy fot the entire CAOU.

Since this RSER/EE/CA is not a final action for the CAOU and only penains to the removal action for the

105-C DB, Land Use Controls (LUCs) are not included as part ofthe removal action, but will be included

in the final Record of Decision for the CAOU. Given that the 105-C DB is a part ofthe 105-C Reactor

Building Complex, the disassembly basin will be managed using the existing LUCs identified in the early

action LUCP (SRNS 2009c).
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5.0 ANALYSIS AND COMPARISION OX'REMOVAL ACTION ALTERNATIVES

Altematives 1, 2, and 3 are evaluated in this RSER/EEICA altematives analysis. According to the NCP'

the No Action Altemative, Altemative l, must be evaluated as a baseline condition for comparison to the

other altematives. Thc removal actions, Altematives 2 and 3, propose to remove the contaminated DB

water and stabilize the remaining basin water, sedimenl activated reactor equipment, and scrap metal.

Guidance on conducting NTCR actions under CERCLA recommends that each altemative be reviewed

against tlree broad criteria: effectiveness, implementability, and cost'

Regulatory acceptance and community acceptance are usually not known until after the comment periods.

However, during the altemative analysis ajudgment as to acceptance may be included based on previous

regulatory decisions or on public comment to other related documents. Evaporation of the DB water and

grouting of the below-grade portion of the DB was previously agreed to by USDOE, USEPA, and

SCDHEC (WSRC 2008) for the closure of the 105-P disassembly basin. The final impact of these

modifring criteria can be assessed only after the comment period and after subsequent rcsponses are

developed.

5.1 Effectiveness

Alternative 1, No Actiono does not meet the effectiveness criteria. Leaving the 105-C DB without

remedial action does not reduce the risk of radiation exposure of the future industrial worker and does not

mitigate the potential of a release of contaminants to the aquifer; therefore, it does not provide overall

protection of human health or the environment. The basin water is a potential t}reat for groundwater

contamination, since the water is both contaninated and a mobile source of contaminants. If a release of

basin water occurred, it would readily transport contaminants to the aquifer and potentially exceed MCLs

in groundwater. This altemative does not contribute to a reduction of toxicity, mobility, or volume and

no treatment is involved. In summary, the levels of radioisotopes of reactor equipment, scrap metal,

sediment, and contaminated water in the 105-C DB exceed the CERCLA target risk range for future

workers, so the No Action alternative would not be acceptable to USEPA and SCDIIEC.

Alternative 2, ISD rtrith Forced Evaporation of Basin Water, meets the effectiveness criteria.

Alternative 2 is composed of two components: l.) tasferring water from the sand filter, settler tank,

ECS tanh and other sources (about 300,000 gallons) to the 105-C DB for forced evaporation and 2.) In

Situ Decommissioning of the disassembly basin. ISD will eonsist of stabilization and isolation of any
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remaining contaminated water, sedimenl or activated metal by filling the DB including the deep wells,

with flowable, nonstructural grout. Water from miscellaneous sources associated with waste water and

storm water from within C-Reactor Operable Unit may also be directed to the disassembly basin for

treatm€nt as part of this removal action. The roof over the disassembly basin would be preserved for

historical significance and would also prevent the infiltration of precipitation. Removal of contaminated

basin water and grouting the disassembly basin will isolate all the activated reactor components, scrap

metal, and sediment.

Under this altemative the water from the disassembly basin, sand filter, settler tank, and Emergency

Cooling System (ECS) Tank and other sources would be evaporated. Evaporation is a method to reduc€

the volume of contaminated water. A preliminary National Emission Standards for Hazardous Air

Pollutants OJESHAPs) evaluation was performed to determine whether emissions were protective of a

rnaximally exposed individual located at the SRS boundary. The total amount of radioisotopes released

to the atmosphere from forced evaporation has an estimated potential effective dose equivalent (PEDE) of

0.036 mrem/year at the site boundary, which is less than the regulatory threshold of 0.1 mrem/year

established by NESHAPs and South Carolina Department of Health and Environmental Control air

pollution regulations. The fate of all radioactive isotopes is conservatively assumed to be 100%

dispersible in ambient air, although only tritium would be 100% dispersible. Based on these assumptions,

Cesium-l37 is the prirnary contributor (78%) of the PEDE (0.028 mrem/year of the total 0.036

mrem/year); and tritium contributes 5ol0. Thus, tlie risk to the public or ecological receptor from exposure

to radioisotopes is extremely low since the €vaporator emission dose is so low (0.036 mrem/year). The

evaporator emissions (water vapor) will flow to a stack designed to an adequate height to disperse

ernissions and minimize worker exposure. Activated metals and sediment will be treated by grout

stabilization thus reducing their mobility and reducing radiation exposure of future industrial workers and

creating an engineered barrier to prevent exposure to contaminants by the future industrial worker or

intruders. Basin grouting and preservation ofthe above-grade disassembly basin structure (roof) will also

provide a barrier to reduce infiltration through the basin, thus minimizing any potential transport of

contaminants to aquifer.

Alternative 3, ISD and Removal of Basin Water by Trucking to the Effluent Treatment Project

(ETP), does not meet the effectiveness criteria. The only difference between Altemative 3 and

Altemative 2 is the method of contaminated water removal from the disassembly basin. Altemative 3

proposes to remove about 3 million gallons of tritiated water from the disassembly basin, sand filter,

settler tanlq ECS tank, and other sources by pumping to tanker trucks and transporting the contaminated
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water to the ETP. ETP is a SCDHEC permitted waste water facility. The cont4minated water may be

treated at ETP and discharged in accordance with National Pollution Discharge Elimination System

permit requirements.

The discharge limits are contained in the National Pollution Discharge Elimination System permit

SC0000i75, outfall designation THI and the ETP Waste Acceptance Criteria. The basin water, when

processed, will meet the specified permit limits for chemical gonstituents; however, the basin water

exceeds the Waste Acceptance Criteria for tritium. ETP has a decontamination factor of 20 which

corresponds to a removal efficiency of 95 percent. Since the volume of contaminated water is reduced

and the basin is grouted to gnde level, Altemative 3 provides the same level of effectiveness as

Altemative 2 for chemicals, but is not effective for tritium. Since there is no feasible technology to treat

or destroy the volurne of tritiabd water, tdtium concentrations in the Savannah River would be expected

to increase.

5.2 Identification of ARARs

In accordance with the NCP [40 CFR 300.415C)] and USDOE guidance, onsite removal actions

conducted under CERCLA are required to meet applicable or relevant and appropriate requirements

(ARARS) 'to t}te extent practicable, considering the exigencies of the situation." ARARs include only

federal and state environmental or facility siting laws or regulations; they do not include occupational

safety or worker radiation protection requirements. Additionally, according to 40 CFR 300.405(9)(3),

other advisories, criteria, or guidance may be considered in determining remedies, the so-called "to-be-

considered" (TBC) category.

Under Section 121 of CERCLA, any material remaining on site must reach a level or standard of control

equal to that of any other applicable or relevant and appropriate standard or requirement promulgated

under any federal or more stringent state environmental statute. The term "promulgated" means that the

requirement generally is applicable and legally enforceable. The ARAR concept is pertinent only to

onsite actions; offsite actions must comply with all applicable federal and state requirements. A

requirement under other environmental laws may be either "applicable" or "relevant and appropriate," but

not both. The first step in identifuing ARARS is to determine if a requirement is applicable.

ARARs are identified for the 105-C DB NTCR action in Appendix A. This RSER./EEICA does not

propose to waive any ARARs. As previously stated, the final disposition of the entire 105-C Reactor

SRNS-RP-2010-01143
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Building will be addressed as part ofthe CAOU area completion activities. The Early Action Record of

Decision for the C-, K-, and L-Area Reactor Complexes (SRNS 2009) selected In Situ Decommissioning

as the action for these facilities and identified oreliminarv ARARs.

Consideration of NEPA Values

This RSER /EEICA conforms to USDOE policy (i.e., DOE Order 451.18, "I{ational Environmental

Policy Act Compliance Program") to incorporate NEPA values in USDOE CERCLA documents. Human

health risk evaluation has been performed as prescribed by USEPA risk assessment guidance and SRS

protocols in this document. CERCLA risk evaluation and the associated RAOs are protective of
hypothetical future workers at the site, and thus are necessarily protective of offsite receptors. Any

potential environmental releases resulting from implementation of the preferred removal altemative

would be minimal and limited to the vicinity of the project area. Impacts beyond the SRS boundary

would be negligible, ensuring that there are no environmental justice concems associated with the

proposed removal action.

The 105-C Reactor Building qualifies as a historically significant structure within the SRS Cold War

Historic District per Section 3.3.1.1 of the SRS's Cold War Built Environmental Cultural Resource

Management Plan (CRMP) (DOE 1995).

In accordance witl the Programmatic Agreement among the USDOE, South Carolina State Histodc

Preservation Office (SHPO), and the Advisory Council on Historic Preservation, the USDOE has the

responsibility for the Cultural Management of all historic properties at SRS. As has been the case with

previous SRS decommissioning projects, to the extent practicable and not to impact human health and the

environmenl efforts will be made to preserve the histofical significance of the reactor complex in C-

Reactor Area in accordance with the National Historic Preservation Act.

Furthermore, C-Reactor Area is of special interest because 13 excess facilities, including the 105-C

Reactor Building, have been identified in the Savannah River Site's Cold War Built Environment Cultural

Resources Management Plan (USDOE 2005). Since the CAOU project has not begun the planning and

design phases for final closure, some uncertainty exists regaxding the extent and details of preservation for

the 13 facilities. Consistent with the Area Completion approach, CAOU planning and design efforts will

address this uncertainty. At that time, the USDOE will have a better understanding of the site
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characterization and risks, and can better formulate t}te engineering details of ISD to ensure protection of

human health and the environment while preserving, to the extent practicable, the historic significance of

those C-Area facilities.

The proposed removal action of the 105-C DB will protect human health and the environment from

potential exposure to radioisotopes remaining in the disassembly basin and prevent intruder or industrial

worker access to hazardous substances. The proposed removal action will not adversely impact the

historical significance of the 105-C Reactor Building since the building itself will not be demolished and

will remain unchanged in appearance with the exception of filling the disassembly basin with grout,

which mitigates the associated hazards to human health and the environment. Since the C-Reactor

Building must be preserved for historical significance it may also need to be protective of visitors since

the preserved facility may be used as a museum in the future. Above-grade modifications to the interior

of the disassembly basin needed to support construction activities related to dewatering and grouting of

the basin will be minimized to the extent practicable and mitigated where necessary. For example, it is

anticipated that holes will be drilled through the exterior concrete walls to allow for the DB water to be

transferred to evaporatorc located outside the DB. These openings would be filled with concrete as part of

t}re completion of the action.

The proposed removal action is located within a declared industrial land use area. Any previously

existing archaeological or cultural resource(s) in the project area would have been destroyed by extensive

land alterations and modem construction-related activities associated with development of the C-Area

Reactor Complex. Implementation of the proposed removal action would have a negligible impact on

SRS archaeological or cultural resources.

As one ofmany cleanup actions being proposed as part ofthe American Reinvestment and Recovery Act

(ARRA) mission at SRS, implementation of the removal action for the 105-C DB will create an

engineered barrier breaking the pathway between radioactive,4razardous substance sources and human or

ecological receptors. Therefore, contaminated basin water removal and ISD would contribute

cumulatively to reducing risk to site workers and the public. Additionally, the expenditure of funds for

the proposed closure action would contribute cumulatively to an overall positive economic impact within

the site's region of influence. It would also represent progress toward the completion ofthe 515 waste

units and 15 areas where environmental restoration work is required under the Federal Facility Agreement

at SRS.
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In summary, the cumulative negative impacts associated with the proposed removal action are

insignificant when compared to the beneficial effects, including protection ofthe environmen! reduction

of risk for potential on- and off-site receptors, and economic stimulus in proximity to SRS.

5.3 Implementability

Implementability of each altemative was assessed against the criteria below:

o Technical feasibility with regard to available techniques and demonstrated methods for accomplishing

the proposed altemative

o Administrative feasibility with regard to operations personnel and otler resources to complete the

altemative's implementation; also the availability of specific equipment and technical specialists

e Regulatory acceptanc€ ofthe prefened altemative

r Communtty acceptance of the preferred altemative. USDOE-Savannah River will provide for a
public comment period, and comments concerning the proposed remedy will be incorporated into the

comment responses and included with the action memorandum.

Alternative 1, No Actiono is the current condition and, therefore, would not require any additional

resources to implement.

Alternative 2, ISD with Forced Evaporation of Basin Water, can be implemented without any major

technical, construction, or administrative impediments. Both fuel-oil fired evaporation and grouting

equipment are readily available and the implementation techniques are fundamental and well understood.

Cunently, the 105-P DB is undergoing a similar removal action using ISD and forced evaporation for

dewatering. Lessons learned on the operation ofthe evaporators will be applied to the 105-C DB. Grout

is a cement product and is readily available, easy to make, and simple to procure. The construction

implementation for grout application is well established and the experience from grouting of the i05-P

DB and 105-R DB can be trarsferred to the 105-C DB. Based on experiences from both 105-P and -R

DBs, a specially formulated underwater flowable grout will be used. The grout has physical properties of
density greater than water and is highly flowable to allow the grout to settle into the deep wells and fill
voids present in the activated scrap and equipment.
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In order to operate the €vaporators, a preliminary NESttAPs evaluation was performed to determine

whether emissions would be protective of the maximally exposed individual at the SRS boundary. The

estimated amount of tritium to be released to the atmosphere is about 816 Ci, including the ECS tank

water. The total amount of radioisotopes released to the atmosphere from forced evaporation has an

estimated potential effective dose equivalent (PEDE) of 0.036 mrem/year, which is less than the

regulatory threshold of 0.1 mrem/year established by NESHAPs and South Carolina Department of

Health and Environmental Control air pollution regulations. Since the PEDE is less than the regulatory

threshold established for releases of radionuclides, a permit for hazardous air emissions fiom the

evaporators is not required and the evaporator equipment is exempt. An air pollution source permit and

Industrial Wastewater Treatment permit will need to be obtained from the SCDIIEC for operating the

evaporators, monitoring emissions, and reporting purposes. However, all these tasks are feasible and

were previously completed for P- and R-Areas and should present no impediment to implementation at

the CAOU. Qualified personnel are currently available to operate and maintain the evaporators.

Altemative 2 is essentially the same ISD altemative as approved by both USEPA and SCDHEC for both

the 105-P and 105-R disassembly basins. The major difference betwe€n Altemative 2 for 105-C DB and

105-P and -R DBs is the above grade disassembly basin section of the 105-C Reactor Building will be

preserved at this time. The dewatering of the 105-P DB by forced evaporation was evaluated for the 105-

P Reactor Building and was approved by the USEPA and SCDHEC as the preferred alternative for P-

Area (WSRC 2008).

It is assumed since both 105-P and -R DBs used a similar action, the details of which were available for

public comment, that tlis removal action v/ill also be acceptable to the community as well as USEPA and

SCDHEC.

Alternative 3, ISD with Removal of Basin water by Trucking to the ETP, can be implemented

without any major technical or transportation impediments. The only difference between Altemative 2

and Alternative 3 is the method of contaminated water removal from the disassembly basin. Altemative 3

proposes to pump the contaminated water from the disassernbly basin, ECS tank, sand filter, and settler

tank and other sources to tanker trucks which will transport the water to the ETP for treatment and

eventual discharge. Both the trucking and gtouting equipment are readily available and the

implementation techniques are well understood and were previously employed to remove vr'ater for the

105-RDB.
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The ETP has a National Pollutant Discharge and Elimination System permit SC0000175. The transfer

equipment, pumps, trucks, and capacity of the ETP are available to make this portion of the removal

action feasible.

Administratively and technically, there is an impediment to dewatering the basin by trucking and

subsequent treatment at ETP. The DB water does not meet the waste acceptance criteria for tritium.

Based on a preliminary evaluation comparing the ETP Radiological Waste Acceptance Criteria to the

basin water analyical data from the 105-C DB, the result indicates the basin water exceeds the ETP waste

acceptance criteria for tritium. Unacceptability for treatment of tritium in basin water by ETP prevents

the implementation of this alternative.

Regulatory acceptance for contaminated basin water disposal at ETP in Alternative 3 has a high

probability of being unacceptable to USDOE, USEPA, and SCDlmC. If the basin water could meet t}te

waste acceptance limits ofthe ETP, there will still be discharges oftritium from the ETP. Tritium activif

within the basin water is on the order of 7.94E+07 pCi/L. If the volume of 2.7 million gallons of basin

water is discharged via the ETP, there would be an estimated 814 curies of tritium released to Uppet

Three Runs Creek. which enters the Savannah River.

In addition to the tritium from the basin water, there is also about 300,000 gallons of tritiated water fiom

the ECS tank proposed for dewatering, including contaminated water from the sand filter and settler tank

and any additional water which may require disposal. The water within the ECS tank has been sampled

once and was found to have a tritium activity of 2.03E+06 pCi/ml. Based on this concentration and

volume, the contribution from all sources would be an estimated 2.3 curies of tritium discharged from the

ETP to Upper Three Runs Creek and the Savannah River.

ETP tritiated water discharges are approximately 300 curies annually (SRNS 2009b). If the 105-c DB

and other waste water sources are trucked to ETP for disposal, this would be an additional 816 curies of

tritium discharged from ETP. The contribution from the 105-C DB and other water sources would

increase total discharge llom ETP by approximately 3-fold (approximately 814 curies from the DB, plus

2.3 curies fiom other sources) during the 1 year period of time the disassembly basin is being dewatered.

The basin water does not meet the specified waste acceptance criteria for tritium.

There is high probability this dewatering disposal option will not be acceptable to USDOE, USEPA, or

SCDHEC since the activity of tritium from the disassembly basin will cause an increase of tritium

concentration in the downstream waters of the Savannah River. The communities downstream of SRS
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have a high probability of finding the dewatering portion of Altemative 3 unacceptable, since their

communities will be exposed to the increased tritium activity discharged to the Savannah River by SRS'

Since some of the rnunicipalities downstream have water system intakes on the Savannah River, it is

assumed the dewatering portion of Altemative 3 is unacceptable by communities downstream of the

discharge point.

5.4 Cost

The cost for Altemative 1 is $0 for the No Action altemative, while Altemative 2, ISD with Forced

Evaporation of Basin Water is estimated to be approximately $19,741,979. Altemative 3, ISD with Basin

Water Trucked to ETP has a lower estimated cost of approximately $11,414,403. Cost estimate details are

provided in Appendix B.

The cost estimates for Alternatives 2 and 3 are based on an estimate for removal of3 million gallons of

contaminated water fiom the disassembly basin, sand filters, settler tank, and other miscellaneous waste

water sources. Grout volume and construction costs in both Altematives 2 and,3 are estimated to be the

same and therefore, are identical in each estimate. Grouting is estimated for a basin volume of

approximately 475,000 ft3. Costs will vary depending upon the price of fuel oil for Altemative 2 and

diesel fuel for Alternative 3.

. Alternative l, No Action, $0
o Alternative 2, ISD with Forced Evaporation of Basin Water, $19,741,979
o Altemative 3, ISD with Basin Water Trucked to ETP, $ I 1,414,403

5.5 Comparison of Removal Action Alternatives

A comparative evaluation ofthe alternatives is presented below.

Table 16 Comparative Analysis of Alternatives

SRNS-RP-2010-01143
Rev. I

Effectiveness Implementability Cost

Alternative I
No Action

Poor Not Applicable $0

Altemative 2
ISD with Forced Evaporation of Basin Water

Good Good $r9,74r,979

Altemative 3

ISD with Basin Water Trucked to ETP
Unacceptable Unacceptable $l1,414,403

ARF # 17479



RSER/EE/CA for In Situ Decommissioning of the
105-C Disassembly Basin (U)
Savannah River Site
February 2011 Page 38 of52

6.0 PREF'ERRED REMOVAL ACTION ALTERNATIVE

The preferred removal action is Alternative 2, ISD with Forced f,vaporation of Basin Water, which

meets the effectiveness, implementability, cost, and acceptance criteria better than Altemative 3.

Altemative 2 has "Good" effectiveness because removing contaminated basin water and stabilization of

the remaining radioactive materials in the basin reduces contaminant volume and mobility. The grouting

ofthe basin and deep wells will stabilize and isolate all the remaining radioactive materials and make an

engineered barrier, thereby preventing radiation exposure to human receptors by breaking the exposure

pathway. The stabilization also provides radiation shielding to remedial and industrial workers and

retards pore-water velocity beneath the basin, delaying any potential contaminant transport to the aquifer

and increasing the decay time in the vadose zone. Stabilization also constitutes treatment of the basin

contents satisrying the USEPA "bias for treatment" requirement.

Implementability of Altemative 2 is rated "Good" because it is an engineering approach which creates a

durable and long-term protective banier. The evaporator equipment and the grouting equipment are

readily available and there is not a need for highly skilled technical personnel or operators since the

implementation employs standard construction implementation and operation methods. Additionally'

SRS has significant construction experience in grouting the 105-P- and -R Reactor Buildings, 105-P and -

R disassembly basins.

Regulatory and community acceptance of Altemative 2 is "Good" because both SCDHEC and USEPA

have approved previous uses of ISD on PAOU and RAOU Area Completion Projects such as the 105-P

and 105-R Reactor Buildings. There will be no adverse impact to the surrounding communities when

Altemative 2 is implemented. There will be no significant physical change ofthe 105-C Reactor Building

(except dewatering and filling the disassembly basin with grout to grade), thus preserving its architectural

significance and original exterior appearance since the structure over the disassembly basin will not be

demolished.

This alternative will not preclude any additional remediation of the CAOU and is consistent with the

Emly Action Record of Decision Remedial Alternative Selection Jor the C-, K-, L', and R-Retrctor

Conplexes ( SRNS 2009a).

The waste streams generated as part of the selected altemative will be transported to the appropriate

disposal facilities. The contaminated waste anticipated to be generated includes job control waste,
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personal protective equipment, and miscellaneous items. Radioactive contaminated waste will be

characterized in accordance with USDOE requirements for disposal and will be sent to the SRS E-Area

LLWF where CERCLA Off-Site Rules are approved. Prior to the transfer of these wastes to their final

disposal facility, SRS will obtain an acceptability determination from the appropriate Regional Off-site

Rule Coordinator for disposal of CERCLA waste.

7.O IMPLEMENTATION SCHEDULE

This RSER/EEICA will be submitted to UsEPA and SGDHEC for review and comrnent. The

RSER/EEICA will be available for public comment following this review. The removal action draft

schedule is presented below:

Submit RSER/EE/CA for Regulatory Comment September 30' 2010

Issue RSER /EE/CA for Public Comment March I 3 , 20 1 0

Submit Action Memorandum to USEPA and SCDHEC May 10, 201I

Anticipated removal action start of RSER/EE/CA activity May 10, 201 1

Anticipated start of evaporatton Sept€mber 21, 2011

Anticipated start of ECS Tank water transfer March 26,2012

Anticipated completion of evaporation June 7,2012

Anticipated completion of RSER/EEICA activity September 30, 2012

Submit Removal Action Report March 30, 2013

Anticirated closeout letter issued June 30,2015
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IO.O GLOSSARY

Applicabte or Relevant and AppropriAe Requfuement (ARAD: The Comprehensive Environmental

Response, Compensation and Liability Act (CERCLA) requires compliance with any promulgated

standard requirements, criteria, or limitation under Federal and more stringent State environmental
laws. Examples include the Clean Water Ac! Endangered Species Act, etc.

Comprehensive Environmental Response, Compensalion and Liability Act (CERCLA): A Federal law,

known as Superfund passed in 1980 and reauthorized by the Superfund Amendments and

Reauthorization Act (SARA) in 1986. The law authorizes the Federal govemment to respond directly
to releases ofhazardous substances that may endanger public health or the environment.

Curie: A unit of radioactivity that represents the amount of radioactivity associated with one gram of
radium. To say that a sample of radioactive material exhibits one curie of radioactivity means that the

element is disintegrating at the rate of37 billion times per second.

Deactivation: The process of placing a facility in a stable and known condition including the removal of
hazardous and radioactive materials to ensure adeqrate protection of the worker, public health and

safety, and the environment, thereby limiting the long-term cost of surveillance and maintenance.

Actions include the removal of fuel, draining and/or de-energizing nonessential systems, removal of
stored radioactive and hazardous materials, and related actions. Deactivation does not include all
decontamination necessary for the dismantlement and demolition phase of decommissioning, e.g.,

removal of contamination remaining in the fixed structures and equipment after deactivation.

Decommissioning: Decommissioning is inclusive of activities that take place after a facility has been

deactivated and placed in an ongoing surveillance and maintenance program. Decommissioning can

include decontamination and dismaltlement. Decontamination encompasses the removal or reduction

ofradioactive or hazardous contamination from facilities. Dismantlement involves the disassembly or
demolition, and removal, of any structure, system, or component and the interim or long-term
disposal of waste rnaterials in compliance with applicable requirements.

Decommissioned Material @M).' Structural materials and soil from decommissioned radiological
facilities that have been surveyed/sampled and determined to meet state and federal cleanup

standards. These materials have therefore been determined to be suitable for unrestricted use. These

materials may or may not have low levels of residual contamination exceeding background. In 2002,

Califomia issued a moratorium on the disposal of decommissioned material above background levels

at Class III or unclassified (unlined) waste disposal sites.

Decontamination The removal or reduction of residual radioactive and hazardous materials by
mechanical, chemical or other techniques to achieve a stated objective or end condition.

Excess Cancer Ris/r.' A figure that calculates the risk of contracting cancer on a probability scale based

on current and future use exposure pathways (i.e., activities that may result in an individual
contacting soil, sediment, etc.). Exposure pathways consider how frequently the individual is exposed

to the constituent of concern (COC), the quantity of COC that is ingested, inhaled, or absorbed

through skin contact, and the period of time for which the individual is exposed to the COC. Based on

the NCP, the Environmental Protection Agency's (EPA) regulations for the evaluation of risk at

Superfund sites, the acceptable excess cancer risk range for residential areas is from l0* (one in ten

thousand) to 10{ (one in a million excess risk ofdeveloping cancer).

02142011
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Execulive order 12580: An order entitled "superfund Implementation" signed on January 23, 1987 by

the President ofthe United States. This document delegates authority and responsibility to implement

certain provisions ofCERCLA to a number Federal departrnents (including the Department of Energy

(DOE)) and agencies.

Lowlevel Waste (LLW): Lowlevel radioactive waste is defined as any radioactive waste that does not

belong in one of the following three categories for radioactive waste: high-level waste (spent nuclear

fuel or the highly radioactive waste produced if spent fuel is reprocessed), uranium milling residues,

and waste with greater than specified quantities of elements heavier than uranium. Lowlevel
radioactive wasie is generated at commercial facilities such as nuclear power plants, hospitals, and

research institutions. It includes radioactive materials used in various processes as well as supplies

and equipment that have been contaminated with radioactive materials.

LowLevel lha*e Disposal,Sr'/e.. Low-level waste disposal occurs at facilities licensed by the Nuclear

Regulatory Commission (NRC). The facilities must be designed, constructed, and operated to meet

safety standards. The operator of the facility must also extensively characterize the site on which the

facility is located and analyze how the facility will perform for thousands ofyears into the future.

Muki-Agenty Radifiion Survey and Site Investigation Manual (MARSSIMI; A document developed by

ttre bOg, the Department of Defense (DOD), EPA, and NRC to provide detailed guidance for
planning, implementing, and evaluating environmental and facility radiological surveys conducted to

demonstrate compliance with a dose- or risk-based regulation. MARSSIM focuses on the

demonstration of compliance during the final status survey following scoping, characterization, and

any necessary remedial actions.

Nationat Oit and Hazatdous Substances Pollation Contingency Plan (NCP): The federal govemmenfs

blueprint for responding to both oil spills and hazardous substance releases. The NCP is the result of
our country's efforts to develop a national response capability and promote overall coordination

among the hierarchy ofresponders and contingency plans.

Non-Time Critical Removal Action: This is a type of response action recognized by the EPA as

appropriate for addressing hazardous substance threats where a planning horizon of six months or

more is appropriate. Under an EPA./DOE agreement, DOE uses a non-time critical removal action

approach tailored for decommissioning DOE facilities. That approach is comprised of: a threat

assessment; identification, analysis, and documentation of decommissioning alternatives;

opporhrnities for public participation in the decommissioning decision; and planning and performance

of decommissioning activities.

Picocarie (pCi): One one-trillionth (1/1,000,000,000,000) of a curre.

Removal Aciion: When DOE identifies a threat of exposure to, or migration of, hazardous substances that
poses a risk to health, welfare, or the environment, DoE is authorized by CERCLA to exercise

removal action authority to implement an appropriate response to the risks posed. Activities that may

be taken under CERCLA removal action authority include any activity that reduces risks or potential

risks in a relatively short time frame and can be identified as appropriate with a relatively limited
analysis of altematives. Removal actions are not limited to immediate action, or action in response to

an emergency. (See non-time critical removal action.)
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Sumeillance and Maintenance.' These activities are conducted through-out the facility life cycle phase

including when a facility is not operating and is not expected to operate again and continues until
phased out during decommissioning. Activities include providing in a cost effective manner periodic

inspections and maintenance of structures, systems and equipment necessary for the satisfactory

containment of contamination and protection of workers, the public and the environment.

Sumey lJnit: A physical area consisting of structure or land areas of specified size and shape for which a

separate decision will be made as to whether or not that area exceeds the release criterion. The size

and shape of the survey unit are based on factors, such as the potential for contamination, the

expected distribution of contamination, and any physical boundaries (e.g., buildings, fences, soil type,

surface water body) at the site.

Principal Threat Source Material (PTSIf): wastes are those source materials considered to be highly
toxic or highly mobile and generally cannot be reliably contained or would present a significant risk
to human health or the environment should exposure occur. lf a contaminant poses a probability of
more than I excess case of catcer in 1,000 (risk=1.0E-3) it is generally considered PTSM.

02t42011
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Location of the Savannah River Site
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Figure 2. SRS Site Map Showing the Relative Location of C Area Operable Unit
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Figure 4. Schematic lllustration of C-Area and Relevant Facilities
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Figure 5.

sRr{s-RP-2010-01143
Rev. I

10s-c
DISASSEMBLY BASIN
PLAN AT ELEV. O'-0"

SHOWIN6 OPENINGS TO
WATER IN BASIN BELOW

PLANT NORTH

:-,--f---_3

=

2

3m

at l

-
=

EMEFGEI{CY

ELEV. - 4a',.0'!r
8OT'rOM o{

3' OIA- HOLE

SAND F ILTER
LOCATED ON

DISASSEMB LY
BLDG, ROOF AT
ELEV. + 17'-0'

SETTLER
TANK

Basin Watel

AOTTOM ol
5'DIA. HOLE

02142011

105.C Disassembly Basin Configuration (not to scale)

ARF # 17479



RSER/EE/CA for the In Situ Decommissioning of the
105-C Disassembly Basin (U)
Savannah River Site

sRNS-RP-20r0-01143
Rev. 1

February 2011 Page 5l of52

DISASSEMBLY BASIN
PLAN AT ELEV. O'-0"

SHOWING OPENINGS TO
WATEB IN EASIN EELOW

o
o

( Roentgens per hour )

Greater than 200
Roentg€ns p€r hour

PLANT NORTH
I:----f--*-

T

m

!

E

T

T

T

-

TRANSFEFI AREA

Figure 6. Location of Hot Spots in the 105-C Disassembly Basin
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Figure 7. Sampling Areas in the 105-C Disassembly Basin
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APPENDIXA. Potential ARARs and TBC Criteria for the Proposed Remedy

Action Requirements Prerequisite Citation(s)

ACTION. SPECIFIC

Site Preparaion, Construclion, and Excavation Aaivities

Evaporating
Disassembly Basin
water.

A wastewater treafinent construction
permit is required for the onsite
evaDoration svstem.

Wastewater heatment facility
must meet the standards for
general and technical design
requirements for use by the
SCHEC in reviewing
Engineering Reports,
establishing Reliability
Classifi cations ard issuing
State Construction Permits or
other approval actions as

outlined in R.6l-67. -
applicable

SCDHEC R61.
67.100.A.

Evaporating
Disassembly Basin
Water

All wastewater treatment facilities
shall be closed out within one hundred
(180) days when the facility is closed
or the effluent disposal permit is
inactivated. terminated, or revoked,
unless otherwise determined by the
SCDHEC. The closure ofwater
evapontion system necessitates the
submittal of a closure plar and
approval ofthe plan by the Department
in accordance with R.61-82 prior to
closure ofthan y wastewater fieatnent
unit(s).

Waste treatment facilities not
defned as lagoons and
package plants shall be closed
out in accordance with
guidelines issued by DHEC on

an individual basis. These

guidelines shall be designed to
prevent health hazards and to
promote safety in and around

the abandoned sites.

applicable

SCDHEC R6I.
82 IV

Evaporating
Disassembly Basin
Water

Evaporation system requires a

conshuction air permit issued by the
SCDHEC Bueau of Air prior to
putting the water evaporation system
into oDeration

Except as allowed under
paragraphs (c) and (d) below,
any person who plans to
construct, alter or add to a

source of air contaminants,
including installation of any
device for the control of air
contaminant discharges, shall
first obtain a construction
permit lrom the Deparhnent
prior to commencement of
construction. - anDlicable

SCDHEC R6I-
6?.l, Section
II.A.l.b.
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SCDIIEC R6I-
62.1, Section
II.F.1.

The owner or operator shall
submit written notiilcation to
the Department of the actual

date of initial sta up of each

new or altered source,
postmarked within 15 days
after such date. Any souce
that is required to obtain an

air quality construction
permit issued by the
Depa ment must obtain an

operating permit when the
new or altered source is
placed into operation and
shall comply with the
requirements of this section. -

Evaporation system requires an

operating air permit issued by the
SCDHEC Bureau of Air prior to
putting the water evaporation system
into operation

Evaporating
Disassembly Basin
Water

02142011
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CIIEMICAL - SPECIFIC

Site Prepmalion, Consfiuction, and Excavation Activilies

Utilize work
practices that
minimize or control
airborne radionuclide
emissions during the
water removal and
grouting activities at
the disassembly
basin.

Emissions ofradionuclides to the
ambient air fiom DOE facilities shall
not exceed those amounm that would
cause any member ofthe public to
receive in any year an effective dosc
eouivalenl of l0 mrem.

Disassembly Basin is a
designated facility subject to
NESHAP 40 CFR 61.90 -
applicable

NESHAP 40
cFR 61.92

Activities that
generate radioactive
waste at a DOE
facility.

All DOE radioactive waste is managed
in a manner that protects the worker,
public safety, and the environment.

Manage the secondary
radioactive waste destined for
final disposal in accordance
with SRS radioactive waste
disposal facilities waste
acceptance criteria. -TBC

DOE Order
435.1

ARF # 17479



RSER/EEiCA for the In Situ Decommissioning of the
105-C Disassembly Basin (U)
Savannah River Site

SRNS-RP-2O10-01143
Rev. I

CIIEIVIICAL. SPECIFIC

Sile Prepmation, Constructio n, and Exca'atian Actilities

All activities
associated with
water removal and
grouting ofthe
disassembly basin.

Due to the presence ofradionuclides
within the disassembly basin, worker
radiation dose limits are regulated with
monitoring and recordkeeping. In
addition, exposure of the radionuclide
to members of the public will be
controlled and minimized.

(a) Except for planned special
exposures conducted
consistent with $835.204 and
emergency exposures
authorized in accordance with

$835. I 302, the occupational
dose received by general
employees shall be connolled
such that the following limits
are not exceeded in a year:

(l) A total effective dose of
5 rems (0.05 Sv);
applicable

(2) The sum ofthe
equivalent dose to the whole
body for external exposures
and the committed
equivalent dose to any organ
or tissue other than the skin
or the lens of the eye of 50

rerns (0.5 Sv); - applicable

(3) An equivalent dose to
the lens ofthe eye of l5
rems (0.15 Sv); - applicable

(4) The sum ofthe
equivalent dose to the skin
or to any exfemity for
extemal exposures and the
committed equivalent dose

to the skin or to any
extremity of 50 rems (0.5

Sv). - applicable

l0 cFR 835.202
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CIIEMICAL - SPECIFIC

Site Prcparution, Construction, and Exc@ation Adivitics

Final condition of
the grouted basin.

The frral condition ofthe gouted
basin will not contaminate the potential
sources ofdrinking waler above the
maximum contamination levels
established by the Safe Drinking Water
Act.

Establishes the requirements
and standards for chemicals
and radionuclides to protect
human health form the
potential effects of drinking
water contamination.

National Primary
Drinking Water
Regulations
40cFR 141

SC R.6l-58 State
Primary
Drinking Water
Regulations

sc R.61-68
Water
Classification
and Standaxds
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APPENDIX B. Detailed Cost Analvsis for Alternatrve

l{o Action
In Situ Decommi$ioning with Forcad Evaporation ot Easin watel

105-C Disassembly Besin
C.Area Oo.rablo Unit
Savanneh River Site

Olroct Capital Cost6 Ouantitv Unil6 unit Cocl Total cost
Item
t€m
Item
ttem
liem
llem
nem

Total Direct Capital Costs

ECiregssDfrrLgg!ts
Engineering & oesign Supporl
Pojec{Conslruclion Management
Health & Safety

Contingency
Total Indirect Capital Cost

TOTAL ESTIMATED CAPITAL COSTS

3%
3Yo

6%
300/0

15.

of S/C design
of direcl capilal ccst
of direcl aapilal cost

of dircct cspit€l cost

$0
$0
90
$0
s0l--$51
$0

SRNS-RP-2009-01143
Rev. 1
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In Situ Oecommissioning with Forced Evaporation ot Basin Waler
105-C Disssembly Basin

C-Area Operable Unit
Savannah River Sits

Dllgct Capital Costs
1 Procurement, Sight Preparation, Pr+Construction Activities
2 Design Activities
3 Install Evaporators
4 EvaporatorLraterials
5 Transf,er 300,000 gBllons Tdtiated from ECS Tank
6 Evapo€tor Ooeratjon
7 Grout Disassembly Basin to -0 feet elevation
8 Sampling and Analysis, Planning, Interpretation

ouantitv units unit cost Total cost
1 Item

Item
$265,033.00 $265,033.00
$363,888.00 $363,888.00

Item $3,198,414.50 $3,198,414.50
Item $1,135,000.00 $'1,135,000.00
Item 5270.877.00 $270,877.00
Item $2,759,446.00 $2,759,446.00
Item $4,862,596.00 $4,862,596.00

40 samples $1,200.00 $48.000.00

l-$ir-llrzso-5,r5-'51Total Direct Capital Costs

hdirect Caoital CGBts

Engine€ring & Design Suppod
Projecuconstruction l\ranagement
Heafth & Safety
Oveftead
Contingency

Total Indirect Capital Cost

3Vo

3Vo

2%
30%
15Yo

of S/C design
of direcl cepital cost
of direct c€pital cost
of direct capital oost
of direct capital cost

$387,098
$387,098
$258,065

$3,870,976

TOTAL ESTIMATED CAPITAL COSTS
$ t 9,741,979

SRNS-RP-2009-0r143
Rev. I
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ln Situ Oecommlsslonlng wlth Basin Water Truckod to Effluent Treatnent Prcl€ct
105{ Disassembly Besin

C-Are Operable lJnit

saYannah River Site

Diiect Caoltal Costs
1 Pro.rir€ment, Sight Peparalion, Pre-Conslructjon Activaties

2 D€sign Aclivities
3 Truck oB Water to ETP
4 Transter300,000 gallons Triti€ted Water from ECS Tank
5 Truck 300,000 gallons Water to ETP
5 Grout Disa$embly Basin to-0 f€et €l€vaiion
7 Sampling and Analysis, Planning, lnterpretation

ouantitv UnitB unit colt Total coet
1 ltem $265,033.00 $265,033.00
1 ltem $363,888.00 $363,EE6.00

3,000,000 g8llons $0.50 $1,500,000.00
1 ltem $270,A77.OO $270,877.00

300,000 gallons $0.50 8150,000.00
1 ltem $4,E62,596.00 $4,862,596.00

Total DiEct Gapital costs

lndirsct Caoital Co3ts
Engin€ering & Design Support
Proj€c?Constructioo Management
Health & Safety
Ovelhead
Contangency

Total lndirect Capital Cost

TOTAL ESTIMATED CAPITAL COSTS

40 samples $1,200.00 $48,000.00

l-?r6o-3i7fi1

3% ot Sr/C design $223,412
3Yo of direct capitalcost $223,412
2% of direct c€pitalcost $149,20E
30% of direct c€pital cost $2,234, 1 1 6

15% of dir€cl caoital cost $1,119,059

F$J-Jr4n-dfl

$t I,414,403

02142011
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APPENDIX C, Human Health Risk Assessment

Streamlined Risk Evaluation

for the

105-C Disassembly Basin Water

SRNS-RP-2010-01143
Rev. I
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C.l Introduction

This appendix contains the following information relative to the water that is present in the 105-C

Disassembly Basin: 1) a baseline human health (tIH) risk evaluation for the standard future

industrial worker scenario; 2) a comparison of off-site receptor risk results to assist in the analysis

of alternatives, and; 3) a maximum contaminant level (MCL) comparison.

A baseline risk for the standard future industrial worker scenario was estimated using the

characterization results from a water sample taken from the 105-C Disassembly Basin. The risk

assessment is presented in Section C.2. The purpose of this evaluation was to assess the potential

for adverse effects associated with exposure to residual radionuclides and chemicals in the basin

water and to provide a basis for determining the need for a removal action ftom a human health

risk perspective.

The RSENEE/CA for the Disposition of l{ater in the 105-P Disassembly Basrn (WSRC 2008)

describes nontraditional exposure scenarios (i.e., ma"rimally exposed off-site individuals) that

were evaluated to assist in the analysis and comparison of alternatives for that facility. The

evaluation presented in this appendix for the C-Area Disassembly Basin does not include a formal

assessment of marimally exposed off-site individuals; however the results of the P-Area risk

evaluation were used to draw conclusions for the off-site exposur€ scenarios for C-Area (Section

c.3).

This evaluation does not include a formal analysis of fate and transport of contaminants to

groundwater. Although the walls and foundation in the C-Area Disassembly Basin are rather

thick and contaminant migration to groundwater is not expected, the concentrations of analytes in

the basin water were compared to ma"\imum contaminant levels (MCLs) in Section C.4 for

information purposes.

C.2 Human Health Risk Assessment

Receptors

The future industrial worker scenario was chosen to document the analysis of the potential for

adverse human health effects. This is a standard USEPA scenario which addresses long-term risks

to workers who are exposed to unit contaminants within an industrial setting as described in the

protocol for Human Health Receptors and Scenarios (W SRC 2006). The future industrial worker

SRNS-RP-2010-01143
Rev. 1

02t42011
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is an adult who hypothetically works on-unit for the majority of time. The evaluation of the

future industrial worker assumes exposure to constituents for 25 years, 225 days per year, and 8

hours oer dav.

The evaluation for this scenario assumes that there is no ventilation and that the worker accesses

the area without the benefrt of personnel protective equipment or radiological controls that are

required by SRS protocols. Therefore tlis is considered a conservative evaluation since currently

there is not a complete exposure pathway for human receptors since access to the facility is

controlled.

It is assumed that there will be no incidental ingestion or dern:lal contact with the Disassembly

Basin water by the worker and there are no complete exposure pathways for the chemical

contaminants in the water. Compl€t€ pathways include external exposure from radionuclides in

the basin water and inhalation oftritiated water vapor in the unventilated air.

Sources of Risk Threshold Yalues

USEPA's Superfund Radionuclide Preliminary Remediation Goal (PRG) website (htto://eoa-

nrgs.ornl.gov/radionuclides/) provides a database tool with which to derive risk-based PRGs that

are calculated using default parameters and the latest toxicity values to estimate contaminant

consentrations in various media that the agency considers protective of humans over a lifetime.

The database tool also allows the user to modiff input parameters to create site-specific PRGs.

Although this website is primarily designed for soil media, the inhalation and extemal exposure

slope factors that are used in the PRG calculation for water media are the same. The following

input parameters were modified from the standard defaults to obtain site-specific PRGs for water

media:

1) For calculation of the extemal exposure PRGs, the ingestion and inhalation pathways were

nullified (set to 0). The output from the EPA website is provided in Attachment l; these are the

PRG values that were used in the risk estimates for the extemal radiation pathway (Table C-2).

2) For calculation of the inhalation pathway PRG for tritium, the ingestion pathway was nullified

(set to 0). Note that the website only allows for calculation of the organically bound tritium PRG

based on an inhalation slope factor of 1.99E-13 risk/pCi. The output from the EPA website is

provided in Attachment 2. However, it is expected that the route of exposure at the facility would

SRNS-RP-2O10-01143
Rev. 1

ARF # 17479



RSER/EE/CA for the In Situ Decommissioning of the
105-C Disassembly Basin (J)
Savannah River Site
February 2011 Page APPC-4 ofC-14

be tritium that is in the vapor phase. Vapor phase tritium has a slope factor of 5.62E-14 risk/pCi,

but the website does not allow the user to modifi this parameter. Therefore the PRG calculated

for vapor phase tritium was obtained via ratio ofthe slope factors (SF) and the PRG calculated by

the website:

SF organically bound H-3 = 1.99E-13 risk/pCi; SF vapor phase H-3 = 5.62F-14; 1'99E-13 /

5.628-t4:3.54

H-3 organically bound PRG (fiom website) :
pCilgx3.54 = 4.99 pCi/g

SRNS-RP-20r0-01r43
Rev. I

1.41 pCi/g; Calculated H-3 vapor phase = l.4l

The organically bound tritium PRG produced by the website and the calculated PRG for the

vapor phase tritium are the values that were used in the risk estimates for the inhalation pathway

(Table C-3).

Methods

Radiological and non-radiological data from a water sample are available for the C-Area

Disassembly Basin. The results are presented in Table C-l ofthis appendix.

The evaluation of the water media in the C-Area Disassembly Basin is not typical and the

methodologr used in this assessment deviates slightly fiom the methodologies described in the

human health risk assessment protocols (WSRC 2006). More specifically, a constituent of

potential concern (COPC) screen as described in the protocols was not performed. The evaluation

simply provides a risk estimate for all constituents (i.e., no COPC screening). Constituents with

risk greater than 1E-06 were identified as HH constituents of concem (COCs). In addition, a

refinement of constituents of concem evaluation was not performed. The uncertainty introduced

by not performing these steps is negligible since all of the constituents are carried through the

process. This is considered a conservative approach. Deviations from the protocols were

implemented in the risk assessment not only to streamline the document to some degree but also

to provide a conservative assessment that provides an adequate basis for decision making at this

unit. The streamlined approach does not alter any of the conclusions presented in the assessment.

For radionuclides, the risk estimate = (fAna$ical Result] / [PRG]) x 1E-06. Constituents with an

individual cancer risk > 1E-06 are identifred as HH COCs. Site-specific PRGs for water media

were used in this evaluation.

02142011
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Results of the Human Health Risk Assessment

The results of the risk estimate for the external exposure pathway are presented in Table C-2.

Cesium-l37 (+D) (risk = 3.lE-0a) and strontium-90 (+D) (risk : 1.2E-06) were identified as

COCs with a total external exposure risk = 3.2E-04 for the future industrial worker scenario.

The results of the risk estimate for the inhalation pathway are presented in Table C-3. The risk

estimate for organically bound tritium is 5.68-02; the estimate for tritium that is in the vapor

phase for the future industrial worker scenario is 1.6E-02. It is expected that exposure to tritium at

the facility would be in the vapor phase - therefore the vapor phase estimate is most appropriate

for this scenario.

The total cumulative risk from the extemal exposure (Cs-137 [+D] and Sr-90 [+D], risk:3.2E-

04) and inhalation (H-3 vapor phase, risk = l.6E-02) pathways for the future industrial worker

scenario is l.6E-02 (Table C-4).

C.3 Maximally Exposed Off-Site Individual Comparison

The RSER/EE/CA for the Disposition of Water in the 105-P Disassembly -Barra (WSRC 2008)

describes nontraditional exposure scenarios (i.e., maximally exposed off-site individuals) that

were evaluated to assist in the analysis and comparison of alternatives for that facility. The P-

Area results were used as a basis for comparison of the forced evaporation and discharge through

the Effluent Treafinent Project (ETP) alternatives that are considered in this document.

Forced Evaporation

This altemative proposes to remove approximately 4 million gallons of water from the 105-P

Disassembly Basin and discharge it to the atmosphere by forced evaporation using commercially

available fuel oil fired evaporators (WSRC 2008). Predominately tritium would be released to the

atmosphere during this operation. All other contaminants (radiological and chemical) are not

considered to be available for release via evaporation because the suspended and dissolved solids

are concentrated as sludge in the evaporator pan where they are retumed to the basin.

For this altemative it was assumed that an offsite maximally exposed individual lives at the SRS

boundary 365 days per year and consumes milk, meat and vegetables produced at that location.

sRNS-RP-2010-01143
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The maximum radiological risk to an offsite maximally exposed individual was estimated to be

7.5E-09 (5.4E-09 from food ingestion and 2.1E-09 from inhalation).

Table C-5 provides a comparison of the concentrations of the water in the 105-P Disassembly

Basin that were used to generate the risk estimate cited above to the concentrations in the 105-C

Disassembly Basin. The activities ofall ofthe radiological constituents, exceptU-2331234 and U-

235/236, are greater in the P-Area Disassembly Basin water. Most notably for this evaluation, the

activity of tritium is less in the C-Area Disassembly Basin water. The estimated volume of water

is also less at C-Area (2.7 million gallons) than at P-Area (4 million gallons).

These results can be extrapolated to conclude that the ma,ximally exposed off-site individual risk

estimate for the forced evaporation altemative would be less for C-Area than that calculated for

P-Area (risk = 7.58-09).

Discharge throush ETP

This altemative proposes to remove approximately 4 million gallons of water fiom the P-Area

Disassembly Basin by trucking it to ETP, which is an existing permitied, reverse osmosis water

treatment plant at SRS (WSRC 2008). Tritium would not be removed during treatment, because

there is no realistic treatment technology for tritium. For all other contaminants, a 950lo treatment

efficiency was assumed.

For this alternative it was assumed that an offsite person lives just downriver of the SRS

boundary 365 days per year and consumes untreated Savannah River water and fish from that

location. The maximum radiological risk to an offsite maximally exposed individual from this

altemative was estimated to b€ l.1E-07 (7.5E-08 from water ingestion and 4.08-08 from fish

ingestion). The total noncancer HI was estimated to be 6.0E-06 (5.1E-06 frorn water ingestion

and 9.5E-07 from fish ingestion).

Table C-5 provides a comparison of the concentrations of the water in the 105-P Disassembly

Basin that were used to generate the risk/hazard estimates cited above to tle concentrations in the

105{ Disassembly Basin. All constituents, except barium, nickel, uranium-233234 and

uranitrn-7351236 are greater in the P-Area. Most notably, the tritium concentration is less at C-

Area. The estimated volume of water is also less at C-Area (2.7 million gallons) than at P-Area (4

million gallons).
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These results oan be extrapolated to conclude that the maximally exposed off-site individual risk

estimate for the disposal through the ETP altemative would be less for C-Area than that

calculated for P-Area (risk : l.1E-07, HI : 6.0E-06).

C.4 MCI-,/RSL Comparison

The concentrations of analytes in the 105-C Disassembly Basin water were compared to MCLs

(or regional screening level [RSL] for tapwater in the absence of an MCL) in Table ,{-6. Gross

alpha, cesium-137, tritium, nickel-63, strontium-g0, uranitm-?331234 and uranium-235/236 are

above the MCL.
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Table C-i. C-Area Disassembly Basin Analytical Results (Basin Water)

Analyte Result Result Units Qualifier

lnorganics"
Barium
Calcium
Nickel

Potassium
Sodium

Vanadium
Zinc

Radionuctide{
Gross Alpha
Gross Beta
Carbon-14
Cobalt€0

Cesium-137
Tritium

Nickel-63
Plutonium-238

Plutonium-239/240
Strontium-90

Uranium-233/234
Uranium-235/236

1.58E+01
1j7E+04
1.40E+01
2.80E+04
2.69E+04
1.18E+01
4.41E+01

1.19E+02
4.12E+04
1.70E+03
5.'10E+0'l
3.61E+04
7.90E+07
3.71e+02
2.41E+00
1.69E+00
1.52E+04
1.36E+01

Z.OJtr+UU

ug/L
ug/L
ug/L .

ug/L
ug/L
ug/L
ug/L

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

oci/L

J

J

J

a - GEL Laboratories, dated April 29, 2009
b - GEL Laboratories, dated May 5, 2009
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Table C-2. C-Area Disassembly Basin Water External Exposure Risk

Future Industrial Worker Scenario

Analyte Result'
(pci/L)

Converted
ResultD
(pci/ml)
(pci/s)

External
Exposure

PRG"(pci/g)

External Exjrosure
Risk" coc?"

Co-60
Cs-137 (+D)
H-3
Ni.63
Pu-238
Pu-239/240
Sr-90 (+D)
u-233t234
u-235/236

'1.70E+03

5.10E+01
3.61E+04
7.90E+07
3.71E+02
2.41E+00
'1.69E+00

1 .52E+O4
1.36E+01
2.63E+00

1.70E+00
5. 10E-02
3.61E+01
7.90E+04
3.71E-01
2.41E-03
1.69E-03
1.52E+01
1.36E-02
4.OCE-UC

2.68E+04
6.43E-02
1.15E-01

2.97E+03
9.75E+02
1 .32E+01
1 .99E+02
3,91E-01

6.34E-11
7.93E-07
3.14E-04

na

8.1 1 E-13
LISC-tZ

1 .15E-06
6.83E-'11
6.73E-09

coc

coc

External Exposure Risk Total = 3.16E{4

a- Results from table C-1
b- Results converted to pcj/g, assumes 1ml water = 1g
c- PRG from Attachment 1

d- Risk = (Converted Result / PRG) x 1E-06
e- Constituent identified as a COC if risk > 1E-06

Table C-3. C-Area Disassembly Basin Water Inhalation Risk

Future Industrial Worker Scenario

Analyte Result'
(pci/L)

Gonverted
Resultb
(pci/ml)
(pci/s)

Inhalation
PRG" (pci/g) Inhalation Risko coc?'

H-3 (organic)

H-3 (vaDor)
7.90E+07
7.90E+07

7.90E+04
7.90E+04

1.41 E+00
4.99E+00

5.60E-02
1.s8E-02

coc
coc

a- Results from table C-1
b- Results converted to pci/g, assumes 1ml weter = '19

c- Organically bound H-3 PRG from Attachment 2; vapor phase H-3 PRG per calculation
d- Risk = (Converted Result i PRG) x 1E-06
e- Constituent identified as a COC if risk > 1E-06

ARF # 17479



RSER/EE/CA for the In Situ Decommissioning of the
105-C Disassembly Basin (U)
Savannah River Site
February 20ll Page ApPC-10 ofC-14

Table C,f. C-Area Disassembly Basin Water Total Cumulative Risk

Future lndustrial Worker Scenario

coc" Result (pCi/L)

Converted
Result

(pGi/mll
(pci/g)

External
Exposure

Risk"

lnhalation
Risk" Total Risk"

Cs-137 (+D)

Sr-90 (+D)
H-3 (vapor)

3.61E+04
1.52E+04
7.90E+07

3.61E+01
1.52E+01
7.90E+04

3.14E-04
1.15E-06

na
na

1.58E-02

3.14E-04
1.15E-06
1.58E-02

Total Cumulative Risk = 1.61E-02

a- COCS from Tables C-2 and C-3. Vapor-phase H-3 assumed (Table C-3)
b- External exposure risk from Table C-2
c- lnhalation risk from Table C-3
d- Totial risk = extemal exposure risk + inhalation risk

Table C-5. C-Area Disassembly Basin Analytical Results Comparison to P-Area

na = not available
a - Results from Table C-1
b - Results from RSER/EE/CA for the Disposition of Water in the 10UP Disassembly Basin (WSRC 2008)

sRNS-RP-20r0-01143
Rev. I

Analyte C-Area Result" P-Area Resulto C-Area > P-Area ?

Inorganics (ug/L)
Barium
Calcium
Nickel

Potessium
Sodium

Vanadium
Zinc

Radionuclides (pCi/L)
Carbon-14
Cobalt-60

Cesium-137
Tritium

Nickel-63
Plutonium-238

Plutonium-239/240
Strontium-90

Uranium-233/234
Uranium-235/236

1.58E+01
L17E+04
1.40E+01
2.80E+04
2,69E+04
1.18E+01
4.41E+01

1.70E+03
5.'10E+01
3.61E+04
7.90E+07
3.71E+Oz
2.41E+00
1.69E+00
1.52E+04
1.36E+01

2.63E+00

9.45E+00
2.03E+04
8.31E+00

3.46E+04
na

4.66E+02

2.12E+03
3.13E+02
1.27E+05
2.21E+09

8.02E+01
6.99E+00
3.91E+04
4.20E+00
3.86E-01

YES
no

YES

no
na
no

no
no
no
no
na
no
no
no

YES
YES
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MCLS/RSLS

b - MCL / RSL - maximum contaminant level or regional screening level.
absence of MCL.
na = not applicable
*From Rucker 2001

RSL for taDwater used in

SRNS-RP-2010-01143
Rev. I

Table C-6. C-Area Basin Analvtical Results to

Analyte Result' MCL / RSLb Result > MCL/RSL?

lnorganics (ug/L)
Barium
Calcium
Nickel

Potassium
Sodium

Vanadium
Zinc

Radionuclides (pCi/L)
Gross Apha
Gross Beta
Catton-14
Cobalt-60

Cesium-137
Tritium

Nickel-63
Plutonium-238

Plutonium-239/240
Strontium-90

Uranium-233/234
Uranium-235/236

1.58E+01
1.17E+04
1.40E+01
2.80E+04
2.69E+04
1.18E+01
4.41E+01

1.19E+02
4.12E+04
1 .70E+03
5.10E+01
3.61E+04
7.90E+07
3.71E+02
2.41E+00
1.69E+00
1.52E+04
1.36E+01

Z.OJtrfUU

2.00E+03
na

7 .3OE+02
na

1 .80E+02
1.10E+04

1.50E+01
na

2.00E+03
1.00E+02
2.00E+02
2.00E+04
5.00E+01
1.50E+01
'1.50E+01

8.00E+00
1.00E+01"
4.70E-01-

no
no
no
no
no
no
no

YES
no
no
no

YES
YES
YES

no
no

YES
YES
YES

a - Results from Table
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Attachment I

PRGs for External Exposure Pathway
USEPA Preliminary Remediation Goals for Radionuclides

http://epa-prgs.ornl.eov/radionuclides/
website accessed 12- 16- 10

Site-Specific

Outdoor Worker Equation Inputs for Soil

Variable Value

Slab size for ACF (area correction factor) m' 10000

TR (taroet cancer risk) unitless 0.000001

L- (time - outdoor worker) vr 25

ED^- (exoosure duration - outdoor worker) vr 25

ET* (exoosure time - outdoor worker) hr/dav d

EF* (exposure frequencv - outdoor worker) davlyr 225

lR- (soil intake rate - outdoor worker) mq/dav 0

lRA.- (inhalation rate - outdoor worker) m"/dav 0

GSF^ foamma shieldino factor - outdoor) unitless 1

Outout oenerated 16DEC2010:08:52:21
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Site€pecific

Outdoor Worker PRG8 for Soil

lsotope

C0-60
Cs-137+D
H-3

Ni-63
Pu-238
Pu-239
Pu-240
Sr-90+D
u-233
u-2u
u-235
U-235+D
u-236

Inhalation
Slope Factor

(risk/pci)
7.O7E-12

3.58E-11

1.19E-11

1.64E-12

3.36E-08
3.33E-08
3.33E-08
1.13E-10
1.16E-08
1.14E-08
1.01E-08
1.0'1E-08

1.05E-08

External
Exposure

Slope Factor
(risk/yr per

pci/S)
7.UE-12
1.24E-05
2.54E-06

0.00E+00
0.00E+00
7.22E-1',1

2.00E-10
6.98E-'11

1.96E-08
9.82E-10
2.52E-10
5.19E-07

1.25E-10

Adult Soil
Ingestion

Slope Factor
(risk/pci)
'1.38E-12

7.33E-12
3.17E-11
2.20E-13
3.50E-13
't.17E-10

1.21E-10
1.21E-10

5.92E-11

5.22E-11
5.tlE-11
4.92E-11
5.03E-11

4.85E-11

Particulate
Emiesion
Factor
(m3/kg)

'L36E+09
'1.36E+09

1.36E+09
1.70E+01

1.36E+09
1.36E+09
1.36E+09
'1.36E+09

'1.36E+09

'1.36E+09

1.36E+09
1.36E+09
'1.36E+09

1.36E+09

Lambda
1.21E-04
1.31E-01

2.31E-O2
5.61E-02
7.22E-O3

7.90E-03
2.88E-05
1.06E-04

4.37E-06
2.83E-06

9.85E-10
9.85E-10
2.96E-08

Area
Correction

Factor
9.27E-01

8.34E-01

4.77E-O1

0.00E+00
0.00E+00
9.99E-01
9,998-01
9.99E-01
1.00E+00
9.98E-01

9.98E-01

9.60E-01

9.60E-01

9.99E-01

External
Exposure

PRG
(pcirs)

2.68E+04
6.43E-02
1.15E-01

2.97E+Og

9.75E+02
2.80E+03
1.32E+01

1.99E+02
7.74E+O2

3.9'1E-01

1.56E+03

Output generated 16DEC20'10:08:52:21
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Attachment 2

PRGs for Inhalation Pathwav

USEPA Preliminary Remediation Goals for Radionuclides

http://epa-prgs.ornl.sov/radionuclides/

website accessed 12- 16- 10
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Site-Specific

Outdoor Worker Equation Inputs for Soil

Variable

Slab size for ACF (area correction factor) mz

TR (target cancer risk) unitless

L* (time - outdoor worker) yr

EDo,n (exposure duration - outdoor wofker) yr

ETo- (exposure time - outdoor worker) hr/day

EFo- (exposure frequency - outdoor worker) day/yr

lRon (soil intake rate - outdoor workeo mg/day

lRAow (inhalation rate - outdoor workerl m3/day

GSF. (gamma shielding factor - outdoor) unitless

16DEC2010:09:15:05

Value

10000

0 000001

25

25

8

225

0

60

I

Site-Specific

Outdoor worker PRGs for Soil

External
Inhalation Exposure Adult Soil Particulate

Slope Slope Factor Ingestion Emission Inhalation
Factor (risldyr per Slope Factor Factor PRG

lsotope (risk/pci) pci/g) (risk/pci) (m"/kg) Lambda (pci/g)

H-3 '1 .99E-13 0.00E+00 2.20E-13 1 .70E+01 5.61 E-02 1 .41 E+00

16DECz010:09: 15:05
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