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EXECUTIVE SUMMARY 

This document was prepared to comply with 1/anforcl Federal Facility Agreement and Consent 
Order (HFFACO) (Ecology ct al. 1989) Milestones M-45-05H and M-45-0SM-T0I. This 
document presents the basis for the Washington State Department of Ecology and the 
U.S. Environmental Protection Agency to approve an exception to the waste retrieval criteria 
established in HFFACO for single-shell tank 241-C-106. On the basis of the information 
presented in this document, the U.S. Department of Energy concludes that there is no technical, 
risk reduction, or economic justification to support deployment of retrieval technologies to 
further retrieve waste from single-shell tank 241-C-106. Based on that conclusion, the 
U.S. Department of Energy requests the Washington State Department of Ecology and 
U.S. Environmental Protection Agency concur that retrieval of waste from single-shell tank 
241-C-106 is complete. 

In response to HFFACO, Appendix H, Attachment 2, Criteria #2, a review of the two retrieval 
technology deployments in single-shell tank 241-C-106 was completed. The review determined 
that the limits of technology fonetrieva\ of waste from single-shell tank 241-C-106 have been 
reached for these technologies. Section 2.1 documents that sluicing (the initial retrieval 
technology deployed in 1998-1999 to resolve high-heat safety issues) and modified sluicing and 
acid dissolution (the retrieval technology demonstration under the HFFACO for modified 
sluicing in a sludge tank completed in 2003) have both been demonstrated to have reached the 
limit of their technical ability to effectively retrieve waste from single-shell tank 241-C-106. 

In response to HFFACO, Appendix H, Attachment 2, Criteria #3, an analysis of currently 
available additional alternate waste retrieval technologies has been completed and summarized in 
Section 2.2. This analysis compares four alternatives for deployment of currently available 
additional technologies (i.e., two modified sluicing alternatives under alternative configurations, 
the mobile retrieval system, and modified sluicing followed by use of the vacuum retrieval 
system). The alternatives evaluation includes documentation of the cost and schedule for each 
alternative as well as comparative analysis of the relative performance against waste retrieval 
functions nnd six criteria (i.e., cost, schedule, risk to workers, risk to human health and the 
environment, case of implementation, and impact on the River Protection Project mission). 
The analysis shows there is sufficient uncertainty about whether the deployment of available 
alternate technologies would reduce the waste volume remaining in single-shell tank 241-C-106 
to the HFF ACO retrieval criteria that no further consideration of dcplo~ent is warrant(:d. 

Additional waste retrieval may require from 12 to 18 months to complete and may cost from 
$5.7 to $13.S million. Figure ES-1 illustrates the cost per cubic foot of additional waste removed 
by alternative and compares those costs to those experienced under the 2003 retrieval campaign. 
As indicated, the four waste retrieval alternatives would cost from approximately $35,000 to 
$84,000 per cubic foot to remove approximately 160 cubic feet of waste, compared to the 2003 
campaign which costs $5,190 per cubic feet of waste removed while retrieving 4,440 cubic feet 
of waste. Deployment of any waste retrieval technology would result in increased radiological, 
chemical, and industrial risk to workers and place added constraints on ncar-tenn double-shell 
tank space (90,000 to 1.87 mitlion gal) available for retrieval of waste from other single-shell 
tanks. Potential future waste retrieval technologies were also identified and described; however, 
these technologies arc not sufficiently mature to support additional assessment of their retrieval 
effectiveness, cost, or deployment schedules. 

ES-1 
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In response to HFF ACO, Appendix H, Attachment 2, Criteria #4, Section 2.3 summarizes the 
volume and characteristics of waste remaining in single-shell tank 241-C-l 06. Cumulatively, the 
two retrieval campaigns have removed approximately 30,400 cubic feet of waste from 
single-sh el I tank 241-C-l 06 (Figure ES-2). The 1998-1999 campaign using sluicing removed 
approximately 25,940 cubic feet of waste and the 2003 campaign using liquid pumping followed 
by modified slicing and acid dissolution retrieved at least 4,340 cubic feet of waste. There is 
approximately 370 cubic feet (liquids and solids) remaining in the tank. The 95% upper 
confidence level volume of waste remaining in single-shell tank 241-C-106 is approximately 
467 cubic feet and at the 95% lower confidence level the volume is approximately 27S cubic 
feet. The chemical and radiological characteristics have been analyzed in accordance with the 
approved data quality objectives (RPP-13889, Tank 241-C-I 06 Component Closure Action Data 
Quality Objectives). The current inventory of contaminants of potential concern includes 
approximately 0.165 curies of technetium-99 and 3. 79 kg of chromium (the primary drivers of 
long-tcnn human health risk via the groundwater pathway). The total curies of radionuclides 
have been reduced from approximately I 0.1 million curies in the tank prior to the 1998-1999 
retrieval campaign to the current total of approximately 135,000 curies (a decrease of 
approximately 99%). 

In response to HFFACO, Appendix H, Attachment 2, Criteria #5, an assessment of the expected 
impacts to human health and the environment if the residual waste is left in place has been 
completed. A summary of this analysis is provided in Section 2.4. Technetium-99 was 
identified as the primary driver of incremental lifetime cancer risk and chromium was identified 
as the primary driver of human health risk from chemicals. Incremental lifetime cancer risks 
from the residual waste in single-shell tank 241-C·106 do not exceed the U.S. Environmental 
Protection Agency risk threshold values of 1.0 x 10• to 1.0 x 10.() or the Washington State 
Department of Ecology threshold of 1.0 x l 0-5 for the industrial receptor at the Waste 
Management Area C fencelinc nor do the cumulative risk for Waste Management Arca C, 
inclusive of the single-shell tank 241-C-106 residual inventory. Based on the current residual 
inventory no groundwater quality standards would be exceeded. Analysis of additional retrieval 
indicates that further waste removal would result in insignificant reduction in health risks and 
groundwater quality. 

Section 2.5 provides additional infonnation regarding compliance with applicable requirements, 
as identified in HFF ACO, Appendix H, in response to HFF ACO, Appendix H. Attachment 2, 
Criteria #6. In May 2004, meetings between staff from the U.S. Department of Energy and 
Washington Department of Ecology, no additional infonnation. beyond the infonnation 
presented in this document, was identified for submission in support of this basis of exemption 
report. 

ln response lo HFFACO. Appendix H. Attachment 2, Criteria #1, this document concludes that if 
one of the four additional available waste retrieval technologies were to be deployed the cost of 
the deployment would not result in a commensurate reduction in expected impacts to human 
health or the environment sufficient to warrant further retrieval actions in single~shcll tank 
241-C-106. As Figure ES-3 illustrates, the 2003 waste retrieval campaign resulted in a reduction 
of the volume of waste in the tank to at most 467 cubic feet (nt the 95% upper confidence level) 
at a cost of approximately $22.4 million. The current peak incremental lifetime cancer risk for 
the inventory in the residual waste is 2.48 >< 10-1 (or 2.5 in 100 million). The cost for retrieving 
waste from current levels to the HFFACO retrieval criteria (within the limit of volume 

ES-2 
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rw:.asurcmcnt and technical perfonnance uncerlai11ty) would range .fron1 $5. 7 lo S 13.5 1ni1lion, 
assuming a waste volume reduction <)f approximately 160 cubic foct from cwTcnt k~vels. This 
voh1n1('. of wn.$tC reduction, if a corres:pouding reduction in tht:'. wnti1minants that drive risk 
occL1m:d, wo1.1ld only provi(k an approximate reduct.ion in the im:rernJ~JHal lifetime cancer risk 
associated \vith the residual waste in ~ingl<:-shell tank24l-C-l06 of5.lx Hl9 (or 5 in 1 billion). 

Figurt': ES-1. Cornparison oft.he Cost ptr Cubic Foot of \Vaste Retri(~val between the 
2003 Rd:rieval Cmnpaign and the Additional Retrieval Technology Altt:imative:,. 
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Fignrx~ ES··2, Waste Retrieval. Volume Reduction tbr Sh1gle••Shdl Tank C-l 06. 
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J.O INTRODUCTION 

This document was prepared to comply with Hanford Federal Facility Agreement and Consent 
Order (HFF ACO) (Ecology et al. 1989) Milestones M-4S-0SH and M-45-05M-T01. The 
document presents the basis for an exception to the waste retrieval criteria established in the 
HFFACO for single-shell tank (SST) 241-C-106 (SST C-106). The HFFACO states that the 
waste retrieval criteria in Milestone M-45-00 arc to be applied on a tank-by-tank basis. If the 
U.S. Department of Energy (DOE) docs not believe the criteria are achievable for a specific tank, 
DOE must submit a request for an exception to the U.S. Environmental Protection Agency 
(EPA) and Washington State Department of Ecology (Ecology). Appendix H, Attachment 2, 
lists the specific content requirements for the request for an exception from the waste retrieval 
volume limit of less than 360 ft3 of residual waste for 100-serics SSTs following completion of 
waste retrieval identified in Milestone M-45-00. According to Attachment 2, a request for an 
exception must include, as a minimum, the following information: 

l. Why DOE docs not believe the retrieval criteria can be met. 

2. Schedule, using existing technology, to complete retrieval to the criteria- if possible. 

3. Potential for future waste retrieval technology developments that could achieve the waste 
retrieval criteria, including estimated schedules and costs for development and 
deployment of technologies. 

4. Volume of waste proposed to be left in place, and its chemical and radiological 
characteristics of that waste. 

5. Expected impacts to human health and the environment if the residual waste is left in 
place. 

6. Additional infonnation as required by EPA and/or,Ecology. 

Section 2.1 responds to Criteria #2 and documents the basis for dctcnnining that completing 
waste retrieval to the HFF ACO waste retrieval criteria is not possible "using existing 
technology." Section 2.2 responds to Criteria #3 and documents the basis for determining that 
attaining the HFFACO waste retrieval criteria is not practical using additional available retrieval 
technologies or "future waste retrieval technology developments." Section 2.3 responds to 
Criteria #3 and documents the residual waste volume and its chemical and radiological 
characteristics, and Section 2.4 responds to Criteria #5 and presents the .. expected impacts to 
human health and the environment if the residual waste is left in place." Section 2.5 responds to 
Criteria #6 and provides additional infonnation regarding conformance with relevant 
requirements as identified in HFFACO Appendix H. Section 3.0 responds to Criteria #1, 
drawing on the information and conclusions presented in Section 2.0 to form the basis of the 
position that the HFF ACO retrieval criteria cannot be met. 

Throughout the text of this document, numbers were rounded to two significant figures (e.g., 212 
would be rounded to 210 and 0.126 would be rounded to 0.13). Numbers in tables and figures 
derived from supporting and referenced documents have not been rounded to preserve 
traceability to the source information. In certain cases, numbers in the text were not rounded to 
preserve the ability lo understand differences between comparable numbers and/or between the 
number presented and those established in standards and/or requirements. 
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2.0 SUMMARY OF AVAILABLE DATA AND INFORMATION 

This section responds to HFFACO, Appendix H, Attachment 2, Criteria #2 to #5. The 
infonnation and conclusions presented in this section support the response to Criterion # 1, which 
is presented in Section 3.0. 

2.1 COMPLETION OF \\'ASTE RETRIEVAL 
USING EXISTING TECHNOLOGIES TO THE 
Lll\llT OF TECHNOLOGY 

This section responds to HFFACO, Appendix H, Attachment 2, Criteria #2: "Schedule, using 
existing technology to complete retrieval to the criteria." The infonnation provided documents 
that the existing technologies previously deployed to retrieve waste from SST C-106 cannot 
complete retrieval to the HFF ACO retrieval criteria. 

Two retrieval technologies have been deployed to retrieve waste from SST C-106. The first 
technology deployed was sluicing. This technology was deployed in November 1998 and 
reached the limit of its capability in October 1999. In April 2003, a second retrieval campaign 
was initiated with the pumping of 18,000 gal of liquid from SST C-106. The second retrieval 
technology deployed in SST C-106 as a retrieval technology demonstration under the HFFACO 
was modified sluicing with acid dissolution. This technology reached lhe technical limit ofits 
capability in December 2003. 

2.1.1 Sluicing System Retrieval Campaign, 1998-1999 

SST C-106 is a 530,000-gal tank that was used to store mixed radioactive waste since the tank 
was placed in service in 194 7. At its peak during operation, SST C-106 contained as much as 
530,000 gal of waste. To address a high-heat safety issue, a waste retrieval effort using a 
sluicing system was initiated in SST C-106 in November 1998 and completed in October 1999 
(HNF-5267, Waste Retrieval Sluicing System Campaign Number 3 Solids Volume Transferred 
Calculation). Sluicing operations were conducted using double-shell tank (DST) A Y-102 
supernatant as a sluicing medium. 

The sluicing effort successfully resotved the SST C-106 high-heat safety issue. The campaign 
also met the following waste retrieval requirements: 

• Retrieve at least 95% (approximately 187,000 gal).oflhc estimated total sludge of 1.8 rn 
(6 ft) from SST C-106 

• Retrieve waste from SST C-106 until the rate of sludge removal is less than 7,500 gal 
(approximately 7.6 cm (3 in.]) per 12-hour sluice batch and evidence of diminishing 
retrieval effectiveness is documented for three consecutive batches. 

These requirements defined the limit of sluicing retrieval capability for SST C-106. In 
December 1999, Ecology provided DOE written notification that the waste retrieval criteria 
requirements had been met for this retrieval campaign (Fitzsimmons 1999, .,Completion of 
Hanford Federal Facility Agreement and Consent Order Interim Milestone M-45-038''). 

In July 2000, approximately 44,892 gal of solid and liquid waste remained in SST C-106 
(RPP-12547, Tank 241-C-106 Residual Liquids and Solids Volume Calculation). In 
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August 2002, a new measurement estimated waste volume in SST C-t 06 at 35,986 gal. From 
July 2000 to August 2002, the volume ofliquids decreased by approximately t 0,000 gal. The 
reduction in liquid volume was attributed to evaporation. For additional information regarding 
waste volume estimates for SST C-106, see Section 2.3. 

2.1.2 Modified Sluicing and Add Dissolution Retrieval 
Campaign - 2003 

To remove the remaining waste in SST C-106, a retrieval demonstration campaign defined in 
HFFACO was initiated in April 2003. From project start through completion of retrieval 
activities in December 2003; the total cost for this project was approximately $22.4 mi!lion. 
This campaign began in April 2003 by pumping approximately 18,000 gal of liquid from 
SST C-106 to DST AN-104. The 2003 campaign continued through December 2003 using 
modified sluicing and acid dissolution removing an additional approximately 14,500 gal of 
waste. 

Modified sluicing describes various pcrfonnancc enhancements over the "past-practice" slujcing 
techniques used to remove the bulk of SST C-106 waste (see Section 2.1.1). These 
enhancements included combinations of pump and nozzle designs to break up the solids and 
move them to the pump intake. Acid dissolution reflects the use of oxalic acid to dissolve solids. 
Oxalic acid, which has historically been used at the Hanford Site and other DOE sites to 
decontaminate tanks and equipment, was used to dissolve solids. The combination of the two 
methods was designed to maximize removal of the residual waste. 

Through experience gained operating DOE Savannah River Site facilities the effectiveness of 
oxalic acid to remove contamination on waste processing equipment was documented 
(WSRC-TR-2003-00401, Waste Tank lleel Chemical Cleaning Summary). Laboratory-scale 
testing of acid dissolution (using a sample of the SST C-106 waste) demonstrated that nearly 
70% of the waste solids dissolved in oxalic acid (RPP-17158, Laboratory Testing of am/ic Acid 
Dissolution of Tank 24 I-C-/06 Sludge). 

Several methods of operation were used for the retrieval operation of SST C-106: 

• Oxalic acid was added in discrete and accurately measured batches through the 
mixer-eductor or the pump drop-leg 

• Acid was recirculated with the mixer-eductor (for the first four batches of oxalic acid), 
followed by removal of the acid using the retrieval pump 

• Water was continuously added (between 85 and 350 gpm) through one of the two sluicers 
to mobilize and redistribute, as well as to remove solids, with subsequent or concurrent 
removal by the re_trieval pump. 

The oxalic acid dissolution process leached additional waste constituents directly from the sludge 
and also reacted with carbonates in the waste to increase solid waste porosity. Both lhc loss of 
carbonates and the agitation of the waste using the mixcr-eductor increased the surface area of 
solids and therefore the amount of surface sites available for leaching waste constituents during 
subsequent sluicing and acid dissolution events. At the completion of the acid reaction, the 
dissolved wastes were transferred via a pump to DST AN-106. 
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During acid dissolution, operations were perf ormcd using oxalic acid with a concentration of 
0.9 molar. For the first four batches of oxalic acid. the mixer-eductor was used to recirculate the 
oxalic acid in SST C-106. The acid dissolution reaction for each acid batch reached steady state 
(i.e., reaction complete) after an average of7 days based on in-tank monitoring of waste pH 
levels. After the acid reaction reached steady state, dissolved wastes were transferred via a pump 
to DST AN-I 06. 

Recirculation of the oxalic acid batches was no longer possible after removal of the 
mixer-eductor following the fourth acid batch. However, good contact between the waste and 
acid was realized without recirculation because most of the waste had been leveled into a thin 
layer, atlowing the majority of the waste to be submerged in acid. 

The modified sluicing technology used a hydraulic process that deployed an articulated 
high-pressure water head that moved the slurry to the retrieval pump intake. In the 2003 
retrieval campaign, sluicing was initiated after the third acid batch and used after each 
subsequent oxalic acid batch to remove additional waste. The equipment configuration of the 
single sluicing nozzle reached the limit of operational effectiveness to retrieve solid waste after 
the fourth acid dissolution cycle nnd second sluicing retrieval. The single sluieer nozzle which 
was located in riser 3 was no longer effective in moving solids from the far side of the tank to the 
pump in the middle of the tank. Additionally, sluicing created piles of solids against the tank 
walls in the location of the tank circumference farthest from the sluicer. The motive force oflhe 
sluicer nozzle at this configuration of waste was not able to m·ove the remaining waste to the 
pump intake. · 

In response to the diminished performance of the single sluiccr head, the mixer-eductor was 
replaced with a second sluicer nozzle. The second nozzle was installed in riser 7 and was used to 
break up the remaining waste piles and move the waste to the pump intake. Following this. 
oxalic acid was added for a sixth time to dissolve the remaining waste. The residual waste 
volume represents the quantity remaining after stuicing following the sixth oxalic acid addition 
and fourth sluicing operation. 

Table 1 contains the material balance of the sluicing operations. The material balance for the 
sluicing operations was recorded to dctenninc the approximate volume of waste that was 
transferred with each batch. Waste retrieval technology efficiency, based on percent solids in the 
slurry, w.is calculated to document the perfonnance of this technology. An observed declining 
trend of waste removed for each sluicing operation ranged from 8% for the first operation to 
0.3% for the final operation. 

Slulce 
operation 

1 

2 
3 

4 
Note: 

Table I. Material Balance Estimates for Sluice Water Additions to 
Single-Shell Tank 241-C-106. 

Volume of Volume Volume transferred to Relrieval efficiency water added lncrrase DST AN-106 
(iat) (lal) (1:al) (estlnulcd volume o/•) 

56,160 4,873 61,033 8 
46,472 1,607 48,079 3.3 

59.228 851 60,085 1.4 

83,SOl 2l7 83,718 0.3 

DST• double-shell t.111k. 
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Three measures were used to dctenninc that modified sluicing and acid dissolution had reached 
the limit of technology performance (RPP-19919, Campaign Report for the Retrieval of Waste 
/lee/from Tank 241-C-106). The measures are as follows: 

1. Acid Dissolution - The purpose of the acid dissolution process was to dissolve the sludge 
and the solid waste prior to sluicing. The result of this reaction included increased 
solution density and smaller waste particle size which allowed increased waste removal 
once sluicing commenced. The smaller particle size enabled more waste to be entrained 
during sluicing and subsequently pumped out of the tank. The estimated 18,000 gal of 
waste left in the tank, following the April 2003 pumping of 18,000 gal of liquids from 
SST C-106 and prior to retrieval, using modified sluicing and acid dissolution, was 
equivalent to a layer that averaged about 6.5 in. across the bottom of the 75-fl diameter 
tank. After oxalic acid was added, the waste was soaked to allow the waste digestion 
process to complete (acid reaction stabilized) and the acid pool was agitated by the 
mixer-eductor to facilitate the acid-waste reaction. At the completion of the soak period, 
lhc retrieval pump was used lo remove the solution including entrained waste from the 
tank. 

The acid dissolution reacted as predicted in the process control plan {RPP·13707, Process 
Control Plan/or Tank 24J-C.f06 Closure) and the data was recorded for each batch until 
steady-state pH readings were attained. Oxalic acid was added in six separate batches 
during the retrieval, and the dissolution perfonnance ended in diminished returns for the 
last two acid batches. In the final batch. the pH of the solution showed a gradual increase 
during the first 6 days indicating that the acid was reacting with the waste and then no 
increase (steady state) during the rest of the contact period. The average pH over the last 
4 days was approximately 0.79, but never reached the expected acid depletion endpoint (a 
pH of about 1.5), indicating that the exposed waste was fully reacted. This was an 
indication that all the waste available to dissolve had reacted. that some waste remained 
unreacted, and that the limits of this technology to further dissolve and entrain waste had 
been reached (RPP·20110, Stage I Retrieval Data Report/or Single-Shell Tank 241-C-
106). The result of waste forms not dissolving in the acid arc consistent with the 
laboratory testing,\vhich documented that up to 30% of the solids would not dissolve in 
oxalic acid (RPP-17158). 

2. \Vaste Entrainment -The waste solids remaining were resistant to further breakdown to 
a smaller size either by acid dissolution or by mechanical breakup by the sluicing stream. 
This was documented by the diminished mass transfer of solids in the waste slurry 
pumped from the tank (RPP-20577, Stage II Retrieval Data Report/or Single•Shell Tank 
24/.C-106). Therefore, the remaining solids would not likely be entrained in waste 
slurry at a rate equal to or higher than the efficiencies documented in Jhc last sluicing 
batches. 

3. Sluicing Nozzle Efficiency• The waste that could be mobilized to the pump intake had 
been moved to within the influence of the pump and retrieved as shown in the 
post-retrieval video (RPP-19866, Ca/c11/ation for the Post-Retrieval Waste Volume 
Detcm1inatio11for Tank 241-C-106). The perfonnance criteria of the sluicing nozzle 
included breaking up the solid waste and moving the waste to the pump intake. In this 
retrieval. when the acid dissolution pcrfonnance began to diminish, the single sluicing 
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nozzle became ineffective in moving the remaining solid waste to the pump inlet. The 
mixer-eductor was then removed and replaced by a second nozzle which allowed the 
remaining piles of waste to be moved toward the pump inlet or spread out to faci1itate 
additional exposure of waste surfaces to acid. During the last sluicing, the two nozzles 
were not able to appreciably move additional waste to the pump inlet as indicated by the 
diminishing amount of entrained waste recorded. 

At the limit of waste retrieval technology performance for modified sluicing and acid dissolution, 
approximately 467 fl3 of waste based on the 95% upper confidence level remained in SST C-106. 
The residua] waste estimate based on the 95% upper confidence level reflects uncertainty in the 
residual waste measurement technique. The actual waste volume measurement (also known as 
the nominal residual waste volume) in SST C-106 at the limit of the retrieval technology was 
calculated consistent with the methodology identified in Appendix H, Attachment J, to be 
approximately 370 fi3

• The residual waste volume at the 95% lower confidence level is 215 ft3• 

Sec Section 2.3 for additional information regarding residual waste volume estimates and the 
characteristics of the residua] waste remaining in SST C-106. 

2.1.3 Conclusf ons 

The limits of technology for retrieving waste from SST C-106 have been reached for deployment 
of the foltowing: 

• • Sluicing (1998-1999) as concurred with by Ecology in Fitzsimmons (1999) 

• Modified sluicing with acid dissolution (2003) based on the technology performance data 
summarized above and documented in RPP-19919. 

2.2 EVALUATION Of WASTE RETRIEVAL 
TECHNOLOGIES 

This section responds to HFF ACO, Appendix H. Attachment 2, Criteria #3: "Potential for future 
·waste retrieval technology development that could achieve the waste retrieval criteria, including 
schedules and costs for development and deployment of technologies." This section describes 
and compares evaluations of additional waste retrieval technologies that arc currently available 
(i.e., do not require further research and development before deployment) consistent with the 
description of additional retrieval technologies provided in HFFACO, Appendix H. It also 
describes future potential waste retrieval technologies requiring research and development that 
have potential for future deployment at the Hanford Site tank farms but arc not sufficiently 
mature to evaluate for deptoyment at this time. The information provided documents that three 
additional technologies (modified sluicing, Vacuum Retrieval Systems [VRS], and Mobile 
Retrieval System[MRS]) configured in four alternatives are sufficiently mature to evaluate for 
potential deployment to retrieve additional waste from SST C-106. Cost, schedule, and 
performance data arc presented, as well as an assessment of technical uncertainties potentially 
limiting the ability of the technologies to effectively retrieve waste to the HFFACO retrieval 
criteria. Information is also provided on other potential future technologies that, at this time, are 
not sufficiently technically mature to support cost, schedule, and performance evaluations. 
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2.2.1 Additional AvaUable Waste Retrieval 
Technologies 

Evaluation of additional waste retrieval technologies was performed using a three-step process 
that included: 

• Identifying the retrieval functions the technologies would need to perform 

• Identifying retrieval technologies/alternatives that could be deployed in SST C-106 
without further research and development 

• Comparing the relative effectiveness of the additional available technologies/alternatives 
against performance objectives. 

2.2.1.1 Additional Available Waste Retrieval Technologies. Additional waste retrieval 
technologies that arc currently available at the Hanford Site and could be scheduled for 
deployment in SST C-1O6 include: 

• Modified Sluicing -Consists of sluicing system (water supply, nozzles, and controls); a 
centralized pump; and a transfer system. Modified sluicing has been or is currently being 
deployed on saltcake tanks (SSTs S-1O2 and S-112) and sludge tanks (used in SST C-1O6 
and planned for deployment in SSTs C-103 and C-IOS). 

• Vacuum Retrieval System (VRS)-Consists of an articulated vacuum mast, batch 
vacuum vessel, control system, and a transfer system. VRSs are being or will be 
deployed at C-2OO, U-2OO, B-2OO, and T-20O series tanks. 

• Mobile Retrieval System (MRS)-The MRS is a combination of the VRS and an 
in-tank vehicle (ITV). The system is currently slated for deployment on SSTs T-l lO 
T-111, C-1O1, C-110, and C-111. The MRS is typically identified as the waste retrieval 
technology for leaking 100-scries tanks. 

• Chemical Addition -The chemical addition system consists of adding chemicals to 
dissolve and loosen up waste. The chemical addition system was recently deployed on 
SST C-106. 

Table 2 shows the available retrieval technologies and describes how wel! the technologies 
perform various waste retrieval functions including: 

• Dissolving waste 
• Breaking up agglomerated waste 
• Mobilizing/moving waste in the tank 
• Transferring waste out of tank 
• Minimizing waste volume. 

Many of the waste retrieval technologies that could be deployed in the near-term could satisfy 
multiple retrieval functions. 
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ftthnology 

Dlssoh·e waste systems 
Modified Via water addition 
Sluicing- through spray 
Saltcake Tank nonles or pump 

drop-leg. Waste 
dissolution also 
ocrurs during soak 
pniods. 

Modified NIA 
Sluicing-
Sludge Tanlc 

Vacuum NIA 
Retrieval 

Mobile NIA 
Retrieval 

Chemical Via chemical 
Addition addition and 

soaking. 

Note,: 

11V • in-tanlc vehicle. 
N/ A • 110( applicable. 

Table 2. Comparison of Technologies and Functions. 
Fun~tlon, 

Brulcup waste .:\foblllze/mo,·e waste In Transport waste 
tank outo(tank 

Via water nozzles. Not Via directed water spray Via in-tank pump. 
all waste will breakup from nozzles. Not all Waste particles must 
via water agitation. waste can be directed to the be small t'T'lough to 

pump intake via w11ter pass through pump 
spray. intake scrttn. 

Via water nozzles. Not Via water nozzles. Not all Via in-tank pump. 
all waste will breakup waste can be directed to the Waste panicles must 
via water agitation. pump intake via water be small enough to 

spray. pass through pump 
intake scrten. 

Waste within vacuum Waste wtthin VIIC'\IUffl wand Waste is J't'fflOved 
wand operating radius operating radius is from the tank via the 
broken up via vacuum moved/mobilized via the vacuum wand 
wand and scarifying vacuum mast SUctiOT'I and suction. 
nozzles. physical manipulation with 

the vacuum wand. 
Waste within vacuum Vacuum wand and Waste is removed 
wand operating ndius scarifying nozzles in radius from the tank via the 
broken up via vacuum ofinOuence, ITV in all vacuum wand 
wand and scarifying floor atta.s. suction. 
nozzles. Waste located 
on the floor of the tanlc 
can be brolcm up via the 
ITV blade or tracks or 
water cannon. 
Dissolves waste and NIA. Must be combined NIA. Must be 
potentially sof\C'I\S solids. with other waste transport combined with other 

technology. waste transport 
technology. 

Transport to 
rttth·er tank 

Via in-tank pump. No 
booster pump is 
required. 

Via in-tank pump. No 
booster pump is 
required. 

Ex-tank vacuum vessel 
and booster pump. 

Ex-tank vacuum vessel 
and booster pump. 

NIA. Must be 
combined with oth~ 
waste transpon 
technology. 

~flnlmfze waste 

Waste minimized by using 
11s little water as possible 
11nd optimizing conditions 
such as raw water 
temperature. 

Waste minimized by using 
as little water as possible. 
Could be accomplished 
through recirculation of 
su~atant. 
Waste minimized by using 
as little wakr as possible. 
Could be accomplished 
through recirtulation of 
supernatant 

Waste minimized by using 
as little water as possible. 
Could be accomplished 
through recirculation of 
supernatant. 

Waste minimi1ed by using 
as little chemical addition 
as possible. 
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2.2.1.2 Development of Retrieval Alternatives using Additional Available Technologies. 
A range of alternatives were identified to compare the ability oflhe technologies to meet 
pcrfonnance criteria (e.g., dissolve and break up waste and mobilize and transfer waste). 
Alternatives were identified by combining waste retrieval technologies, as necessary, to satisfy 
all the functions of waste retrieval. In this section, alternatives arc discussed and costs, 
schedules, and deployment requirements are identified. The basis for water usage and detailed 
cost estimates for each alternative is documented in RPP-20577, Section 4.1.3. 

While it is the overall goal to define systems that will remove as much of the residuals as 
possible, the alternatives described below are discussed in the context ofa common "minimum 
volume goal., of200 ft3 (i .e., removal of 160 fl1). At the 95% confidence interval of residual 
waste remaining in a tank, 467 ft3 are present in the tank and the alternative retrieval technology 
selected must retrieve at least an additional 107 ft3 of waste from the tank to reach the 360 fl3 

residual waste volume requirement. To ensure the residual waste volume in the tank is less than 
or equal to the 360 ft3 requirement, the removal volume goal was conservatively set at 160 fl3 

based on the estimation error associated with the residual waste volume detennination and the 
additional uncertainties associated with the waste retrieval technology pcrfonnancc. 

Each of the alternatives potentially could attain the minimum volume goal; however, there are 
differences in costs, schedule, and w:iter usage impacts to the DSTs and the evaporator, as well 
as ease of implementation and technical risk. 

Each of the four alternatives for deployment of additional retrieval technologies discussed in this 
section pose technical challenges and risks that may inhibit their capability to attain the 
HFF ACO retrieval criteria. Among the areas of technical uncertainty are: 

• MRS and VRS systems have yet to be demonstrated in Hanford Site SSTs. Retrieval 
demonstration projects are planned to establish the technical limits for each of these 
technologies. However, until the demonstrations are complete on comparable tanks 
(i.e., I 00-series tanks) and tank waste (i.e., residual sludge) assurance that either 
technology could retrieve waste to the JIFF ACO retrieval criteria remains uncertain. 

• Three of the technologies involve deployment of modified sluicing using existing or new 
equipment (e.g., pumps) under new configurations of risers. The 2003 retrieval campaign 
involved several mid-campaign optimizations (e.g., reconfiguration of nozzles) of 
equipment and/or operations that enhanced retrieval effectiveness but failed to complete 
retrieval of waste to the HFFACO retrieval goal. Further optimizations incorporated into 
the evaluated alternatives may result in additional waste retrieval, however, the quantity 
of waste that will be retrieved under the alternatives is uncertain. 

2.2.1.2.1 Alternative A-Raw Water Modified Sluicing (Current Equipment). For 
Alternative A, the current SST C-106 modified sluicing system would be restarted and operated 
to remove tank waste until the minimum goal is satisfied. It is anticipated that the volume of raw 
water required to attain the minimum volume goal is 1,870,000 gal (RPP-20577, Appendix D). 
Restarting the SST C-106 modified sluicing system includes the following steps: 

• Complete C-200 series tank waste retrievals. Equipment and resources required to 
retrieve additional waste from SST C-106 arc not available until completion or 
interruption of C-200 series tank waste retrievals. 
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• Re-connect the hose-in-hose transfer line (HIHTL) from SST C-200 series tanks to the 
SST C-106 system. 

• Re-install and/or reconnect any SST C-106 equipment that has been decommissioned. 

• Operate sluicers and pump until minimum volume goal or lower has been achieved. 

• Evaluate volume remaining. 

• Collect samples and characterize. 

• Decommission equipment. 

The use of oxalic acid or a substitute chemical such as nitric acid or a chemical solution such as 
oxalic acid and nitric acid combined is not expected to be more effective than sluicing. Oxa1ic 
acid was added in six separate batches during the retrieval in 2003. Diminishing returns were 
achieved wilh the last two acid batches. In the last batch, the pH after 8 days was about 0.79, 
and the reading did not increase over the last 4 days. Fully depicted oxalic acid is expected to 
reach a pH of 1.5. The lower pH indicates that all of the reactive solids had reacted. These 
results confirm laboratory testing that showed that about 300/o of the solids would not dissolve in 
oxalic acid. Because the solids in the tank have been exposed to multiple batches of oxalic acid, 
additional dissolution of the solids would be minimal. 

Use ofan alternative acid or mixture of acids is not expected to be effective based on the 
laboratory work (RPP-17158). The laboratory tests at the Savannah River Site and Hanford Site 
showed the oxalic acid was generally as effective as any other acid for dissolving the sludges in 
the storage tanks. The use of nitric acid was only slightly more effective than oxalic acid for 
these sludges. Nitric acid was rejected for use because of the marginal dissolution improvement 
and the measurable oxidation of tank surfaces. At this time nitric acid is not considered suitable 
for tank waste retrieval. For these reasons, chemical addition/modified sluicing is not evaluated 
further. 

The estimated implementation cost for Alternative A is approximately $1.9 million and there 
would be $3. 7 million in evaporator costs resulting in a total retrieval and storage cost of 
$5.7 million. Due to the high volume of water required for this alternative, the anticipated 
duration of retrieval from start to finish is approximately 12 months. 

2.2.1.2.2 Alternative B-New Modified Sluicing with New Slurry Pump. Alternative B 
consists of the design, procurement, construction, startup, and operation of an entirely new 
modified sluicing system specifically designed for the sludge residuals in SST C-106. This 
alternative would support the use of recycled DST supernatant as the sluicing medium 
minimizing total liquid volumes. However, use of DST supernatant would introduce new waste 
to the tank and may require flushing with raw water in later stages of the retrieval campaign. 
The system would include new pumps and sluice nozzles installed in new risers designed to take 
the residual volume from current levels to below the minimum volume goal. The new slurry 
pump may be a progressive cavity. or other type capable of pumping solids. The existing 
transfer route to the AN tank farm would be used once the C-200 series tank retrievals arc 
completed. It is anticipated that the volume of additional raw water required to attain the 
minimum volume goal is 90,000 gal. Implementing the Altemative B system includes the 
following steps: 
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• Complete C-200 series tank waste retrievals. Equipment and resources required to 
retrieve additional waste from SST C-J 06 arc not available until completion or 
intemiption ofC-200 series tank waste retrievals. 

• Re-connect the HIHTL from C-200 series tanks to SST C-106 system. 

• Replace existing pump with new pump (assume progressive cavity with "fluidizer head''). 

• Construct two new risers and install two new sluiccr nozzles. 

• Re-install and/or reconnect any SST C-106 equipment that has been decommissioned. 

• Operate system until minimum volume goal or lower has been achieved. 

• Evaluate volume remaining. 

• Collect samples and characterize. 

• Decommission equipment. 

The estimated implementation cost for Alternative Bis approximately $5.7 million and there 
would be $180,000 in evaporator costs resulting in a total retrieval and storage cost of 
$5.9 miJlion. The anticipated schedule duration from start to finish is 12 months. 

2.1.1.2.3 Alternative C- Modified Sluicing (Current Equipment) Followed by New 
Vacuum Retrieval System. Alternative C is based on the use of modified sluicing to cleanup 
the tank bottom and remove as much ns is possible in a short period ofcime (with minimal 
water). Two new risers would then be installed near or above the areas where waste solids and 
fines arc located. Vacuum system masts would be installed in the new risers to retrieve as much 
of the waste solids and fines that would fal1 within the approximately 20-ft vacuum mast radius. 
This would be a batch process where waste would be vacuumed into the batch vessel fo1Iowed 
by water addition and slurry of the waste to the AN tank fann via the existing SST C-106 
HIHTL. 

The work consists of the design. procurement. construction, startup. nnd operation of the existing 
modified sluicing system and an entirely new YRS specifically designed for the sludge residuals 
in SST C-t 06. The current YRS design for D-200 series tanks would be used as a starting point. 
The Alternative C system woutd be operated to remove tank waste untH the minimum volume 
goal is attained. It is anticipated that the volume of additional raw water required to attain the 
minimum volume goat is 225,000 gal. Implementing the Alternative C system includes the 
following steps: 

• Complete C-200 series tank waste retrievals. Equipment and resources required to 
retrieve additional waste from SST C-106 arc not available until completion or 
interruption of C-200 series tank waste retrievals. 

• Re-connect the HIHTL from the C-200 series tanks to the SST C-106 system. 

• Re-install nnd/or reconnect any SST C-106 equipment that has been decommissioned. 

• Operate the modified sluicing system to cleanup the tank bottom. 

• Install two new risers above or near the waste solids and fines (accounting for the 
vacuum mast 20 ft radius). 

• Install two vacuum masts. 
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• Operate the VRS until minimum volume goal or lower has been achieved. 

• Evaluate volume remaining. 

• Collect samples and characterize. 

• Decommission equipment. 

The estimated implementation cost for Alternative C is $10.2 million and there would be 
$450,000 in evaporator costs resulting in a total retrieval and storage cost of$10.6 million. The 
anticipated duration for retrieval from start to finish is 16 months. 

2.2.1.2.4 Alternative D-1\loblle RetrJeval System. The MRS consists of a VRS in 
combination with an ITV. Alternative D consists of the design, procurement, construction, 
startup, and operation of a new MRS specifically designed for the sludge residuals in SST C-I 06. 
The existing transfer route to the AN tank fann would be used once the C-200 series tank waste 
retrievals are completed. The MRS would be operated to remove tank waste until the minimum 
goal is satisfied. The MRS generates water from the vacuum system and requires significant 
water to transfer wastes to the AN tank fann. It is anticipated that the volume of additional raw 
water required to attain the minimum volume goat is 175,000 gal. Retrieving SST C~I06 with 
the MRS includes the following steps: 

• Complete C-200 series tank waste retrievals. Equipment and resources required to 
retrieve ndditiona\ waste from SST C-106 are not available until completion or 
interruption ofC-200 series tank waste retrievals. 

• Re-connect the HIHTL from C-200 series tanks to the SST C-106 system. 

• Install new ITV riser. 

• Install the new ITV. 

• Remove the Gonnan Rupp pump from riser 13. 

• Install vacuum system. 

• Operate MRS until minimum volume goat or lower has been achieved. 

• Evaluate volume remaining. 

• Collect samples and charnctcrize. 

• Decommission equipment. 

The estimated implementation cost for Alternative Dis approximately $13.1 million and there 
would be $350,000 in evaporator costs resulting in a total retrieval and storage cost of 
$13.S million. The anticipated duration of retrieval from start to finish is 18 months. 

2.2,1.3 Comparative Evaluation of Available Waste Retrieval Alternatives. The four 
alternatives identified in Section 2.2. l.2 were comparatively evaluated using three methods. The 
first method compared how well the waste retrieval alternatives satisfied the retrieval functions 
identified in Section 2.2.1.1. The functions compared included: dissolving. breaking up, 
mobilizing, transferring, and minimizing waste. Table 3 presents the results of this comparison. 
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The second method used to compare the alternatives was a comparison of the costs (retrieval 
implementation as well as evaporator costs for supporting efficient DST storage of the retrieved 
waste), schedules (start to finish for the retrieval function only). impacts on near-tenn DST 
storage (storage required to support retrieval and prior to evaporation), and the estimated total 
cost per cubic foot of waste retrieved to meet a minimum target level of waste retrieval that 
would ensure attaining the HFF ACO retrieval criteria, given measurement and retrieval 
technology performance uncertainties. For this eva\uation comparable information was 
presented for the 2003 retrieval campaign. Table 4 summarizes the resu1ts of this comparison. 

• River Protection Project (RPP) Total Retrieval and Stornge Cost - Costs include the 
up-front design, procurement, construction, and operation costs as well as the costs from 
additional volume to the evaporator. The costs nre summarized in Table 4. The costs 
ranged from $5.7 million for Alternative A to $13.5 million for Alternative D. The cost 
is an estimate of the potential costs associated with each alternative. Costs not included 
in the estimate include costs associated with decontamination and decommissioning 
and/or disposal of equipment used under each alternative, and the cost of treatment and 
disposal oflhc retrieved waste. Costs not included in the retrieva1 alternative estimates 
are not included in retrieval project estimates under the RPP cost estimate process. 

• Schedule - Alternatives A and B could be completed in the shortest amount of time. 
12 months. While Alternative D would require approximately 18 months to complete. 

• Cost Per Cubic Foot or Waste Volume Removed During Retrieval by Alternative -
Table 4 presents the RPP retrieval and storage total costs by alternative as well as the 
targeted volume of waste removal estimated for the additional retrieval technology 
alternatives. The table also presents comparable data for the 2003 retrieval campaign, 
including the costs and volume of waste removed associated with liquid pumping and 
deployment of modified sluicing and acid dissolution. Based on the data in Table 4, 
Figure l illustrates the comparison of the cost per cubic foot of waste removed for the 
alternatives evaluated in this document as well as the 2003 retrieval campaign. The 2003 
retrieval campaign costs approximately $5,160/fi3 of waste retrieved from SST C-106. 
The cost per cubic foot of waste retrieved for the four additional evaluated alternatives 
would range from $35,000/f\3 to $84,000/fi3. These costs per unit of waste removed are a 
factor of 7 to 16 times greater than experienced for the 2003 retrieval campaign. 

lt is assumed that the appropriate nsscssmcnts (e.g., criticality. waste compatibility, infrastructure 
impacts [e.g. transfer lines and evaporator availability], and sequence impacts) would be 
performed for each alternative before design and implementation of a given alternative. These 
assessments arc not part of this discussion. 

The fina1 method used to compare the alternatives was n value engineering process which is 
summarized below with supporting information presented in Appendix A. For the purpose of the 
analysis, the four alternatives identified above and a no further action case were considered. The 
no-action alternative assumed no further waste retrieval activities were initiated for SST C-\06. 
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Figure 1, Compari:;on of the Cost per Cubic. Foot of Waste Retrieval hctw1?.e.u the 2003 Retricv<1l 
Campaign and the Additi.onal RcLrieval Technology Alternatives , 
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Paired compftrison. analysis is particularly beneficial in l?.Stablishing priorities whim there ari:: 
conflicting demands (e.g .• cost versus schedule) on limited r('.sources. The f}aired C<)mparison 
~ina1y:~is aided in establishing the relative importance of the following evaluation criteria.: 

" Cost of the Alternative. This criterion includes aH facets of thi?. ttltemative. A higher 
value means the tot.-1J cost Jor installing, operating, m1d demobilizing the particular 
technology is less than other t,~hnologics that arc bdng considered. A higher value also 
means that the total estimated eost contain::; a higher level or conf:idet1ce 1hr compk:ting 
,:vit.hin the ind.ica1cd estiroate at completion. 

• Scbc<luk for the Alternative. This criterion includes all facets of the alternative . 
. A higher vah1e me.am:; the tota l duration for installing. operating, and demobilizing of the 
particular kdmo1ogy is shorter than other technologies that are being considt'.'.rcd and that 
the schctfole contains a. higher level of C(111.fidcncc for achieving the scheduled end d<1te. 

• Risk t.o \ Vorkcrs Jor the Alternative. This criterion includes ALAR.A consi.dcrations 
for both industrial (e.g. , structural, chemical, dcctrical) a:nd radiological sMety and 
health, A higher value mcuns lower risk to the Wt.)rkl?.r for impkmenting that particular 
technology. 

• Ease of lmJ.llemcntation for the Alternative. Thil:i criterion refers to the levd: or 
difficulty that eac.h alternative may include when installing, t)pi?.ra:ting. and d('.1nobiliz1ng 
equipment,. instruments, etc. It ufao includes the level. of proj1::ct and technical risk 
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associated with implementation. A higher value means comparatively Jess difficulty for 
implementing and less risk for that particular alternative. 

• The Risks to the Public or Non-Occupational Personnel for the Alternative. Usually 
this criterion includes near-tenn or long-tenn releases to the air or surrounding soils that 
account for the potential risk to the environment. A higher value means comparatively 
lower risk to the public for that particular alternative. 

• Impacts of each AUernatin to the RPP Mission. This criterion assesses the potential 
for each alternative to divert or delay other activities or programs that would otherwise be 
compJcted. A higher value means comparatively lower impacts for that particular 
alternative. 

Appendix A contains the results or the paired comparison analysis. The analysis was supported 
by subject matter experts from the DOE Office of River Protection and CH2M H[LL Hanford 
Group, Inc. (CH2M HILL) and included representatives or retrieval engineering, strategic 
planning. process engineering. tank closure, and regulatory compliance. 

The analysis was based on available knowledge and engineering judgment relevant to 
SST C-106. The comparison established that of the above listed six criteria, minimizing risk to 
workers and risk to human health and the environment were the dominant criteria (53 and 28, 
respectively, out of a total potential base score of 100). The remaining four criteria were scored 
between 2 and 7 out ofa Iota] potential base score of 100. Using the weighed evaluation criteria 
the subject matter experts then used an independent scoring process to complete a rated criteria 
analysis (based on the Kepner-Tregoc method described in the New Rational Manager) of the 
four retrieval alternatives and a no-action case. Each alternative was ranked on a scale or l to 10 
for each of the six criteria (10 representing the highest score and l the lowest). The basis for the 
assignment of the ranked score for each alternative by each criterion is provided in Appendix A. 
After each alternative was ranked against each of the criteria. the rank score was then multiplied 
by the weighing assigned to the criteria under the paired comparison and the scores were tallied 
to derive a relative ranking ofthe aJtemalives. The ranking and weighing is only directly 
pertinent to decisions on SST C~ 106 waste retrieval. 

Figure 2 represents the results of the two~step analysis. The analysis determined that the highest 
ranked alternative based on the six evaluation criteria was to take no further action for 
SST C-106 waste retrieval. This result was largely driven by the relatively higher risk to 
workers of all of the other alternatives compared to no action and the relatively minimal levels or 
human health and environmental risk reduction for Alternatives A through D compared to no 
action. To test the sensitivity of the analysis to a change in the relative weighing of the dominant 
criteria (worker risk and human health and environmental risk) the weighing or these criteria 
were reversed (53 for human health and environment and 28 for worker risk). Figure 3 
illustrates that the overall relative ranking or the alternatives remained unchanged. Taking no 
further action remained the highest ranked alternative. However, Alternative D replaced 
Alternative A as the second ranked alternative. Other than changing the comparative ranking of 
the four retrieval alternatives the other major difference between the results documented in 
Figures 2 and 3 was that the differences in total scores between the four retrieval alternatives was 
diminished. 
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Figure 2. Relative Comparison of SST C- 106 Additional Retrieval Al.tcrna1i ves. 
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2.2.2 Potential Future Waste Retrieval Technologies 

This section describes waste retrieval technologies that are not currently available for 
deployment in the Hanford Site tank farms. The technologies discussed in this section were 
identified, in part, based on their assumed potential to remove some or a11 of the residual waste in 
SSi C-106. Removal of all waste or a signi fie ant portion of the waste may require deployment 
of multiple technologies. 

Past evaluations of government and industry retrieval projects have supported the identification 
and development of the technologies discussed in Section 2.2.1 and this section (RPP-7807, 
Single-Shell Tank C-104 Full Scale Sludgelllard /lee/, Confined Sluicing and Robotics 
Technology Waste Retrieval Teclinology Functions and Requirements, and RPP-10901, Hanford 
Federal Facility Agreement and Consent Order Milestone M-45-05-T/7: S-102 lnWal Waste 
Retrieval Functions and Requirements). The technologies discussed below arc at varying stages 
of development with some requiring substantial investment in research and development while 
others have been deployed elsewhere and would need to be adapted for deployment at the 
Hanford Site. None of the technologies discussed in this section arc currently planned for 
deployment in support of tank waste retrieval. If one of the technologies were identified for 
potential use in support of waste retrieval at SST C-106 or any other tank, the schedule for the 
initial deployment would range from 3 to 5 years depending on the maturity of the technology 
(HNF-4454, Alternatives Generation and Analysis C-104 Single-Shel/ Tanks Waste Feed 
Delivery). Activities that would need to be completed would include engineering, procurement, 
testing. and construction. 

2.2.2.1 AEA Technology Power Fluldics1
• CH2M HILL has been working with AEA 

Technology Engineering Services (AEAT) over the last several years to evaluate the power 
fluidic concept for sampling, mixing, and pumping lank waste nt the Hanford Site. AEAT also 
provided fluidic pulse jet mixers for use in the five S0,000-gal Bethel Valley Evaporator service 
tanks. They also provided a unit for use in a 55,000-gal horizontal tank at Oak Ridge National 
Laboratory (ORNL) with n capital cost reported at $550,000 (DOFJEM-0622, Innovative 
Technology Summary Report R11ssian Pulsating Mixer Pump). 

A technology search and evaluation of potential technologies applicable for retrieval of saltcake 
waste from Hanford Site SSTs (RPP-6821, Technology Evaluation Report/or S-103 Saltcalce 
Dissolution RetriC\lal Demonstration) recommended the fluidic mixing and pumping systems 
such as developed by AEAT be considered to demonstrate dissolution retrieval of saltcake waste. 
It was noted in this evaluation that the fluidie mixing/pumping technology is not only capable of 
supporting recovery of soluble salt waste, but is also suited for mobilization and retrieval of 
insoluble solids (e.g., sludge waste). Subsequently, an evaluation was carried out on the fluidic 
mixing and pumping for application in the Hanford Site SST retrieval program (RPP-7819, An 
Evaluation of Power FluidicsTM ML"Cing and Pumping/or Application in the Single Shell Tank 
Retrieval Program). The AEAT test report Single Shell Tanks 1/anford Cold Test Facility 
Prototype Fluidic System Test Report (2135-4-0 I 5) provides an overview of the fluidic 
equipment, test simulants, test program, test results, and conclusions and recommendations. 

1 Power Fluidics is a tradcm3rk of AEA Technology Engineering Services, Pittsburgh, Pennsylvania. 

2-18 



Page 36 of 69 of D5134611 

RPP-20658, REV. 0 

2.2.2.2 Russian Pulsatlle Mixer Pumps/fluid le Retrieval Systems. CH2M HILL has worked 
with the Russian Integrated Mining and Chemical Combine organization at Zheleznogorsk in 
conjunction with the American Russian Environmental Services Inc., over the last several years 
to evaluate their fluidic concept for mixing and pumping tank waste at the Hanford Site. The 
system is generally similar to the AEAT system, but has design details different for the pump 
mechanism and nozzles. While the AEAT system has no moving parts in the pump, the Russian 
unit employs a simple check valve mechanism. Both systems use two distinct cycles, fill and 
discharge, to i,crform mixing action. More detailed technical descriptions of the Russian 
pulsatile mixer pump, the testing program which also involved Battelle Pacific Northwest 
Division as well as Russia, and initial results of the deployment in one of the Gunite and 
Associated Tanks at ORNL to mobilize settled solids arc provided in Russian Pulsating Mixer 
Pump Deployment in the Gunite and Associated Tanks at ORNL (Hatchell et n1. 2001). The 
design and fabrication of the pulsatilc mixer pump occurred in a Russian facility that docs not 
work to U.S. standards, so full compliance with U.S. standards was not achieved. The alliance 
with American Russian Environmental Services Inc., is intended to allow fabrication in the 
United States to U.S. standards in the future. The pump is capable of being deployed through n 
22.S-in. diameter opening. 

A third-generation pulsating mixer/sluicer with a dual nozzle design was developed and has been 
tested with nonradioactive simulants in 2001 and 2002. A fourth generation dual nozzle 
pulsating mixer/sluicer underwent cold testing and has been developed for use at the Mining and 
Chemical Combine nuclear facility in Zheleznogorsk, Russia, to retrieve radioactive sludge from 
the bottom of their 12-m diameter by 30-m high nuclear waste tanks. The large-scale simulant 
tests of the concept for retrieving tank waste at the Hanford Site were observed in Russia by 
Hanford Sile staff in 2002. This unit can be deployed through a 12-in. diameter riser, and is 
designed to operate with a minimum amount ofliquid (15 cm is expected to be feasible) 
(Gibbons et nl. 2002, Russian Technology Advancemenls for Wasle Mixing and Retrieval). This 
year (2004), the Russians are in the process of retrieving one of their large waste tanks using this 
technology. CH2M HILL has requested that DOE.HQ EM-21 fund this technology to provide a 
lessons-learned report following completion of waste retrieval. That request is under 
consideration. 

2.2.2.3 Small Mobile Retrieval Vehicles. 

• Remotely-Operated Vehicle Systems at ORNL - In the 1996-1998 timeframe, the team 
at ORNL deployed a series of hydraulically powered, remotely-operated vehicles. The 
first two were known as Houdini2 vehicles and were supplied by RedZone Robotics, Inc. 
The system was used in other tanks in conjunction with a wall-washing tool (the linear 
scarifying end-effector), the confined sluicing end-effector, and the Modified Light Duty 
Utility Ann3 (MLDUA). Many lessons learned are documented 
(ORNUTM-200l/l42Nl, The Gunite and Associated Tanks Remediation Project Tank 
Waste Retrieval Perfom,ance and lessons Learned; Vesco et al. 2001, Lessons learned 
and Final Report for 1/oudini-® Vehicle Remote Operation.'i at Oak Ridge National 

2 Houdini is a tr:idcmark of RedZonc Robotics, Inc., Pittsburgh, Pennsylvania. 
3 Modi lied Light Duty Utility Arm is a trade mar le of SPAR Aerospace, lid., Quebec, Canada. 
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Laboratory). Many features of these vehicles can be found in the unit currently 
developed at the Hanford Site for use in SSTs (DOE/EM-0587, Innovative Technology 
Summary Report Remotely Operated Vehicle (ROV) System for Horizontal Tanks). 

• TMR Associates\' AC TRAX' -The VAC TRAX is a remote-operated rotating 
high-pressure water jetting toot that directs ultra high pressure water to remove material 
coverings from a variety of surfaces; for example contaminated paint from concrete walls 
and floors. At higher pressures the VAC TRAX is capable oflight scabbling or deep 
scarification of concrete surfaces. The V AC TRAX is fully encapsulated with the water 
and debris vacuumed from the manifold of the VAC TRAX through a flexible vacuum 
hose (TMR Associates, 2004, website: http://tmrassociatcs.org/vac_trax.htm). This unit 
was used at Rocky Flats for cleaning floors, walls, and ceilings of a heavily plutonium 
contaminated hot cell. With a different end-effector it was used for taking a core of the 
concrete floor of the hot cell to determine the depth of plutonium contamination. 
Numatec Hanford, working with Fluor Hanford in FY 2003, employed TMR Associates 
to bring their equipment and crew to decontaminate the 233-S Plutonium Facility at the 
Hanford Site as preparation for dismantling the building. 

2.2.2.4 Tank Wall \\'ashing at West Valley Demonstration Project. During the early stage 
of waste retrieval at the West Valley Demonstration Project the waste retrieval process was very 
efficient. As the removal of the contents moved from bulk removal to heel and residue retrieval, 
the number of transfers and associated time per transfer climbed steadily (Hamel and Damerow 
2001, Completing JIUV Vitrification at the JVVDP; The Approach lo Final Retrieval, Flushing, 
and Characterization). Tethered robotics were evaluated, but not used for retrieval of the waste 
or characterization because of the many obstructions in the tank. Riser-mounted arms and 
positioning systems were developed to provide the capability to wash residues from the tanks' 
internal surfaces. Oxalic acid or mixed organic acids were not used because of concerns with 
carbon steel tank integrity. 

2.2.2.5 Dry Ice Blasting. Decontamination of surfaces using dry ice blasting is a relatively new 
cleaning process using solid CO2 pellets. The pellets sublimate (convert directly from a solid 
blast pellet to a vapor) leaving no residue. This is envisioned as a sand-less sandblasting 
approach to dislodge hard to remove residue from the tank surfaces. The dry ice is accelerated 
by compressed air and requires between 80 and 100 psi and 120 to 1 SO cfm (Lapointe 2004, 
Sand-less Sandblasting). The EPA identified dry ice blasting with solid pellets as a desirable 
alternate for cleaning metal surfaces in their fact sheet for alternatives to trichloroethane 
(EPA 2000, Technical Fact Sheet for l,l,l-Tricli/oroethane ([CA) Hazards and Alternatives). 

2.2.2.6 Modified Llght•Duty Utility Arm (MLDUA) at Oak Ridge. Concise reviews arc 
available describing the MLDUA, a custom long reach manipulator system developed, designed, 
and built by SPAR Aerospace, Ltd., the same organization that provided the long-reach 
manipulator system used on the NASA Space Shuttle program (Glassell et al. 2001, System 
Review of the Modifiecl Light Duty Utility Am, after /he Completion of the Nuclear Waste 
Removal from Seven Underground Storage Tanks at Oak Ridge National laboratory; and 
DOE/EM-0406, Innovative Technology Summary Report light Duty U1ility Arm). 

• V AC TRAX is a registered tradcm:irk ofTMR Associ:ites, Rutherford, New Jersey. 
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The LDUA has been used at Idaho National Engineering and Environmental Laboratory for 
gathering samples of waste heel materials in their smaller tanks. The MLDUA was used at 
ORNL for the cleanup of seven underground tanks, either 25 or 50 n in diameter. The MLDUA 
performed various types of operations in support of the underground tank waste cleanup 
operations (e.g., grasping the sluiccr to allow deployment of the hose management arm into the 
tanks. holding and maneuvering the sluicer to remove tank waste and waste material, and tank 
wall cleaning operations with high•prcssurc water jets). However, the MLDUA had some 
problems. Many lessons were learned in both manipulator operations within the tank and 
manipulator design. These lessons have not been incorporated into any subsequent versions to 
date. 

2.2.3 Conclusions 

The comparative evaluations of waste retrieval technologies which are currently available for 
deployment in support of additional waste retrieval from SST C-106 establish that: 

• Atl the additional available alternatives arc potentially capable of retrieving residual 
waste from SST C-106. However, the amount of waste that could be retrieved is 
uncertain and therefore even following deployment of an additional retrieval technology 
the HFFACO retrieval criteria may not be met. 

• The schedule for deployment and completion of waste retrieval for the alternatives for 
additional technologies range from 12 (Alternatives A and B) to 18 (Alternative D) 
months. 

• The cost of the alternatives ranges from $5.7 to $13.S million. The estimated costs do not 
include the costs associated with decontamination and decommissioning and/or disposal 
of equipment used under each alternative or the costs of treatment and disposal of the 
retrieved waste. 

• The 2003 retrieval campaign costs approximately $300/ft3 of waste retrieved from 
SST C-106. The cost per cubic foot of waste retrieved for the four additional evaluated 
alternatives would range from $35,000/ft3 to $84,000/ft3 or a factor of I 00 to 280 times 
greater than experienced for the 2003 retrieval campaign. 

· Technical uncertainty exists regarding the effectiveness of evolving technology discussed in 
Section 2.2.2 in removing residuals to the HFF ACO retrieval criteria. The potential technologies 
identified nre at varying stages of development with some requiring substantial investment in 
research and development white others have been deployed elsewhere and would need to be 
adapted for deployment at the Hanford Site. None of the potential rctrieva1 technologies arc 
currently planned for deployment in support of tank waste retrieval. If one of the technologies 
were identified for potential use in support of waste retrieval at SST C-106 or any other tank, the 
schedule for the initial deployment would range from 3 to S years depending on the maturity of 
the technology (HNF-4454). Activities that would need lo be completed would include 
engineering. procurement, testing, and construction. Without further evaluation it is not possible 
to estimate the cost for research and development of the potential waste retrieval technologies or 
to determine if a single technology or combination of technologies would be required to attain 
the retrieval criteria. 
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2.3 VOLUME AND CHARACTERISTICS OF 
RESlDUAL \VASTE 

This section responds to HFFACO, Appendix H, Attachment 2, Criteria #3: .. Volume of waste 
proposed to be left in place and it chemical and radiological characteristics of that waste/' The 
volume of residual waste in SST C-106 was detennincd following completion of the 1998-1999 
sluicing campaign and the 2003 modified sluicing with acid dissolution campaign. The 
inventory (i.e., chemical and radiological characteristics) of residual waste was calculated from 
grab samples taken before the introduction of the first acid dissolution batch (identified as 
pre-retrieval samples) and upon completion of the modified sluicing campaign (identified as 
post-retrieval samples). 

2.3.1 Volume of Residual Waste 

2.3.1.1 Volume at Completion of the 1998-1999 Sluicing Campaign. The waste volume in 
SST C-106 before the start of sluicing in 1998 was approximately 230,000 gal and consisted 
almost entirely of sludge. During the sluicing campaigns conducted in 1998 and J 999, a sludge 
height equivalent to 67.8 tank inches was transferred to DST AY-102. This height is equivalent 
to approximately 185,000 gal (HNF-5267). 

Estimates of the tank waste volume at the completion of sluicing were initially calculated using a 
mass flowmetcr (HNF-5267) and verified using additional methods (e.g .• mass transfer based on 
Enraf densitometer density profiles). Computer-aided design (CAD) waste surface topography, 
as described in the Tank 241-C-106 Component Closure Ac1io11 Data Quality Objectives 
(RPP· 13889) and known as the video camera/CAD modeling system (CCMS), was not applied 
to the tank waste volume until 2002 in preparation for the modified sluicing and acid dissolution 
campaign. Using video recordings of the inside of the tank and the CCMS, the volume of sludge 
(solids) and supernatant (liquids) remaining in SST C-106 was dctennined by two separate 
observations (RPP-12547). 

The volume detennination from the July 13, 2000, observation presented in Table 5 represents 
the waste volume following settling after completion of sluicing. The volume of waste 
remaining in SST C-106 was estimated at approximately 45,000 gal with a 4: I liquid to solid 
volume ratio. Subsequent measurements reduced the liquid to solid volume ratio to 3:1 and the 
volume of waste to approximately 36,000 gal as calculated from the August 1, 2002, video 
recordings. This value represents the tank waste volume before initiation of modified sluicing 
and acid dissolution. 

Table S. Single-Shell Tank 24 J .C-106 Waste Volumes Following 
Completion of Sluicing. (2 sheets) 

Video recording date: 07/13/2000 ft' gal 

Volume of solids 1,210.61 9,056 
Volume ofliquids 4.790.59 35,836 

Total volume in SST C-106 6,001.20 44,892 

s Enraf - Nonius Series 854 is a trademark ofEnraf-Nonius, N.V. Vcrenigdi: lnstrumcntcnfobrickcn, Enraf-Nonius 
Corporation Ne1herlands, Rontcgenweg I, Delfi. Nctherl3nds. 
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Table 5. Single-Shell Tank 241-C-106 Waste 
Completion of Sluicing. (2 sh 

Volumes Following 

Video Recording D:ate: 08/01/2002 

Volume of solids 

Volume of liquids 

Total volume in SST C-106 

Note: 
SST• ,inglc-shcll tank. 

cets) 

l.210.6 I 

J.600.00 

4,810.6 I 

,:al 

9,056 

26,930 
35,986 

2.3.t.2 Completion of Modified Sluicing and Acid Dissolution. As presented in Tables; 
approximately 36,000 gal of solid and liquid waste remained in SST C-106 after completion of 
the sluicing campaign. In April 2003. approximately 18,000 gal of liquid waste was pumped 
from SST C- 106 to DST AN-104. Following removal of the liquids, modified sluicing and acid 
dissolution were deployed to dissolve, mobilize, and remove the remaining waste to less than 
360 ft3 or to the limits of the selected technology, whichever is less (RPP-20110). 

Post-retrieval waste volume determinations were conducted following completion of the final 
waste retrieval campaign. Using the validated CCMS methodology (RPP-18744. Results of the 
Video Camera/CAD Modeling System Test), the volume of waste remaining in SST C-106 was 
determined to be 370 fi3 ± 18% at the 80% confidence interval and± 26% at the 95% confidence 
interval (RPP-19866). The progress of SST C-106 waste retrieval campaigns over time, 
culminating in the 370 fi3 end state volume. is presented in Figure 4. 

The post-retrieval waste volume determination presented in Table 6 includes the contribution to 
the residual waste volume from waste in the tank bottom (liquids and solids), within abandoned 
in-tank equipment, and on the tank stiffener rings in accordance with the approved data quality 
objectives (RPP-13889). Based on the CCMS analysis, the remaining solids volume at the 95% 
upper confidence level, which includes the volume of the tank bottom solids, the volume in the 
abandoned in-tank equipment, and the volume on the stiffener rings, is 453 fi3

• The remaining 
liquids volume at the 95% upper confidence level is 14 fi3

• Correspondingly, the residual waste 
volume at the 95% lower confidence level 275 fi3

• . 

Table 7 presents a total curie inventory for SST C-106 at three points in time: before the 
1998-1999 retrieval campaign; aner the 1998-1999 retrieval campaign; and after the 2003 
retrieval campaign. The table lists analytes. including daughter products. which combine to total 
99.9% of the total tank curies. SST C-106 contained approximately 10.1 million curies prior to 
the 1998-1999 retrieval campaign. The 1998-1999 retrieval campaign removed approximately 
8.2 million curies, leaving approximately 1.8 million curies in the residua) waste. The 2003 
retrieval campaign removed the bulk of the remaining curies resulting in a total current inventory 
of approximately 135,000 curies or about I% of the 1998 inventory. 
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Figure 4. Singl.e-Shdl Tank 241-C-I 06 Waste Volume Reductions. 
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Table 7. Estimate of Single-Shell Tank 24 l-C-106 Inventory of Total Curies Before and 
After the 1998-1999 and the 2003 Waste Retrieval Campaigns. 

Pr~\998-1999 Post-1998-1999 J>ost-1003 
retrieval retrieval Total removal rrtrlcval 

Total removal Analylc campaign total campaign total 1998-1999 campalin total 1998-12/2003 tank lnvtntory tank Inventory campaign tank Inventory 
{Cl) (Cl) (Cl) 

90 Sr 4.77E+06 8.46E+05 3.9E+06 6.61E+04 4.7E+06 
90y 4.77E+o6 8.4613+05 3.9E+06 6.6IE-+04 4.7E+06 

mes 2.67E+o5 3.79E+04 2.3E+05 l.45E+0J 2.66E+5 
137m0a 2.S3E-+05 3.S9E+04 2.l7E+05 l.37E+03 2.52E-+S 

Total curies' 1.0lE+07 1.77E+06 8.33E+06 1.35E+05 9.97E+6 
Note: 

"Curies contri'buting to greater than 99¾ oftor:il inventory. 

2.3.2 Characteristics of Residual \Vaste 

The SST C-106 post-retrieval risk assessment presented in the RPP-20577. Section 3.0. screened 
the analytes from the post-retrieval sample analysis for contaminants of potential concern 
(COPC). The screening identified 42 constituents (25 radionuclidcs and 17 nonradionuclides) of 
the 165 constituents identified in RPP-J 3889 as COPCs for evaluation in the risk assessment, 
including detected and nondetected constituents. The COPC inventory is presented in the 
sections below using analytical results from pre-retrieval and post-retrieval samples. The COPC 
identification process is discussed in further detail in Section 2.4.1 and in RPP-20577, 
Section 3.2. 

2.3.2.t Initial State. Initial state conditions are based on data from grab sampfcs taken from 
riser 7 of SST C-106 on April 22, 2003 presented in RPP-20838, Tank 241-C-/06 Pre-Retrieval 
Selected Waste Constituent /m1cntory Estimates to Support the Basis for an Exception to the 
Waste Retrieval Criteria. The pre-retrieval inventory of the radionuclide and nonradionuclidc 
contaminants was calculated based on the analyte concentrations in residual so rids. The 
inventory contribution from the residual liquids volume was ignored because the majority of the 
liquids were transferred during the modified sluicing campaign. Table 8 presents the estimated 
pre-retrieval inventory for the COPCs. 

2.3.2.l Current Conditions. The inventory of the 42 COPCs from the post-retrieval sample 
analysis is presented in Table 8. The COPCs identification process is discussed in further detail 
in Section 2.4. l. The data presented in Table 8 is based on analytical results and risk screening 
(RPP-20577, Appendix B, Table B·2). 

The post-retrieval inventory was calculated based on the analyte concentrations (calculated per 
the best-basis inventory [BBi) methodology) and the residual volumes nt the median values 
(359 fi3 of solids and 11 fi3 of liquids). Table 8 also presents a comparison between the 
inventory of SST C-106 before and afier modified sluicing and ncid dissolution. The comparison 
was calculated by dividing the post-retrieval inventory by the estimated pre-retrieval inventory 
for each COPC. Comparison values below 1 indicate a net reduction in the inventory. 

2-25 



Page 43 of 69 of D5134611 

RPP-20658, REV. 0 

Table 8. Residual Single-Shell Tank 241-C-106 Inventory Comparison Between Estimated 
Pre-Retrieval and Post-Retrieval Samples. (2 Sheets) 

Primary/ rre- Post- Rallo post-/ Class Conilituent1 relrlcval retrieval Units srcondary1 
lnventory>-5 Inventory.., pre-Inventory 

Radionuclide Primary 60Co 6.65E+-OI I.IIOE+-01 Ci 0.27 

R;idionuclidc Primary 6JNi I.0SE+-03 7.JOE-t-Ol Ci 0.07 

Radionuclide Primary 90Sr 1.261:+06 6.611:-t-04 Cl o.os 
ludionuclidc Primary 99Tc 2.87E+-OO l.6SE-OI Ci 0.06 

R;idionucliJc Primary ll7Ca J.ISE+-04 l .~SE+-OJ Ci 0.05 

ludion11eliJc Primary IS2tu NR 6.271:+-01 Ci NIA 

fbdionucli<lc Primary 15-'r-.u 7.0E+-02 8.lJE+OI Ci 0.12 

ludionucliJc Primary ISStu NR 7.801:+0I Ci NIA 

R~dionutlidc Primary 22STh NR S.75f:-04 Ci NIA 

ludionuclhlc Primary 230Th J .99E-02 IU2E-04 Ci 0.02 

RadionucHJc Primary 2J2Th 1.23E.{)2 S.61E-04 Ci o.os 

ludionuclide Primary mu 7.JSE--02 l.8.lE-03 Ci 0.02 

ludionuclidc Primary lJ.IU 2.24E.{)2 9.48E-04 Ci 0.04 

lud1onudidc Primary 23.SU I .O'lE-0.) 3.117E.{)S Ci 0.03 

Radionuclide Primary 236U S.78E-04 l .73E-OS Ci O.oJ 

Radionucliik Primary 2J7Np l .O'lE~ 5.-42r:,.()2 Ci 0.01 

ludioouclide Primary 2JSU 2.6SE-02 9.04E4' Ci 0.03 

ludiooucliJc Primary 238J>u WR 2.711;+-00 Ci NIA 

ludiomKlidc Primary 2)9Pu IS 240Pu 1.68f:+-OI Ci NIA 

Radionuclide Primary 2-WPu .f.16E+-02 J.,8f:+-00 Ci 0.01 

Radionuclide Primary 241Pu N/R 3.97E+OI Ci NIA 

Radionuclide Primary 241Am 6.6E+-02 6.Slf:+01 Ci 0.10 

~ionuclidc Primary 242Cm N/R l.!!8f:-0 I Ci NIA 

~ ionuclidc Primary 243Cm WR 3.021.!-0l Ci NIA 

ludionuclidc Prirrary 2"'4Cm WR 7.251:~ Ci NIA 

lnorii:mie Primary llarium B.a 7.31.!-t-01 I .64f:+-00 Kg 0.02 

lnorpnic Primary Cadmium CJ l.7E-+-01 l.'4E+-00 Kg 0.08 

lnOf'll'Jnic Primary Chromium Cr 2.9E+-00 l.79E+OO Kg I.JI 

lnorttanic s«oodary C0ppCTC11 4.9JE+Ol 2.JIE+-00 Kg o.os 
lnoriz:mie Primary Cyanide CN- 2.971.!+00 UlE--02 Kg 0.03 

IROf)!aRic Primary Mtrcury IIJ 1.06f:-+-OI l .93E+-OO Kg 0.18 

lnOflZ~nic Prim:iry Nidel Ni 8.16f:+02 J .021:+0I Kg 0.04 

lnorpnic Primary SilveT A,- 8.98f:+OI 7.8SE+-OO Kg 0.09 

lnortt~nic Prim:iry Zinc Zn 3.)0E+OI 2.1)[;+00 Kg 0 .06 

Jno,iz:mic S«ontlary Aluminum Al 8.5E+OJ J .8)[;+02 J(g 0.05 

IOOl't!~~ ~ondary Cobalt Co 9.JSE+-00 J .76f:--OI Kg 0.04 

lno,µnic Sccond.lry Iron Fe 1.17E+o4 2.07[;+02 Kg 0.02 

IROfl!anic Sttontlary Man~3nnc Mn 8.94E+oJ SJ0E+-02 Kl' 0.06 

lnorg.in ie Sc,;onduy Stroncium Sr J .'9J:-+Ol I .8Jf:-+-OO Kg 0.0$ 
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Table 8. Residual Single-Shell Tank 241-C-106 Inventory Comparison Between Estimated 
Pre-Retrieval and Post-Retrieval Samples. (2 Sheets) 

Primary/ Pre- Post~ Ratio post-/ Cl:us Cons!lluent1 retrieval rtlrlcval Units secondary' 
lnventory:1.5 lnnntoty'-5 pre-Inventory 

VOA Primary 2-Dutancnc (Ml:K) N/R ,UBE-04 Ktt NIA 

2-Proranone 
VOA Primary (Acetone) 3.27[+()1 I.JOE-OJ Kg J .98[-0S 

SVOA Primary Oi-fl-butylphthalate N/R 4.26E-Ol Kg NIA 

NolC3: 
1Primary or ~oo,wy conslitucnt (RPP• 1 l889, 2004, Tod 1, t-C-/06 Compont111 Dosi," ,kt/o,r Doto Quality Objet1l11n, Rev. I, Cll2M 

IIILL Hanford Group, Inc., Richland, Washingion). 
z. lodine-129 .-u removed l'rom the post-mricva1 risk ~mc-nt bcausc ii did not pass through the ICT'Cffling process flll' COPC1. For more 

information on the dcvc!opmml or COPCs sec RPP-l0S77, Scclion 3.2 6. 
, RPP-20838, 200-l, TanA 1'I-C-/06 Prt-R~ricval Srfl!C"W Wast~ Cons/inwnt /11~n1ory £s1imatr1 ,o Support,,.~ 6crs(s/or 1111 £m,pti111t to the 

Waste Retrieval Crilmt1. Rev. 0, Cl12M HILL I lanrord Group, Inc., Richland, Washin8'on. 
4 RPP-20S77, Appendix ll, Table R-2 (RPP-20Sn, 2004, Stngt' II Rctrkwll Dtrtt1 R,·port for Sing/,..SJ,e{f Tad, U I-C-106, Rev. 0, Cll2M 

IIILL Uanford Group, Inc., Rkhwid, Washing1on). 
'lnvcn!Of)' is prescntcd in tcicnlific notation. Convening tcicn1ific IIOl;lrion to I ir.dirional number m{t.ti~ moYin1 ~ dmmal poinl cirtu:r 

right or lcll (ncptive to the lcf\; positive to the righl) by the nunticT IO the right or the positive or ~gativc sign. For example: l.JE-03 is 
lhe same u 0.00 I l . 

COPC • con111minan1 of poecncial concern. 
NIA• Nol 1pplic1blc. Used for analytcs Identified in the post-rcuicval sample analysis but not In lhe pre-n:Uicva1 sample 1m11y,is. 
NR • Noda~ rr-pon~. 
SVOA. • sc:rnivolatilc organic 1n11ysi,. 
VOA• volatile organic analysis. 

2.3.3 Conclusions 

The volume of residual waste and the chemical and radiological characteristics of that waste is 
summarized in the sections above and presented in RPP-20577, Section 1.2. The volume and 
inventory were established in accordance with RPP-13889. 

To provide perspective, the current BBi of99Tc, the primary contributor to post-closure human 
health impacts via the groundwater pathway. in all SSTs is approximately 15,500 Ci 
(http://twinwch.pnl.gov/twins.htm; 4/6/04). There arc 327 Ci of9?Tc in Waste Management 
Arca (WMA) C (SST C-105 has an inventory of8l.4 Ci of99Tc). The pre-retrieval sample 
inventory for SST C-106 indicated a total of 2.87 Ci of 99Tc. The post-retrieval sample indicates 
a total of0.165 Ci of99Tc currently in SST C-106 (or 0.05% of the WMA C 99Tc inventory). 
Figure 5 illustrates the relationship between the inventory of99Tc in WMA C to SST C-106 and 
the reduction in 99Tc inventory in the SST C-106 residual waste from the pre-retrieval sample to 
the post-retrieval sample. Figure 6 illustrates the current inventory of~c in each of the tanks in 
WMA C. SST C~ I 06 currently has a lower inventory of99Tc than any other 100-scries tank in 
WMA C. Figure 7 iJlustratcs the current inventory of chromium in each of the tanks in WMA C. 
SST C-106 currently has a lower inventory of chromium than any other tank in WMA C. 
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.Figurn 5, Change in Singk-Shdl Tank 241-C-106 Technctium-99 Residual 
\Vaste lnventory, Pre -Retrieval Co1npared to Post-Retrieval Sarnple 
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Figure 7. Cu.rren1.1nventory of Chi-o.miurn by Single-Shell T.u1k 'in. 
Waste 1\-1'::magemcnt Areft C. 
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2.4 EX.PECTED ll\Jl• ACTS TO HUMAN HEALTH 
AND TlU£ ENVIRONJ\-U:NT 

Thi~ Si.~:tion responds to .HF FA.CO, Appendix. H, Atlad1ment 2, Cr1teria #5; ·'Expt:'.Ctcd b.npacts 
to hm:rnm heal.th and the environment if the residual ,vastc is kfl in place.'' Expected i.mpacts are 
bns<.~d on the results of a post-retrieval assessment of impacts to human health and the 
euvironmcnt for SST C-106. Sec RPP--20577, Section 3-.0, for the complete post-retrieval risk 
asscs:nnenl. This document presents summary i11fom1.ation from the post-retrieval risk 
assessment provided in RPP-20577. This docu.ment prov ides comparative data fbr the industrial 
and residential. exposure sccnmios ami more detailed information for the industrial rco:ptor. 

The risk "tsscssment summarized. in this document used the sam1:~ methodology used in a 
prc--rctrieval risk assessment presented in th~~ Sing/e .. /-,'hdl Tank Sys/em Closr.we Plan 
(RPP-13774, Appendix C-1). AU risk mid e11vironmcnta l impa.d pcrfom1ance measure:, 
documented in RPP-·13774 were included in the post-retrieval. risk assessment.1.0 enable a direct 
comparison bet,,vccn the two docurnenl.s. All contaminants of concem listed in RPP-13889 ,ven:'. 
ev aluat{!d.. 

2.4.1 luwutory and Contnmi,umts of Potential 
Coucern 

The inventory Hf.cd thr the pre-retrieval risk assessment. (RPP- lJ 774) \vas calculated from the 
BBJ using the calculation method for tank residuals given in Enviromnental /'mpact Stmenwufor 
Retrieval, Treatmem, a11d D1~\·posal cf Tank Waste and Closure <?f Si.ngle-Shell Tanks at the 
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Hanford Site, Richland, Jf/f: Inventory and Source Term Data Package, (DOE/ORP-2003-02). 
A description of the calculation is provided in RPP-20577. 

In January 2004, a sample of the residual waste from SST C-106 was taken (see Section 2.3). 
That sample was used to calculate the inventory of both nonradionuc]idcs (Le., hazardous 
contaminants) and radionuclidcs left in SST C-106. This inventory includes all analytes listed in 
RPP-13889. Inventory from the January 2004 s:imptc was used in the post-retrieval risk 
assessment. 

A tiered approach was used to identify COPCs for the SST C-106 waste retrieval sampte 
(RPP-20577, Section 3.2.2). The first tier of the CO PCs selection process was used to identify 
those constituents with available toxicity values. For those constituents with available toxicity 
values, ILCR or hazard quotient values were calculated and compared to a risk screening 
threshold value (i.e., 1 % of the Ecology ILCR threshold of 1.0 x 10·5 or the HI threshold of 1.0). 
The second tier was used to identify nondctectcd constituents that should be considered as 
COPCs. 

A total of 165 constituents were reported by the laboratory and considered in the COPC 
screening process. Of the 165 constituents reported, a total of 42 constituents (25 radionuclides 
and 17 nonradionuclides) were identified as COPCs and evaluated in the risk assessment. 
Iodine-129 was removed from the post-retrieval risk assessment because it did not pass through 
the risk screening process for COP Cs because the ILCR was less than 1 % or 1 x 10·7 of the 
pcrfonnance objective of an lLCR of 1 x 10·5 (RPP-20577, Section 3.2.5.1 and Appendix B, 
Table B-2). For more infonnation on the development ofCOPCs see RPP-20S77, Section 3.2.6. 
The following constituents were identified as COPCs because they were detected in the 
post-retrieval sample from S~T C-106: 

63Ni 9()Sr 99Tc 137Cs 
22sTh 2»-i"h 232Th ZJJU 

ZJ4u 23,u 236u 23su 
2J1Np 240pu 239Pu 241Pu 
24tAm Aluminum barium cadmium 
hcxavalcnt chromium Cobalt copper cyanide 
iron Manganese mercury nickel 
silver Strontium zinc 2-butanonc 
2-propanonc di-n-butylphtha1atc 

The folJowing nondetccted constituents were identified as COPCs because they exceeded the risk 
screening threshold values and were identified as primary constituents in RPP-13889: 

2.4.2 Impacts to Human Health and the Environment 

2.4.2.1 llumari Health Risk Metrics. This section addresses changes in long-term human 
health risk due to changes in the source term remaining in SST C-106 afler retrieval. The same 
assumptions (e.g., residual immobilization barrier design and performance), except for the 
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inventory of the residual source term given in Single-Shel/ Tank System Closure Plan (SST 
Closure Plan) (RPP-13774, Attachment C-1), arc applied to this risk assessment. The source 
tenn inventories that changed in this risk assessment arc residual tank waste and hypothetical 
retrieval leaks. For residual tank waste, actual samples from the tank are used to calculate 
residual inventories. No retrieval 1eak occurred, therefore, the post-retrieval risk assessment did 
not include a hypothetical retrieval leak inventory for SST C-I06 (RPP-20110). The results for 
ancillary equipment residuals, past ancillary equipment leaks, and past tank leaks did not change. 
For those results, sec RPP-13774, Attachment C-1. 

The ILCR, hazard index (HI), and radiological drinking water dose for the industrial and 
residential receptors arc estimated using peak modeled groundwater _concentrations at the 
WMA C fencelinc from the residual tank waste and arc presented in Table 9. 

All risk metrics given in this section are reported at the WMA C fenceline which is consistent 
with the methodologies in the SST Closure Plan (see RPP-20577, Section 3.0 for a more detailed 
presentation of the risk assessment results by receptor). The ILCR is a risk incidence that 
represents the increased probability of an individual developing cancer over a lifetime (70 years) 
from exposure to potential carcinogens (both radiological and chemical). For example, an ILCR 
of 1.0 x I 0~ would indicate that an individual experiencing a lifetime exposure to the 
contaminants of concern under the exposure scenario analyzed would have a I in 1 million 
potential to experience a cancer that would otherwise have not been experienced if the individual 
had not been exposed to contaminants under the conditions postulated in the risk assessment 
scenario. It is important to note that an ILCR docs not necessarily equate to a risk of fatality due 
to cancer. ll only expresses the risk of experiencing cancer (fatal and/or nonfatal) due to 
exposure under the assumptions postulated for the risk scenarios adopted in the risk assessment. 

The post-retrieval sample inventory results for industrial ILCR is almost a factor of 4 smaller 
than that calculated using the.SST Closure Plan inventory. The differences between the 
SST Closure Plan inventory and post-retrieval sample inventory also are reflected in the HI and 
radiological drinking water dose, which decreased by a factor of approximately 7 for each 
metric. 

For ILCR. ~c is the primary contributor to this metric (contributing approximately 99% of the 
JLCR) for radiological contaminants. The reduction in risk between using the SST Closure Plan 
inventory and the post-retrieval sample inventory is directly related to the reduction of ~c 
inventory and the removal of 1291 as a COPC. Technctium-99 inventory used in the SST Closure 
Plan was 0.46 Ci, and the post-retrieval sample inventory was 0. 165 Ci, n reduction by a factor 
of approximately 3. 

For nonradionuclidcs, chromium is the primary contributor to ILCR (contributing approximately 
95% of the ILCR). The reduction in the chromium inventory between the SST Closure Plan risk 
assessment and the posHctrieval risk assessment is the reason for the reduction in ILCR for 
nonradi onuc lides. 
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Tabte 9. Cumu1ativc lLCR, Hl, and Radiological Drinking Water Dose from Peak Groundwater 
Concentration at the WMA C Fenceline Related to Residual Waste 

Volume in Singte-Shell Tank 241-C-106. 
lndustrl:il receptor · Residential receptor 

rost-retrlcval Post-retrlcval Year Metric SST Closure SST Closure 
Plan Inventory 

sample 
Plan Inventory 

sample or peak 
Inventory Inventory 

Radioactive chemicals 
ILCR1 7.8x10_. 2.0xlO .. I.Sxl0-6 4.8,d0"7 5609 
(unitless) 
Nonradioactive chemicals 
ILCR* 6.0 x10·9 8.9xto·IO l.3xl0 .. 2.0xt0·9 5614 
(unit less) 
I lazard index' 9.9x10-4 l.4xl0• S.Sxlo-> 7.9xl0• 5614 
(unitless) 
Radiological dose via 
drinking water" (mremlyr J.5xJ0'1 S.2xl0-4 I.0xl0·2 t.Sxt0·1 S606 
EDE) 
Noles: 

• ILCR large! value is 1.0 x Io~ lo 1.0 x 10" for r:adio~tivc constitucn1s (EP A/540/R-99/006, Radiation Rislc Assess1t1ent at 
CERCU Sites: Q & A Directi~ 9200.4-31 P). ILCR Urge! value is< ) .0 x 1 o-.~ nonradi~c:1ive consti1ucn1s. 
~ Nonearcinogenic Ill is < 1.0. 
'Groundwater dose target value is< 4 mrem/yr (I IJday ingcs1ion for 250 days for induS1rial rcceplor, and 2 IJday for 
365 days for residential n:ccpJor). 

EDE• effective dose equivalent. 
Ill • hu..ard index. 

ILCR • incremental Ii rc:timc cancer risk. 
SST-= single-shell bnk. 

WMA • Waste Management Arca. 

For the HI metric the primary contributor to this risk metric is chromium then it contributes to 
almost 95% of the HI. The difference in the value for this risk metric between inventories used 
in the SST Closure Plan and the post-rctrievnl sample results is the lower inventory of chromium 
(factor of 6.5 lower) and the removal of nitrite, and nitrate as a COPC from the screening 
process. The total HI for the industrial receptor for SST C-106 residuals is a factor of almost 
7,000 below the target value of I. The total HI the residential receptor SST C-106 residuals is a 
factor of almost 1,300 below the target value of 1. 

2.4.2.2 Effects on Drinking Water Standards. Estimated long-term groundwater quality 
effects for each residual inventory are compared to the primary drinking water standards 
(i.e., maximum contaminant level) in Table 10. The changes in concentration for these 
parameters reflect the change in inventory between SST Closure Plan and post•retrieval sample. 
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Table 10. Comparison of Groundwater Impacts at the WMA C Fenccline from Single-Shell 
Tank 241-C-106 between Single-Shell Tank Closure Plan Inventory and Post-Retrieval 

Sample Inventory. (2 sheets) 

Constituent SST Closure Plan Post-rctrleva I Drinking water 
lnnntory sample Inventory standard (MCL} 

Technctium-99 3.9 pCi/L 1.4 PCi/L 900 pCi/L" 
Chromium (assumes hexavalcnt 2.2E-04 mg/L 3.JE-05 mg/L 0.10 mg/L 
chromium) 

Notes: 
• The radionuclide concentrations sho"n arc the "C4" concentration, \\hich Is the concentration orthe individual nuclide 

In drinking waler that would mull in an annual dose of 4 mrrnvyr using the 1argc1 organ dose methodology specified by 
the Washington Slate Errvironmerrtal Policy Act. 

MCL • maximum contaminant level. 
SST• single-shell tink. 

WMA .. Waste l\bn.1gcmcn1 Arca. 

2.4.2.3 Cumulative Effects of Component Source Terms. The base case evaluated for 
SST C-106 in the SST Closure Plan risk assessment includes contribution to risk metrics from 
residual tank waste aflcr retrieval to 360 ft3 and an 8,000-gal retrieval leak (RPP-13774, 
Attachment C-1 ). Past leak and adjacent ancillary equipment source terms arc identified as 
applicable; however, these source terms arc addressed cumulatively in the WMA C risk 
assessment given in RPP-13774, Attachment C-1. This section focuses on the changes to the 
SST Closure Plan risk assessment caused by the 370 ft3 end state volume and the associated 
radiological and chemical inventory (i.e., COPCs) calculated from post-retrieval sample. 
A waste retrieval leak from SST C-106 was not. considered in the post-retrieval risk assessment, 
because no waste retrieval leaks were reported during waste retrieval operations or indicated by 
post-retrieval monitoring (RPP-20110, Section 2.4). 

This risk assessment, like the assessment presented in RPP•l3774, Attachment C-1, includes the 
cumulative risk of source tcnns from within WMA C (including SST C-106). Neither risk 
assessment calculates risk for source tenns external to WMA C. However, future risk 
assessments performed in support of HFFACO M..iS-00 milestones will, as required, perform 
cumulative risk analysis for source tcnns within and external to WMAs. 

2.4.2.3.1 Incremental Lifetime Cancer Risk. The cumulative contribution to ILCR for the 
industrial worker scenario between the different residual inventories is given in Figure 8. In this 
plot the following two curves are shown: 

• SST C-106: SST Closure Plan Inventory. The peak ILCR is 1.3 x 10-7 due to the 
hypothetical 8,000-gal retrieval leak occurring approximately JO years after closure. The 
peak ILCR for the residuals is 7.8 x 10-8 occurring in about the year 5600. . 

• SST C-106: Post-Retrieval SST C-106 Sample Inventory. The peak ILCR for this 
curve is 2.0 x 10-8, which is almost a fourfold decrease over the risk calculated for the 
SST Closure Plan inventory. The decrease in 99Te inventory and the removal of 1291 as a 
COPC is the reason for decrease in ILCR. The peak ILCR of 2.0 x 10-8 is a factor of 
500 below the pcrfonnance objective of 1.0 x Io-~ for this performance metric. . 
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Figure 8. Inc.n:.1nental Lifetime Cancer Risk (Radio1ogka1 Constitue.nt:-;) 
·fo.r the Industrial Worker at the \Vaste Mana.gern.ct)t Area C .Fencelinc .. 
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The residential scemnio (RPP~20.577) fbr these :-;ame two cnrves demonstrates the same pau.~~rn 
gJvo:::n for tht~ industriaJ worker s11own h~re. However, the magnitude in risk for a r<.>.s-idt~rriial 
receptor living at lho site is increased by apprnxinrntely a factor of 24,, \Vhich rcpn:n,cnts greater 
use of the groundw~1ter by the residential receptor. 

'fht~ post--rctrieval risk assessment also compared changes in lLCR fi.)r \-VMA C froin (he 
SST Clmmrc Plan inventory to the post-retrieval inventory. The peak lLCR for \Vi\-IA C in. the 
SST C!ostirt Pl.an wn.s l .4 x l 0-5 cornpatc<I to a post-retrieval WMA C cumulative U .. CR peak of 
LN :,: HY~, 

2.4.2.3.2 lfozanJ fodex. The cumulative contribution to the BJ f<)r the indw,trial ,vork(T 
between the different rcsidu<1l i nventories is given in fi gure 9, In this p.lot I.he lollmvi.ng t\vo 
cut-vcs are shown: 

• S~ri• C-106: SST Cl.osure Phm InYentory. This curve is the same curve givrn in 
RPP-•13774, Attachment (>1. The peak value i.s 9,9 x l0- 4 dne to th('. residua·! ,vast:c. 

• SST C-106: Post.-Retrieval SST C-106 Sample Inventory .. Thi{:; cun'c ls for the 
residua.I inventory <.:alcnlakd using the post-retrieval s<uup!e. Leaks did not OC<'.ur during 
waste .retrieval and thcrefoi•e w1:.~rc no t considered, The peak v,1! ue for this curve 
l A >-: 10'4 , which is over a sevenfold decrease for the'. HI cfdcul.ai.cd for the SST Closure 
Plan inventory. The dccn~asc is primarily dne to the difference in cr'·0 inventory 
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c.ak.tdate<1 from the archive sample. Th-is is a factor of almo:-,t 7/JOO below the 
p.:_~rfonrn.mc.e ol?icc.tive of l .O. 

Th~~ post•I(;)trieval risk assessment abo compared changes in the HI fr.,r WMA C fiwn the 
SST Closure Pfan inventory to the pnst-rctrieval inventory (RPP-20577). The peak HI l1:Jr 
\Viv[/\ C in tl-w SST Closure Plan. was 1.25 x 10-1 (Note: this is slightly higher than what. \Vas 

report in RPP -13774 (9.7 x rn-:'.] because of thcinch1sion of n-Butanol Ji:om pust lmp1mmed 
rclenses) coi:npared to a post-rctrhwal risk assessment peak _HI of l 23 ,.: 10·1

. 

Figure 9 . Hazard Index tbr the Industrial Worker at the \V;istc Manttgei:nent Area C F('.ncclinc. 
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2.4.2.3.J R:,diologkal Drinking Water Dose. Tht:'. cumulative contribution to radiofogical 
drinking ,v,:lter dose f<.)r the industrial. ,.vorkcr bet~ .. wcn the diffonmt rcs idu~l inventories is given 
io Fi gun:, l 0. ln this plot the fi)J1ov,ing two c.urvcs arc shown: 

• SST C-106: SST Closure Plan lm1ent01:y. This curve is i.he same cttrV('. given in 
RPP- 13774, Attad1mem C-- l . This is a curnulative cmve shovvi ng an 8,000--gaJ retrfovai. 
leak frnrn SST C- l 06 along with the impacts from SST C-106 residuals. The peik vniue 
is .5.0 x l 0-3 mremiyr due to the retrieval kaks considertxl in the prc-r(.~trieval unalys_is. 

• SST C-106: Post-Retrieval. SST C-106 Sample hrveutory. This curve is for the 
n::s idua1 inventory calculated u.sing Ute post.-rctrieval sample. Leaks <lid not occur during 
'Ntiste retrieval and lhcrcforl". were not considered. The pe.:ik value .fix this cmve i~: 
6.6 ;,. 10·4 mreni/yr~ which is almost a sevenfold decrease over the radiological dose 
calculak<l for lhe SST Closure Plan residtwl inventory. T.h:is is dtw to th,~ smaller 
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. ' ·1 . f ,)'.) .. l, d 12•)1 . l . t· ·1··1 . • ,, reswua mventory o . · can . ·· rn no onger a ..:.:ontmrnnant o · concern. 11s is a ,actor 
<:lf ulmost 6,000 below the performance objec1.1 ve 4 rnremiyr. 

The post-retri.evul risk assessment also co1.nparcd changes to the radiological drinking wa.ter dose 
from the SST Closure Plan to the post-retrieval inventory (RPP--20577). Tbc peak SST Closure 
Plan radiol.og-ical dose was 4.6 :.•: 10·1 which is \VC!I below the pi::rfonnarn.:e objective of 4,0. The 
peak rnd1ological dose for the pm,t-retri.eval risk assessment wa. .. <; 45 x 1(J'4 . 

Figure 10. Drinking Wal.er Dose lor the Industrial Worker at the \\taste .M.anagcmtmt Arca C 
Fcuceli.nc, 

l . . . . : 
f l 

....... 
I ,.. 

u; ·· . ...... . ... .. .. ....... . .. ............. .. . .. } .. ··· .... . ........ . . 

2.4.2.4 Hnmati Heatt.h Risk Reduction as a Functi.o.n. of Residua.I Waste Volume Redurtion. 
Table 11 pn.widcs (he relative contribution of SST C- l 06 residual waste to the total. \VMA C 
residual ·waste for the .industrial receptor at the WMA C fenecline at selected .retrieval volumes .. 
Tab.le 1 1 and Figure l 1 haw been prepared to must.rate the lLCR of SST C- 106 residua! \Vast!:.\ al 
<lifferent k vd s nf waste retrieval. At cm.:h level of waste rdri('.val, the inventory fi)r 
cont.aminnn b in. SST <> 106 bas been reduced linearly based on an asswned relative r~duc1ion of 
l.LCR establid1cd. in RPP-13774 for: 

• A r(\Sidual volume of 360 ftj 
• T11c post-·rdrieval sample xisk <1$Scssrnen1 for SST C-106 itt the 95%> confidence . 
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Table 11. Relative Contribution of Single-Shell Tank 241-C-106 Residua! Waste to 
Total WMA C Residual Waste at the WMA C Fenceline 

at Selected Retrieval Volumes. 

TolalWl\lAC SSTC-106 Percentage 

residual tank wasle rnldual tank waste contribution or 
SST C-106 to WMA 

Residual Inventory (volumc)1 

All- All-
ILCR pathways ILCR pathways ILCR All 

pathways 
lnduslrlal dose lnduslrlal dose Industrial (mrern/yr) 

(mrem/yr) (mrem/yr) 

SST Closure Plan risk assessment l.02x10 .. 1.97xl0"1 7.84x10·• 2.74xto·2 7.72% 13.88% inventory (360 fl1) 

Post-retrieval sample C-106 
95% upper confidence level overall 9.64:d0"1 l.73 x10·1 2.61xlO"' 3.32xto·' 2.71% 1.92% 
for inventory of each constituent 
~s calculated based on RPP-6924 

Post-retrieval sample C-106 
95% upper confidence level volume 9.63xl0-7 1.73 xl0-1 2.48x10-s 3.15xl0"3 2.58% 1.82% 
(466 fl1) 

Post-retrieval sample C-106 
Nominal volume (370 n') 9.S7xto·' 1.73 xto·' 1.97x10.a 2.50xl0"3 2.05% 1.45% 

Post-retrieval sample C-106 
Estimated (200 ft1 [sludge only]) 

9.49xt0·7 1.71 x10· 1 I.IOxl0-1 1.39xl0"3 t.16% 0.81% 

Notes: 
1Sec inventory definitions in RPP-20577 for a complete dcscrip1ion of how each inventory is calculated. 
RPP-692-i, 2002, Siatistical AktlioJsfor Estimating IM Uncertainty In the Best Basis Inventories, Rev. 0, Cl 12M IIJLL 
Hanford Group, lnc., Richland, Washington. 

ILCR .. inrnmcnral lifetime cancer risk. 
SST• single-shell tank. 

WM A• Waste Management Arca. 
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Figure l L Cha11ge in l.ncn::rnental Li.foti me Cancer. Risk for the lnd.ustrial Worker for 
Singk-Shel.1 Tank C-106 Residual Waste as a Function of Waste Voh.un?· Reduction . 

................................. ........ ..... ..... .... - ..... ...... ..... ....... ........ ,,,__ __ ...................... " .. - ·-······· ········· .... ---··················· .... --.......... ........ _.,.........., ...... ........ . 

P~rformance ObjP-ctlve 1 x 10-1 to 1 x 10..; for Radiological Contaminants 

1 X °: 0 f .. • • •,•, .•n . •.•.••••••••n•,•,••••••••••o'•' •-.••v• nu ,• .. -. . ,,. ,,•,•,•,•,•,•••••••••••••••• ••• , , , ,, • • , ,• •••••••••••••••••••••••••••••••uu.u, , , , u• •, • •• . -'' -.0 .-.-.0 , • .-.• .-.•,•,·. • ,•..-,• , •••,, • • • • • • • • • • . • . • • •••·• ••-• , •,• '. 

Pr.,,l-~oY.{;Y.)! ;...•;~ ~.SUIS-~•~'il':~, 
ft$>kl9 ~:-~•Y> $(>~ ~s..~~-(..'rJn~ .flC6 :.,)•,,.~ 
N<4t.stY. t l)t.<,~:,~•. f-1_<,:-t¥ , x• j r« l~.'~Y.V:!"Y! 

::'<-s~·Ht,Wi\'d'I Ra ~ A.-,;.~.,: .. ·,u·~-,l~!l: 
, ... x::~ C· 106 NCl.t!IM ! v-~:1:-Mt-! ~~·..-r; :f)? ... ... ,. .. ,,, _ ........... 

..... .. ~. ..... $:;:$!>, Fw.X.:::sc:i, ~~ t> t:~ 1:~!": ~ :<~x:N; :;,v~-:•"~<.-c} 

•:::;:~_,-•' "A"w<-,,•w•,-w • .,,w _.,,-••-• 

----------•···--":·:•·" . -------
,......, _ __ ,__.,, (., .... " ...... _ ~ , ... ,'-, , ...... ...._ ......... __ ,u. , 1-....... ... . , 

G : 

····· --•--·····················.---- -········· ···· ····-·--~·······················:: :~'..:~~l~.~•~:::_:~ .................... _. .. _ .......... .. .. ........ __ ................. .J 

2.4.3 Conclusion~ 

Evaluation nf all 42 COPCs dearl y shows the nwjor human health and groundwater risk dri ving 
analyte .fix radionuclidcs in this tank iE 

99Tc. For nonradionue.Hd~s. dm.m.ri tm1 is the primary risk 
drive.r. 

Risk fhr the:.~ tl)tal of al1 ·wMA C SST resid uals was calcul ated using the inventory gin m in the 
SST C1osme Plan (RPP-· 13774, Attachment c .. 1)_ for lhat assessrnimL the JLCR fo:r the 
SST C- 106 r<.'.Sidual \\!ast.c fbr the industrial rec.cpton1-1as 7 .8 x Hr\ ·while the lLCR for al.1 
resid uals 1n \lv' M.A C was approximately l .O >: 10·(•. The per<:eutage ()f the r i:,k represented by 
the pre-retrieval residual in SST C·· l06 is approx imately 7.7~'1iJ or 1/1 2 of the tot.tl ctmmfatiV<'.risk 
us1ng the in vcnhwy used in the SST Closure Ph'm. risk assessment. Rep lacing tbc SST Closure 
P.lan inventory with the inve.ntory calcnlated from the post-retrieva l sarnpfo reduces the risk 
posed by SST C-· 106 fro m 7. 7% to approximately 2.6%i for the 95l~1;j tonfi<lcnec !eve! vol ume 
(467 f! :i) nnd lo 2 . .l 'Yi, fo r the nominal case (J 70 n\ 
The two key poi.nts from thi s risk as::;cssnient are 1) the \VM A C numbers c:omained. in this 
analysis and 1.hos~ conLa.incd in RPP~ 13774, Atlachmcnt C-1; for t.hc entire \V ~tA are nearly 1.he 
smn~ and 2) the impacts estimated for SST C- 106 me sm.aller. in this analys is than those in 
R PP·· l. 3 774. The corn: lw, io:iis i11 RPP- l 3774 are unchanged by th~ present analysis using residual 
SST C- 106 waste samples . 
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FinaJly, a further reduction in residual waste volume from the current estimate of 467 fi3 to the 
HFFACO Milestone M-45-00 series retrieval criteria of 360 ft3 would result in an insignificant 
reduction in the ILCR under the industrial worker scenario from an ILCR of 2.48 x 10·8 to 
1.97 x 10·8• The risk contribution of the residual waste in SST C-l06 to the cumulative risk of 
WMA C would only be reduced from 2.6% of the total risk to 2.1 %. Deployment of a new waste 
retrieval technology that would reduce the volume of residual waste by approximately 160 n3, 
assuming a comparable reduction in the COPCs, would not have a substantive effect on the risks 
associated with SST C-106 residual waste or the overall risks associated with WMA C. In fact, 
removing essentially nil waste from SST C-106 would result in a WMA C risk reduction from 
current levels of 9.57 x 10-7 to 9.4 x I 0·7 under the industrial worker scenario. 

2.5 ADDITIONAL INFORMATION REGARDING 
CONFORMANCE WITH RELEVANT 
REQUIREMENTS 

This section responds to HFFACO, Attachment 2, Criteria #6: "Additional information is 
required by EPA and/or Ecology." At meetings with Ecology staff in May 2004, no additional 
infonnation or documents beyond that provided in this document was identified. The remainder 
of this section provides information regarding conformance with relevant requirements as 
identified in HFF ACO, Appendix H. lnfonnation provided includes the relationship between 
this request for an exception to the HFF ACO retrieval criteria and the component closure plan 
for SST C-106 and interface with the U.S. Nuclear Regulatory Commission (NRC). 

If Ecology approves this petition for exception from the HFF ACO retrieval criteria for 
SST C-106, DOE will address the remaining issues associated with SST C-106 in accordance 
with RPP-13774. 

Ecology and DOE arc currently working to address aspects of the HFFACO, Appendix H, that 
present an interface role for the NRC associated with allowable residual wastes. DOE continues 
to consult with the NRC regarding issues associated with near-surface disposal of radioactive 
waste. In 2003, an interface with the NRC stalTregarding SST C-106 residual waste was 
initiated. After Ecology and DOE reach an agreement regarding the language and it is 
incorporated into Appendix Hof the HFFACO, DOE will pursue additional interface as 
appropriate. 
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3.0 CONCLUSIONS 

This section responds to HFF ACO, Appendix H, Attachment 2, Criteria# I: "Why DOE docs 
not bc?ieve the retrieval criteria can be met." Based on the information provided in Section 2.0 
in response lo Criterions #2 through #5, DOE concludes that \here is no technical, risk reduction, 
or economic justification supporting deployment of additional technologies for additional waste 
removal from SST C-106. This conclusion is the basis ofDOE's request that Ecology and EPA 
concur that retrieval of SST C-106 is complete. 

Information summarized in this report and presented in detail in supporting documents 
establishes that: 

• In response to HFF ACO, Appendix H. Attachment 2, Criteria #2: The limits of 
technology for retrieval of waste from SST C-106 have been reached for deployment of 
sluicing (initial retrieval technology deployed in 1998-J 999 to resolve high-heat safety 
issues) and modified sluicing and acid dissolution (retrieval technology demonstration 
under the HFF ACO for modified sluicing in a sludge tank), using the available riser 
configuration. 

• In response to HFFACO. Appendix II, Attachment 2, Criteria #3: The impacts of 
implementing any retrieval technology to remove additional waste from SST C-106, 
whether additional available or potential future, would include n minimum $5.7 million in 
cost, 12 months in additional retrieval time, exposing tank farm workers to additional 
radiological, chemical, and industrial risk, and placing constraints on DST storage space. 
These impacts are not offset by commensurate reductions in long-term human health and 
environmental risk. In addition, there is uncertainty whether the deployment would result 
in the removal of waste to the HFFACO retrieval criteria or result in a measurable 
reduction in the COPCs to an extent that would be meaningful given measurement 
uncertainties for waste volume and characteristics. 

• In response to HFF ACO, Appendix H, Attachment 2, Criteria #4: The waste remaining 
in SST C-106 exceeds 360 ft • However. lhe nominal value of the measured waste 
volume is approximately 370 fi3

• This volume includes the volume of the tank bottom . 
solids, the volume in the abandoned in•tank equipment, the volume on the stiffener rings 
and the volume of liquids. The 95% upfcr confidence level volume is 467 f\3. The 95% 
lower confidence level volume is 275 ft • The chemical and radiological characteristics 
of that waste have been analyzed in accordance with the approved data quality objectives 
(RPP-13889). 

• In response to HFFACO, Appendix H, Attachment 2, Criteria #5: The expected impacts 
to human health and the environment iflhc residual waste is left in place have been 
analyzed consistent with the methodology used in WMA C Closure Action Plan, 
Appendix C (RPP-J 3774). The results of lhc risk assessment arc summarized herein nnd 
presented in its entirety in RPP-20577. ILCR risks from the residual waste do not exceed 
EPA ILCR threshold values of 1.0 x lo"" to 1.0 >< l 0-6 or the Ecology threshold of 
1.0 x 10·5 for the industrial receptor at the WMA C fcncetinc. The cumulative risk for 
WMA C. inclusive of the SST C-106 residual inventory is 9.57 x J 0-7 for the industrial 
receptor scenario. Based on the current residual inventory no groundwater quality 
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standards would be exceeded under assumptions consistent with the tank farm closure 
approach identified in RPP-13774. 

• In response to HFFACO, Appendix H, Attachment 2, Criteria #6: RPP-13774 identifies 
and provides a pathway to resolution of all currently unresolved regulatory issues nnd 
securing all necessary pennits nnd approvals under the authority of Ecology, DOE, and 
other agencies. 

On the basis of infonnation presented in this document, DOE requests Ecology and EPA concur 
that retrieval of waste from SST C-106 is complete. This request is pursuant to criteria set forth 
in HFFACO, Appendix H, Attachment 2. 
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APPENDIX A 

RELATIVE COMPARISON OF THE RETRIEVAi .. ALTERNATIVES AND 
NO ACTION 
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cat& 

C. f!~s: tlJ ;<.<(>(.<.e:-,; ir1ct1:,i,,s /,LN'A ccn"idera:k,r,s !er t,<,;J,t; !n,,-..,stf.al (s~tx:t.~:.i, ~1',emic~. ~i,cti:al. etc.) ~r,c Rac:k-lc£;,:;;i; Safe;y ,nd i-:ea!~:. A r,i,f,erv;,;tt,;i, on !bi ~J::r.;eqs.JEr,t ~.:tin-;,i rr,at:ix 
~Ms ~:,,,..er ri;;k tc in.: wen-:;.,· f(,,. ,n-:t):<;m~n!i:1-J r.!'<tt ::>artkt,tar tecnn-:~cc:,. 

0. Ease cf ;;;;plemern,,:Jcr. re!ers l~• :r,& !e:,;.,! cf ,i,ffi;:i;!l'; :tat ;,:<ch alt1:rr,~ti'J,; rna:y ;r;ci;,i:Ja >:0<h,:;m i:ista~ir.9, :3:;•.;rc::i:-,g_ ar,.1 ,,.,111--ioi;itr~ aq:; ivr.er:t, :1;strurr:enr;, Ne !l ,;lee ,,.:,t;~,:.o,; the;.;,;&, cf 
pr,:1~1 ,;:-,.j !t:>;;tiri:::a: 1isk a:ss;:>dated wiL"l ur,;:>:emiltlm!icr.. A r.1,,t,er \'~;;,. c,r, ti<> i.~s~':r,t (::!i'JS t:;<11.'i,c ir.e~m ccrr.~ ... r~!i-.rery :e:;;; diffi.._>!;y fa:· t:;.,l;:ir:er:~r:g ~rx:: l.r,e ti;;k be ~·,at ;i;;rti~;;r 
a!terr.~t· .. ,e, 

E. The Ri,,~~ ;r, J;,e ;:,ib!ic c: n-:in-,:•::cl:p;;tiori21 ;:q,;,;ri:'\e!. ;Js~l:y br ;,.,a:·-t.;r,,, -~~· lc,l!J•iHrm 1,;iease~ t<; !he air c, ;oo-,:•_:r:a:r,g ,,,::,ifa ,t:at aco::l~,t !or T-1.l ~:,t.,r,ti;,ii ,isk to~-,., e:1konmeni. A 
1·,;;;,t;i,r '\' s;:11;; •rt !h« $.\Jbse-.:io.;;r,t rat:r.c :r,a!:ix m>¾r:S QC:r1::>E:r-<:J•~ty ~;we, ,i,I( l• \J·,e p:..Jbiic ;i'x ,t-,at ::>arfoJu &lfe:r.ar:va. 

F. lrr,pac;s ot ea,::h alte:n~ti,:e lr..'lt -~o,i;-j (!i·Jart rx r.;e~y r.;t.>ier actv:ti'3': or ,x1;gra~s ~.,t ,,..a,fa, otherw<Se t,,. ~ttnpiet~. A hi;Jlnr ,'a:l:':l ,•r: t"le s~eqt:enl ,·at;ng :'r)a~xrm,&."lS o:;m~_,r;,!i,•ef.Y 
1,,wBr !rr,r.a::1& f¢r ~, partlc;;i;u <tl!emitve. 

N;>t~: r:.1e ani!y:m was s;1pported hy ,;ubj<:.;:t ;na!ttr ex pen ,; fr<-,m I.he DOE Offic-i of Ri\·cr l'rnt:-.:U:ion ai~:i Cll2M BILL l :Lmfo,d Group, foe . and 
i: lch1ded ttp<(;t(·nt~ti·<.:~.~ i)t° r~~tritvaJ :?-ngi1::.Cf.:'ri:1.g. strJtf.:~gic p~:.1nning., p:::·Dct~s~ e1lgir1e,iring> ({:·nk ~Josun::. ~:r:d rc::gi.:.laf<;:y C(a~~plfa.:n(·~ - ~rhc 2.r:~ily~}~; 
was bas~d (m av~ilabk kn1rh'k,l.gs:: 2.rni rngintering _r11c..gmen1 rclr.:vunl to SST C- 1 iJ6. 
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10 - IIIGIIEST 
I-LOWEST 

ID Crll•rl• Wtlthl 

A Raw Wl1er Modified Slu;ci"g 
(CUrrrnt Eq,rirmrntl 

8 New Modified S1uicin1 with New 
Slvny !'um!> 

C New Modifi<d Sluicinc Fol k>w<d 
by~ Vacuum RC'tnn'al 
System 

5 

SI ,925,9SO R..,.;...J Sy,,om Cost 
(rcronncctint and op<nt i•sl 
Evaporator Costs fncruw by 
53.740.000 
Tola! Slorog< and Rt1ritvtl 
Life-Cycle Co~, orSS.665,950 
(don: ftOt include dcmobili1..atlon 
and disposal or equipment) 

S5,668,7J5 Rmi<vll System Cost 
Evaron,o, Costs lnnnse by 
Sl!0,000 
Total Slongc and Rttritvtl 
Lif<-Cycl• Costs or S5.S4B.7l5 

SI0.171.59) Rmi<vllSystcm 
Cost 
Enron!<>< Costs lnma,e by 
S-450,000 
Total Sto- and Rdritvtl 
Liro-C)de Cons of SI0,621 .59l 

12 month, "art to finish 
dun<ion (2 to l months of 
op<r>1m1 ,im., 
I) The ~•fer- a,munt of 
e-wpora1or use and rransrm 10 
OSTs may iMTta,e indieatNI 
durarton. 
2) lf,h, or,<nlion ofthls 
al!Cfflll iw ocarn dwins the 
MPS outage, then lhc du.-.c ion 
may be Impacted. 

12 month, start to fin ish 
duntion. With llmittd DST 
il'T'l(QC1S. Khcdule confidC1tcc 
ls !O')d. llo.,..,,. mstalbticns 
of new risen have not bttn 
c:!ont rt«T11'y. 

16 months star1 lo tinish 
dun<ion (,ddilionsl tlm< fo, 
inmillin1 and opmtinc 1M 
vxwm system and IWo n~ 
ri,cn, plus the time ror 
doicing) 

Table A-2. Criteria Dlanl:. (2 sheets) 

53 

SiltN 1h i1 ~fpnrnt it alrHdy 
Malled. lhe inCTC1x in 
potmtial risk: to the woJlc force 
is small 
M durariOft incrnsn. 
potnrtiaJ for n:posurt Of' injury 
lncrnus. 

This option ,...Id •dd 
pottntial risk for the .....ten, 
since two nc-w risen •'O'.lld 
ftffil to be i•mlled, the 
n>rmil oquip,,n,t mmwd. 
andtheft<Weq,,ipmenl(pg,,p, 
'"'alts) install<d 

This opt ion il"o•kt add 
poltntial risk ro, the "'Ol1cffl, 
since two n("W ri,cq woold 
•ttd to 1>c mstall<d to ,uppor, 
the ins11llatt0n and opmi1io• 
or the vacuum rystrm. 

Oecaise rhe RSUICI ormter 
modifitd slu iciOJ U"1)aiCTIS 

indicate that the lirhts of 
technology h>vc hen 
achin«f9 thfft is I low 
probability oftcchnlC11 
nte.'C'f1:t ift continu ing to u,e 

modifitd sluicioc. 

1hcTc is cxtrnsin upnifflC'C 
in installing ntw noTZlN Pd 
~ Theft i1 limited 
n:prrimce and some 
diffiCllll its wi1h new riser 
im1alblion. 

Umi1td apaicn« and some 
diffiC\llty for insta11ation or 
new ris=. tlight,- ln<Chanical 
compln:ity or 1he S)'Stffll. 
Opcn1ional c.pcritnee will be 
gam<d 1rom ""' c.200 ...;., 
tonk mrinals. 

RPP-20658, REV. 0 

Continuing to add large 
volumn of" Wat<T 10 achiC'ft 
furthn- rtdun ion in rt'Sidual 
WISIC V'Olume fncrnsn lhe 
prwabil-, or a lttk O<aJnins 
riohffdurin; the modifitd 
sh,1icing GpfflriOfl or a 
subsequrnt trnsfcr of waste to 
1he DST rtttivcr. 
Al'J>!O>inwcly 1'?6 galloos or 
midual would mnain. 

Addia1 lim!t«I quantirio or 
re<y<ltd ""°'"'a-Uthe 
sluicinc mtdium 10 echiett 
funMr ttduc,totl ffl rnidvat 
wutc volume n:rt'Un: 1hc 
...-lity of a leak O<CUmn! 
rid,cr durins the modifi td 
, t_,icingopt'f'Mion or1he 
trlnsfm ofwlSlc bct•Trn the 
DST tt«i"1 tank omd C-106. 
AJ'l)IO>imoldy 106gan..,,or 
midual would ttm1in. 

Addmt limit<d qvmritics or 
wattt te> movt the waste to 1he 
vat'\MTl intake rn:olts in 1 

small potmtial i"""'1 from a 
lnl: OC<Ufml durin1 lh< 
rttritval opentiot1 or dofins a 
transft'f or waste lo the OST 
rt<riWT. ArPO•i-<ly 1496 
pllons or midual would 
mnailL 

5 

,.J 

~ 
0 .. 

DST Soonsr '"""'" of 640 
1,170,000 gallons. R"""""i'"' 
of modified slu ic ing in C.106 
wi fl dn.ffl prople and SS 
~ from othe1 plan•td 
n,mewls, • ·S-. C-200, 
C- IOl/C-105. Also v1<> 
~vaporauw capacity. 

DST S1onsr 1"""'1 or90,000 sn 
gallons. Addioional modifitd 
slalcmg ofC- 106 will dimt 
p,ople and SS mourttt from 
oth<r plomtd m,i,v1l1, 
panicularly those schcdult.d in 
C-fum beyond C-200 alld 
C-IOJ/C- 105. Also..,.. 
tvapontor capxloy. 

DST Storage Impact or OS 
225,000 pllons. Additional 
moclin..i , Mang/vacuum 
r<tnCVII ofC-106 wiUdi..n 
pa,ple and S1 moon:,s fl-om 
otheT planotd r<tricv•l1, 
panlcularly «hos, schtdul<d hi 
C-Farm beyond C-200, e.11-, 
C-1 Ol/C- 105. Also USt1 

tw:p0nl or capacity. 
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