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EXECUTIVE SUMMARY

This document was prepared to comply with Hanford Federal Facility Agreement and Consent.
Order (HFFACO) (Ecology et al. 1989) Milestones M-45-05H and M-45-05M-T01. This
document presents the basis for the Washington State Department of Ecology and the .
U.S. Bnvironmental 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 for retrieval of waste from single-shell tank 241-C-106 have been -
reached for thése 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 and six criteria (i.e., cost, schedule, risk to workers, risk to human bealth and the
environment, ease 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 HFFACO retrieval criteria that no further consideration of deployment is warranted.

3
1

Additional waste retrieval may require from 12 to 18 months to complete and may cost from
$5.7 to $13.5 million.  Figure ES-1 illustrates the cost per cubic foot of additiondl 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 if it assumed that approximately 160 cubic feet of waste could be
removed. There.is no guarantee that 160 cubic feet or any other volume of waste would actually
be rémoved. The 2003 campaign cost was $5,170 per cubic feet of waste removed, while
retrieving 4,340 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
near-term double-shell tank space (90,000 to 1.87 million gal) available for retrieval of waste
from other single-shell tanks. Potential future waste retrieval technologies were also identified
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and déscribed; however, these technologles are not sufficiently mature to support additional
assessment of their retrieval effectiveness, cost, or deployment schedules.

In response to. HFFACO, Appendix H, Attachment 2, Criteria #4, Section 2.3 summarizes the
volume and characteristics of waste remaining in single-shell tank 241-C-106. At its peak during
operation, single-shell tank 241-C-106 contained as much as 530,000 gallons of waste.  Between -
1980 and 1998 approximately 40,000 cubic feet of waste was removed from single-shell tank
241-C-106. Cumulatively, the two retrieval campaigns have removed apprommately
30,400 cubic feet of waste from single-shell tank 241-C-106 (Figure ES-2). The 1998-1999
campmgn usmg sluicing removed approximately 25,940 cubic feet of waste and the 2003 -
campaign using liquid pumping followed by modified slicing and acid dissolution refricved at -
least 4,340 cubic feet of waste. There is approximately 370 cubic feet (liquids and sohds)
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 275 cubic feet. The chemical and radiological characteristics
have been analyzed in accordarice with the approved data quality objectives (RPP-13889, Tank
241-C-106 Component Closure Action Data Quality Objectives). The current inventory of
contaminants of potenitial concern includes approximately 0.165 curies of technetium-99 and -
3.79 kg of chromium (the primary drivers of long-term human health risk via the groundwater
palthway) The total curies of radionuclides have been reduced from approximately 10.1 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 to0 1.0 x 10° or the Washington State
Department of Ecology threshold of 1.0 x 10 for the industrial receptor at the Waste
Management Area C fenceline nor do the cumulative risk for Waste Management Area C,
inclusive of the single-shell tank 241-C-106 residual inventory. Based on the cutrent 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 information regarding comphance with applicable requirements;
as identified in HFFACO, Appendix H, in response to HFFACO, Appendix H, Attachment 2,
Criteria #6. In May 2004, meetings between staff from the U.S. Department of Energy and
Washmgton Department of Ecology; no additional information, beyond the information
presented in this document, was identified for submissjon in support of this basis of exemption

report.

_In response to 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-shell tank
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241-C-106. As Figure ES-3 illustrates, the 2003 waste retrieval campaign resulted in a reduction
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of the volume of waste in the tank to at most 467 cubic feet (at the 95% upper confidence level)
at a cost of approxnnately $22.4 million. The cnrrent peak incremental lifetime cancer risk for

the inventory in the residual waste is 2.48 » 10 (or 2.5 in 100 million). The cost for retrieving
waste from current levels to the HFFACO retrieval criteria (within the limit of volume
measurement and technical performance uncertainty) would range from $5.7 to $13.5 million,
assuming a waste volume reduction of approximately 160 cubic feet from current levels, This
volume of waste reduction, if a corresponding reduction in the contaminants that drive risk
occurred, would only provide an approximate reduction in the incremental lifetime cancer risk

associated with the residual waste in singie-shell tank 241-C-106 of 5.1x 10 (or 5in 1 billion).

Figure ES-1. Comparison of the Cost per Cubic Foot of Waste Retrieval between the

2003 Retrieval Campaign and the Additional Retrieval Technology Alternatives.
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Figure ES-3. Comparison of Retrieval Cost to Human Health Risk Reduction Based on Residual
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Figure ES-2. Waste Retrieval Volume Reduction for Single-Shell Tank C-106.
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1.0 INTRODUCTION

This document was prepared to comply with Hanford Federal Facility Agreement and Consent
Order (HFFACO) (Bcology et al. 1989) Milestones M-45-05H and M-45-05M-T01. The =
document presents the basis for an exception to the waste retrieval criteria established in the
BFFACO for smgle-shell tank (SST) 241-C-106 (SST C-106). The HFFACO states that the
waste retrieval criteria in Milestone M-45-00 are to be applied on a tank-by-tank basis. Ifthe.
U.S. Department of Energy (DOE) doesnot 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 (Bcology). Appendix H, Attachment 2,

lists the specific content requirements for the request for an exception from the waste retrieval
volunie limit of less than 360 ft® of residual waste for 100-series SSTs following completion of
waste retrieval identified in Milestone M-45-00. According to Attachment 2, a request for an
exception miust include, as a minimum, the following information: :

1. Why DOE does not believe the retrieval cfiteria 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. Addmonal mformatlon as required by EPA and/or Ecology.

Section 2.1 responds to Criteria #2 and documents the basis for determining that completing
waste retrieval to the HFFACO 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 information 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 HFFACO retrieval criteria cannot be met.

Throughout the text of this document, numbers were rounded to two s1gmﬁcant 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 to 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 séction responds to HFFACO, Appendix H, Attachment 2, Criteria #2 to #5. The
information and conclusions presented in this section support the response to Cntenon #1, which
is presented in Section 3.0. :

2.1 COMPLETION OF WASTE RETRIEVAL
USING EXISTING TECHNOLOGIES TO.THE _
LIMIT OF TECHNOLOGY

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

. complete retrieval to the HFFACO 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 the technical limit of its
capab111ty in-December 2003.

2.1.1 Sluicing System Retrieval Campaign, 1998-1999

SST C-106is a 530 OOO-gal tank that was used to store mixed radioactive waste since the tank
~ 'was placed in service in 1947. 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 Campalgn Number 3 Solids Volume Transferred
. Calculation). Sluicing operations were conducted using double-shell tank (DST) AY-102
supernatant as a sluicing medium.

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

« Retrieve at least 95% (approximately 187,000 gal) of the estimated total sludge of 1.8 m
(6 ft) from SST C-106 |

o 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-45-03B”).

In July 2000, approximately 44,892 gal of solid and liquid waste remained in SST C-106
(RPP-12547, Tank 241-C-106 Residual Liguids and Solids Volume Caleulation). In
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August 2002, a new measurement estimated waste volume in SST C-106 at 35,986 gal.. From
July 2000 to August 2002, the volume of liquids decreased by approximately 10,000 gal. The
reduction in liquid volume was attributed to evaporation. For additional mformatlon regarding
waste volume estimates for SST C-106, see Section 2.3. _

2.1.2 Modified Sluicing and Acid Dissolution Retrieval

~ Campaign — 2003
To remove the remaining waste in SST C-106, a retrieval demonstration campalgn 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 million.
This campaign began in April 2003 by pumpmg approximately 18,000 gal of liquid from
-SST C-106 to DST AY-102. The 2003 campa;lgn continued through December 2003 using
modified sluicing and acid dissolution removing an additional approxunately 14,500 gal of
waste. -

Modified sluicing clescnbes various performance enhancements over the ‘past—pracnce” slulcmg'
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 eqmpment was used to dissolve solids. The combination of the two
methods was des1gned 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 Heel 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—17 158, Laboratory. Testing of Oxalic Acid
Dissolution of Tank 241-C-106 Sludge).

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

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

o 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 retrieval pump.

The oxalic acid dissolution process leached additional waste constituents dJrectly from the- siudge
and also reacted with carbonates in the waste to increase solid waste porosity. Both the loss of
carbonates and the agitation of the waste using the mixer-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 reaetlon, the
dissolved wastes were transferred via a pump to DST-AN- 106.
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During acid dissolution, operations were performed using oxalic acid with a concéntration 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 of 7 days based on in-tank monitoring of wastepH -~
levels After the acid reaction reached steady state, dissolved wastes were transferred via a pump
to DST AN-106.

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 recirculatiomrbecause most of the waste had been leveled iato a thin
layer, allowing the majority of the waste to be submerged in acid.

The modified sluicing techniology used a hydraulic process that deployed an articulated
high-pressure water head that moved the shurry 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 réached the limit of operational cffectiveness to retrieve solid waste after
the fourth acid dissolution cycle and second sluicing retrieval. The single stuicer nozzle which
was located in riser 3 was no longer effective in moving solids from the far side of the tank to the
pumnp in the middle of the tank. Additionally, shiicing croated piles of solids against the tank
walls in the location of the tank circumference farthest from the sluicer. The motive force of the
~ sluicer nozzle at this con.ﬁgurauon of waste was not able to move the remaining waste to the
pump intake.

In response to the diminished performance of the smgle sluicer 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. Fo]lowing this,
oxalic acid was added for a sixth time to dissolve the remaining waste. The residual waste
volume represents the quantity remaining after sluicing followmg the sixth oxalic acid addition
and fourth shucmg operation.

Table 1. contains the material balance of the stuicing operations. The material balance for the

~ sluicing operations was recorded to determine the -approximate volume of waste that was
transferred with each batch. Waste retrieval technology efficiency, based on percent solids in the

slurry, was calculated to document the performance of this technology. An observed declining

trend of waste removed for each sluicing operatlon ranged from 8% for the first operation to
3% for the final operation.

Table 1. Material Balance Estimates for Stuice Water Additions to
Single-Shell Tank 241-C-106.

. Volume of ~Volume Volume transferred to . .
apse!:;:i‘:m water added " increase DST AN-106 (:éﬁi:?:ﬁﬁa) .
(gal) (gal) (gal) '
' 1 56,160 4,873 61,033 8
2 46,472 1,607 48,079 o 3.3
3 59228 - | 857 60,085 1.4
T4 83,501 - 217 - 83,718 ‘ 03

Note:
DST = double-shell tank.
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Three measures were used to determine that modified sluicing and acid dissolution had reached
the limit of technology performance (RPP-19919, Campaign Report for the Retrieval of Waste
Heel 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 entramed
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-ft 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,
the retrieval pump was used to remove the solution mcludmg entrained waste from the
tank. :

The acid dissolution reacted as predicted in the process control plan (RPP-13707, Process
Control Plan for Tank 241-C-106 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 performance 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 a]l 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 for Single-Shell Tank 241-C-
106). The result of waste forms not dissolving in the acid are consistent with the
laboratory testing, which documented that up to 30% of the solids would not dissolve in
oxalic acid (RPP-17158).

2. Waste Entrainment - The wastc 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 shury
pumped from the tank (RPP-20577, Stage IT Retrieval Data Report for Single-Shell Tank
241-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 ini the 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, Calculation for the Post-Retrieval Waste Volume
Determination for Tank 241-C-106). The performance 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 performance 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-ediictor 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 facilitate
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 > of waste based on the 95% upper confidence level remained in SST C-106.
. The residual waste estimate based on the 95% upper confidence level reflects uricertainty 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 1, to be
approximately 370 . The residual waste volume at the 95% lower confidence level is 275 f*.
See Section 2.3 for additional information regardmg residual waste volume estimates and the
characteristics of the residual waste remammg in SST C-106.

2.1.3 Conclusions

The limits of technology for reh1ev1ng waste from SST C-106 have been reached for deployment
of the following:

e Sluicing (1998-1999) as concmred with by Ecology in Fitzsimmons (1999)

o 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 HFFACO, Appendlx 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 are 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 are not sufficiently
mature to evaluate for deployment 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 are 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 techmcally mature to support cost, schedule, and performance evaluations.
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2.2.1 Addltlonal Avanable Waste Retrieval .
Technologies

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

o Idenhfymg the retrieval functions the technologes would need to perform

« Identifying retrieval technologleslaltematlves that could be deployed in SST C—106
- without further research and development

. Comparing the relative effectivenéss of the additional avallable technologxes/altematwes
against performance objectives. S

2.2.1.1 Additional Available Waste Retrieval Teclmologles Addmonal waste retrieval
technologies that are currently available at the Hanford Site and could be scheduled for
deployment in SST C-106 include:

+ Modified Sluicing — Consists of sluicing system (water supply, nozzles, and controls); a
centralized pump; and a transfer system. . Modified shuicing has been or is currently being
deployed on saltcake tanks (SSTs $¥102 and $-112) and studge tanks (nsed in SST C-106

_ and planned for deployment in SSTs C-103 and C-105).

e Vacuum Retrieval System (VRS) — Consists of 4n articulated vacuum mast, batch
vacuum vessel, control system, and a transfer system. VRSs are being or will be
deployed at C-200, U-200, B-200, and T-200 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-110
T-111, C-101, C-110, and C-111. The MRS is typically identified as the waste retrieval

~ technology for leaking 100-series tanks.

o Chemical Additien — 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 well 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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2.2.1.2 Development of Retrieval Alternatives using Additional Available Technologies.
A range of alternatives were identified to compare the ability of the technologies to meet
performance critetia (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 are 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 of a common “minimum
volume goal” of 200 f* (i.e., removal of 160 ﬁs) At the 95% confidence interval of residual
waste remaining in a tank, 467 fi® are present in the tank and the alternative retrieval technology -
- selected must retrieve at least an additional 107 ft’ of waste from the tank to reach the 360 £
residual waste volume réquirement. To ensure the residual waste volume in the tank is less than
or equal to the 360 f* requirement, the removal volume goal was conservatively set at 160 f*
based on the estimation error associated with the residual waste volume determination and the
additional uncertainties associated with the waste retrieval technology perfonnance

Each of the alternatives potentially could attain the minimum volume goal; however, there are
differences in costs, schedule, and water 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 ttus
section pose technical challenges and risks that may iphibit their capability to attain the
HFFACO retrieval criteria. Among the areas of technical uncertainty are:. :

¢ MRS and VRS systems have yet to be demonstrated in Hanford Site SSTs Retncval
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., 100-series tanks) and tank waste (i.e., residual sludge) assirance that either -
technology could retrieve waste to the HFFACO retrieval critéria 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 I-IFFACO retrieval goal. Further optimizations incorporated into
the evaluated alternatives may result in additional waste retrieval, however the quantlty
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 are not avaxlable until completion or
mterruptlon 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-inistall and/or reconnect any SST C—106 equlpment that has been decommssmned
« Operate sluicers and pump until minimum volume goal or lower has been achieved.
. Evaluate volume remaining. | .
. ;Collmt samples and characterize.
» Decommission equipment: _ 7 | S )

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. Oxalic
acid was added in six separate batches during the retrieval in 2003. Dlmmwhmg returns were
achieved with 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 depleted 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 30% of the solids would not dissolve in
oxalic acid. Because the solids in the tank have been exposed to multiple batches of oxahc acid,
additional dissolution of the solids would be minimal.

Use of an 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 studges 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 supematant 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 are
completed It is anticipated that the volume of additional raw water required to attain the
minimum volume goal is 90,000 gal. Tmplementing the Alternative B system includes the
folIowmg steps:

hY
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o Complete C-200 series tank waste rctnevals Equipment and resources requlred to -
retrieve additional waste from SST C-106 are not available untll compleuon or .
mterruptlon of C-200 series tank waste retrievals.

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

¢ Replace existing pump with new pump (assume progressive cavity with “ﬂuldlzer head”).

»  Construct two new risers and install two new sluicer nozzles.
« Re-install and/or reconnect any SST C-106 equipment that has been decormmssmned
o Operate system until minimuym volume goal or lower has been achieved.”
» Evaluate volume remaining. | '
» Collect samples and characterize.
e Decommission equipment.

The estimated impleﬁient'altion cost for Alternative B is approximately $5.7 million and there

would be $180,000 in evaporator costs resulting in a total retrieval and storage cost of
$5.9 million. The anticipated schedule duration from start to finish is 12 months.

2.2.1.2.3 Alternative C — Modified Slmcmg (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 as is possible in a short period of time (with minimal
water). Two new risers would then be installed near or above the areas where waste solids and
fines are located. Vacuum system masts would be installed in the new risers to retrieve as much
of the waste solids and fines that would fall within the approximately 20-ft vacuum mast radius.
This would be a batch process where waste would be vacuumed into the batch vessel followed
by water addition and siurry of the waste to the AN tank farm via the existing SST C-106
HIHTL.

The work consists of the design, procurement, construction, startup, and operation of the existing
medified sluicing system and an entirely new VRS speclﬁcally designed for the sludge residuals
in. SST C-106. The current VRS design for B-200 series tanks would be used as a starting point.
The Alternative C system would be operated to remove tank waste until the minimum volume
goal is attained. It is anticipated that the volume of additional raw water required to attain the.
minimum volume goal 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 are not available until completion or
interruption of C-200 series tank waste retrievals.

. R&connect the HIHTL from the C-200 series tanks to the SST C-106 system.
o Re-install and/or reconnect any.SST C-106 equipment that has been- decomnnssibned.
e Operate the modified sluicing system to cleanup the tank bottom. '

» Install two new risers above or near the waste solids and ﬂnes (accountmg for the
vacuum mast 20 ft radius).

o Install two vacuum masts.
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o * Operate the VRS until minimum volume goal or lower has been achieved.
o Evaluate volume remaining.

o 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 retne'val from start to finish is 16 months. :

2.2.1.2.4 Alternative D — Mobile Retrieval System. The MRS consists of a VRS in
combination with an ITV. Alternative D consists of the design, procurement, construcnon, -
startup, and operation of a new MRS specifically designed for the sludge residuals in. SST C-106.
The existing transfer route to the AN tank farm would be used once the C-200 series tank waste
retrievals are completed. The MRS wonld be operated to remove tank waste until the minimum
- goal is satisfled. The MRS generates water from the vacuum system and requires significant
water to transfer wastes to the AN tank farm. It is anticipated that the volume of additional raw
water required to attain the minimum volume goal is 175,000 gal. Retrieving SST C-106 with
the MRS includes the following steps: '
¢ Complete C-200 series tank waste retrievals. Equipment and resources required to
retrieve additional waste from SST C-106 are not available until completion or
. interruption of C-200 series tank waste retrievals.

« Re-connect the HIHTL from C-200 series tanks to the SST C-106 system.
o Install new ITV riser.

o Install the new ITV.

o Remove the Gorman Rupp pump from riser 13.

¢ Install vacuum system.

e . Operate MRS until minimum volume goal or lower has been achieved.

e Evaluate volume remaining.

« Collect samples and characterize.

» Decommission equipment.

The estimated nnplementatlon cost for Alternative D is approximately $13.1 million and there
would be $350,000 in evaporator costs resulting in a total retrieval and storage cost of .
$13.5 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 2.2.1.2 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 fo 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-term DST
storage (storage required to support retrieval and prior to evaporation), and the estimated total
cost per cubic foot of waste refrieved to meet a minimum target level of waste retrieval that
would ensure attaining the HFFACO retrieval criteria, given measurement and retrieval
technology performance uncertainties. For this evaluation comparable information was
presented for the 2003 retrieval campaign. -Table 4 summarizes the results of this comparison.

» ~ River Protection Project (RPP) Total Retrieval and Storage 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 are 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 cach alternative, and the cost of treatment and
disposal of the retrieved waste. Costs not included in the retrieval alternative estimates
are not included in retrieval project estimates under the RPP cost estimate process.

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

s Cost Per Cubic Foot of 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 femoval 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 datain Table 4,
Figure 1 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 approximiately $5,170/f 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° to $84,000/f>. These costs per unit of waste removed are a
factor of 7 to 16 times greater than experienced for the 2003 rettieval campaign.

It is assumed that the appropriate assessments (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 are not part of this discussion.

The final method used to compare the alternatives was a 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 ano further action case were considered. The
nio-action alternative assumed no further waste retrieval activities were initiated for SST C-106.
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Figure 1. Comparison of the Cost per Cubic Foot of Waste Retrieval Between the 2003 Retrieval
Campaign and the Additional Retrieval Technology Alternatives.
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Additlonal Afternatives

Paired comparison analysis is particularly beneficial in establishing priorities when there are-
conflicting demands (e.g., cost versus schedule) on limited resources. The paired comparison
analysis aided in establishing the relative importance of the following evaluation criteria: -

« Cost of the Alternative. This criterion includes all facets of the alternative.” A higher
value means the fotal cost for installing, operating, and demobilizing the particular
“technology is less than other technologies that are being considéred. A higher value also
means that the total estimated cost contains a higher level of confidence for completing
within the indicated estimate at completion.

» Schedule for the Alfernative. This criterion includes all facets of the alternative.
A higher value means the total duratjon for installing, operating, and demobilizing of the
particular technology is shorter than other technologies that are being considered and that
the schedule contains a higher level of confidence for achieving the scheduled end date.

"o Risk to Workers for the Alternative. This criterion includes AL ARA considerations
for both industrial (e.g., structural, chemical, electrical) and radiological safety and
health. A higher value means lower risk to the worker for implementing that particular
technology. ' :

« Ease of Implementation for the Alternative. . This criterion refers to the level of -
difficulty that each alternative may include when installing, operating, and demobilizing
equipment, instruments, etc. It also includes the level of project and technical risk
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associated with imPlementatibn. A higher value means comparatively less difficulty for
. implementing and less risk for that particular alternative. L '

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

« TImpacts of each Alternative to the RPP Mission. This criterion assesses the potential .
for each alfernative to divert or delay other activities or programs that would otherwise be
completed. A higher value means comparatively lower impacts for that particular -
alternative. : :

Appendix A contains the results of the paired comparison analysis. The analysis was supported
by subject matter experts from the DOE Office of River Protection and CH2M HILL Hanford
Group, Inc. (CH2M HILL) and included representatives of 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 of a total 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 o the Kepner-Tregoe method described in the New Rational Manager) of the
four retrieval dlternatives and a no-action case. Each alternative was ranked on a scale of 110 10
for each of the six criteria (10 representing the highest score and 1 the lowest). The basis for the
assignment of the ranked score for each alternative by each criterion is provided in Appendix A.
Aftér 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 of the alternatives, 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 of

human health and environmerital 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 of these criteria

were reversed (53 for human health and environment and 28 for worker risk).. Figure 3

illustrates that the overall relative ranking of the alternatives remained unchanged. Taking no

further action remained the highest ranked alternative. However; Alternative D replaced

Alternative A as the second ranked altemative, 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 Alternatives.
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Figure 3. Sensitivity Case Comparison of SST C-106 Additional Retrieval Alternatives.
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222 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 all of the residual waste in -
SST C-106. Removal of all waste or a significant portion of the waste may require deployment
of multiple technologies.

_ Past evaluations of government and mdustry retrieval pr03ects have supported the 1dent1ﬁcat10n
and development of the technologies discussed in Section 2.2.1 and this section (RPP-7807,
Single-Shell Tank C-104 Full Scale Studge/Hard Heel, Confined Shuicing and Robotics -
Technology Waste Retrieval Technology Functions and Requirements, and RPP-10901, Hanford
Federal Facility Agreement and Consent Order Milestone M-45-05-T17: §-102 Initial Waste
Retrieval Functions and Requzrements) The technologies discussed below are 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 are 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-Shell 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 Fluidics'. CH2M HILL has been working with AEA
Technology Engineering Services (AEAT) over the last several years to evaluate.the power
fluidic concept for samplmg, mixing, and pumping tank waste at the Hanford Site. AEAT also
provided fluidic pulse jet mixers for use in the five 50,000-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 a capital cost reported at $550,000 (DOE/EM-0622, Innovative
Technology Summary Report Russian 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 for §-103 Saltcake
Dissolution Retrieval 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 fluidic 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 Fluidics™ Mixing and Pumping for Application in the Single Shell Tank
Retrieval Program). The AEAT test report Single Shell Tanks Hanford Cold Test Facility
Prototype Fluidic System Test Report (2135-4-015) provides an overview of the fluidic
equipment, test simulants, test program, test results, and conclusions and réecommendations.

! Power Fluidics is a trademark of AEA Technology Engineering Services, Pitisburgh, Pennsylvania. -
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2.2.2.2 Russian Pulsatile Mixer Pumps/Fluidic 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 desxgn 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 perform 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 are provided in Russian Pulsating Mixer
Pump Deployment in the Gunite and Associated Tanks at ORNL (Hatchell et al. 2001). The
design and fabrication of the pulsatile mixer purap occurred in a Russian facility that does 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 firture. 'I‘he pump is capable of being deployed through a
22.5-in. diameter opening.

A thn‘d—generatlon pulsating mixer/sluicer with a dual nozzle design was developed and has been
tested with nonradioactive simulants ih 2001 and 2002. A fourth generation dual nozzle :
pulsating mixer/stuicer 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 Site staff in'2002. This unit can be deployed through a 12-in. diameter riser, and is
designed to operate with a minimum amount of liquid (15 cm is expected to be feasible)
(Gibbons et al. 2002, Russion Technology Advancements for Waste Mixing and Retrzeval) 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 repoit following complenon 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 timefraine, the team
‘at ORNL deployed a series of hydrauhcally powered; remotely-operated vehicles. The
first two were known as Houdini® 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-eﬁ'ector), the confined sluicing end-effector, and the Mod1ﬁed Light Duty
Utility Arm® (MLDUA). Many lessons learned are documented
(ORNL/TM-2001/142/V1, The Gunite and Associated Tanks Remediation Project Tank
Waste Retrieval Performance and Lessons Learned; Vesco et al. 2001, Lessons Learned
and Final Report for Houdini® Vehicle Remote Operations at Oak Ridge National

- * Houdini is a trademark of RedZone Robotics, Inc., Pittsburgh, Pennsylvania.
* Modified Light Duty Utility Arm is a trademark of SPAR Aerospace, Ltd., 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 Gperated Vehicle (ROV) System for Horizontal Tanks).

« TMR Associates VAC TRAX® - The VAC TRAX is a reniote-operated rotating
high-pressure water jetting tool 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 of light scabbling or deep
scarification of concrete surfaces. The VAC 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://tmrassociates.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 Washing 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 HLW Vitrification at the WVDP; The Approach to 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 provxde the capability to wash residues from the tanks’-
internal surfaces. Oxalic acid or mlxed organic acids were not used because of concems 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 CO; pellets. The pellets sublimate (convert directly from a solid
blast pellet to a'vapor) leaving no residue. This is envisioned as a sand-less sandblastmg
approach to d1slodge hard-to rémove residue from the tank surfaces. The dry ice is accelerated
by compressed air and requires between 80 and 100 psi and 120 to 150icfim (Lapointe 2004, -
Sand-less Sandblasting). The EPA identified dry ice blasting with solid pellets as a desirable
altemate for cleaning metal surfaces in their fact sheet for alternatives to trichloroethane

(EPA 2000, Technical Fact Sheet for 1,1,1-Trichloroethane (TCA) Hazards and Alternatives).

2.2.2.6 Modified Light-Duty Utility Arm (MLDUA) at Oak Ridge. Concise reviews are
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 Modified Light Duty Utility Arm after the Completion of the Nucleéar Waste
Removal from Seven Underground Storage Tanks at Oak Ridge National Laboratory; and
'DOE/EM-0406, Innovative Technology Summary Report Light Duty Utility Arm).

4AVACTRAX isa registere& trademark of TMR Associates, 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 ft in diameter. The MLDUA
performed varions types of operations in support of the underground tank waste cleanup
operations (e.g., grasping the sluicer to allow deployment of the hose management arm inito the
tanks, holding and maneuvering the sluicer to remove tank waste and waste matetial, and tank
wall cleaning operations with mgh-pressurc water jets). However, the MLDUA had some

. problems. Many lessons were leamned in both manipulator operations within the tank and
manipulator design. These lessons have not been incorporated into any subsequent versionsto - -
date

2.2.3 Conclusions

- The comparative evaluations of waste retrieval technologies which are cun'ently available for
deployment in support of additional waste retrieval from SST C-1 06 establish that:

o All the additional available alternatives are 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 technolo gy
the HFFACO retrieval criteria may not be met. '

o The schedule for deployment and completion of waste retrieval for the altematives for
additionial technologies range from 12 (Alternatives A and B) 1o 18 (Alternative D)
months. '

» The cost of the alternatives ranges from $5.7 to $13.5 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 $5, 170/f8 of waste refrieved from
SST C-106. The cost per cubic foot of waste retrieved for the four additional evaluated
alternatives would range from $35, 000/1t> to $84, 000/‘&3 or a factor of 7 to 16 times
greater than experienced for the 2003 retrieval campaign.

Technical uncertainty exists regarding the effectiveness of evolving technology discussed in
© Section 2.2.2 irl removing residuals to the HFFACO retrieval criteria. The potential technologies
identified are 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 potential retrieval technologies are
currently planned for deponment 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). Activities that would need to 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 2 single technology or combination of technologies would be required to attain
the retneval criteria. . ]
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2.3 VOLUME AND CHARACTERISTICS OF
RESIDUAL WASTE

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 determined following completion of the 1998-1999
sluicing campaign and the 2003 modified shuicing 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 Sinicing Campaign. The waste volume in -
SST C-106 before the start of sluicing in 1998 was approximatély 230,000 gal and consisted
almost entirely of sludge. During the sluicing campaigns conducted in 1998 and 1999, 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 oompletion of sluicing were initially calculated using a
mass flowmeter (HNF-5267) and verified using additional methods (e.g., mass transfer based on
Enraf® densitometer density profiles). Computer-aided design (CAD) waste surface topo graphy,
as described in the Tank 241-C-106 Component Closure Action 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 determmed by two separate .
observations (RPP-12547).

The volume determination from the J uly 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 4:1 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 slulcmg
and acid dissolution.

Table 5. Single-SheIl Tank 241-C-106 Waste Volumes Following
Completion of Sluicing. (2 sheets)

Video recording date: §7/13/2000 i : . gal
Volume of solids - . 1,210.61 9,056
Volume of liquids , 479059 - | 35,836
Total volume in SST C-106 6,001.20 44,892

> Enraf - Nonius Series 854 is a trademark of Enraf-Nonius, N.V. Vercmgde Insu'umentenfabneken, Enraf-Nonius =~
Corporation Netherlands, Rontegenweg 1, Delft, Netherlands
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Table 5. Single-Shell Tank 241-C-106 Waste Volumes Following
Completion of Sluicing. (2 sheets) -

Video Recording Date: 08/01/2002 - f®* S gal
Volume of solids o 121061 9,056
Volume of liquids 1 3,600.00 26,930
" | Total volume in SST C-106 _ 4,810.61 35,986

Note: )
SST = single-shell tank. .

2.3.1.2 Completion of Modified Sluicing and Acid Dissolution. As presented in Table 5,
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 AY-102. Following removal of the liquids, modified sluicing and acid
dissolution were deployed fo dissolve, mobilize, and remove the remaining waste to less than
360 fi° 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 ft> + 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 ft* 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 fi*. The remaining
liquids volume at the 95% upper confidence level is 14 . Correspondingly, the residual waste
volume at the 95% lower confidence level 275 ft°. '

Table 7 presents a total curie inventory for SST C-106 at three points in time: before the .
1998-1999 retrieval campaign; after 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 residual 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 1% of the 1998 inventory. '
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Figure 4. Single-Shell Tank 241-C-106 Waste Volume Reductions.

35,000

30,000

25,000 48

241-C-108 Waste Volume (cubic feet)

Pre-Past Practice  Post-Past Praclice  Pre-2003 Retrieval

Sluicing (11/8/1998) Suicing (7/13/2000)

4811

W s -

Post-Pumping of Post-Modified

Carrpaign Liquids (4/2003) Sluicing & Acd
(8/1/2002) Dissolution
{(12/31/03)

Table 6. Single-Shell Tank 241-C-106 Waste Volumes Following Completion of Modified
Sluicing and Acid Dissolution.
; Waste ol Estimated Uncertainty | Estimated Lincertainty |
{ Waste location s e (%) (it)
(fr) :
+ - + -

i Bottom of tank 13689 27% 7% 0{1.96 90.96
Fquipmient in ank 4.84 215% 0.00 1.21
Siffener vings 17.30 0% LN S 0.00
Liguid waste 11.30 27% 27% 305 | 305
Total 370.23 ¢ 26% 26% 1 9712 95.22

—— e
Nominal waste ’ ‘
| Bl st 370.33+ uncertainty . - 46745 | 27511
oo LA h

3700 i de the nominal waste volume remaining afier termination of reinieval operativas.
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Table 7. Estimate of Single-Shell Tank 241-C-106 Inventory of Total Curies Before and
After the 1998-1999 and the 2003 Waste Retrieval Campaigns. -

Pre-1998-1999 | Post-1998-1999 Post-2003
- retrieval retrieval Total removal retrieval Total removal
Analyte campaign total | campaign total 1998-1999 campaign total 1998-12/2003
tank inventory ‘| tank inventory campaign ~ | tank inventory -
€ (C) _ (&)

%8s 4TTE+06 " 8.46E+05 3.9F+06 6.61E+04 47EH06
2y 4. 7TE+06 8.46E+05 3.9E+06 6.61E+04 4.7E+06
¥Cs 2.67E+05 3.79E+04 23E+05 145E+03 2.66E+5
“"mBa 2.53E+05 3.59E+04 2.17E405 1.37E+03 T 2.52B+5
Total curies® 1.01EH7 1.77E+06 " 8.33E+06 1:35E+05 9.97E+6
Note: ’ ’ '

® Cuties contributing to greater than 99% of total inventory.

2.3.2 Characteristics of Residual Waste

The SST C-106 post-retneval risk assessment presented in the RPP-20577, Section 3.0, screened
the analytes from the post-retneval sample analysis for contaminants of potential concern
(COPC). The screening identified 42 constituents (25 radionuclides and 17 nonradionuclides) of
the 165 constituents identified in RPP-13889 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.

2.3.2.1 Initial Sfate. Initial state conditions are based on data from grab samples taken from
riser 7 of SST C-106 on April 22, 2003 presented in RPP-20838, Tank 241-C-106 Pre-Retrieval
Selected Waste Constituent Inventory Estimates to Support the Basis for an Exception to the
Waste Retrieval Criteria. The pre-retrieval inventory of the radionuclide and nonradionuclide
contaminants was calculated based on the analyte concentrations in residual solids. The
inventory contribution from the residual liquids volume was ignored because the majority of the
liquids were transferred during the modified sluicing campalgn Table 8 presents the estimated
pre-retrieval inventory for the COPCs

2.3.2.2 Current Conditions. The inventory of the 42 COPCs from the post-retn'eval sample
analysis is presented in Table 8. The COPCs identification process is discussed in further detail
in Section 2.4.1. 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 at the median values
(359 ft* of solids and 11 > of liquids). Table 8 also presents a comparison between the
inventory of SST C-106 before and after modified sluicing and acid 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.
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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) -
. . Pre- Post- | .
Class’ primary/, | Constituenf® | retrieval | retrieval | Units Fate post/
ary inventory™ | inventory®* pre-tnventory
Radionuclide Primary | 60Co 6.65E401 180E+01 | i 027.
Radioniclide Primary | 63Ni - 1.05E+03 7308401 | 0.07
Radionuclide Primary | 908r 1.26E+06 661E+04 | Ci 0.05
Radionuclide Primary | 99Tc . 28TE+00 165601 | i - 0.06
Radionuclide ° Primary - | 137Cs. | 3.15E+04 14sE+03 | G 0.05
Radionuclide Primary | 152Em NR 6.275+01 Ci N/A
Radionuclide Primary | 154Ea. 7.0B+02 813401 | Gi 012
Radionuclide Primary | 155Eu NR 7.80E+01 Ci N/A
Radionuclide Primary - | 228Th NR 5.75E-04 ci N/A.
Radionuclide Primary | 230Th 3.99E-02 882804 | G 0.02
Radionuclide Primary | 232Th 123E-02 561E04 | Ci 0.05
Radionuclide Primary | 233U 7.38E-02 183503 | "Ci .0.02
Radionuclide Primary | 234U 224802 o4Em| i 0.04
Radionuclide Primary | 235U 1.09E-03 387E05 | ; Gi 0.03
Radionuclide Primary 236U 5.78E-04 173E05 |.  Ci 0.03
Radionuclide Primary | 237Np 1.09E+00 saEm | ci 001
. Radionuctide Primary | 238U 2.65E-02 OME04 |  Ci 003
Radionuclide Primary .| 238Pu NR 2700 | i NA .
Radionuclide Primary | 239Pu as 240Pu 1686401 | . Ci N/A -
Radionuclide Primary | 240Pu - 416EH02 3588100 | i 0.01
_ Radionuctide Primary | 241Pu NR 3.97E401 Gi NA
Radionuclide Primary . | 241Am 6.6E+02 L6S3EHW1] G - 0.10
' Radionuclide Primary | 242Cm N/R 1,58E-01 Ci NA
Radionuclide Primary | 243Cm NR 3.02E:01 ci N/A
Radionuclide Primary | 244Cm NR 725400 |  Ci N/A
Inotganic Primary | Barium Ba 7.3E+01 164400 | kg 0.02
Inorganic. Primary | Cadmium Cd 1.7E+01 LMEH0 | Rg 0.08
Inorganic Primary | Chromium Cr 2.9F+00 379E+00 |  Kg 131
Inorganic Secondary ‘| Copper Cu * 4.93E+01 2315400 | Kg 0.05
Inorganic Primary | Cyanide CN- 2.97E+00 782E02 | Kg 0.03
Tnorganic Primary | Mercoury Hg 1.06E+01 1936400 | Ke 0.18
Inorganic Primary | Nickel Ni 8.16E+02 3026401 |  Kg 0.04
Inorganic Primary. | Silver Ag 8.98E+01 785EH0 |  Kg 0.09
Inorganic Primary | Zinc Zn 3.30E+01 213E400 | Ks 0.06
Inorganic Secondary * | Aluminum Al 8.5E+03 383EH02| Kg 0,05
Inorganic Secondary | Cobalt Co 9.35E+00 3.76E-01 Kg ~ - 0.04
Ynorganic Secondary | Iron Fe 1.17E+04 207E+02 |  Kg - 0.02
Inorganic Secondary | Menganese Mn 8.94E+03 SS0EH2 | Kg 0.06
Inorganic Secondary | Strontium Sr 3.59E+01 183E+00 |  Kg 0.05
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Table 8. Residual Single-Sheell Tank 241-C-106 Inventory Comparison Between Estimated
Pre-Retrieval and Post-Retrieval Samples. (2 Sheets)

Pre- Post- . h
Class sf;nm "’I Constituent” retrieval | retrieval | Units. |- 1::_?;;2:::’
dary' _ inventory™ | inventory™® P Y
VOA Primary | 2-Butanone (MEK) NR 448E-04 | RKg NA
"| 2-Propanone .
VOA Primary | (Acetone) © 327B+01 130B03 |  Kg . 3.98E-05
. -SVOA - Primary | Di-n-butylphthalate NR 426E03 |  Kg N/A.
Notes:

"Primary or secondary const:tuent (RPP-13889, 2004, Fank 241-C-106 Component ClosmdcnonData Quali;v Objectives, Rev. 1, CH2M
HILL Hanford Group, Inc., Richland, Washington).

2 Jodine-129 was removed from the post-retricval risk assessment because it did not pass through the screening process for COPCs. For more
informnation on the development of COPCs see RPP-20577, Section3.2.6. .

3 RPP-20838, 2004, Tark 241-C-106 Pre-Retrieval Selected Waste Constituent Inventory Estimates to Support the Basis for an Exception to the

. Waste Retrieval Criteria, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

* RPP-20577, Appendix B, Table B-2 (RPP -20577, 2004, Stage II Retrieval Data Report fbr&ngle-ShelI Tank 241-C-106, Rev. 0, CHOM
HILL Hanford Group, Inc., Richland, Washington).

* Inventory is presented in scientific notation. Converting scientific notation to a traditional mxmberrequmsmvmg the decimal-point either
dght or left (negative to.the lefi; posmve to the right) by the mrmber to the right of the positive or negative sign. For example 1. SE-O3 is
the same as 0.0013. _

COPC = contarninant of potential concern.

N/A = Not applicable. Used for analytes identified in the post-retrieval sample analysis but not in the pre-retrieval sample analysis.

NR = No data reported. )

SVOA = semivolatile organic analysis.

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 pe:specnve, the current BBI of %*Tc, the primary contributor to post-closure human
health impacts via the groundwater pathway, in all SSTs is approximately 15,500 Ci-
(http://twinweb.pnl.gov/twins.htm; 4/6/04). There are 327 Ci of *'Tc in Waste Management
Area (WMA) C (SST C-105 has an inventory of 1.4 Ci of *Tc). The pre-rétrieval sample
inventory for SST C-106 indicated a total of 2.87 Ci of *Tc. The post-remaval sample indicates
a total of 0.165 Ci of *Tc currently in SST C-106 (or 0.05% of the WMA C #Tc inventory).
Figure 5 ﬂlustrates the relatlonsmp between the inventory of > Tc in WMA C to SST C-106 and
the reduction in T¢ inventory in the SST C-106 residual waste from the pre-refrieval sample to
the post-retrieval sample. Figure 6 illustrates the current mventory of ®Tc in each of the tanks in
“WMA C. SST C-106 currently has a lower inventory of *Tc than any other 100-series tank in
WMA C. Figure 7 illustrates 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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Figure 5. Change in Single-Shell Tank 241-C-106 Technetium-99 Residual
Waste Inventory, Pre-Retrieval Compared to Post-Retrieval Sample
Data and Total Waste Management Area C Inventory.
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Figure 7. Current Inventory of Chromium by Single-Shell Tank in
Waste Management Area C.
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24  EXPECTED IMPACTS TO HUMAN HEALTH
AND THE ENVIRONMENT

This section responds to HFFACO, Appendix H, Attachment 2, Criteria #5: “Expected impacts
to luman health and the environment if the residual waste is left in place.” Expected impacts arc
hased cn the resulis of a post-retrieval assessment of impacts to human health and the
environment for SST C-106. See RPP-20577, Section 3.0, for the complete post-retrieval risk
assessment. This document presents summary information from the post-retrieval risk
assessment provided in RPP-20577. This document provides comparative data for the industrial
and residential exposure scenarios and more detailed information for the industrial receptor.

The risk assessment summarized in this docunient used the same methodology used in a
pre-retrieval risk assessment presented in the Single-Shell Tank System Closure Plan
(RPP-13774, Appendix C-1). All risk and environmental impact performance measures
documented in RPP-13774 were included in the post-retrieval risk assessment to enable a direct
comparison between the two documents. All contaminants of concern listed in RPP-13889 were
evaluated.

2.4.1 Inventory and Contaminants of Potential
Concern

The inventory used for the pre-retrieval risk assessment (RPP-13774) was calculated from the

BBI using the calculation method for tank residuals given in Envirommental npact Statement for
Retrieval, Treatment, and Disposal of Tank Waste and Closure of Single-Shell Tanks ai the



RPP-20658, REV. 1

Hanford Site, Richland, WA: 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 nonradionuclides (i.e., hazardous
_contaminants) and radionuclides left in SST C-106. This inventory includes all analytes listed in
RPP-13889. Inventory from the J; anuary 2004 sample was used in the post-retrieval nsk
assessiment.

A'tiered approach was used to identify ¢ COPCs for the SST C-106 waste retrieval sample
(RPP-20577, Section 3.2.2). The first tier of the COPCs sclection 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”® or the HI threshold of 1.0).
The second tier was used to identify nondetected 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.
Todine-129 was removed from the post-retrieval risk assessment because it did not pass through
the risk screening process for COPCs because the TLCR was less than 1% or 1 x 107 of the
performance objective of an ILCR of 1x 10°° (RPP-20577, Section 3.2.5.1 and Appendix B,
Table B-2). For more information on the development of COPCs see RPP-20577, Section 3.2.6.
The following constituents were identified as COPCs because they were detected in the
post-retrieval sample from SST C-106:

NI 2Sr PTec ‘ P
281y 23014 232y, 23y |
23471 ' 23573 - 23675 2385

BTN 20p,. 239p, Mipy

1 Am Aluminum , barium cadmium
hexavalent chromium Cobalt copper cyanide
iron - Manganese ‘ mercury nickel
silver Strontium zinc 2-butanone
2-propanone di—n-butylphthalate '

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

0c, B2y 4By 1358y
Ztpy M0m 23Cm Cm

24.2 Impacts to Human Health and the Environment

2.4.2.1 Human 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 after retrieval. The same
assumptions (e.g., residual immobilization barrier desigh and performance), except for the

2-30



RPP-20658, REV. 1

inventory of the residual source term given in Single-Shell Tank System Closure Plan (SST
Closure Plan) (RPP-13774, Attachment C-1), are applied to this risk assessment. The source
term inventori¢s that changed in this risk assessment are residual tank waste and hypothetical

retrieval leaks.  For residual tank waste, actual samples from the tank are used to calculate
residual inventories. No retrieval leak occurred, therefore, the post-retrieval risk assessment did
not include a hypothetical retrieval leak inventory for SST C-106 (RPP-20110). The results for

: . ancillary equipment residuals, past ancillary equlpment leaks, and past tank leaks did not change.
For those results see RPP-13774, Attachment C-1.. .

The ILCR, hazard index (HI), and radmlogmal drinking water dose for the industrial and
- residential receptors are estimated using peak modeled groundwater concentrations at the
WMA C fenceline from the residual tank waste and are 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 probablhty of an individual developing cancer over a lifetime (70 years)
from exposure to potential careinogens (both radmlogmal and chemical). For example, an ILCR
of 1.0 x 107 would indicate that an individual experiencing a lifetime exposure to the
contaminants of concern under the exposure scenario analyzed would have a 1 in 1 million

poteritial to experience a cancer that would otherwise have niot been expenenced 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 does not necessarily equate to a risk of fatality due
to cancer. It 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, **Tc is the primary contnbutor to this metric (conmbutmg approxxmately 99% of the
ILCR) 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 B Tc-
inventory and the removal of 'L as a COPC. Technetium-99 inventory used in the SST Closure
Plan was 0.46 Ci, and the post-retrieval sample inventory was 0.165 Ci, a reduction by a factor
of approximately 3.

For nonradionuclides, chromium is the primary contributor to ILCR (contributing approximat-_ely
95% of the ILCR). The reduction in the chromium inventory between the SST Closure Plan risk
assessment and the post-retrieval risk assessment is the reason for the reduction in ILCR for
‘nonradionuclides. ' ~
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T able 9. Cumulative ILCR, HI, and Radiological Drinking Water Dose from Péak Groundwater
‘- Concentration at the WMA C Fenceline Related to Residual Waste
Volume in'Single-Shell Tank 241-C-106.

Industrial receptor -~ . Residential receptor :
Metric SST Closure ' l’ost-retn_eval SST Closure | . Post-retrieval | :t’ear
Plan inventory . sample Plan inventory . samplg | ofpeak
inventory . . inventoiy
Radxoactwe chemlcals ‘ < . .. ) ' 1.
ILCR? ~ 71.8x10°% 2.0x10% _ 1.5x10° 4.8x107 5609 |-
(unitless) - i i - R : ‘
Nonradioactive chemicals : ) .-
ILCR® 1. 60x10° 8.9x10 1.3x10°® 2.0x10” 5614
(unitless) - - :
— . :
mis’;’d"" 9.9x10* 1.4x10° 5.5x10° 7.9x10* 5614
Radiological dose via . ’ , _ - '
drinking water® (mrem/yr 3.5x10° | 5.2x10% 1.0x10 "1.5x10° 5606
 EDE) | 1
Notes:

*JLCR target value is 1.0 x 10 to 1.0 x 10°® for radioactive constituents (EPA/540/R-99/006, Radiation Risk Assessment at
CERCLA Sites: Q & A Directive 9200.4-31P). ILCR target value is < 1.0 x 10"° nonradioactive constituents.
b Noncarcinogenic HI is < 1.0.
°Groundwater dose target value is <4 mrem/yr (1 L/day ingestion for 250 days for industrial receptor, and 2 L’day for
365 days for residential receptar).

EDE = effective dose equivalent.

HI = hazard index.

ILCR = incremental lifetime cancer risk.

SST = single-shell tank.

- WMA = Waste Management Area.

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-retrieval 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 almest
7,000 below the target value of 1. The total HI the residential receptor SST C-106 res1duals isa
factor of almost 1,300 below the target value of 1.

2.4.2.2 Effects on Drinking Water Standards. Estimated long-tetm groundwater quality
effeets for each residual inventory are compared to the primary drinking water standards

(i.e., maximaum 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 impa.cts at the WMA C Fenceline from Single'—Shelli
Tank 241-C-106 between Single-Shell Tank Closure Plan Inventory and Post-Retneva.l

Sample Inventory.
) SST closure plan Post-retrieval . Drinking water
Constituent , inventor; sample inventory | - stahdardg(MCL)
Technetiom-99 . 3.9 pCi/L ~ 14pGilL 900 pCi/L* -
Chrominm (assumes hexavalent . 22E-04 mg/L 33E-05 mg/L 0.10 mg/L
chromium}) : , )
Notes:

® The radionuclide conéentrations shown are the “C4” conoemranon, which is the concentration of the individual nuclide
in drinking water that would result in an annual dose of 4 mrem/yr using the taxget organ dose methodology specified by
the-Washington State Environmental Policy Act.
MCL = maximum contaminant level. p
SST = single-shell tank. ) )
WMA = Waste Management Area.

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 after retrieval to 360 ft> and an 8,000-gal retrieval leak (RPP-13774,
Attachment C—l) Past leak and adjacent ancillary equipment source terms are identified as
applicable; however, these source terms are 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 fi* 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 assessmient, like the assessment presented in RPP-13774, Attachment C-1, includes the
cumulative risk of source terms. from within WMA C (including SST C-106). Neither risk
assessment calculates risk for source termis external to WMA C. However, future risk
assessments performed in support of HFFACO M-45-00 milestones will, as required, perform
cumulative risk analysis for source terms 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 glven in Figure 8.. In this
plot the following two curves are shown: :

e SST C-106: SST Closure Plan Inventory The peak ILCRis 1.3 x 107 due to the
hypothetical §,000-gal retrieval leak occurring approx:.mately 30 years after closure. The
peak ILCR for the residuals is 7.8 x 10 occurring in about the year 5600,

+ SST C-106: Post-Retneval SST C-106 Sample Inventory, The peak ILCR for this
curve is 2.0 x 10, which is almost a fourfold dﬁcrease over the risk cal¢ulated for the
SST Closure Plan inventory. The decrease in **Tc¢ inventory and the removal of Plasa
COPC is the reason for decrease in ILCR. - The peak ILCR of 2.0 x 107 is a factor of
500 below the performance objective of 1.0 x 10 for this performance metric.
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Figure 8. Incremental Lifetime Cancer Risk (Radiological Constituents)
“for the Industrial Worker at the Waste Management Area C Fenceline:
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The residential scenario (RPP-20577) for these same two curves demonstrates the same pattern
given for the industrial worker shown here. However, the magnitude in risk for a residential -
receptor living at the site is increased by approximately a factor of 24, which represents greater
use of the groundwater by the residential receptor.

The post-retrieval risk assessment also compared changes in ILCR for WMA € from the .
SST Closure Plan inventory to the post-retrieval inventory. The peak ILCR for WMA. Cin the
SST Clos%re Plan was 1.4 x 10 compared to a post-retrieval WMA C cumulative ILCR peak of
1.39 x 10™.

2.4.2.3.2 Hazard Index. The cumulative contribution to the HI for the industrial worker
between the different residual inventories is given in Figure 9. In this plot the following two
curves are shown: ‘

e SST C-106: SST Closure Plan Inventory. This curve 1s the same curve given in
RPP-13774, Attachment C-1. The peak value is 9.9 x.10™* due to the residual waste.

« SST C-106: Post-Retrieval SST C-106 Sample Inventory. This curve is for the
residual inventory calculated using the post-retrieval sample: Leaks did not occur during
waste retrieval and therefore were not considered. The peak-value for this curve
1.4 x 10, which is over a sevenfold decrease for the HI calculated for the SST Closure
Plan inventory. The decrease is primarily due to the difference in Cr'S inventory
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‘calculated from the archive sample. This is a factor of almost 7,000 below the
performance objective of 1.0. '

The post-retrieval risk assessment also compared changes in the HI for WMA C from the
SST Closure Plan inventory to the post-retrieval mventory (RPP-20577). The peak HI for
WMA C in the SST Closure Plan was 1.25 x 10 (Note: this is slightly higher than what was
report in RPP-13774 [9.7 x 10"%] because of the inclusion of n-Butano! from past unplanned
releases) compared to a post-retneval risk assessment peak HI of 1.23 x 10™. !

Figure 9. Hazard Index for the Industrial Worker at the Waste ‘Management Area C Fenceline.
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2.4.2.3.3 Radiological Drinking Water Dose. The cumulative contribution to radiological
dnnlqng water dose for the industrial worker between the different residual mventones is given.
~ in Figure 10. In this plot the following two curves are shown:

¢ SST C-106: SST Closure Plan Inventory. This curve is the same curve given in
RPP-13774, Attachment C-1. This is a cuamulative curve showing an 8,000-gal retrieval
leak from SST C-106 along with the impacts from SST C-106 residuals. The peak value
is 5.0 x 10” mrem/yr due to the retrieval leaks considered in the pre—retneval analysis.

e SST C-106: Post-Retrieval SST C-106 Sample Inventory. This curve is for the
residual inventory calculated using the post-retrieval sample. Leaks did not occur during
waste retrieval and therefore were not considered. The peak value for this curve is
6.6 x 10" mrem/yr, which is almost a sevenfold decrease over the radiological dose -
calculated for the SST Closure Plan residual inventory. This is due to the smaller
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' residual inventory of ®Tc and 21 is no longer a contaminant of concern. This is a factor
of almost 6,000 below the performance objective 4 mrem/yr.

The post-retrieval risk assessment also compared changes to the radiological drinking water dose
from the SST Closure Plan to the post-retneval inventory (RPP-20577). The peak SST Closure
Plan radiological dose was 4.6 x 10 which is well below the performance objective of 4.0. The"

peak radiological dose for the post-retrieval risk assessment was 4.5 x 107,
Figure 10. Drm]cmg Water Dose for the Indusirial Worker at the Waste Management AreaC

Fenceline.
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2.4.2.4 Human Health Risk Reduction as a Function of Residnal Waste Volume Reduction.
" Table 11 provides the relative contribution of SST C-106 residual waste to the total WMA C
residual waste for the industrial receptor at the WMA C fenceline at selected retrieval volumes.
Table 11 and Figure 11 have been prepared to illustrate the ILCR of SST C-106 residual waste at
different levels of waste retrieval. At each level of waste retrieval, the inventory for
contaminants in SST C-106 has been reduced hneaﬂy based on an assumed relative reducuon of

ILCR established in RPP-13774 for:

s A residual volume of 360 fi’
o The post-retneval sample nsk assessment for SST C-106 at the'95% conﬁdenoe
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Table 11. Relative Contribution of Single-Shell Tank 241-C—106 Residual Waste to

‘Total WMA C Residual Waste at the WMA C Fenceline

at Selected Retrieval Volumes.
Total WMA C SST C-106 ersentage
rgsxdual tank wagte residual tank waste SST C-106 to WMA.
. 1 < - -
Residual invegtory ('ffolume) All- All- , Al
ILCR: pathways ICR pathways ILCR athw
industrial| = dose  |industrial{  dose |industrial (l:m' omg)|
. | (mrem/yr) ' (nﬂ'emfyl') '
ﬁ;ﬂg‘gg‘?ﬁ%ﬂ* assessment . | 02x10° | 1.97x107 | 7.84x10% | 2 7ax10 | 772% | 13.88%
Post-retrieval sample C-106 ‘ b
Q, - . . . b
e ‘;?eig;:fméﬁt:xa“ 9.64x107 | 173107 | 2.61x10° | .332x10° | 271% | 1.92%
was caleulated based on RPP-6924 '
Post-refrieval sample C-106 _ . . |
95% upper confidence level volume | 9.63x107 | 1.73x107 | 248x10° | 3.15x10° | 2.58% 1.82%
1(466 1) .
[Nt veiems Q70 8) 057107 | 173x10" | 197x10° | 2.50x10° | 205% | 145%
g:ﬁ:ﬁﬁ%é%ﬁ&;ﬁ yp | 949107 | L71x107 | 110x10% | 139x10° | L16% | 081%

Notes:

13¢e inventory definitions in RPP-20577 for a complete descnptlon of how each inventory is calculated.

RPP-6924, 2002, Statistical Methods for Estimating the Uncertainty in the Best Basis Inventones, Rev. 0, CHZM HILL
Hanford Group, Inc., Richland, Washington.
ILCR = incremental lifetime cancer risk.

SST = single-shell tank.
WMA = Waste Management Area..
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Figure 11. Change in Incremental Lifetime Cancer Risk for thie Industrial Worker for
Smgle-Shell Tank C-106 Residual Waste asa Function of Waste Volume Reduction, _
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2.4.3 Conclusions

Evaluation of all 42 COPCs clearly shows the major human health and groundwater risk driving
analyte for radionuclides in this tank is **Tc. For nonradionuclides, chromium is the primary risk
driver. .

Risk for the total of all WMA C SST residuals was calculated using the inventory given in the
SST Closure Plan (RPP-13774, Attachment C-1). For that assessment the ILCR for the

- SST C-106 residual waste for the industrial receptor was 7.8 x 10, while the ILCR for all
residuals in WMA C was approximately 1.0 x 10, The percentage of the risk represented by
the pre-retrieval residual in SST C-106 is approximately 7.7% or 1/12 of the total cumulative risk
using the inventory used in the SST Closure Plan risk assessment. Replacing the SST Closure
Plan inventory with the inventory calculated from the post-retrieval sample reduces the risk
posed by SST C-106 from 7.7% to approximately 2.6% for the 95% conﬁdence level volume
(467 ft°) and to 2.1% for the nominal case (370 ft*). .

The two key points from this risk assessment are 1) the WMA. C numbers contained in this
analysis and those-contained in RPP-13774, Attachment C-1, for the entire WMA are nearly the
same and 2) the impacts estimated for SST C-106 are smaller in this analysis than those in
RPP-13774. The conclusions in RPP-13774 are unchanged by the present analysis using residual
SST C-106 waste samples
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- Finally, a further reduction in residual waste volume from the current estimate of 467 ft to the
HFFACO Milestone M-45-00 series retrieval criteria of 360 f* would result in an insignificant
reduction in the IL.CR under the industrial worker scenario from an ILCR of 2.48 x 10" to

1.97 x 10°, The risk contribution of the residual waste i in SST C-106 to the cumulative risk of
WMA C would only be réduced 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 A,
asstiming 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 all waste from SST C-106 would result in a WMA C risk reduction from
current levels 0f 9.57 x 10‘7 to 9. 4 x 10'7 under the mdustnal 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
 information 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 HFFACO, Appendix H. Information provided includes the relationship between
this request for an exception to the HFFACO refrieval 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 exceptlon from the HFFACO retrieval criteria for
SST-C-106, DOE w111 address the remmnmg issues associated with SST C-106 in accordance
with RPP-13774.. '

Ecology and DOE are 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 staff regarding SST C-106 residual waste was
initiated. After Ecology and DOE reach an agreement regarding the language and it is
incorporated into Appendix H of the HFFACO, DOE will pursue addmonal interface as
appropriate.

2/
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30 CONCLUSIONS

This section responds to HFFACO, Appendix H, Attachment 2, Criteria #1: “Why DOE does
not believe the retrieval criteria can be met.” Based on the information provided in Section 2.0
in response to Criterions #2 through #5, DOE concludes that there 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 of DOE’s request that Bcology and EPA

" concur that retrieval of SST C-106 is complete.

Information summarized in this report and presented in dcta11 in snpportmg documents
- establishes that: . .

In response to HFFACO, 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 1998-1999 to resolve high-heat safety

~ issues) and modified sluicing and acid dissolution (retrieval technology demonstration

under the HFFACO. for modified sluicing in a sludge tank), using the available nser
configuration. .

In response to I-IFFACO, Appendix H, 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 2 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 glven measurement
uncertainties for waste volume and characteristics.’

In response to HFFACO, Appendix H, Attachment 2, Criteria #4: The waste remaining
in SST C-106 exceeds 360 ft'. However, the nominal value of the measured waste
volume is approximately 370 f’. 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% upper confidence level volume is 467 ft*. 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 if the residual waste is left in place have been
analyzed consistent with the methodology used in WMA C Closure Action Plan;
Appendix C (RPP-13774) The results of the risk assessment are summarized herein and
presented in its entirety in RPP-20577. ILCR risks from the residual waste do not exceed
EPA ILCR threshold values of 1.0 x 10 to 1.0 x 10°® or the Ecology threshold of

1.0 x 10°® for the industrial réceptor at the WMA C fenceline. The cumulatlve risk for
WMA C, inclusive of the SST C-106 residual mventory is 9.57 x 107 for the industrial
receptor scenario. Based on the current residual inventory no groundwater quality
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standards would be exceeded under assmnphons consistent with the tank farm closure
approach identified in RPP-13774.

‘o Inresponse to HFFACO, Appendix H, Attachment 2, Criteria #6: RPP~13774 identifies
and prowdes a pathway to resolution of all currently unresolved regulatory issues and
securing all necessary permits and approvals under the authority of Ecology, DOE, and
other agencies.

On the basis of information presented in thls document, DOE requests Ecology and EPA concur

- that retricval of waste from SST C-106 is complete. This request is pursuant to criteria set forth -

_in HFFACO, Appendlx H, Attachment 2.
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-APPENDIX A

RELATIVE COMPARISON OF THE RETRIEVAL ALTERNATIVES AND
' NO ACTION
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Table A-1. Paired Comparison.

‘901-D LSS 01 Juesdlas juswdpnl Suuasutdua pue I3papnowy djqejieae U0 paseq sem
sishpeue oy ) “douerjduioa Lojerndar pue amsopd Juer ‘Supsamdus ssevord ‘Suiuuerd siSsiens ‘FuueourSud [2A0LG01 JO ssANRUIsIdT papnjout
pue ‘auf ‘dnoip piojurg] TTIH WZH.) PUB UOHI3)01d 49AK] JO 39U0 HOQ 211 Wl suadxs 1alew 1030qus Aq papoddns sea sisAeue oy, :a10n

‘ "BAREWSI{E B RJEd 184 40] SJOROLL] 19M0]
*gm.._u?ouwﬁmexsmﬁmcgzcgaﬁgmus&mggs&zqﬁw»&a&oounww_émsovﬁgﬁsmemaﬁaammas.ﬁfmsc?_m?atm%nmoo zs&%ﬁ%ﬁ%%ﬁﬂﬁg

"BAQEWISHE Jeinofed jeiy J0] Jqnd A4 O] S Jemd] Apaneredwios Suaw Xigew DUnes [Uehesqns e UG 8n,eA JouDy.
Y UBLILINAUS 814 O} syt jegueiod Bu5 10} Junoooe 1eu S0 BUIPUNGLING 40 42 8L Of SBSEB[al ULBi-Buicy 19 WUE-eaU S0 Ajfensn “ieuuosiad RUGREINOOC-UGCL Jo Dignd a1 Q) SYSIH 4] 3

"BARELIRE
Jeyogied yeuy 10 sy ssaj pue Buyuewaidun jo Aoy ssay Aageseduics suesus xigew Buyed jusnbosgns ey} Le seA SR ¥ ‘UoRESWBIAL LW PEIEISOSSE %8I [EoLDS; pue 156kl
Jo [pAey oty seprpuLosiR Y "8 "sjewNgs Wawdinbs Buzpiqowsp pue "Bugz.edo ‘Buneisul Uaym epniou) AvursalzulGle UOBG jBLY YNNI JO [BAS] U OF SiajPd UoEjuBwWeIdie] o ase gl

. AEOIOURE] Jent.ed JE0 DURUBWSIIWN 0] JOWIom SU} o1 NSl J0/0] SUEBT]
xygew Buges jusnbasqns ey uo enjeateubly v wiesH pue A9jeg [Eaiboiopey Puz (w18 'E9LIORIB ROIUIBLD TEINONAS) RUISNEU] LG J0) SUOREISPISUOD YUY Ty SEPRL SIO0M 0] 1Y D

SED]
puS PayIPaLRS oLy BuinaitioR 405 BILIBPYUOD {6 |9A8] JeuBK) € SJELoD BPeLDS BL) JeLk PuB PRJBRISLOD Disen ese 1oy selfioiuue) Jayio UBY Jeuioys 51 ABuiouype; Jepnind B §0 LOIR2yIgoep
pue ‘Gugessdo ‘Bujielsul ) uopeinp (eiot 8L sueew xugew Buges xenbasqns sy Uo enjen Jeubity y "BATRLISIE BLE 10 5127k} §:0K0-9ji] I[E SSRMIU SATRLUSHR LOBG 10; 97DALDS ‘B

"@j8diui0D 0) JRWINSS DEIEIP S} LRJIM ;m:usaﬁﬁ 10} BOUSPYUIOS J0 (98] JAUDIY B SHIBULO ;500 DAIBLUISE [E10) OU) 181 PUR PHIEGLI00 LIS SBAIBLLGHE JaLi0
atp ewy samof st ABojouype} JeopTed el 20} 1500 B4k sueew xntw Bunes juenbasans eyl UG orieA JBIBK v © palepiSUCa BLisq 8t jey) SaGo|ouoR I ueip oo sy AGopuges) sepoged
84 4o uoRezHigowsp pue 'Dugeiedo BulfEisy; 10 1500 (BI0) St SUBSW ¥ieUI Sule Jusnbasas s U0 enjEn Jeubiy Y eARRLISIE Bul I SievE; oEiiz-6ji] B SEPNEM) SAGELISHY BLi O 1893y

SNOLLINIA30
N Mg = |
20y ApeiapoN <
[ 33 . aioy Kiteagbis =
G F3 ‘018 "s180 Aljunyodd *aoeds 150 "5934n0SaH ‘Uolssii ol sioadwif]] Fil SONVIEOdAT
82 2t 1U3WIU0IjAUZ pUR YIEaH Uewing o) YsiHFa EEREET
3 1 SSB20NS [eojuyoa) Uj 93ulp|LC) pue uolleluswsiduwl jo sseatall/ [ [ce [ar
£s £2 SISNIOM 01 ¥SIMID sojeojee gy
L £ . Snpsuvsig\ | M jeeiir e g
L g 1500 Mi\ | e feo fief oo feqfy
T [ET {OILdIE | (6T} VP N O
NOUVATYATAHYRNNS il ¢ | uojien{eAT @opsunN




RPP-20658,REV. 1

This page intentionally left blank.

A-2




RPP-20638, REV. |

Table A-2. Cnteria Biank. (2 sheets)
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o T e e 1 <lw . 5D B ; ﬂ‘{;‘é ﬂ'a ﬂ?aa = ‘= Thm R -1 Eha
_ DO F g . C .8 gEg22 % e 28 2E 85439 P £ 8583 g 255 -1
10 = HGHEST Z3ity 553723, o [ B E=| gE58:% & ER S 53 Lt 3
i rcabastiens < S SETTS 8 . g Om EF | &2 £E5 85 Zxz C§ R ;
1= LDWEST BE = 8582 55%3 3 &3 E81. 88588 § 28582 g8 2553 S
52853 ESEEEET 4 pid de e ER Sy | 8 SIGE Zg £2s% =
EsE38- . '§3'ﬂ§"‘é"‘z§§ S £E2 §.5 Ssg<=25238 | 32 §ZE23 | 26 AEBE
Ez233. = CE28a33 & 52 ¢& = @ TEagg¥ie <8 £E§2322 s -
E,2F B e TR S * 28z S g e BUprE S g = B zgs"a g g gEES
32 S2E g g 3 295 FT3 = -l 28 ‘CS8s5582 |x8 g2 3 2 & w833
2 CaET = rEmESE 2 = oL SR a2 e E . @ 9 ‘22EF 5 =0 E g2
s e res = 28224573 & PELE - gzééigg & 2 25 g RS = 3355
s ] = " HE u § S . Lr S S 2B . B =S =
4 CESEE. o FEsiE52 W E<S8 S| A883E8i: |ws R R g & EZo%
1D Criteria Weight 5 7 53 2 28 ]
A | Faw Water Modified Sluicing 5 $1,925.950 Retrieval 'Sys.tem Cost 4 12 months start to finish 7 Since thi‘é cqixipment is already 6 Because the results of earlier 7 G’bhﬁnuing to sdd Jarge 1 DST Storage Tmpact of 640
{Current Equipment) (reconnveting and operating) duration (2 to 3 months of _installed, the increase in~ -modified sluicing campaigns volumes of water to achieve 1,870,000 gallons. Resumption
Evaporator Com incu.as;. by aperating timej . potcntmt r;siv. te the work force indicate that the limits of . further reduction in residual of modified sluicing in C-106
$3,740,000 1) The greater amount of is small. technology have been ‘waste volume i increases the will divert people and 3% _
Total Smmg_e an elrtevle TN evaporator use and transfers to ‘As dumamn mq.rea.-;cs, achieved, there is a low provability of a leak ocaumr.g 1 resources from other planned
Life-Cycle Costs of 35,665,950 DSTs may increase indicated potemml for cxposum or injury. probability of technical either during the modified - _ i refrievals, e.g., C-200, -
{does not include demobilization duration. ' xmmaa : - suceess in continuing to use sluicing operation or a - C-103/C-1035, Also uses
and dispusa! of equipment) 2y if the operation of this : moditied sluicing. - - subsequent transttr of waste to evaporator capacity.
Shiis e L e alternative occurs during the ooy e the DST receiver. Ty
MPS outage, then ihe dummn Approximately 1496 gaﬁws of |
. may be impacted. AL residual would remain. ;
B | New Modified Siuicing with New | 5 | $5,668,735 Retrieval System Cost | 5 | 12 months start to finish 5 | This option would add 6 | Thereis cxtensive expericnce 7 | Adding limited quantities of @ | DST Storage Impact of 90,000 | 563
Slurry Pump Evaporator Costs Incrcase by % duration. With limited DST “potential risk for the workers, | in installing new nozzles and - recycled supernatant as the gallons. Additional modified
$180,000 5 7 impacts, schedule confidence - since two new risers would . pumps. There is limited sluicing medium to achieve sluicing of C-106 will divert
Total ‘%tor*we and Remeva! FHe is good. However installations need to be installed, the -~ - . experience and some. further reduction in residual 'pec)ple and $% resources from
Life-Cycle Costs of 35,848,735 of new risers have not been current equipmient removed, - difficulties with new ns&.r ulwaste volume increases the other planned retrievals, 7
L e " Pty done recently. < and the new equipment tpvmp‘ mstaﬂamm pro.‘mb:luy of'a Jeak occurring pmuuiariy those scheduled ) m
o AEL L ST nnzzlm) msmlled ; i either during the moditied C-Farm beyond C-200 and
sluicing operation or the C—VI(IS:“CJOS.' ‘Also yses
transfers of waste between the evaporator capacity.
. DST receiver tank und C-106. i
Approximately 1496 gallons of
residual would remain,
1l 0 e 4 y i
New Modified Siwcm& Followed 2 510,171,593 R“‘tﬂﬂ\‘d‘ Syssem - 2 | 16 months start 1o finish A This eption would add 4 .Lxm;ted expcncncc and some 8 | Adding limited quantities of 4 | DST Storage Impactof © 435
[ 225,000 gallons. Additional

o

by New Vacuum Retrieval
System

Cost -

Evaporator Costs Yncre:zse bv
$430,000 2 M3

Total Smng.c and Rcmewd
Life-Cycle Costg of 510.6 l 5)1

duration (additional time for
installing and operating the
vacuum system and two new

risers, plus the time for

sluicing) -

potential risk for the wmkerb,
since two pew risers would .
need to.he installed to ;suppnrt 3
the installation and operation
of the vacuum system.

" new risers. Higher mcchamml

“Operational experience wﬂl be

dzﬁicuity for installation of .
complexity of the zystem.

gained from the C-200 smes
tank rctmvala. :

water to move the waste to the
vacuum intake resulis ina -
small patential impact from a

‘leak occurring during the
" refrieval operation or during a

transfer of waste to the DST

“receiver. Approximately 1496

-gallons of residual would

_Temain.

‘modified sluicing/vacunm

retrieval of C-106 will divert
people and $3 resources from’

other planned retrievals,
pariicularly those scheduled in
. C<Farm beyond C-200, e.z,
C-103C-105. Also uses
cwpummr cepacity.
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5 SEgEa & 5528858 | @ ‘e5cs 23 SSEiE3s | Z3 2 2EEg B gEgE
S 3582 3 E2E3E5% | H 2232 Qg | gEEEIgE | M HTgES =B is3 5
- - BT R - S i = 5 It - % . e i . B : S5 o2 Bgw . & LA a = = . == & i
< "O4EEE k| A 3Esdzce < 2<S3 A8 | SO0CEE&e . | &d ‘BaFEE & E8e3,
I Criteria Weight 5 7 e 53 2 ' 28 5 ' :
D | Mbile Retricval System 1| s3a3 T4 Reuie»ai System I | 18 months start to finish 3 | This option wauld add 3 . | The only Hanford experience “ ! 10 | Adding small quantities of 4 | DST StorageImpactof | 477
Tehnology Cost fs - ; duration (mcrense time for potential risk for the workers, with the MRS equipment is - “ water to assist the MRS system 175,000 gallons. Additional -~
Evaporator Ccsts Increase by readiness review for first t:me since one new riser (42") the Cnld Test Facnlny = in moving the waste to the retrieval from C-106 using .
$350,000 ; use of in-tank vehicle(ITV)) would need to be instatled to .. center of the fank for -~ MRS will divert people and $3
Total Rt.mevalandSzoram. i i support the installation and ' subsequent retrieval by the resources from other planned -
th”e-Cyc.lc Custs of $13,481 774 operation of the MRS. The . - vacuum system results in a retrievals, pamcu!arty those .
Eg installation of first-of-a-kind small potcnrml impact from 2 scheduled in C-Farm beyond
cquipnient, i.e., JTV, adds = feak occurring either durmﬂ C-200 ond C-103/C-105. -
another dtm(msmn tu zhe mk = the retrieval operation or a e
3 transfer of waste o the BS,TI’ )
receiver. Approximately 1496
gatl«ans of residual would -
remain. :
E | Mo Action 10 | No addmonai cost for wm.te 10 | No midltmnnl nmen’eded far 10 \Ieghg\ble addmcnat r:sk m 10 | Easiest to tmplemem .md nnr 9 'Nb,'ex/nvimhm«:@tﬁlvrikkduc'm- 10 Thxs altemanve aﬂowszhe 972
retneval retrieval. workers. : technical risk. - leaking during refnieval. mtssmn 1o pmecd as planned
: %! Approximately 2770 gallons of %
residual would remain. |

However initial performance
assessynent results indicaté no
significant risk dnft‘mnee from
other altematives, Tu. -
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