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EXECUTIVE SUMMARY

This report was written to satisfy Hanford Federal Facility Agreement and Consent Order
(HFFACO) (Ecology ct al. 1989) Milestones M-45-05H and M-45-05M-TO1. This report
summarizes the results of the post-retrieval assessment of impacts to human health and the
environment for single-shell tank 241-C-106 and includes the characterization data and Waste
Management Area C post-retrieval risk assessment results for the residual waste. This report
also presents comparative evaluations of waste retrieval technologies that are currently available
(i.e., do not require further research and development prior to deployment), and describes and
compares retrieval technologies requiring research and development that have potential for
future deployment at the Hanford Site tank farms. This report completes the retrieval data
report, which includes the Stage I summary (RPP-201 10) of the retrieval campaign and residual
waste volume determination for single-shell tank 241-C-106.

The pre-retrieval risk assessment applied the selected phase removal methodology for calculating
residual inventory, while the post-retrieval risk assessment inventory was based on a
post-retrieval sample collected in January 2004. A pre-retrieval risk assessment documented in
Single-Shell Tank System Closure Plan (RPP-13774 Attachment C-1) calculated the risk of all
Waste Management Area C single-shell tank residuals using selected phase removal for
calculating residual inventory. The selected phase removal methodology uses the existing
(December 2002) best-basis inventory by applying a simple volume ratio adjustment for different
phases. The selected phase removal method for calculating residual waste inventory involves
making assumptions about which waste phases will remain in the tank following waste retrieval.
In this assessment, all liquid phases are considered removed leaving only the inventory
associated with the remaining solids.

The post-retrieval risk assessment applied the same methodology documented in RPP-13774,
Attachment C-1. For the January 2004 sample, 165 contaminants were evaluated and screened
as contaminants of potential concern (Section 3.2.6). Of the 165 contaminants, 42 were used in
the risk assessment of which 25 were radionuclides and 17 were nonradionuclides. The
incremental lifetime cancer risk (radiological), hazard index, and radiological drinking water
dose for the industrial and residential receptors were estimated using peak modeled groundwater
concentrations at the Waste Management Area C fenceline from the residual tank waste and are
presented in Table ES-1.

For the pre-retrieval risk assessment, the incremental lifetime cancer risk (radiological) for the
industrial receptor was estimated as 7.8 x 10.8 for single-shell tank 241-C-106, while the
incremental lifetime cancer risk (radiological) for all single-shell tank residuals in Waste
Management Area C was 1.0 x 106. Consequently, the pre-retrieval risk for the residual in
single-shell tank 241-C-106 is approximately 7.7% or 1/12 of the total cumulative risk for all
residuals in the Waste Management Area. For the post-retrieval risk assessment, the selected
phase removal inventory was replaced with the inventory calculated from the post-retrieval
sample using the nominal volume for the residual waste (370 cubic feet). Replacing the selected
phase removal inventory with the post-retrieval sample inventory reduces the risk posed by
single-shell tank 241-C-106 from 7.7% to approximately 2.0%.

ES-1
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Table ES-1. Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and Radiological
Drinking Water Dose from Peak Groundwater Concentration Related

to Residual Waste Volume in Single-Shell Tank 241-C-106.
Industrial receptor Year of

Metric Post-retrieval sample Performance Yeak
'inventory objective'

Industrial receptor radioactive chemicals ILCR 2.0E-08 I .OE4 to 1 .OE-6' 5609
Industrial receptor nonradioactive chemicals 8.9E-10 1.OE-5 2  5614
IL C R_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Hazard index (unitless) 1.4E-04 1.02 5614
Radiological dose via drinking water 5.2E-04 (meny) 4 mrem/yr2  5606
(mremfyr EDE) __ _ _ _ _ _ __________ 4__56

All-pathways dose 2.5E-03 (mnrem/yr). 15 mrerl r3 =or
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 rm rem /yr3

Notes:
'EPA/540/R-99/006 Radiation Risk Assessment a! CERCLA Sites: Q &A Directive 9200.4-31P.
2 RPP-14283, 2004, Performance Objectives for Tank Farm Closure Risk Assessments, Rev. I CH2M HILL Hanford

Group, Inc., Richland, Washington..
3 DOE Order 435.1, 1997, Radioactive Maste Management, U.S. Department of Energy, Washington, D.C.
ILCR = incremental lifetime cancer risk.
EDE = effective dose equivalent.

The three major conclusions from the risk assessment are: (1) risk values presented in this
analysis and those contained in RPP-13774 (Attachment C-1) for the entire Waste Management
Area are almost the same, (2) the risks estimated for single-shell tank 241-C-106 are a factor of
4 smaller in this analysis than those in RPP-1 3774 due to the differences between pre-retrieval
best-basis inventory and post-retrieval (actual sample) inventory, and (3) of the 42 contaminants
of potential concern, technetium-99 and chromium are the primary contaminants that contribute
to risk (greater than 99% and 95%, respectively). Based on the current residual inventory,
groundwater quality standards would not be exceeded. The conclusions in RPP-13774 are
unchanged by the present analysis using residual single-shell tank 241-C-106 waste samples.

This report evaluates available waste retrieval technologies using a three-step process:
(1) identify retrieval function requirements, (2) identify retrieval technologies, and (3) identify
alternatives that could be deployed in single-shell tank 241-C-1 06 without further research and
development, and compare the relative effectiveness of the available technologies and
alternatives against performance objectives. A comparison of the available technologies
indicated that no additional retrieval was the preferred alternative.

Waste retrieval technologies that currently are not available for deployment in the Hanford Site
tank farms are also presented. The technologies discussed are in various stages of development,
some require substantial investment in research and development costs, while others have been
deployed elsewhere and would need to be adapted for deployment at the Hanford Site. The
technologies discussed in this summary currently are not planned for deployment in support of
tank waste retrieval. If one of the technologies was identified for potential use in support of
waste retrieval at single-shell tank 241-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.

ES-2
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INVENTORY CALCULATION DEFINITIONS

SPR: Selected Phase Removal methodology for calculating the residual inventory in
the pre-retrieval risk assessment. This methodology uses the existing
(December 2002) best-basis inventory using a simple volume ratio and adjusts for
different phases. For example, if the tank had 750 ft3 of solid material and 250 ft3
of liquid, and 7.5 kg of a constituent in solid and 1 kg in liquid, then the selected
phase removal method would call for all liquids to be completely removed leaving
only the inventory associated with the solids remaining. The final residual
inventory would be:

(360 fn3/750 fR3) * 7.5 kg = 3.6 kg.

SVR: Simple Volume Ratio methodology for calculating the residual inventory. This
methodology uses the existing (December 2002) best-basis inventory and uses a
simple volume ratio with no adjustments for different phases. For example, if the
tank had 750 ft3 of solid material and 250 ft3 of liquid, and 7.5 kg of a constituent
in solid and 1 kg in liquid, then the simple volume ratio to calculate the residual
inventory would be:

(360 ft3/l,000 ft3) * 7.5 kg + (360 ft3/1,000 ft3) * 1 kg = 3.06 kg.

Nominal: Nominal Inventory methodology was used in the post-retrieval risk assessment
and is based on the post-retrieval sample. The nominal inventory for each waste
constituent was calculated based on mean concentrations, nominal volume, and
mean density (for solids inventory). It is described fully in Best-Basis Inventory
Process Requirements (RPP-7625).

-

UCL-Vol:

UCL-Over:

ILCR:

Inventory Based on the 95% Upper Confidence Level for Volume using the
post-retrieval sample. The inventory of each waste constituent was estimated
using the mean concentration, mean density (for solids), and the 95% upper
confidence level for volumes. The post-retrieval risk assessment provides
sensitivity to this.

Overall 95% Upper Confidence Level for Inventory using the post-retrieval
sample. The overall 95% upper confidence level for inventory of each constituent
was calculated based on Statistical Methods for Estimating the Uncertainty in the
Best-Basis Inventories (RPP-6924). The post-retrieval risk assessment provides
sensitivity to this estimate.

Incremental Lifetime Cancer Risk is a risk incidence that represents the
increased probability of an individual developing cancer over a lifetime (70 years)
from exposure to potential carcinogens (both radiological and chemical).

viii
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1.0 INTRODUCTION

This report provides the results of the post-retrieval assessment of impacts to human health and
the environment for single-shell tank (SST) 241-C-106 (SST C-106) and includes the
characterization data and Waste Management Area (WMA) C post-retrieval risk assessment
results for the residual waste. This report completes the retrieval data report, which includes the
Stage IRetrieval Data Reportfor Single-Shell Tank 241-C-106 (RPP-201 10) summary of the
retrieval campaign and residual waste volume determination for SST C-106 and satisfies
Hanford Federal Facility Agreement and Consent Order (HFFACO) (Ecology et al. 1989)
Milestones M-45-05H and M-45-05M-TO1. RPP-201 10 described the retrieval campaign
performance and post-retrieval waste volume determination including residual waste volume
error calculations. The report further described the performance of both the modified sluicing
and the acid dissolution technology used to retrieve the waste remaining, and included data to
support completion of retrieval operations. At completion of retrieval operations in December
2003, 2,770 gal or 370 ft3 remained in the tank which included approximately 11 ft3 of liquid

-waste and 359 ft3 of solid waste.

The methodology for calculating the final residual inventory of radionuclides and
nonradionuclides is presented in inventory characterization (Section 2.0) and the residual waste
inventory estimates for the SST C-106 component closure action risk assessment (Appendix A).
The post-retrieval SST C-106 risk assessment (Section 3.0) summarizes the expected impacts to
human health and the environment due to radioactive and nonradioactive chemicals remaining
following completion of retrieval in late December 2003. Documentation of completion of
retrieval with current technologies to the extent possible is provided in Section 1.1. The
documentation assesses the capability to deploy other waste retrieval technologies (both those in
development for deployment at the Hanford Site and technologies under development
elsewhere).

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

Two retrieval technologies have been deployed to retrieve waste from SST C-106. The first
technology was sluicing, which began in November 1998 and reached the limit of its capability
in October 1999. The second technology was the modified sluicing with acid dissolution
demonstration under the Hanford Federal Facility Agreement and Consent Order (HFFACO)
(Ecology et al., 1989), which was deployed in April 2003 and completed in December 2003.
Based on the declining performance data of these two technologies, it was determined that these
methods would not retrieve the additional waste required to meet the HFFACO criteria of less
than 360 ft3. The basis for this statement is provided in this report.

1-1
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1.1.1 Sluicing System Retrieval Campaign, 1998-1999

SST C-106 is a 530,000-gal tank that was used to store mixed radioactive waste since 1947. To
address a high-heat safety issue, a waste retrieval effort using a sluicing system was initiated in
SST C-106 in November 1998 and completed in October 1999 (HNF-5267, Waste Retrieval
Sluicing System Campaign Number 3 Solids Volume Transferred Calculation). Sluicing
operations were conducted using double-shell tank (DST) AY-1 02 supernatant as a sluicing
medium.

The initial wash volume in September 1998 was approximately 230,000 gal of which
approximately 197,000 gal was sludge (HNF-EP-0182, Waste Tank Summary Reportfor Month
Ending September 30, 1998).

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

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

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

These requirements defined the limit of sluicing retrieval capability for SST C-106. In
December 1999, the Washington State Department of Ecology (Ecology) provided the
U.S. Department of Energy (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 (6,001 fl3) of solid and liquid waste remained
(RPP-1 2547, Tank 241-C-106 Residual Liquids and Solids Volume Calculation). In
August 2002, the volume of waste in SST C-106 was measured. The estimate of solids
remaining in the tank was 9,056 gal (1,211 ft3), the same as was previously calculated, however,
the volume of liquid decreased by approximately 10,000 gal. The August 2002 estimate of waste
volume in SST C-106 was 35,986 gal (4,811 ft3). The liquid reduction was attributed to
evaporation.

1.1.2 Modified Sluicing and Acid Dissolution Retrieval
Campaign - 2003

To remove the remaining waste in SST C-106, acid dissolution was used to dissolve solids.
Oxalic acid, which has been used at the Hanford Site and other DOE sites to decontaminate tanks
and equipment, was used to dissolve solids and reduce the waste into smaller particle sizes to
enable waste transfer. Modified sluicing describes various performance enhancements over the
"past-practice" sluicing techniques that were used to remove the bulk of SST C-106 waste.
These enhancements included combinations of pump and nozzle designs to break up the solids

1-2
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and move them to the pump intake. The combination of the acid dissolution and the mechanical
break up of waste by a nozzle stream was designed to maximize removal of residual waste
during the present retrieval campaign.

The effectiveness of oxalic acid to remove contamination on waste processing equipment at the
DOE Savannah River Site facilities is documented in Waste Tank Heel Chemical Cleaning
Summary (WSRC-TR-2003-00401). Laboratory-scale testing of acid dissolution of SST C-106
waste demonstrated that nearly 70% of the waste solids dissolved in oxalic acid (RPP-17158,
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:

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

Acid was recirculated with the mixer-eductor (for the first four batches of oxalic acid),
the acid was removed 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 directly from the sludge
and reacted with carbonates in the waste to increase solid waste porosity. 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. The acid dissolution reaction for each acid batch reached
steady state after an average of 7 days based on in-tank monitoring indicating that all the
available acid reacted completely with the waste. At the completion of the acid reaction, the
dissolved wastes were transferred via a pump to DST AN-1 06.

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

In response to the diminished performance of the single sluicer head, the mixer-eductor was
removed and replaced with a second sluicer nozzle. The second nozzle was installed in riser 7
and was used to breakup the remaining waste piles and move the waste to the pump intake.
Following this, oxalic acid was added for a sixth time to dissolve the remaining waste.

1-3
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The residual waste volume represents the quantity remaining after sluicing following the sixth
oxalic acid addition and fourth sluicing operation.

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

Table 1-1 contains the material balance of the sluicing operations and indicates 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 the
technology. An observed declining trend of waste removed for each subsequent sluicing
operation ranged from 8% for the first operation to 0.3% for the final operation.

Table 1-1. Material Balance Estimates for Sluice Water Additions to
Single-Shell Tank 241-C-1 06.

Sluice Volume of water Volume transferred to Volume Retrieval efficiency
operation added DST AN-106 increase (estimated volume %)

oper(alo) (gal) (gal)

1 56,160 61,033 4,873 8

2 46,472 48,079 1,607 3.3

3 59,228 60,085 857 1.4

4 83,501 83,718 217 0.3

Note:
DST= double-shell tank.

Three performance measures were used to determine that modified sluicing and acid dissolution
had reached the limit of technology (RPP-19919, Campaign Reportfor the Retrieval of Waste
Heelfrom Tank 241-C-106). The performance measures are as follows:

1. Acid Dissolution - The acid dissolution process was used to dissolve and breakdown the
sludge and the solid waste prior to sluicing. The result included increased solution
density and a smaller waste particle size which allowed increased waste removal once
sluicing commenced. The smaller particle size enabled more waste to be entrained
during sluicing and subsequently pumped out of the tank. The estimated 18,000 gal of
waste left in the tank prior to retrieval 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 including entrained waste from the tank.

The acid dissolution reacted as predicted in the process control plan 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
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solution showed a gradual increase during the first 6 days indicating that the acid had
reacted with the waste and no increase occurred (steady state) during the rest of the
contact period. The average pH over the last 4 days was approximately 0.79, but never
reached the expected acid depletion endpoint (a pH of about 1.5), indicating that the
exposed waste was fully reacted. This was an indication that all the waste available to
dissolve had reacted, that waste remained unreacted, and that the limits of this technology
to further dissolve and entrain waste had been reached. 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 waste solids remaining were resistant to further breakdown by
acid dissolution or by mechanical breakup by the sluicing stream. This was documented
by the diminished mass transfer of solids in the waste slurry pumped from the tank.
Therefore, the remaining solids would not likely be entrained in the waste slurry at a rate
equal to or higher than the efficiencies documented in 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. 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 nozzle became
ineffective in moving the remaining solid waste to the pump inlet. The mixer-eductor
was 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.

The continued viability of the modified sluicing with acid dissolution technologies to remove
waste from SST C-I 06 was assessed by extrapolation of the performance data provided in
RPP-201 10. For the purpose of the extrapolation, a 60,000-gal sluicing batch was assumed
(Figure 1-1).

The extrapolation method uses an estimated exponential function to describe the continued
decrease in waste removal efficiency. The trendline capability of Microsoft Excel' was used to
estimate a function to describe the changing behavior of the waste retrieval efficiency.
Logarithmic, power functions, and exponential line fits were evaluated. The exponential
estimation provided the best fit (R2 = 0.98) for the waste retrieval efficiency data presented in
Table 1-1. This method estimated a 'worst case' scenario for waste removal based on continued
use of modified sluicing with acid dissolution. Using the 'worst case' approach, an additional
335 gal (44.8 ft3) of waste could be removed from SST C-106. Therefore, this model suggests

'Excel is a registered trademark of Microsoft Corporation, Redmond, Washington.
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that regardless of the number of additional modified sluicing and acid dissolution operations
undertaken, the waste retrieval goal of less than 360 ft3 would not be reached.

Figure 1-1. Estimated Waste Removal Efficiency for Modified Sluicing with Acid Dissolution.
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The actual waste volume reduction and efficiency per sluicing operation realized by continued
sluicing would likely be greater than predicted by this estimate, but would require additional
water with additional evaporation.

1.1.3 Conclusions

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

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

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

The nominal residual waste volume in SST C-106 at the limit of the retrieval technology was
calculated to be approximately 370 ft3. However, at the limit of technology performance for
modified sluicing and acid dissolution, approximately 467 ft3 (3,497 gal) on the 95% upper
confidence level (UCL) remained in SST C-106.
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1.2 RESIDUAL WASTE CHARACTERISTICS

The SST C-106 post-retrieval risk assessment screened analytes from the post-retrieval sample
analysis for contaminants of potential concern (COPC). The screening identified 42 constituents
(25 radionuclides and 17 nonradionuclides) as COPCs for evaluation in the risk assessment,
including detected and nondetected constituents. The COPC inventory is presented in
Section 2.0 and Appendix A using analytical results from pre-retrieval and post-retrieval samples
and includes the COPC identification process.

1.2.1 Initial State

The initial state conditions are based on grab samples taken from riser 7 in SST C-106 on
April 22, 2003 (RPP-1 9604, Analytical Results for Tank 241-C-106 Solid Finger Trap Samples
Supporting Pre-Retrieval Closure). 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 campaign.

1.2.2 Current Conditions

Following retrieval, a sample of the residual waste was taken. The sample was used to calculate
the inventory of nonradionuclides (i.e., hazardous contaminants) and radionuclides. The
retrieval sample was analyzed for volatile organic compounds (VOC), semivolatile organic
compounds (SVOC), polychlorinated biphenyls (PCB), and inorganics (including metals and
conventional parameters) using U.S. Environmental Protection Agency (EPA)-approved
methods. The sample analysis was performed in accordance with the analytical strategy
specified in Tank 241-C-106 Component Closure Action Data Quality Objectives (RPP-13889).
The results of the analysis are included in Section 2.0.

Post-retrieval waste volume determinations were conducted following completion of the final
retrieval campaign. -Using the validated video camera/computer-aided design (CAD) Modeling
System methodology provided in Results of the Video Camera/CAD Modeling System Test
(RPP-18744), the volume of waste remaining was determined to be 370 ft3 ± 18% uncertainty at
the 80% confidence interval and + 26% uncertainty at the 95% confidence interval (RPP-19866,
Calculation for the Post-Retrieval Waste Volume Determination for Tank 241-C-106). The
progress of the retrieval campaigns culminating in the 370 ft3 end state volume is presented in
Figure 1-2.

The post-retrieval waste volume determination presented in Table 1-2 includes the contribution
to the residual waste volume from waste in the tank bottom (liquids and solids), in abandoned
in-tank equipment, and on the tank stiffener rings in accordance with the approved data quality
objectives (DQO) (RPP-13889).
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Figure 1-2. Single-Shell Tank 241-C-106 Waste Volume Reductions.
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Table 1-2. Single-Shell Tank 241-C-106 Waste Volumes Following Completion of
Modified Sluicing and Acid Dissolution.

Estimated uncertainty Estimated uncertainty
Waste location Waste volume (No) ( 3)

Bottom of tank 336.89 27% 27% 90.96 90.96

Equipment in tank 4.84 0% 25% 0.00 1.21

Stiffener rings 17.30 18% 0% 3.11 0.00

Liquid waste 11.30 27% 27% 3.05 3.05

Total 370.33 a 26% 26% 97.12 95.22

Nominal waste ± 370.33± uncertainty , _ 467.45 275.11
uncertainty .

Note:
' 370 ft3 is the nominal waste volume remaining after termination of retrieval operations

As documented in RPP-201 10, Section 2.4, no leakage occurred during retrieval operations. The
waste immersion technique was used to provide a final estimate of the waste remaining in
SST C-106 at the completion of the last campaign and to provide measurable evidence that
leakage did not occur. At the termination of retrieval operations, a total of 42,000 gal of water
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was added to immerse all the waste in the tank for a final estimate of residual waste volume. The
volume of liquid added was equivalent to the highest liquid level that occurred during retrieval
operations and provided an equivalent location and liquid pressure profile to all tank surfaces
exposed to liquid during the retrieval campaign. After adding 42,000 gal of liquid to SST C-106,
the liquid addition level did not change during the 5 days from January 15, 2004 to January 20,
2004, which is recorded in the Tank Monitoring and Control System operational logs (see
Figure 1-3). This was an indication that no leakage occurred during retrieval operations and thus
waste volumes released due to leaks were considered to be zero.

Figure 1-3. Single-Shell Tank 241-C-106 Liquid Addition and Measurement Level.
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1/14/2004 4:02 12.56
1/1512004 4:02 12.57
1/16/2004 4:02 -23.74-
1/17/2004 4:02 - 23.74
1/18120044:02 - . - 23.73
1/19/2004 4:02 23.73
1/20/2004 4:02 :-- .23.73-

1121/2004 4:02 12.53
Notes:
No change in tank liquid level over 5-day period.
TMACS = Tank Monitoring and Control System.
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2.0 CHARACTERIZATION

The inventory used for the pre-retrieval risk assessment (RPP-13774; Single-Shell Tank System
Closure Plan) was calculated from the best-basis inventory (BBI) using the selected phase
removal (SPR) calculation methodology for tank residuals used in the Environmental Impact
Statementfor Retrieval, Treatment, and Disposal of Tank Waste and Closure of Single-Shell
Tanks at the Hanford Site, Richland, Washington: Inventory and Source Tern Data Package,
(DOE/ORP-2003-02).

The methodology for calculating the final residual inventory of nonradionuclides and
radionuclides left in SST C-106 is described below and in detail in Appendix A, and provides the
inventory data and analytical results as input to the risk assessment presented in Section 3.0.
Inventories for chemicals and radionuclides were generated for constituents identified in the
DQOs and did not include short-lived daughter products. The waste samples were acquired from
the SST C-106 liquid grab samples and solid samples obtained from riser 14 on January 26,
2004, and January 29, 2004, respectively. The samples were analyzed in accordance with
RPP-13889. Although short-lived daughter products (9°Y-90, 137mBa) account for approximately
half the total curies resident in SST C-106, they are immobile and decay to benign products
before contributing to risk. Therefore, they were riot carried forward into the risk assessment.

Table 2-1 lists the 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 1.77 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. However, it is of interest to
note the total curie reduction over the last two retrievals.

Table 2-1. 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 campaign
(Ci) (Ci) (C)

90 Sr 4.77E+06 8.46E+05 3.9E+06 6.611E+04 4.7E+06

so 4.77E+06 8.46E+05 3.9E+06 6.61E+04 4.7E+06

,S 2.67E+05 3.79E+04 2.3E+05 I.45E+03 2.6.6E+5

137niBa 2.53E+05 3.59E+04 2.17E+05 1.37E+03 2.52E+5

Total curies' 1.0 IE+07 1.77E+06 8.33E+06 1.35E+05 9.97E+6
Note:
'Curies contributing to greater than 99% of total inventory.

To determine the SST C-106 inventory, the BBI process was applied to the SST C-106
post-retrieval sample analytical results (RPP-20226, Analytical Results for Liquid Grab
Sampling and Analysis Plan for Tank 241-C-106 Component Closure Action, and RPP-20264,
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Analytical Resultsfor Tank 241-C-106 Solid Clam Shell Samples Supporting Closure Action) to
estimate the residual waste inventory. The nominal inventory for each waste constituent was
calculated based on mean concentrations, nominal volume, and mean density (for solids
inventory).

The evaluation of the data, using the BBI procedure, involves a data review cycle and calculation
of the mean analytical results prior to the inventory calculation. The data was reviewed
following the internal procedure "Review and Resolution of TWINS Data" (TFC-ENG-CHEM-
D-32). The BBI process is described in Best-Basis Inventory Process Requirements (RPP-7625).

A nested analysis of variance (ANOVA) model was fit to the laboratory sample data following
the data review. Mean analyte concentrations were estimated using results from ANOVA. Two
variance components were estimated and used in the computations. The variance components
represent concentration differences between laboratory samples and between analytical
replicates.

The model is:

Yij=p+I,+Aij,

i=1,2,...,a; j=l,2,...,ni;

where:

Yjj = concentration from the jth analytical result from the ih riser
p = the mean
I, = the effect of the ih laboratory sample
Aj = the analytical error
a = the number of laboratory samples
ni = the number of analytical results from the ith laboratory sample.

The variable LI is a random effect, this variable and Aij are assumed to be uncorrelated and
normally distributed with means zero and variances 62(L), and G2(A), respectively:

The restricted maximum likelihood method was used to estimate the mean concentration and
standard deviation of the mean for all analytes that had 50% or more of their reported values
greater than the detection limit.

Some analytes had results that were below the detection limit, in these cases, the value of the
detection limit was used for nondetected results. For analytes with a majority of results below
the detection limit, a simple average is reported.

The inventory calculation, effective as of March 25, 2004, was performed and is documented in
the following text. The following information was used in this evaluation:

SST C-106 sludge concentration means based on laboratory analysis of sludge samples
taken on January 29, 2004. The data are reported in RPP-20264.
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SST C-106 liquid concentration means based on laboratory analysis of liquid grab
samples taken on January 26, 2004. The data are reported in RPP-20226.

Table 2-2 presents the data selected to derive the inventory for SST C-106.

Table 2-2. Single-Shell Tank 241-C-106 Inventory Source Data.

.Nom-inalWaste phase Applicable concentration data Associated density (g/mL) volume

Supernatant 2004 post-retrieval liquid grab sample Not needed for inventory 11.3 f?
analytical results calculations

Sludgel 2004 post-retrieval clam shell sample solids 1.56 359 ft3
I analytical results

The supernatant and sludge volume estimates are provided in RPP-19866.

Analytical data from the 2004 clamshell tank solids samples were used to estimate the sludge
composition. Analytical data from the 2004 liquid grab samples were used to estimate the
supernatant composition. The sample-based inventories were developed in accordance with the
BBI creation rules documented in RPP-7625, with the following exceptions:

* The plutonium and curium isotopes were calculated from the 2391 40Pu, 241Am and
2431244Cm analytical results, using process knowledge of the isotopic distributions ratios of
SST C-106.

* Thorium-228 was not analyzed because the laboratory did not have the appropriate
analytical method. Inventory of this radionuclide was estimated from radioactive decay
of 232Th and 232U. Based on the decay chain and radioactive half-lives of the daughter
products, 228Th activities due to 232Th and 232U decay are approximately equal to the
activities of these radionuclides. Thorium-232 was analyzed; 232U activity was estimated
from isotopic distribution of total uranium concentration.

Appendix A, presents the detailed calculations and sample-based inventories for the nominal
volume remaining in SST C-106. Appendix E provides inventory projections for varying
volumes of radionuclides and nonradionuclides as a function of volume.
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3.0 POST-RETRIEVAL SINGLE-SHELL TANK 241-C-106 RISK
ASSESSMENT

This risk assessment examines the risk due to the radioactive and nonradioactive chemicals left
in SST C-106 following the completion of retrieval in late December 2003. All analytes listed in
RPP-20226 and RPP-20264 were evaluated. The samples were analyzed in accordance with the
requirements of RPP-13889. Following the evaluation and screening of COPCs, the risk posed
by the COPCs is calculated using the same methodology documented in RPP-13774,
Attachment C-1. The risk calculated from the post-retrieval sample is then compared against the
risk calculated prior to retrieval (RPP-13774).

3.1 RESIDUAL TANK WASTE INVENTORY

Following retrieval, a sample of the residual waste from SST C-106 was taken. The analytical
results of the sample were used to calculate the inventory of both nonradionuclides and
radionuclides left in SST C-106. Section 2.0 and Appendix A provide the methodology for the
calculating the final residual inventory used to perform this risk assessment. The inventory used
for the pre-retrieval risk assessment (RPP-13774) was calculated from the BBI using the SPR
calculation for tank residuals given in DOE/ORP-2003-02.

The following bullets provide a brief description of how each of the residual inventories were
calculated. A complete description of the pre-retrieval inventory is given in DOE/ORP-2003-02.
Appendix A contains the complete description of the post-retrieval inventory.

Post-Retrieval Sample Residual Inventory: This method is based on actual sample
results and uses the BBI process to determine mean analytical results (Section 2.0). The
inventory was then determined using the calculated mean analytical results and the
nominal residual volumes (359 ft3 of solids and 11.3 ft3 of liquids). This inventory
includes all analytes listed in RPP-20226 and RPP-20264. The BBI process is described
in RPP-7625.

* SPR Residual Inventory: This method is based on modeling. It is calculated by
multiplying the existing total tank inventory (from BBI) by a ratio of the final tank
volume to the current tank volume. The final inventory was then modified to take into
account removal of selected phases of waste (sludge, supematant, etc.) during retrieval
(DOE/ORP-2003-02). Only analytes listed in the BBI were included in this inventory
calculation. The assumed volume of the tank residuals is 360 ft3.

Appendix A gives the residual inventory in SST C-106 for all contaminants analyzed based on
the post-retrieval sample collected in January 2004, while Appendix B, Table B-1 provides a
listing of the median inventory used in this risk assessment.

Table 3-1 presents the results of the comparison between the two different methods (SPR and
post-retrieval sample) for calculating residual inventory for detected values. The residual
inventory based on SPR was used in the pre-retrieval WMA C risk assessment presented in
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RPP-13774, Attachment C-1. The last column of Table 3-1 provides the ratio obtained by
dividing the post-retrieval sample residual inventory by the SPR residual inventory. For the
most part, there is agreement between the residual inventory calculated from the SPR method
and the inventory calculated from the post-retrieval samples. Based on the geometric average of
the ratios of the two inventories, the new laboratory-based estimate of inventories is only 48% of
the previous SPR inventory with the ratio of the inventories being within a factor of 3 for 85% of
the contaminants in Table 3-1. For the inventory calculated from the post-retrieval sample, all
but four analytes were less than the inventory predicted by the SPR. The four analytes that were
reported with more inventory than that predicted by the SPR method are 233U, calcium,
manganese, and zirconium.

Table 3-1. Comparison Between Post-Retrieval Sample Inventory and Selected Phase Removal
for Detected Analytes. (2 sheets)

Class Primary/ Constituent Post-retrieval sample SPR Units Ratio retrieval
secondary Inventory inventory sample/SPR

Radionuclide Primary 63Ni 7.30E+01 2.53E+02 Ci 0.29

Radionuclide Primary 9MSr 6.61E+04 1.25E+05 Ci 0.53

Radionuclide Primary 99Tc 1.65E-01 4.57E-0I Ci 0.36

Radionuclide Primary 137Cs 1.45E+03 5.05E+03 Ci 0.29

Radionuclide Primary 232Th 5.61E-04 1.12E-03 Ci 0.50

Radionuclide Primary 233U 1.83E-03 3.02E-04 Ci 6.05

Radionuclide Primary 234U 9.48E-04 5.94E-03 Ci 0.16

Radionuclide Primary 235U 3.87E-05 2.54E-04 Ci 0.15

Radionuclide Primary 236U 1.73E-05 1.06E-04 Ci 0.16

Radionuclide Primary 238U 9.04E-04 6.07E-03 Ci 0.15

Radionuclide Primary 237Np 5.42E-02 7.36E-02 Ci 0.74

Radionuclide Primary 239Pu 1.68E+01 3.33E+01 Ci 0.50

Radionuclide Primary 240Pu 3.58E+00 , 6.83E+00 Ci 0.52

Radionuclide Primary 241Pu 3.97E+01 8.16E+0 Ci 0.49

Radionuclide Primary 241rAm 6.53E+01 9.97E+01 Ci 0.65

Inorganic Primary Chromium Cr 3.79E+00 2.53E+01 Kg 0.15

Inorganic Primary Lead Pb 2.57E+01 6.96E+01 Kg 0.37

Inorganic Primary Mercury Hg 1.93E+00 1.95E+00 Kg 0.99

Inorganic Primary Nickel Ni 3.02E+01 4.70E+01 Kg 0.64

Inorganic Secondary Aluminum Al 3.83E+02 8.11 E+02 Kg 0.47

Inorganic Secondary Calcium Ca 1.18E+02 3.48E+01 Kg 3.39

Inorganic Secondary Iron Fe 2.07E+02 1.35E+03 Kg 0.15
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Table 3-1. Comparison Between Post-Retrieval Sample Inventory and Selected Phase Removal
for Detected Analytes. (2 sheets)

Class Primary/ Constituent Post-retrieval sample SPR Units Ratio retrievalsecondary Inventory inventory sample/SPR

Inorganic Secondary Lanthanum 2.45E+00 5.45E+00 Kg 0.45
La

Inorganic Secondary Mnge 5.50E+02 3.366E+02 Kg 1.64

Inorganic Secondary Sodium Na 1.89E+02 1.091E+03 Kg 0.17

Inorganic Secondary Strontium Sr 1.83E+00 2.88E+00 Kg 0.64

Inorganic Secondary Zirconium Zr 2.79E+00 1.17E+00 Kg 2.38

Note:
SPR = selected phase removal.

Uranium-233 is a factor of approximately 35 higher than other isotopes of uranium. The
enrichment 233U value relative to the other isotopes of uranium is most likely due to waste
generated from a thor 233U run at the plutonium-uranium extraction plant. Wastes from these
runs were primarily disposed to SSTs C-102 and C-104. However, a possible explanation for
this would be an undocumented inadvertent transfer of the thorium-23 U waste to SST C-106 and
could explain the enrichment of 233U relative to the other isotopes of uranium. Calcium,
manganese, and zirconium are factors of 3.4, 1.6, and 2.4, respectively, over that predicted by
SPR. As discussed later in this report, none of these four contaminants contribute significantly
to any of the risk metrics.

3.2 SELECTION OF CONSTITUENTS OF
POTENTIAL CONCERN FOR SINGLE-
SHELL TANK 241-C-106

The purpose of this section is to select the COPCs for SST C-106. COPCs are defined as those
constituents that should be carried forward into the risk assessment process. During the course
of the risk assessment, COPCs are evaluated to identify and prioritize those constituents that are
estimated to pose an unacceptable risk and are used to support the Washington Administrative
Code (WAC) 173-303-610(2) closure performance standards for human health and the
environment to allow component closure activities to continue.

3.2.1 Data Used in Screening Process

Analytical data (including sludge and supernatant) for SST C-106 were collected and analyzed in
accordance with the procedures described in the RPP-13889. All SST C-106 retrieval sample
analytical data were evaluated in the COPC screening process. The retrieval samples were
analyzed for radionuclides, VOC, SVOC, PCBs and inorganics (including metals and
conventional parameters) in accordance with approved 222-S Laboratory procedures based on
EPA-approved methods.
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Analytical data for the sludge and supernatant sample were converted to inventory as described
in Section 3.1; the inventory results are based on the nominal volume estimates. The results
were then modeled to estimate groundwater concentrations at the fenceline. For purposes of the
COPC screening, all constituents were assumed to have no chemical interaction with soils
(i.e., be mobile, having a Kd value of zero) and did not decay (i.e., radiological half-lives were
not considered).

3.2.2 Contaminants of Potential Concern Screening
Process Approach

Identification of the COPCs used in the risk assessment was through a seven-step screening
process. An explanation of each of these steps is provided in the following sections. Figure 3-1
provides an overview of this approach. Only the steps that led to including or excluding a COPC
in the risk assessment are shown.

Nondetected values are included in the risk assessment if they pass through the screening process
using an inventory calculated at l/2 the detection limit per Risk Assessment Guidance for
Superfiund Volume I Human Health Evaluation Manual Part A (EPA/540/1-89/002). A summary
of the COPCs identified for the SST C-106 sample is provided in Appendix B, Table B-2.

3.2.3 Availability of Toxicity Values

Step 1. Any constituent reported by the laboratory, whether detected or not, was carried
forward into the first tier of the selection process. The only criterion in this tier is the
availability of a reliable toxicity value. If a toxicity value is available from EPA, then
the constituent was carried forward into the second tier of the COPC selection process.

If a constituent does not have a toxicity value from EPA, then the constituent was not
carried forward into the risk assessment. EPA sources of toxicity values (cancer slope
factors and noncancer reference doses) considered for risk assessment include the
following:

* The Health Effects Assessment Summary Tables Radionuclide Table:
Radionuclide Carcinogenity - Slope Factors (Federal Guidance Report No. 13
Morbidity Risk Coefficients), provided by the EPA Office of Radiation and Indoor
Air (April 16, 2001 update), is a compilation of radionuclide slope factors at
www.epa. gov/radiation/heast.html

3-4



RPP-20577, REV. 0

Figure 3-1. Contaminants of Potential Concern Screening Process.

Step 4 (is it Underlying Hazardous Constituent?) &
Step 7 (exclude based on Tank Process Knowledge?)
did not lead to reduction orCOPC and are not shown

* The Integrated Risk Information System database is available through the EPA
National Center for Environmental Assessment in Cincinnati, Ohio. The
Integrated Risk In!formation System, prepared and maintained by EPA, is an
electronic database containing health risk and EPA regulatory information on
specific chemicals (EPA 2004).
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* The Health Effects Assessment Summary Tables, provided by the EPA Office of
Solid Waste and Emergency Response, is a compilation of toxicity values
published in various health effects documents issued by EPA.

• EPA Region IX Preliminary Remediation Goal Table (October 2002) at
www.epa.gov/docs/regionO9/waste/sfund/prg/indexlhtml.

Toxicity values are developed by EPA on an ongoing basis, and they are not available
for every constituent analyzed. Exclusion of those constituents without toxicity values
may underestimate potential risks within the tank.

3.2.3.1 Chemicals Without Toxicity Values. A total of 165 constituents were reported by the
laboratory. Of the 165 constituents, 46 did not have available toxicity values and therefore were
excluded from further consideration in the risk assessment, leaving 119 constituents.

3.2.4 Identifying Detected Constituents

Step 2. If a toxicity value was available from a reliable source and the constituent was
detected in the SST C-106 sample, then the detected constituent was identified as a
COPC and carried forward into the risk assessment. Thirty-four of the
119 constituents with available toxicity values were detected in the SST C-106 sample
and carried forward into the risk assessment, which leaves 85 nondetect contaminants.

3.2.5 Evaluating Nondetected Constituents

To determine if the 85 nondetected constituents with toxicity values should be identified as
COPCs, additional screening steps were taken. The screening steps assumed that the amount of
each nondetected contaminant was at its detection level. The screening steps are:

* Compare ILCR and hazard index (HI) values to risk screening thresholds
* Identify underlying hazardous constituents
* Identify primary constituents (RPP-13 889)
• Identify mobile constituents
• Identify process-related constituents.

3.2.5.1 Compare Risk Estimates to Risk Screening Thresholds.

Step 3. The ILCR or HI was calculated for each constituent based on the Hanford Site
Radiological Assessment Methodology (HSRAM) (DOE/RL-9145) industrial worker
exposure scenario and compared to risk screening thresholds to determine their
potential for risk contribution. The HSRAM industrial exposure scenario was selected
because the most likely future land use for the tank farm area is considered industrial.
If the ILCR for a carcinogenic constituent was less than 1 % of the performance
objective (1.0 x 10 5) or 1 x 10-7 or the HI for a noncarcinogenic constituent was less
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than 1% of the performance objective (1.0) or 0.01, then the constituent was not
identified as a COPC and was not carried forward into the risk assessment.

Of the 85 nondetected constituents, 72 constituents were reported with ILCR or HIs less than the
identified risk screening thresholds. These 72 constituents were not identified as COPCs and
were not carried forward into the next step of the screening process. For the 13 nondetected
constituents exceeding the risk screening threshold values, they were all carried forward into the
next step of the screening process.

Step 4. If the nondetected constituent was included in the DQO because it is a constituent
included in the SST Part A Permit or it is a constituent that was identified as a COPC.
If the nondetected constituent was included in the DQO on the basis of being an
underlying hazardous constituent, then it was not identified as a COPC. None of the
13 remaining nondetected constituents were identified on the basis of only being an
underlying hazardous constituent, therefore the 13 constituents were carried forward
into the next step of the screening process. Because this step did not lead to the
inclusion or exclusion of a COPC, it is not shown on Figure 3-1. This step may be
important in future risk assessments.

3.2.5.2 Identify Primary Constituents.

Step 5. If the nondetected constituent was identified as a primary constituent in the DQO, then
it was identified as a COPC. If the nondetected constituent was identified as a
secondary constituent, then it was excluded from further consideration in the risk
assessment. The term "secondary constituent" is defined in the DQO as being
included in the EPA-approved method and is reported as an opportunistic constituent.

Of the 13 remaining nondetected constituents, nine were identified as primary constituents in the
DQO and were carried forward into the risk assessment.

3.2.5.3 Identify Mobile, Long-Lived Secondary Constituents.

Step 6. If the nondetected constituent is considered a mobile (Kd < 0.6 ml/g) and long-lived
(half life > 100 years) constituent, then it was identified as a COPC. Of the five
remaining nondetected constituents (94Nb, 106Ru, 125Sb, 134Cs, 226Ra), two were
considered short-lived ('06Ru, 125Sb) and three were considered immobile (94Nb, 134Cs,
226Ra); all five were not identified as COPCs and were not carried forward into the
next step of the screening process.

3.2.5.4 Identify Process-Related Constituents.

Step 7. If the nondetected constituent is considered to be present in the tank based on process
knowledge, then it would be identified as a COPC. However, all nondetected
constituents were screened in previous steps, therefore this step was not considered.
Because this step did not lead to the inclusion or exclusion of a COPC, it is not shown
on Figure 3-1. This step maybe important in future risk assessments.
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3.2.6 Summary of Contaminants of Potential Concern

A total of 165 constituents were reported by the laboratory and considered in the COPC
screening process. Appendix B, Table B-2 provides a complete listing of all analytes and at
which step of the screening process an analyte became a COPC or was dropped from further
consideration. Of the 165 constituents reported, 42 constituents (25 radionuclides and
17 nonradionuclides) were identified as COPCs and evaluated in the risk assessment. The
following constituents were identified as COPCs because they were detected in the SST C-106
sample:

63Ni 90Sr 99Tc 137cs
228 Th 23OTh 2 3 2 T 233u

234u 235 U ' 2 36U 238u
23 7 Np 2 40pu 2 3 9 Pu 241PU

241AM Aluminum barium cadmium
hexavalent chromium Cobalt copper cyanide
iron Manganese mercury nickel
silver Strontium zinc 2-butanone
2-propanone di-n-butylphthalate

The following nondetected constituents were identified as COPCs because they exceeded the risk
screening threshold values and were identified as primary constituents in the DQO:

6 0 Co 15 2Eu 154Eu 155Eu 2 3 8Pu
2 4 2cm 2 4 3cm 2 44cm

3.3 SINGLE-SHELL TANK 241-C-106
RETRIEVAL AND CLOSURE EFFECTS ON
SELECTED LONG-TERM RISK METRICS

Projected effects of residual waste retrieval and other component closure activities on selected
long-term risk metrics are described in this section. This section addresses changes in long-term
human health risk due to changes in the source term after retrieval. The same assumptions,
except for the inventory of the residual source term given in RPP-13774 Attachment C-1, apply
to this risk assessment. Source term inventories that change in this risk assessment are residual
tank waste and hypothetical retrieval leak from SST C-106. For residual tank waste, actual
samples from the tank are used to calculate residual inventories. The hypothetical retrieval leak
inventories were zeroed out. Results for other tank residuals, ancillary equipment residuals, past
ancillary equipment leaks, and past tank leaks do not change. For those results, see RPP-13774,
Attachment C-1.
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3.3.1 Retrieval Leaks

The risk assessment presented in RPP-13774, Section 4.0, assumed a hypothetical 8,000-gal
retrieval leak. No tank leakage occurred during retrieval operations, therefore the risks
associated with a retrieval leak are not calculated in this risk assessment and are assumed to be
zero (RPP-201 10, Section 2.4).

3.3.2 Residual Tank Waste Risk Metrics

The ILCR, HI, and radiological drinking water dose for the industrial and residential receptors
are estimated using peak modeled groundwater concentrations from the residual tank waste
(Table 3-2).

As shown in Table 3-2, the post-retrieval sample inventory results for industrial ILCR is almost a
factor of 4 smaller than that calculated using pre-retrieval inventory (SPR). This is due to the
differences between the pre-retrieval inventory (SPR) and post-retrieval sample inventory
(Table 3-1). These differences in inventory are also reflected in ILCR-nonrad, HI, and
radiological drinking water dose results, which decreased by a factor of approximately 7.0 for
each metric.

Table 3-2. Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and Radiological
Drinking Water Dose from Peak Groundwater Concentration Related to Residual

Waste Volume in Single-Shell Tank 241-C-106.

Industrial receptor Residential receptor
Year of

Metric SPR Post-retrieval SPR Post-retrieval peak

inventory sample Inventory inventory sample inventory

Radioactive
chemicals ILCR` 7.8E-08 2.0E-08 1.5E-06 4.8E-7 5609
(unitless)

Nonradioactive
chemicals ILCR' 6.0E-09 8.9E-10 1.3E-08 2.0E-09 5614
(unitless)__

(uHritless) 9.9E-04 1.4E-04 5.5E-03 7.9E-04 5614

Radiological dose
via drinking water' 3.5E-03 5.2E-04 1.OE-02 1.5E-03 5606
(mremnfyr EDE)
Notes:

' ILCR target value is < I .OOE-06 to 1 .OOE-04 for radiological (EPA/540/R-99/006 Radiation Risk Assessment at
CERCLA Sites: Q & A Directive 9200.4-31P). ILCR target value is < I.OOE-05 for nonradiological (RPP-14283).

b Noncarcinogenic Hazard Index is < 1.00 (RPP-14283)
Groundwater dose target values is < 4 mremryr (I Iiday ingestion for 250 days for industrial receptor, and 2 L/day
for 365 days for residential receptor). (RPP-14283)

EDE = effective dose equivalent
ILCR = incremental lifetime cancer risk
SPR = selected phase removal.

RPP-14283, 2004, Performance Objectivesfor Tank Farm Closure Performance Assessments. Rev. 1, CH2M HILL
Hanford Group, Inc., Richland, Washington.
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For ILCR-rad, 99Tc is the primary contributor to this metric for radiological contaminants and the
reduction in risk between using the SPR inventory and the post-retrieval sample inventory is
directly related to the reduction of inventory for this radionuclide and the removal of 1291 as a
COPC (due to none being found and the nondetect amount being insufficient to trigger further
analysis [Section 3.2]). The 99Tc residual inventory calculated by SPR was 0.46 Ci, and for the
post-retrieval sample inventory it is 0.165 Ci, a reduction by a factor of approximately 3. For
29I, SPR calculated inventory is 3.7 x 10-3 Ci, but it was removed from the post-retrieval risk

assessment because it did not pass through the screening process for COPCs. This same pattern
is also repeated for radiological drinking water dose, because 99Tc and 1291 are the primary
contributors to this metric.

For nonradionuclides, chromium is the primary contributor to ILCR-nonrad. The reduction in
chromium inventory between the pre-retrieval risk assessment and the post-retrieval risk
assessment is the reason for the reduction in ILCR for nonradionuclides.

For the HI metric, the primary contributor to this risk metric is chromium, if all chromium is
assumed to be Cr46, then it contributes to almost 100% of the HI. The difference in the value for
this risk metric between inventories calculated by the SPR method and the post-retrieval sample
results is the lower inventory of chromium (factor of approximately 6.5 lower), the removal of
nitrite, and nitrate as a COPC from the screening process. The total HI for the tank residuals is a
factor of approximately 7,000 below the target value of 1.0.

3.3.3 Single-Shell Tank 241-C-106 Effects on Drinking
Water Standards

Estimated long-term groundwater quality effects for each residual inventory are compared to the
primary drinking water standards (maximum contaminant levels) in Table 3-3. The changes in
concentration reflect the change in inventory between SPR and post-retrieval sample.

Table 3-3. Comparison of Groundwater Impacts from Single-Shell Tank 241-C-106
between Selected Phase Removal Inventory and Post-Retrieval Sample Inventory

Closure Conditions.

Constituent SPR Post-retrieval Drinking water
iInventory sample inventory standard (MCL)

Technetium-99 3.9 pCi/L 1.4 pCi/L 900 pCi/La

Chromium (assumes hexavalent chromium) 2.2n-04 mg/L 3.3E-05 mg/L 0.10 mg/L
Notes:

' Theradionuclide concentration shown is the "C4" concentration, which is the concentration of the individual
nuclide in drinking water that would result in an annual dose of 4 mremlyr using the target organ dose
methodology specified by the Washington State Environmental Policy Act.
MCL = maximum contaminant level, MCL for chromium is for total chromium, not hexavalent chromium.
SPR = selected phase removal.
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3.4 CUMULATIVE EFFECTS OF REPRESENTATIVE
COMPONENT SOURCE TERMS

The base case evaluated for SST C-106 includes contribution to risk metrics from residual tank
waste after retrieval to 360 ft3 and an 8,000-gal retrieval leak (RPP-13774, Attachment C-1).
Past leak and adjacent ancillary equipment source terms are identified as applicable; however,
these' source terms are addressed cumulatively at the VWMA C risk assessment given in
RPP-13774 (Attachment C-1). This section focuses on the changes to the base case risk
assessment given in RPP-13774 caused by the inventory calculated from post-retrieval sample.

3.4.1 Radiological Incremental Lifetime Cancer Risk

The cumulative contribution to ILCR-rad for the industrial worker scenario between the different
residual inventories is given in Figure 3-2. In this plot the following four curves are shown:

WMA C: SPR Inventory (Green Solid Line, Square Symbols). This is the cumulative
WMA C ILCR-rad curve given in RPP-13774, Attachment C-1. The sources included in
this curve are given in RPP-13774, Attachment C-1, Table 13. Briefly summarized, this
curve includes SPR residual inventory for all C-1 00 and C-200 series tanks, ancillary
equipment leaks, ancillary equipment residuals (i.e., pipeline), and an 8,000-gal retrieval
leak from each of the C-100 series tanks. The peak ILCR-rad for this curve is 1.4 x 10-5

and is within the performance objective range (1.0 x 104 to 1.0 x 106). The peak ILCR-
rad for WMC tank residuals is 1.0 x 106 and it occurs in the year 5610. The rise in ILCR-
rad after calendar year 11,000 indicates less mobile contaminants such as uranium from
hypothetical retrieval leaks and past leaks arriving at the fenceline.

* WMA C: Post-Retrieval SST C-106 Sample Inventory (Brown Dash Line, Delta
Symbols). For this curve, the inventory calculated from the post-retrieval SST C-106
sample was used for SST C-106 residual inventory. The hypothetical retrieval leak from
SST C-106 was removed because no retrieval leak occurred. Except for these changes
made for SST C-106, the inputs to the analysis are exactly the same as the previous
curve. Although, the previous curve and the current curve overlap, there are some
differences. The peak ILCR-rad for this curve is 1.39 x 10-5. The slightly lower value
reflects removing the hypothetical retrieval leak from SST C-106. Additionally, in the
year 5000 the curves diverge slightly, this curve had a slightly lower ILCR-rad than the
SPR inventory curve. The peak ILCR-rad for WMA C tank residuals using the post-
retrieval sample to calculate SST C-106 inventory is 9.7 x 10C, or about a 3% reduction
in total risk from tank residuals. This reduction is due to the smaller residual inventory of
99Tc, and the removal of 129I as a COPC.

. SST C-106: SPR Inventory (Red Dash Dot Line, Circle Symbols). This curve is the
same curve given in RPP-13774, Attachment C-1. This is a cumulative 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 1.3 x 10-7 due to the hypothetical 8,000-gal retrieval leak
occurring approximately 30 years after closure. The peak for the residuals'is 7.8 x 10-8
occurring at year 5610.
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SST C-106: Post-Retrieval SST C-106 Sample Inventory (Orange Dash Dot Dot Line,
Diamond Symbols). A leak from the tank did not occur during retrieval and therefore, a
retrieval leak was not considered (Section 3.3.1). The peak value for this curve 2.0 x 108,
which is almost a fourfold decrease over the risk calculated for the SPR inventory. The
decrease in 99Tc inventory and the removal of 129I as a COPC account for the decrease in
ILCR-rad. The peak value of 2.0 x 10-8 is a factor of 500 below the performance
objective of 1.0 x 10-5 for this performance metric.

The residential scenario for these four curves is given in Figure 3-3. The same pattern given for
the industrial worker receptor (Figure 3-4) is also shown in this figure. However, the order of
magnitude in risk for this receptor has increased by approximately a factor of 24 (compare
Figure 3-3 with Figure 3-4), which represents greater use of the groundwater by the residential
receptor.

Figure 3-2. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Post-Retrieval Sample Inventory for both Waste Management Area C and

Single-Shell Tank 241-C-106 to Incremental Lifetime Cancer Risk for
the Industrial Worker Scenario.
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Figure 3-3. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Post-Retrieval Sample Inventory for both Waste Management Area C

and Single-Shell Tank 241-C-106 to Incremental Lifetime Cancer Risk for the
Residential Scenario.

Incremental Lifetime Cancer Risk (Radiolgkical Constituents) for
HSRAM Residential at WMA C Fence Line
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3.4.2 Hazard Index

The cumulative contribution to HI for the industrial worker between the different residual
inventories is given in Figure 3-4. In this plot the following four curves are shown:

. WMA C: SPR Inventory (Green Solid Line, Square Symbols). This is the cumulative
WMA C HI base curve. The base curve is described in the first bullet of Section 3.4.1.
The peak HI for this curve is 1.25 x 1O-' (please note this is slightly higher than what was
reported in RPP-13774 [9.7 x 10-2] because of the inclusion of n-Butanol from past
unplanned releases). However, it is still below the performance objective of 1.0. The
rise in HI at calendar year 11000 indicates less mobile contaminants such as uranium
from hypothetical retrieval leaks and past unplanned releases arriving at the fenceline.

. WMA C: Post-Retrieval SST C-106 Sample Inventory (Brown Dash Line, Delta
Symbols). For this curve, the inventory calculated from the post-retrieval sample was
used for SST C-106 residual inventory and the hypothetical retrieval leak from
SST C-106 was removed because no retrieval leak occurred. This curve is almost the
same as described in the preceding paragraph, but slightly lower due to the removal of the
hypothetical retrieval leak from SST C-106 and the lower inventory of constituents that
make up the HI. Although, for the most part the previous curve and this one overlap,
there are some differences. The peak HI for this curve is 0.123. The slightly lower value
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reflects removing the hypothetical retrieval leak from SST C-106. Additionally, at about
5,000 years, the curves diverge slightly, this curve has a slightly lower HI than the
WMA C SPR inventory curve. This is due to the smaller residual inventory for Cr+6

calculated from the SST C-106 post-retrieval sample. The peak HI for tank residuals for
this curve is 8.6x 10-3.

SST C-106: SPR Inventory (Red DashDot Line, Circle Symbols). This curve is the
same curve given in RPP-13774, Attachment C-1. This is a cumulative 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 9.9 x 104 due to the residual waste.

SST C-106: Post-Retrieval SST C-106 Sample Inventory (Orange DashDotDot Line,
Diamond Symbols). This curve is for the residual inventory calculated using the
post-retrieval sample. A leak did not occur during retrieval. The peak value for this
curve 1.4 x 1 0 4, which is factor of over 7,000 below the performance objective of 1.0. It
is also over a sevenfold decrease for the HI calculated for the SPR inventory. The
decrease is due to the difference in Cr+6 inventories between the post-retrieval sample and
SPR inventory, and the dropping of nitrite and nitrate as COPCs (Section 3.2).

Figure 3-4. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Post-Retrieval Sample Inventory for both Waste Management Area C and

Single-Shell Tank 241-C-106 to Hazard Index for the Industrial Worker Scenario.
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3.4.3 Radiological Drinking Water Dose

The cumulative contribution to radiological drinking water dose for the industrial worker
between the different residual inventories is given in Figure 3-5. In this plot the following four
curves are shown:

* WMA C: SPR Inventory (Green Solid Line, Square Symbols). This is the cumulative
WMA C radiological dose base curve. The base curve is described in the first bullet of
the Section 3.4.1. The peak radiological dose is for this curve is 4.6 x 10-1, which is
below the performance objective of 4.0.

* WMA C: Post-Retrieval SST C-106 Sample Inventory (Brown Dash Line, Delta
Symbols). For this curve, the inventory calculated from the post-retrieval sample was
used for residual inventory and the hypothetical retrieval leak from SST C-106 was
removed because no retrieval leak occurred. Except for these changes made for
SST C-106, the curve is exactly the same as described in the first bullet of this section.
Although for the most part the previous curve and this one overlap, there are some
differences. The peak radiological dose for this curve is also 4.5 x 101, which indicates
the hypothetical 8,000-gal retrieval leak from this tank did not impact this metric because
the hypothetical retrieval leak was removed in this curve. Additionally, at about
5,000 years, the SPR and post-retrieval sample curves diverge slightly, with post-retrieval
curve having a slightly lower radiological dose than the curve base on the SPR curve.
This is due to the smaller residual inventory of 99Tc calculated from the post-retrieval
sample.

* SST C-106: SPR Inventory (Red DashDot Line, Circle Symbols). This curve is the
same curve given in RPP-13774, Attachment C-1. This is a cumulative 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 10-3 mrem/yr due to the retrieval leaks considered in
the pre-retrieval analysis.

* SST C-106: Post-Retrieval SST C-106 Sample Inventory (Orange DashDotDot Line,
Diamond Symbols). This curve is for the residual inventory calculated using the
post-retrieval sample. Leaks did not occur during retrieval and therefore were not
considered. The peak value for this curve is 6.6 x 104 mrem/yr, which is almost a
sevenfold decrease over the radiological dose calculated for the SPR residual inventory.
This is due to the smaller residual inventory of 99Tc and 129!, which is no longer a
contaminant of concern. This is a factor of almost 6,000 below the performance
objective 4 mrem/yr.
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Figure 3-5. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Archive Sample Inventory for both Waste Management Area C and

Single-Shell Tank 241-C-106 to Radiological Drinking Water Dose
for the Industrial Worker Scenario.
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3.4.4 Results for Individual Contaminants for
Post-Retrieval Single-Shell Tank 241-C-106

The results presented in the previous section discussed the impacts to the cumulative totals for
WMA C and how the inventory calculated from the post-retrieval sample impacted those
cumulative curves. The contaminants from Appendix B, Table B-1 were evaluated in
Section 3.2 to determine the COPC. Of the 165 analytes evaluated, 29 radionuclides and
14 nonradionuclides were considered as COPC. Table 3-4 provides the risk for each exposure
scenario per radionuclide considered a COPC, while Table 3-5 provides the same information for
nonradionuclides. In each of these tables the following columns are provided.

* Analyte Name for COPC

* Inventory associated with COPC (Appendix B, Table B-2)

* WMA C Fenceline Concentration is the modeled (RPP-13774) concentration at the
WMA C fenceline. If there is inventory associated with a COPC, the COPC may not
have a corresponding concentration at the fenceline. Short-lived radionuclides will decay
away before the contaminant can arrive at the WMA C fenceline. Immobile COPCs
(i.e., Kd greater 0.6 mg/L) will also result in a zero concentration at the fenceline, as they
will not reach the fenceline within 10,000 years.
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* Kd2 is the mobility factor used in the groundwater modeling for the analyte. The actual
Kd of the COPC is almost always larger than the Kd used in the modeling (i.e., reported
90Sr Kd for Hanford Site sediments is 8 - 15 mgfL, the modeling used 1.0 mg/L). If the
Kd is equal to zero, the analyte moves with the groundwater. However, if the Kd is equal
to 0.6 mg/L, the contaminant moves at approximately 1/10 the velocity of the
groundwater in the aquifer, and even slower in the vadose zone.

Half-life is the half-life of the radionuclide or organic compound in years. All organics
were treated with an infinite half-life.

HSRAM Exposure Scenarios for ILCR (radionuclides and nonradionuclides) and HI
(nonradionuclides). Use dosimetry factors from Exposure Scenarios and Unit Dose
Factors for Hanford Tank Waste Performance Assessments, (HNF-SD-WM-TI-707
[Note: this document is in the process of being revised to add more analytes and to
address previous comments from Ecology]).

All-Pathway Radiological Dose are provided for the farmer and Native American
receptors radionuclides.

. Drinking Water Dose for radionuclides using effective dose equivalent.

Evaluation of Tables 3-4 and 3-5 clearly show the major risk driving analytes for radionuclides
in this tank is 99Tc (2.0 x 1 O8). For nonradionuclides, chromium, in its hexavalent state, is the
primary risk driver, but at an order of magnitude less than 99Tc. Chromium's peak ILCR-nonrad
is 8.9 x 10-I0.

2Although during the Notice of Deficiency process for the RPP-13774, it was agreed to evaluate uranium with a lower K(d.

However, recent site-specific field and laboratory data indicates lowering the Kd for uranium would not be technically justifiable.
The mobility of uranium transport in the 200 Area vadose zone is considered to be retarded in comparison with the movement of
water. In contrast, the mobility of 99Tc and nitrate are seen to be the same as that of water. These conclusions are based on
numerous laboratory experiments (see for example, the Geochemical Data Packagefor the Immobilized Low-Activity Waste
Performance Assessment, PNNL-13037). This retarded movement of uranium compared to 99Tc and water is confirmed by
recent preliminary measurements from the B-26 Borehole in the BC Cribs Area (RPP-20303, Preliminary Data from 216-B-26
Borehole in BC Cribs Area) where the peak of uranium is found at 22.5 ft below surface, while 9Tc peak is at 101 ft. Recent
preliminary results from a borehole drilled near SST C-105 show a similar pattern, uranium peaking at 51 ft (the tank bottom
being at about 45 ft) and 99Tc peaking at 146 ft. Thus, laboratory and field experiments confirm that uranium mobility is retarded
in vicinity of WMA C.
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Table 3-4. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant of Potential
Concern using Nominal Post-Retrieval Inventory. (2 Sheets)

All-pathway Drinking water dose

WNMA C IISRAM Incremental cancer risk scenarios (groundwater) groundwater . C4E beta/photon
Analyte Inventory fenceline Kd Half-Life (mrem/yr) (mrem-EDE/yr)

Y (Ci) concentration (mL/g) (yr) All

(pC/L) Industrial Residential Agricultural Recreational pathway Native Farmer Native Residential Industrial
farmer American American

Cobalt-60>'.9.0013+00'. :.:..~. 5.27> 0 . '7.:<2. 0 7 >O :

Nickel-63 7.30E+01 0 1 100.1 0 0 0 0 0 0 0 0 0 0

Strontium-90 + 6.61E+04 0 1 28.1 0 0 0 0 0 0 0 0 0 O
D

Technetium-99 1.65E-01 1.43E+00 0 2.1 E+05 2.0E-08 4.8E-07 6.7E-07 1.7E-09 1.0E-06 6.9E-06 2.5E-03 6.0E-03 1.5E-03 5.2E-04

Cesium-137 1.45E+103 0 1 30.0 0 0 0 0 0 0 0 0 0 0

2ur4iiiri-l'152" 3.14E+01 ' 1 . . 'T ' T = : w ';

Europiun-l 0 3 O:"0 1 .9 0. ;. - .O 0 ; i. ; :- cEurpiii-53.00E+01, 0-' .1 - .68' 000000 0000

Tnorium-228 5.75E-04 0 1 1.91 0 0 0 0 0 0 0 0 Not Beta Not Beta

Thorium-230 8.82E-04 0 1 75380 0 0 0 0 0 0 0 0 Not Beta Not Beta

Thorium-232 5.61 E-04 0 I 1.4E+10 0 0 0 0 0 0 0 0 Not Beta Not Beta

Uranium-233 1.83E-03 2.26E-07 0.6 1.6E+05 8.5E-14 4.3E-13 4.7E-13 7.0E-15 3.9E-13 1.1 E-11 4.72-08 1.92-07 Not Beta Not Beta

Uranium-234 9.48E-04 1.20E-07 0.6 2.5E1+05 4.4E-14 2.22-13 2.42-13 3.6E-15 2.0E-13 5.5E-12 2.4E-08 9.7E-08 Not Beta Not Beta

Uranium-235 3.87E-05 4.94E-09 0.6 7.0E+08 2.0E-15 1.2E-14 1.3E-14 1.7E-16 I.OE-14 2.2E-13 9.6E-10 3.8E-09 Not Beta Not Beta

Uranium-236 1.73E-05 2.22E-09 0.6 2.34E+07 7.8E-16 4.0E-15 4.3E-15 6.5E-17 3.6E-15 9.62-14 4.3E-10 1.7E-09 Not Beta Not Beta

Uranium-238 9.04E-04 1.17E-07 0.6 4.52+09 5.3E-14 2.82-13 3.12E-13 4.5E-15 2.5E-13 4.9E-12 2.22-08 8.8E-08 Not Beta Not Beta

+D

tk)
0O
'JI
-4j
:-a

0



Table 3-4. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant of Potential
Concern using Nominal Post-Retrieval Inventory. (2 Sheets)

Analyte Inventory
(Cl)

WM\*A C
fenceline

concentration
(pCi/L)

Kd
(mL/g)

IISRAM Incremental cancer risk scenarios (groundwater)
Half-Life

(yr)

Industrial IResidential Agricultural Recreational
All

pathway
farmer

Pluloniuni38'.' 1'36 00,, O. - . ' 87.7- , 0 ,, 0 0 0 _
.... ... - , .. 1. . ... .'.. .I .. . ... ,-. ..... .._... . . .. ...... .. . . .. . '. ..

0.: I 0I0 & No. - I I t e7a

Plutonium-239 1.68E+01 0 1 24110 0 0 0 0 0 0 0 0 Not Beta Not Beta

Plutonium-240 3.58E+00 0 1 ' 6563 0 0 0 0 0 0 0 0 Not Beta Not Beta

Plutonium-241 3.97E+01 0 1 14.4 0 0 0 0 0 0 0 0 0 0

Americium-241 6.531E+01 0 1 433 0 0 0 0 0 0 0 0 Not Beta Not Beta

Curni-243^ T W .

Cu'ru'm2'43,63,+00 0 1 - --1 0 - _00 - 0 - -Nt',t ' otBet

Maximum 2.0E-08 4.8E-07 6.7E-07 1.7E-09 1.0E-06 6.9E-06 2.5E-03 6.0E-03 1.5E-03 5.2E-04

I-
'.0

0

Ln

-4

0Notes:
Shadcd cells are nondetect and the inventory used in the risk assessment is calculated at V/2 the minimum detection limit.
Performance objective for ILCR-Rad = 1.0 E-4 to 1.0 E-6 (EPAJ540/R-99/006 Radiation Risk Assessment at CERCLA Sites: Q & A Directive 9200.4-31 P).
Performance objective for radiological dose = 25 mremlyr.
Performance objective for drinking water dose 4 mrenr/yr.
ILCR = incremental lifetime cancer risk.
WMA = Waste Management Area.



Table 3-5. Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of Potential Concern using Nominal
Post-Retrieval Inventory. (2 sheets)

NVMA C HSRAM incremental cancer risk scenarios HSRAM hazard index scenarios (groundwater)
Inventory fenceline Kd Half- (groundwater)

Aaye () concentration Am ) ieAll Ntv ReietlInutilAr-Rce-PtAll Ns(Ci) (mUg) (yr) Industrial ResidentilalAgrii- Rerear Pathways Native
(mgfL) cultural tional Pathway American cultural tional F American

I ~~Farmer Fre

Aluminum 4.87E+02 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Barium 2.08i_+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Cadmium 1.84E+00 0 1 Infinity 0 0 0 0 0 0 0 0 0 0 0 0

Chromium 4.81 E+00 4.20E-05 0 Infinity 8.9E-10 2.0-09 2.0E-09 3.5E-1 1 3.0E-09 2.5E-06 1.4E-04 7.9E-04 8 2E-04 I.5E-05 3.7E-04 2.7E-02

Cobalt 4.78E-01 2.65E-06 0.1 Infinity 2.7E-1l 8.02-11 8.0E-11 1.5E.12 1.2E-10 3.82-08 2.7i_-06 1.0I-05 1.1E-05 1.7E-07 1.1E 05 6.9E-04

Copper 2. 933+ 2 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Cyanide 9.93E-02 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0 t

Iron 2.66E+02 0 I Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0 O

Manganese 6.992+02 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Mercury 2.45E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Nickel 3.852+01 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Silver 9.98E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Strontium 1.66E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Zinc 2.70E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

2-Butanone 5.692-04 4.97E-09 0 Infinity N/A N/A N/A N/A N/A N/A 3.42-10 1.42-09 1.44-09 8.012.12 1.34-09 3.42-09
(MEK) 1 65E-03 I ANN09

2-Propanone 1.6523-03 I1.442-08 0 Infinity N/A N/A N/A N/A N/A N/A 1.223-10 2.923-09 2.91E-09 1.5.1311 2.512-09 8.62-_09
(Acetone) IIIII I

W

t'3
0C



Table 3-5. Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of Potential Concern using Nominal
Post-Retrieval Inventory. (2 sheets)

WMVA C HSRAM incremental cancer risk scenarios HSRAM hazard index scenarios (groundwater)
Inventory fenceline Kd Half- (groundwater)

Anlye (Ci) coetr (mU) L(yr) Industrial Residential Agrd- Rrcrer- Path Native Residential Industral Agri- Recren- Pathwia Native

(mgfL) cultural |onal Paway American cultural tional amyr AmericanFarmer Fre

Di-n- 1.0713-01 1.41E-11 0.6 infinity N/A N/A N/A N/A N/A N/A 6.613-14 4.413-13 4.413-13 7.113-15 2.113-13 6.313-13
butylphthalate I I__ __ _ I__ _ _ _ _ _ I__ _ I__ _ _ _ _ _ _ _ _ _ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ I__ _ I__ _ _ _ _ _ _ _ _

Maximum IS.9E3-10 I2.013-09 12.013-09 3.13-1 3.013-09 2.513-06 IA4E-04 I7.9E3-04 18.213-04 11.513-05 I3.71304 27-2

Notes:
Performance objective for ILCR- I E-5 (RPP-14283)
Performance objective for Hazard Index = I (RPP-14283)
HSRAM - Hanford Site Radiological Assessment Methodology (DOE/RL-91-45).

N/A - not applicable.

RPP-I 4283, 2004, Performance Objectivesfor Tank Farm Closure Performance Assessments, Rev. 1, C1H2M HILL Hanford Group, Inc., Richland, Washington.
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3.5 RISK RELATED TO RESIDUAL VOLUME

Figure 3-6 illustrates the reduction of ILCR-rad as a function of SST C-106 residual waste
volume. At each level of retrieval below the nominal volume for solids only (of 359 ft3), the
inventory for contaminants in SST C-106 has been reduced linearly. Also included on the figure
are results from the inventory calculated using the 95% UCL volume rather than the nominal
volume (370 ft3), 95% UCL for volume, density, and analytes, as well as the pre-retrieval risk
represented by the residual inventory calculated from the SPR method. This analysis assumes
that no waste will be lost during additional retrievals.

Table 3-6 shows the relative contribution of SST C-106 relative to the total risk of SST residuals
at different levels of retrieval. Risk for the total of all WMA C SST residuals was calculated
using the SPR inventory given in RPP-13774, Attachment C-1. For that assessment, the ILCR-
rad for the industrial receptor was 7.8 x 10-8, while the ILCR-rad for all of the residuals in WMA
C was 1.0 x 106. The percentage of the risk represented by the residual in SST C-106 is
approximately 7.8% or 1/12 of the total cumulative risk using the inventory calculated by the
SPR. Replacing the SPR inventory, with the inventory calculated from the post-retrieval sample
using the nominal volume (370 ft3) reduces the risk posed by SST C-106 from 7.8% to
approximately 2.1%. Replacing the nominal volume with the volume calculated for the 95%
UCL will cause the 2.1% contribution from SST C-106 to increase to 2.6%.

Figure 3-6. Change in Incremental Lifetime Cancer Risk for the Industrial Worker for
Single-Shell Tank 241-C-106 Residual Waste as a Function of Waste Volume Reduction.

Performance Objective I x 10' to I x 104 for Radiological Contaminants

I X loPrvR R ,
i , , ate____ rwvA _ AI R w S)(CWcvre PP Rmk Asa ort Irw~rrW

8 X loses
5 2X14 _PosI-_t_ l Rk Aa,.w

E CwMrg C-1OS 95% Upper Con~eneo Levei
4 X10' (Votan",e.0 Det.A Maye) W waftxy) _____ ____

Poet*.Rta RaJk As..wnat
(MkaC-10ENWMWVO W* r(370 fe')

2xl

500 400 300 200 100 0

Residual Waste Volume (fOt)
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Table 3-6. Relative Contribution of Single-Shell Tank 241-C-106 Residual Waste to
Total WMA C Residual Waste to the Industrial Receptor at the WMA C Fenceline

at Selected Retrieval Volumes.

Total WMA C SST C-106 Percentage
residual tank waste residual tank waste SST C-106 to WMA

Residual inventory All- All- All-
(volume)' ILCR pathways ILCR pathways ILCR pathways

industrial farmer industrial farmer industrial farmer
dose dose (% dose

| (mrem/yr) (mrem/yr) (mremlyr)

SPR inventory used in ,re-retrieval 1.02E-06 1.97E-01 7.84E-08 2.74E-02 7.72 13.88%
risk assessment (360 ft)

Post-retrieval sample SST C-106
95% UCL overall for inventory of 9.64E-07 1.73E-01 2.61E-08 3.32E-03 2.71 1.92%
each constituent was calculated
based on RPP-6924

Post-retrieval sample SST C-106
95% UCL volume 9.63E-07 1.73E-01 2.48E-08 3.15E-03 2.58 1.82%
(466 ft3 [sludge + liquids])

Post-retrieval sample SST C-106
Nominal volume (370 ft3 [sludge + 9.57E-07 1.73E-01 1.97E-08 2.50E-03 2.05 1.45%
liquids])

Post-retrieval sample SST C-o1l06 9.54E-07 1.72E-0I 1.64E-08 2.09E-03 1.72 1.21%
Estimated (300 ft3 [sludge only]) ________ ______1.

Post-retrieval sample SST C-106 9. 1E-07 1.721E-01 1.37E-08 1.74E-03 1.44 1.01%
Estimated (250 ft [sludge only]) _______________

Post-retrieval sample SST C-106 9.49E-07 1.71E-01 1.IOE-08 1.39E-03 1.16 0.81%
Estimated (200 f 3 [sludge only])

Post-retrieval sample SST C-106 9.46E3-07 1.71E-01 8.22E3-09 1.041E-03 0.87 0.61%
Estimated (1 50 ft3 [sludge only]) __ _ _ _ _ _ _ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _ _

Post-retrieval sample SST C-106 9.43E-07 1.71E-01 5.48E-09 6.96E-04 0.58 0.41%
Estimated (100 ft [sludge only]) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Post-retrieval sample SST C-106 9.40E-07 1.70E-01 2.74E-09 3.48E-04 0.29 0.20%
Estimated (50 ft [sludge only])

Notes:
'See inventory definitions page for a complete description of how each inventory is calculated.
ILCR = incremental lifetime cancer risk.

SPR = selected phase removal.
SST= single-shell tank.

UCL = upper confidence limit.
WMA = Waste Management Area.
RPP-6924,2000, Statistical Alethodsfor Estimating the Uncertainty in the Best-Basis Inventories, Rev. 0, CH2M HILL

Hanford Group, Inc., Richland, Washington.
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3.6 CONCLUSIONS

The conclusions of this risk assessment are summarized in the following three points:

1. Risk values presented in this analysis and those contained in RPP-13774, Attachment C-1
for the entire WMA are nearly the same.

2. The impacts estimated for SST C-106 are a factor of 4 smaller in this analysis than those
in RPP-13774.

3. Of the 42 COPCs analyzed, 99Tc and chromium are the primary contaminants (greater
than 99% and 95%, respectively) that drive risk. The conclusions presented in
RPP-13774 are unchanged by the present analysis using residual SST C-106 tank waste
samples. Based on the current residential inventory, no groundwater quality standards
would be exceeded.
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4.0 EVALUATION OF POTENTIAL AND FUTURE WASTE RETRIEVAL
TECHNOLOGIES

This section describes and presents comparative evaluations of additional waste retrieval
technologies that are currently available (i.e., do not require further research and development
prior to deployment). It also describes and compares future potential retrieval technologies
requiring research and development that have potential for future deployment at the Hanford Site
tank farms. 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 developed and
technically mature to support cost, schedule, and performance evaluations.

4.1 AVAILABLE RETRIEVAL TECHNOLOGIES

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

* Identifying the retrieval functions the technologies would need to perform

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

* Comparing the relative effectiveness of the additional available technologies/altematives
against performance objectives.

4.1.1 Functions of Retrieval Technologies

Many of the SST retrieval technologies that could be deployed in the near-term could satisfy
multiple retrieval functions. Many also have overlapping capabilities. This section describes the
retrieval technology functions most relevant to removing additional waste from SST C-106.
These functions include:

* Dissolve Waste - Waste is dissolved by adding a solvent (e.g., water or acid in Hanford
Site tank farms) over time. Once waste is dissolved, the waste solution is pumped out of
the SST.

* Break Up Agglomerated Waste - Waste is broken up via mechanical energy from a
water stream (via nozzle), mixing from a pump, or an in-tank mechanical vehicle. Once
agglomerated waste is broken up, facilitate moving or transferring the waste.

4-1
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* Mobilize/Move Waste in the Tank - Waste is mobilized in the tank using water from a
water stream (via nozzle) or an in-tank mechanical vehicle. Waste mobilization is
attempted to move waste closer to the intake of the transfer system.

* Transfer Waste Out of Tank - Waste is captured and transferred out of the tank via a
pump. Many types of pumps are available for this function and range from an auger to a
vacuum system. These pumps may be operated in batch or continuous modes.

* Transport Waste From Top of Tank to Receiver Tank System - Transport of waste
from the SST to the receiver tank system can be accomplished by the in-tank pump
providing all motive force, or a separate ex-tank booster pump. These pumps may be
operated in batch or continuous modes.

* Minimize Waste Volume - Waste volume is minimized by using less water for all
functions. Less water equates to more efficient use of DST space and places less demand
on evaporator and waste transfer facilities.

4.1.2 Additional Available Waste Retrieval
Technologies

The 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 sluicing has been or is currently being
deployed on saltcake tanks (SSTs S-102 and S-112) and sludge tanks (used in SST C-106
and being deployed in SSTs C-103 and C-105).

* Vacuum Retrieval System (VRS) - Consists of an articulated vacuum mast, batch
vacuum vessel, control system, and a transfer system. VRSs are 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. TheMRS is typically identified as thewasteretrieval
technology for leaking 1 00-series tanks.

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

Table 4-1 shows the available retrieval technologies and describes how well the technologies
perform the basic retrieval functions including:

* Dissolving waste . Transferring waste out of tank
* Breaking up agglomerated waste . Minimizing waste volume.
* Mobilizing/moving waste in the tank
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Table 4-1. Comparison of Technologies and Functions.
Retrieval Functions

technology Dissolve waste Breakup waste Mobilize/move waste In Transport waste Transport to
systems Dissolve tank out of tank receiver tank Minimize waste

Modified Via water addition Via water nozzles. Not Via directed water spray Via in-tank pump. Via in-tank pump. Waste minimized by using
Sluicing - through spray all waste will breakup from nozzles. Not all Waste particles No booster pump is as little water as possible
Saltcake Tank nozzles or pump via water agitation. waste can be directed to must be small required. and optimizing conditions

drop-leg. Waste the pump intake via water enough to pass such as raw water
dissolution also spray. through pump temperature.
occurs during soak intake screen.
periods.

Modified N/A Via water nozzles. Not Via water nozzles. Not all Via in-tank pump. Via in-tank pump. No Waste minimized by using
Sluicing - all waste will breakup waste can be directed to Waste particles booster pump is as little water as possible.
Sludge Tank via water agitation. the pump intake via water must be small required. Could be accomplished

spray. enough to pass through recirculation of
through pump supernatant.
intake screen.

Vacuum N/A Waste within vacuum Waste within vacuum Waste is removed Ex-tank vacuum Waste minimized by using
Retrieval wand operating radius wand operating radius is from the tank via vessel and booster as little water as possible.

broken up via vacuum moved/mobilized via the the vacuum wand pump. Could be accomplished
wand and scarifying vacuum mast suction and suction. through recirculation of
nozzles. physical manipulation supernatant.

with the vacuum wand.
Mobile N/A Waste within vacuum Vacuum wand and Waste is removed Ex-tank vacuum Waste minimized by using
Retrieval wand operating radius scarifying nozzles in from the tank via vessel and booster as little water as possible.

broken up via vacuum radius of influence, ITV in the vacuum wand pump. Could be accomplished
wand and scarifying all floor areas. suction. through recirculation of
nozzles. Waste located supernatant.
on the floor of the tank
can be broken up via
the ITV blade or tracks
or water cannon.

Chemical Via chemical Dissolves waste and N/A. Must be combined N/A. Must be N/A. Must be Waste minimized by using
Addition addition and potentially softens with other waste transport combined with combined with other as little chemical addition as

soaking. solids. technology. other waste waste transport possible.
transport technology.

I technology.
Notes:

ITV = in-tank vehicle.
N/A = not applicable.

0
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4.1.3 Development of Retrieval Alternatives using
Additional Available Technologies

A range of alternatives has been identified to support a comparison of the ability of the
technologies to meet performance criteria (e.g., dissolve and breakup waste, mobilize and
transfer waste). Alternatives have been identified by combining retrieval technologies as
necessary to satisfy all the functions of retrieval. In this section, alternatives are described and
costs, schedules, and deployment requirements are identified.

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

* The MRS and VRS have yet to be demonstrated in Hanford Site SSTs. Retrieval
demonstration-projects are planned to establish the technical limits for each of these
technologies. However, until the demonstrations are complete on comparable tanks
(i.e., 100-series tanks) and tank waste (i.e., residual sludge) assurance that either
technology could retrieve waste to the HFFACO retrieval criteria remains uncertain.

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

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" end state of 200 ft3 (i.e., removal of 160 ft3). At the 95% UCL of residual waste
remaining in a tank, 467 ft3 of solids are present in the tank and the alternative retrieval
technology selected must retrieve an additional 107 ft3 of waste from the tank to reach the 360 ft3

residual waste volume requirement. To ensure the residual waste volume in the tank is less than
or equal to the 360 ft3 requirement, the removal volume goal was conservatively set at 160 ft3
based on the volume estimation uncertainty associated with the residual waste volume
determination and the additional uncertainties associated with the waste retrieval technology
performance. Each of the alternatives potentially could attain the minimum volume goal and
more; however, there are differences in costs, schedule, water usage, and impacts to the DSTs
and the evaporator, as well as ease of implementation and technical risk. These differences are
compared in Section 4.2 and evaluated to these criteria.

It is assumed that the appropriate assessments (e.g., criticality, waste compatibility, infrastructure
impacts, and sequence impacts) would be performed for each alternative prior to design and
implementation of a given alternative. These assessments are not part of this discussion.

The cost estimate and water usage for each alternative are documented in Appendix C and
Appendix D, respectively.
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4.1.3.1 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 (Appendix D). Restarting the
SST C-106 modified sluicing system would include 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 hose-in-hose transfer line (HIHTL) from SST C-200 series tanks to the
SST C-106 system.

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

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

* Evaluate volume remaining.

* Collect samples and characterize.

* Decommission equipment.

The use of oxalic acid or a substitute chemical such as nitric acid or a chemical solution such as
oxalic acid and nitric acid combined is not expected to be more effective than sluicing. Oxalic
acid was added in six separate batches during the retrieval in 2003. Diminishing 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 oxalic 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 sludges in
the storage tanks. The use of nitric acid was only slightly more effective than oxalic acid for
these sludges. Nitric acid was rejected for use because of the marginal dissolution improvement
and the measurable oxidation of tank surfaces. At this time nitric acid is not considered suitable'
for tank waste retrieval.

Even if oxalic acid is used and dissolved 5% to 10% of the tank solids (between 150 and
300 gal), sluicing would need to be deployed to remove the remaining amount of solids.
Additionally, sodium hydroxide would need to be added to DST AN-106 to neutralize the
addition of oxalic acid. The combination of the oxalic acid solution (about 30,000 gal), sluicing
water, and sodium hydroxide is expected to be equivalent to or greater than the volume of water
if only sluicing is used (Alternative A). Finally, when neutralized in DST AN-106, the oxalic
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acid precipitates as sodium oxalate solids. Thus, the volume of solids in the DSTs would
increase. For these reasons, chemical addition/modified sluicing is not evaluated further.

The estimated implementation cost for Alternative A is approximately $1.9 million and adding
$3.7 million in evaporator costs results in a total retrieval and storage cost of $5.7 million
(Appendix C). Due to the high volume of water required for this alternative, the anticipated
duration of retrieval from start to finish is approximately 12 months.

4.1.3.2 Alternative B - New Modified Sluicing with New Slurry Pump. Alternative B
consists of the design, procurement, construction, startup, and operation of an entirely new
modified sluicing system specifically designed for the sludge residuals in SST C-106. This
alternative would support the use of recycled DST supernatant as the sluicing medium
minimizing total liquid volumes. However, use of DST supernatant could introduce new waste
to the tank and thus 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 waste retrievals are
completed. It is anticipated that the volume of additional raw water required to attain the
minimum volume goal is 90,000 gal. Implementing the Alternative B system would include 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 SST C-106 system.

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

Construct two new risers and install two new sluicer nozzles.

* Re-install and/or reconnect any SST C-1 06 equipment that has been decommissioned.

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

* Evaluate volume remaining.

* Collect samples and characterize.

* Decommission equipment.

The estimated implementation cost for Alternative B is approximately $5.7 million and adding
$180,000 in evaporator costs results in a total retrieval and storage cost of $5.88 million. The
anticipated schedule duration from start to finish is 12 months.

4.1.3.3 Alternative C - Modified Sluicing Followed by New Vacuum Retrieval System.
Alternative C is based on the use of modified sluicing to cleanup the tank bottom and remove as
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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-fl vacuum mast radius. This would be a batch process
where waste would be vacuumed into the batch vessel followed by water addition and slurry 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
modified sluicing system and an entirely new VRS specifically 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 or lower 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 would
include 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 the C-200 series tanks to the SST C-106 system.

* Re-install and/or reconnect any SST C-1 06 equipment that has been decommissioned.

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

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

* Install two vacuum masts.

* Operate the VRS until minimum volume goal or lower has been achieved.

* Evaluate volume remaining.

* Collect samples and characterize.

* Decommission equipment.

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

4.1.3.4 Alternative D - Mobile Retrieval System. The MRS consists of a VRS in combination
with an ITV. Alternative D consists of the design, procurement, construction, startup, and
operation of a new MRS specifically designed for the sludge residuals in SST C-106. The
existing transfer route to the AN tank farm would be used once the C-200 series tank retrievals
are completed. The MRS would be operated to remove tank waste until the minimum goal or
lower is satisfied. The MRS generates water from the vacuum system and requires significant
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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 would include 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.

* Install new ITV riser.

* Install the new ITV.

* Remove the Gorman-Rupp3 pump from riser 13.

• Install vacuum system.

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

* Evaluate volume remaining.

* Collect samples and characterize.

* Decommission equipment.

The estimated implementation cost for Alternative D is approximately $ 13.1 million and an
additional $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.

4.2 COMPARATIVE EVALUATION OF
AVAILABLE RETRIEVAL ALTERNATIVES

The four alternatives identified in Section 4.1.3 were comparatively evaluated using three
methods. The first method compared how well the waste retrieval alternatives satisfied the
retrieval functions identified in Section 4.1.1. The functions compared included: dissolving,
breaking up, mobilizing, transferring, and minimizing waste. Table 4-2 presents the results of
this comparison.

The second method used to compare the alternatives was a comparison of the costs (retrieval
implementation as well as evaporator costs for supporting efficient DST storage of the retrieved
waste), schedules (start to finish for the retrieval function only), impacts on near-term DST

3 Gorman-Rupp Company, Mansfield, Ohio.
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storage (storage required to support retrieval and prior to evaporation), and the estimated total
cost per cubic foot of waste retrieved to meet a minimum target level of waste retrieval that
would ensure attaining the HFFACO retrieval criteria, given measurement and retrieval
technology performance uncertainties. For this evaluation, comparable information was
presented for the 2003 retrieval campaign. Table 4-3 summarizes the results of this comparison.
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Table 4-2. Comparison of Retrieval Alternatives vs. Basic Retrieval Functions. (2 sheets)
Functions

Alt. Retrieval alternatives Dissolve Mobilize/move waste In Tasport Transport waste Minimize waste
waste Brau vsetank wastnuto to receiver tank

A Raw Water Modified N/A Not very efficient at Not very efficient at moving Satisfactory as Satisfactory. Not very effective
Sluicing breaking up waste in SST C-106 due to long as waste due to the high
(Current Equipment) remaining location of sluice nozzle can be moved volume of required

agglomerated wastes with respect to solids to the intake of raw water to meet
in SST C-106. residuals. Also, "320" the pump. objectives. (1,870,000

sluicer flow rate makes gal)
solids movement difficult
due to rapid rise of liquid
level in tank (high flow
rate).

B New Modified N/A More effective at More effective at moving Satisfactory as Satisfactory. Best of all
Sluicing with New breaking up waste waste due to the proximity long as waste alternatives at
Slurry Pump due to the proximity of the new risers and can be moved minimizing waste.

of the new risers and sluicers to the remaining to the intake of Minimal raw water
sluicers to the waste areas. the pump. usage due to use of
remaining waste recirculated
areas. supematant. May

require addition of
raw water to remove
supernatant.
(90,000 gal)

C Modified Sluicing N/A More effective at Very effective at moving Satisfactory. Satisfactory, Moderately effective,
Followed by New breaking up waste waste within the working however water however high
Vacuum Retrieval due to the location area of vacuum mast. Not must be added in volumes of water are
System of the new risers and effective at moving waste the batch vessel to needed to slurry the

vacuum masts outside this radius. adjust the slurry waste to the DST
directly over the for pumping to system. (225,000 gal)
waste areas. the DST system.

I-t.
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Table 4-2. Comparison of Retrieval Alternatives vs. Basic Retrieval Functions. (2 sheets)
Functions

Alt. Retrieval alternatives Dissolve vse Mobilize/move waste in Transport Transport waste Mnmz at
waste Breakup waste tank waste out of to receiver tank Minimize waste

tank tank

D Mobile Retrieval N/A Most effective at Very effective at moving Satisfactory. Satisfactory, Moderately effective,
System breaking up waste waste in all parts of the however water however high

due to the tank. must be added in volumes of water are
combination of the the batch vessel to needed to slurry the
tracked vehicle with adjust the slurry waste to the DST
a blade and the for pumping to system. (175,000 gal)
vacuum mast and the DST systen.
scarifying nozzles.

Notes:
DST= double-shell tank.
N/A = not applicable.
SST - single-shell tank.

Table 4-3. Summary Comparison of Single-Shell Tank C-106 Retrieval Alternatives. (2 sheets)

Retieal ltrnaivs Icrasein RPPreriealActual or Cost per unit Na-emDrto
Retrieval eapoao and stral estimated volume volume removed Near-term DurationRerea lentvs system cost evaporator and storage of waste removed (retrieval and DST storage start to finish

costs' life-cycle costs (ft3)b storage) (S/fta3  impact (gal)' (months)

2003 Liquid Pumping/ $21,419,600 $1,000,000 $22,419,600 4,340 $5,170 500,000 9
Modified Sluicing and
Acid Dissolution

A - Raw Water $1,925,950 $3,740,000 $5,665,950 160 $35,412 1,870,000 12
Modified Sluicing
(Current Equipment)

B - New Modified $5,668,735 $ 180,000 $5,848,735 160 $36,555 90,000 12
Sluicing with New
Slurry Pump

I-

to3C)
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Table 4-3. Summary Comparison of Single-Shell Tank C-106 Retrieval Alternatives. (2 sheets)

Increase in RPP retrieval Actual or Cost per unit Near-term Duration
Retrieval alternatives Retrieval evaporator and storage estimated rolumed (retrieval ad DST storage start to finish

ssecot costs' life-cycle costs (ft3)b storage) (Sift3) impact (gal)' (months)

C - Modified Sluicing $10,171,593 $450,000 $10,621,593 160 $66,385 225,000 16
Followed by New
Vacuum Retrieval
System

D - Mobile Retrieval $13,131,774 $350,000 $13,481,774 160 $84,261 175,000 18
System
Notes:

'Based on DOE/ORP-l 1242, system plan projects processing 28 million gal (FY 2004-FY 2011) and baseline for same period assigns S51 million for evaporator operations.
S51/28 gal = 42.00/gal.
b For the additional retrieval alternatives waste removal was assumed at 160 i9.
'DST storage required during and following retrieval and prior to evaporation.

-A.

DST = double-shell tank.
RPP = River Protection Project.

DOE/ORP-l 1242, 2003, River Protection Project System Plan, Rev. 2, U.S. Department of Energy, Office of River Protection, Richland, Washington.
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The final method used to compare the alternatives was a value engineering process which is
summarized below with supporting information presented in Appendix F.

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 4-3 and provided in detail in Appendix C. The costs ranged from $5.7 million
for Alternative A to $13.5 million for Alternative D. The cost is a conservative estimate
of the potential costs associated with each alternative. Costs not included in the estimate
include costs associated with decontamination and decommissioning and/or disposal of
equipment used under each alternative and the cost of treatment and disposal of the
retrieved waste.

Schedule - Figure 4-1 shows the schedules for each alternative. Alternatives A and B
could be completed in the shortest amount of time, 12 months. Alternative D would
require the most time due to the complexity of installing new risers and the ITV. This is
approximately the same time frame for the SSTs T-l 10 and T-I 1 I waste retrievals (MRS
deployments). The first deployment of MRS will go through more rigorous readiness and
startup activities which will take more time.

Figure 4-1. Single-Shell Tank 241-C-106 Retrieval Alternative Schedule Comparison.

Retrieval .i.eQUARTERS FROM START OFPROJECT
alternative 2 3 5 6

Raw Water Modified Sluicing (Current
A Equipment)

B New Modified Sluicing with New Slurry
Pump

Modified sluicing followed by New
C Vacuum Retrieval System

D Mobile Retrieval System

Note: Schedule duration is for retrieval activities. Characterization and assessment durations not included.

Cost Per Cubic Foot of Waste Volume Removed During Retrieval by Alternative -
Table 4-3 presents the RPP retrieval and storage total costs by alternative presented as
well as the targeted volume of waste removal estimated for the additional retrieval
technology alternatives. The table also presents comparable data for the 2003 retrieval
campaign, including the costs and volume of waste removed associated with liquid
pumping and deployment of modified sluicing and acid dissolution. Based on the data in
Table 4-3, Figure 4-2 illustrates the comparison of the cost per cubic foot of waste
removed for the alternatives evaluated in this document as well as the 2003 retrieval
campaign. The 2003 retrieval campaign costs approximately $5,170/ft3 of waste
retrieved from SST C-106. The cost per cubic foot of waste retrieved for the four
additional evaluated alternatives would range from $35,000/f 3 to $84,000/ft 3 . These
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costs per unit of waste removed are a factor of 100 to 280 times greater than experienced
for the 2003 retrieval campaign.

Figure 4-2. Comparison of the Cost per Cubic Foot of Waste Retrieval between the 2003
Retrieval Campaign and the Additional Retrieval Technology Alternatives.

S84.261
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2003 Retrieal
Campaign-Uquid

Pumping Fodlowed by
Modified Sluicing with

Acid Dissolution

Raw Water Modified New Modified Sluicing Modified Sluicing Mobile Retriedel
Sluicing (Current with New Slurry Pump Followed by New System

Equipment) Vacuum Retnexal
System

Additional Alternatives

In addition to comparing the alternatives to satisfy identified retrieval functions and the relative
costs and schedule to implement, a relative comparison of the alternatives was completed using
value engineering tools including paired comparison analysis and a rated criteria analysis
(Appendix F). For the purpose of the comparisons, the four alternatives identified above and a
no-action alternative were considered. The no-action alternative assumed no further waste
retrieval activities were initiated for SST C-106.

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 life-cycle facets of the alternative.
A higher value means the total cost for installing, operating, and demobilizing the
particular technology is less than other technologies that are being considered. A higher
value also means that the total estimated cost contains a higher level of confidence for
completing within the indicated estimate at completion.
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* Schedule for the Alternative. This criterion includes all life-cycle facets of the
alternative. A higher value means the total duration for installing, operating, and
demobilizing 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.

* Risk to Workers for the Alternative. This criterion includes ALARA considerations
for both industrial (structural, chemical, electrical, etc.) 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
associated with implementation. A higher value means comparatively less difficulty for
implementing and less risk for that particular alternative.

• The Risks to the Public or Non-Occupational Personnel for the Alternative. Usually
this criterion includes near-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 to the public for that particular alternative.

* Impacts of each Alternative to the RPP Mission. This criterion assesses the potential
for each alternative 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 F contains the results of the paired comparison analysis.

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 on the Kepner-Tregoe method described in the New Rational Manager) of the
four retrieval alternatives and a no-action case. Each alternative was ranked on a scale of 1 to 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 F.
After each alternative was ranked against each of the criteria the rank score was then multiplied
by the weighing assigned to the criteria under the paired comparison and the scores were tallied
to derive a relative ranking of the alternatives. The ranking and weighing is only directly
pertinent to decisions on SST C-106 waste retrieval.

Figure 4-3 represents the results of the two-step analysis. The analysis determined that the
highest ranked alternative based on the six evaluation criteria would be to take no further action
for SST C-1 06 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
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human health and environmental risk reduction for Alternatives A through D compared to no
action. To test the sensitivity of the analysis to a change in the relative weighting of the
dominant criteria (worker risk and human health and environmental risk) the weighting of these
criteria were reversed (53 for human health and environment and 28 for worker risk). Figure 4-4
illustrates the overall relative ranking of the alternatives remained unchanged. Taking no further
action remained the highest ranked alternative. Howeyer, Alternative D replaced Alternative A
as the second ranked alternative. Other than changing the comparative ranking of the four
retrieval alternatives the other major difference between the results documented in Figures 4-3
and 4-4 were that differences in total scopes between all of the retrieval alternatives was
significantly diminished.

Figure 4-3. Relative Comparison of Single-Shell Tank C-106 Additional Retrieval Alternatives.
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*The total score for each alternative reflects a composite of the cornparative ranking and w eighted scoring of the six
criteria. A higher score reflects a comparatively better ranking against the criteria and provides a relative understanding
of the alternatives compared to each other.
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Figure 4-4. Sensitively Case Results for the Comparison of Single-Shell Tank C-106 Retrieval
Alternatives.
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criteria. A higher score reflects a comparatively better ranking against the criteria and provides a relative understanding
of the alternatives compared to each other.

4.3 POTENTIAL FUTURE 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. The technologies discussed below are at varying stages of technology
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.
Activities that would need to be completed would include engineering, procurement, testing, and
construction.
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4.3.1 AEA Technology Power FluidicsT]

CH2M HILL Hanford Group, Inc. (CH2M HILL) and its predecessor Tank Farm Contractors
have been working with AEA Technology Engineering Services (AEAT) over the last several
years to evaluate the power fluidic concept for sampling, mixing and pumping tank waste at the
Hanford Site. A technology search and evaluation of potential technologies applicable for
retrieval of saltcake waste from the Hanford Site SSTs 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 wastes, but is also suited for
mobilization and retrieval of insoluble solids (e.g., sludge waste).

Subsequently an evaluation was carried out of the fluidic mixing and pumping for application in
the Hanford Site SST Retrieval Program. This evaluation recognized that the AEAT Power
Fluidics4 system had potential application in the retrieval of both soluble and insoluble SST
waste. It recommended a deployment configuration in SST S-102 consisting oftwo pulse-jet
mixers and three reverse flow diverter pumps. The configuration was based on a desired
constant pumping recovery rate, limited riser availability, riser sizes and location, minimization
of unmixed zones/areas, liquid waste minimization, and potential capability to reach the tank
closure cleanliness goal of less than 360 ft3 of residual waste. The technical investigation and
evaluation recommended that the system should be mocked up full scale and tested to determine
the effective range and cleaning capabilities prior to construction activities at the tank farm. It
identified that there was considerable uncertainty whether the system could achieve the
cleanliness goal. When the schedule for SST S-102 retrieval was accelerated, it was obvious that
the AEAT Power Fluidics system was not yet mature enough to be pursued for field deployment
to support the FY 2004 retrieval schedule. The DOE-HQ Office of Science and Technology
EM-50, now Cleanup Technologies (EM-21) continued to fund the development and testing of
the full scale mockup. In FY 2003, ABAT completed the third phase of development of the
AEAT fluidic mixing system for SST waste retrieval. In response to the CH2M HILL's scope of
work for design, fabrication and cold testing of a prototype AEAT full scale SST fluidic retrieval
system, AEAT designed, fabricated and delivered a full-size prototype retrieval system for
testing. That testing was carried out by an AEAT team at the Hanford Site Cold Test Facility in
October and November 2003. The tests on the full-size prototype system demonstrated operation
of the Power Fluidics for breaking up/dissolving/mobilizing a saltcake stimulant and mobilizing
and pumping sludge. The central module was deployed through a 36-in. diameter simulated riser
at the Cold Test Facility, and the outboard nozzles capable of full pan and tilt were deployed
through simulated 4-in. diameter risers.

The AEAT test report provides an overview of the fluidic equipment, the test simulants, test
program, test results, and conclusions and recommendations. The concept and operation of a
charge vessel system with multiple wash nozzles was clearly demonstrated. However, the test

4Power Fluidics is a trademark of AEA Technology Engineering Services, Pittsburgh, Pennsylvania.
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objectives were not fully demonstrated: (1) the minimum reverse flow diverter (i.e., pump)
intake distance from the floor was not determined and (2) the minimum effective cleaning radius
(where sludge or solids could no longer be mobilized) was not determined. It was not fully
demonstrated that the system was able to effectively mobilize and transfer solids (salt or sludge).
Additional testing would be needed to determine the minimum residual volume of a particular
kind of waste that could be expected to remain ("limits of technology"). The technical approach
for getting waste moved to the vicinity of the pump was with the three out-board sluicing
nozzles, similar to the two nozzle approach employed in the latter stages of SST C-106 retrieval.
Outside of the tank equipment was not configured for field deployment. Any further testing
would need to be done with the final configuration intended for deployment in the tank farms.

Another application of this technology in conjunction with sludge retrieval would be to operate
'the unit as a sludge mixer to suspend solids. The waste would then be retrieved by pumping
using the same equipment operating in the mode of the unit as tested at the Cold Test Facility
when pumping sludge. Alternately, the mixer could be used in conjunction with a retrieval
pump, such as used in SST C-106, or as used at Oak Ridge in the Bethel Valley Evaporator
Service Tanks or in the testing done with the Russian pulsating mixer pump described below.

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 with a capital cost reported at $550K (DOE/EM-0622, Innovative Technology
Summary Report Russian Pulsating Mixer Pump).

4.3.2 Russian Pulsatile Mixer Pumps/Fluidic Retrieval
Systems

CH2M HILL worked with the Russian Integrated Mining and Chemical Combine organization at
Zheleznogorsk in conjunction with the American Russian Environmental Services Inc., over the
last several years to evaluate their fluidic concept for mixing and pumping tank waste at the
Hanford Site. The system is generally similar to the AEAT system, but has design details
different for the pump mechanism and nozzles. While the AEAT 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, and initial results of the deployment in one of the Gunite and Associated
Tanks at 'Oak Ridge National Laboratory 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 pump 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 future. The pump was capable of
being deployed through a 22.5-in. diameter opening.

The Russian pulsating mixer pump, a reciprocating, air-operated mixer was deployed in
January 2001 at the Oak Ridge Site in Tank TH-4 to mobilize a 2.5-in. layer of sludge; the waste
was pumped out using an air-powered, double-diaphragm pump and left a residual heel 4 in.
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deep (1,100 gal) near the outer walls of the 20-ft diameter tank with 6.5-ft vertical sidewalls and
a 14,000 gal capacity. The cleaning radius was 6 to 8 ft. The pumping operation took place over
a 3-day period with actual operation time for the mixer pump of 25 hours. The capital cost of the
Russian pulsating mixer pump installed at Oak Ridge was $ 175K. There was no apparent
advantage in capital cost, installation, or pump disposal cost provided by the Russian unit
compared to Savannah River Site and Hanford Site costs. It may have a lower operating cost,
and therefore a lower long-term replacement cost. .The same report stated that testing of the
Russian mixer in a larger-diameter tank needed to be done (DOE/EM-0622).

A third generation pulsating mixer/sluicer with a dual nozzle design was developed and has been
tested with nonradioactive simulants in 2001 and 2002. A fourth generation dual nozzle
pulsating mixer/sluicer underwent cold testing has been developed for use at the Mining and
Chemical Combine nuclear facility in Zhelznogorsk, 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 have been 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). This year (2004), the Russians are in the process of retrieving one of their
large waste tanks using this technology. CH2M HILL has requested that DOE-HQ EM-21 fund
this technology to provide a lessons-learned report following completion of that retrieval. That
request is under consideration.

4.3.3 Small Mobile Retrieval Vehicles

Remotely Operated Vehicle Systems at Oak Ridge - In the 1996-1998 time frame the
team at Oak Ridge National Laboratory deployed a series of hydraulically powered,
remotely operated vehicles. The first two were known as Houdini5 vehicles supplied by
RedZone Robotics, Inc. Improvements were targeted at two main areas: reliability and
maintainability. The main redesign focused on improving the ergonomics on the tether
management and deployment system and modifying many of the electrical and plumbing
features of the vehicle. The fiame was a 4 ft by 5 ft parallelogram style frame, folding to
enable it to deploy through a 24-in. tank riser. It operated over 80 hours, over several
weeks, and took five samples. There were many hardware failures requiring repair or
replacement. It was used later in other tanks in conjunction with a wall-washing tool (the
linear scarifying end-effector), the confined sluicing end-effector, and the Modified Light
Duty Utility ArM6 (MLDUA). Many lessons learned are documented (ORNIJTM-
2001/142/V1, Thle Gunite and Associated Tanks Remediation Project Tank Waste
Retrieval Performance and Lessons Learned and Vesco et al. 2001, Lessons Learned and

5 Houdini is a trademark of RedZone Robotics, Inc., Pittsburgh, Pennsylvania.

6Modified Light Duty Utility Arm is a trademark of SPAR Aerospace, Ltd.
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Final Report for Houdini® Vehicle Remote Operations at Oak Ridge National
Laboratory).

* Scarab II17 - Many features of these vehicles can be found in the unit currently
developed at the Hanford Site for use in SSTs. The Scarab III vehicles four rubber-
treaded wheels for traction on slick surfaces and four metal wheels for biting into thin
layers of waste. The Scarab can climb over 8-in. obstacles and has a manipulator arm to
grasp the sample collection device and maneuver it to collect the sample. The
manipulator gripper end-effector had a payload limit of 5 lb. It requires an 18-in.
diameter access. There were three on-board cameras for viewing deployment, retrieval,
and driving operations. The unit was operated a total of about 8 hours over 3 days and
retrieved nine samples from material varying in consistency from "...red clay to crusty
concrete to chocolate ice cream..."(DOE/EM-0587, Innovative Technology Summary
Report Remotely Operated Vehicle (ROV) System for Horizontal Yanks)

* TMR Associates VAC TRAX8 - The VAC TRAX is a remote-operated rotating
high-pressure waterjetting 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://tnmrassociates.orgfvac traxhtm). 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
222-S Laboratory as preparation for dismantling the building. The system supplies water
up to 36,000 psi through a rotating manifold containing orifices to produce a concentrated
stream. The vacuum is applied to the VAC TRAX shroud sufficient to hold the weight of
the machine. Very little volume is on the surface at any time, the unit seems to be
moving with no water visible around the limited area of the shroud (e.g., 9-in. diameter
cleaning path).

4.3.4 Tank Wall Washing at West Valley
Demonstration Project

During the early stage of waste retrieval at the West Valley Demonstration Project the retrieval
process was very efficient. As the removal of the contents moved from bulk removal to heel and

7Scarab III is a trademark of R.O.V. Technologies, Inc., Vernon, Vermont.

VAC TRAX is a registered trademark of TMR Associates, Rutherford, New Jersey.
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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 provide the capability to wash
residues from the tanks' internal surfaces. Oxalic acid or mixed organic acids were not used
because of concerns with the carbon steel tank integrity.

4.3.5 Dry Ice Blasting

Decontaminating surfaces using dry ice blasting is a relatively new cleaning process using solid
CO2 pellets. The pellets sublimate (convert directly from a solid blast pellet to a vapor) leaving
no residue. This is envisioned as a sand-less sandblasting approach to dislodge hard to remove
residue from the tank surfaces. The dry ice is accelerated by compressed air and requires
between 80 to 100 psi and 120 to 150 cfm (Lapointe 2004, Sand-less Sandblasting). The EPA,
on their fact sheet for alternatives to trichloroethane, identified dry ice blasting with solid pellets
as a desirable alternate for cleaning metal surfaces (EPA 2000, Technical Fact Sheetfor 1,1,1-
Trichloroethane (TCA) Hazards and Alternatives).

4.3.6 Modified Light-Duty Utility Arm 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 ofthe ModifiedLight Duty Utility Arm after the Completion
of the Nuclear Waste Removalfrom Seven Underground Storage Tanks at Oak Ridge National
Laboratory; DOE/EM-0406, Innovative Technology Summary Report Light Dutty Utility Ann).
The earlier version of the arm, the Light Duty Utility Arm (LDUA) had a horizontal reach of
13.5 ft, a vertical reach of 50 ft below grade, and a payload of 50 lb. The MLDUA had the same
vertical reach, a slightly larger horizontal reach of 15 ft and, most importantly, an increased
payload of 200 lb. The LDUA was used at Idaho National Engineering and Environmental
Laboratory for gathering samples of waste heel materials in their smaller tanks. The MLDUA
was used at Oak Ridge for the cleanup of seven underground tanks, either 25 ft or 50 ft in
diameter. The MLDUA performed the following operations in support of the underground tank
waste cleanup operations:

* Grasping the sluicer to allow deployment of the hose management arm into the tanks
* Holding and maneuvering the sluicer to remove tank waste and waste material
* Tank wall radiation surveys
* Tank wall material sample collection
* Tank wall cleaning operations with high-pressure waterjets
* Vertical pipe cutting operations
* Pipe plugging operations
* Support for tank wall coring operations.
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However, the MLDUA had some problems. Many lessons were learned in both manipulator
operations within the tank and manipulator design. These lessons have not been incorporated
into any subsequent versions to date.

4.4 CONCLUSIONS

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

All the alternatives are potentially capable of attaining additional retrieval of residual
waste remaining in the tank. However, the paired comparison analysis evaluated the
dynamics and the trade-offs between competing goals of protecting the environment,
worker safety, cost, schedule, ease of implementation and confidence in technical
success, and the impacts to DST space and other opportunity costs that would affect the
long-term mission to clean up the site. The two top priorities were worker safety and
protecting the environment and in either case the highest ranked alternative was to
conduct no further retrieval of residual waste from SST C-106.

The schedule for deployment and completion of waste retrieval for the alternatives range
from 12 months (Alternative A) to 18 months (Alternative D). The estimated schedules
do not include durations or the schedule associated with decontamination and
decommissioning and/or disposal of equipment used under each alternative.

* The cost of the alternatives range from $5.7 to $13.5 million. Generally, those
alternatives relying on current equipment and with the least likelihood of success would
cost less with estimates ranging from $5.7 to $5.9 million. Alternatives using new
equipment and with a greater likelihood of success would cost more with estimates
ranging from $10.6 to $13.5 million. The estimated costs do not include costs associated
with decontamination and decommissioning and/or disposal of equipment used under
each alternative or the cost of treatment and disposal of retrieved waste.

* The 2003 retrieval campaign costs approximately $5,170/ft3 of waste retrieved from
SST C-1 06. The cost per cubic foot of waste retrieved for the four additional evaluated
alternatives would range from $35,000/ft3 to $84,000ft3 or a factor of 100 to 280 times
greater than experienced for the 2003 retrieval campaign.

* Deployment of a new retrieval technology resulting in a reduction in residual waste
volume from the current estimate of 467 ft3 (sludge and liquids) to the HFFACO criteria
of 360 ft3 would result in a nominal reduction in the ILCR under the industrial worker
scenario from an ILCR of 2.48 x 10'8 to 1.97 x 1 0.8. The risk contribution of the residual
waste in SST C-106 to the cumulative risk of WMA C would be reduced from
approximately 2.58% of the total risk to 2.05%. Deployment of a new waste retrieval
technology that would reduce the volume of residual waste to 200 ft3 (a 56% reduction in
total volume) would result in an insignificant reduction in the human health risks
associated with SST C-106 residual waste or the overall human health risks associated
with WMA C (see Section 3.3).
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Significant uncertainty exits regarding the effectiveness of evolving technology discussed in
Section 4.3 to remove the residual waste to 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 technologies 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 (TWR-4454, Alternatives Generation and Analysis
C-104 Single-Shell Tanks Waste Feed Delivery). Activities that would need to be completed
include engineering, procurement, testing, and construction. Without further evaluation it is not
possible to estimate the cost for research and development of the potential waste retrieval
technologies or to determine if a single or combination of technologies would be required to
attain the retrieval criteria.
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APPENDIX A

SINGLE-SHELL TANK 241-C-106 RESIDUAL WASTE INVENTORY ESTIMATES
FOR TANK COMPONENT CLOSURE ACTION RISK ASSESSMENT
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TANK 241-C-106 RESIDUAL WASTE INVENTORY ESTIMATES FOR TANK
COMPONENT CLOSURE ACTION RISK ASSESSMENT

1.0 'INTRODUCTION

In fiscal years 2003 and 2004, most of the waste in tank 241-C-106 was retrieved to the double-
shell tank (DST) system, leaving behind a small amount of residual liquid and sludge.
Inventories of constituents-of-concern in the residual waste are needed to support component
closure activities for the tank. The inventories were computed from residual waste
characterization data and residual liquid and sludge volume estimates. Waste characterization
requirements are identified and technical basis provided in RPP-13889, Tank 241-C-106
Component ClosureAction Data Quality Objectives. Direction for sampling and laboratory
analysis to implement the data quality objectives is provided in RPP-18375, Uquid Grab
Sampling and Analysis Planfor Tank 241-C-106 Component Closure Action and RPP-18376,
Solids Grab Sampling and Analysis Planfor Tank 241-C-106 Component Closure Action.

Analytical results of liquid and sludge samples are reported in RPP-20226, Analytcal Resultsfor
Liquid Grab Sampling and Analysis Plan for Tank 241-C-106 Component Closure Action and
RPP-20264, Analytical Resultsfor Tank 241-C-106 Solid Clamshell Samples Supporting Closure
Action, respectively. Volumes of the residual liquid and sludge in the tank are estimated in
RPP-19866, Calculation for the Post-Retrieval Waste Volume Determination for Tank 241-C-
106. Data and information in these reports were used to compute the inventories of constituents-
of-concern in the residual liquid and sludge.' Specifically, the inventories will be used in risk
assessment calculations in support of the tank component closure actions.

2.0 CALCULATION OF RESIDUAL WASTE INVENTORIES'

The residual liquid and sludge waste inventories were computed by following the best-basis
inventory process as described in RPP-7625, Best Basis Inventory Process Requirements. A
review of the analytical data was conducted to evaluate suitability of the data for inventory
computation. The data review followed the internal procedure TFC-ENG-CHEM-D-32,
"Review and Resolution of TWINS Data.". At the request of Tank Closure Planning, inventories
were computed for three cases: Case I -Nominal Inventories, Case 2 - Inventories Based on the
95% Upper Confidence Level (UCL) for Volume, and Case 3 - Overall 95% Upper Confidence
Levels. Inventories of constituents-of-concern for the three cases were computed as discussed
the following sections.

3
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2.1 CASE 1- NOMINAL INVENTORIES

The nominal inventory for each liquid waste constituent-of-concern was computed by
multiplying the mean concentration and the nominal liquid volume (i.e., inventory =
concentration x volume). Sludge concentration data were reported on per unit weight basis:
therefore, a mean density was used to convert the units of sludge concentration data to per unit
volume basis. The nominal inventory of each sludge constituent was calculated by multiplying
the mean concentration, mean density, and nominal sludge volume (i.e., inventory =
concentration x density x volume).' Table 2-1 represents the data used to compute the nominal
inventory for tank 241-C-106.

Table 2-1. Information Used in Computation of the Nominal Inventories

abe; oqncent~rat o~wfN ,L

Supernatant Mean concentrations based on the Not needed for. I13 f7
2004 post-retrieval liquid inventory calculations

-_______ analytical results :_'_''_-_'_ '
Sludge Mean concentrations based on the Mean density of post- 359 ft

2004 post-retrieval sludge' retrieval sludge (1.56)
analytical results ' -_'_-_

Analytical data reported in RPP-20226 and RPP-20264 were used to calculate the mean
concentrations for the supernatant and sludge.. A nested analysis of variance (ANOVA) model
was fit to the laboratory sample data following the data review. Mean concentrations were

! computed using results from the ANOVA. Two variance components were estimated and used
in the computations. The variance components represent concentration differences between
laboratory samples and between analytical replicates.

The model is:

Y4 Li + Aij,' -

i=1,2,...,a: j=l,2,...,nj;

where
Y= concentration from the 'analytical result from the ith riser,

, it = the'mean,
Li = the effect of the i. laboratory sample,
Ad= the analytical error. '
a = the number of laboratory samples, and
ni= the number of analytical results from the ith laboratory sample.
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The variable Li is a random effect. This variable and Aij are assumed to be uncorrelated and
normally distributed with means zero and variances @2(L), and @2(A), respectively.

The restricted maximum likelihood method (REML) was used to estimate the mean
concentration and standard deviation of the mean for all constituents that had 50 percent or more
of their reported values greater than the detection limit.

Some constituents had concentrations that were below the detection limits. In these cases, the
detection limits were used for calculating the mean concentrations. For a constituent with a
majority of results below the detection limit, a simple average was calculated. Mean
concentrations and relative standard deviations for liquid and sludge constituents-of-concern are
provided in Appendix A. Note that in accordance with best-basis inventory (BBI) protocol, the
relative standard deviations for non-detected constituents are assumed to be 1.

Based on the mean concentrations and density calculated as discussed above and volume
estimates in RPP-19866, liquid and sludge inventories were determined using S-Plus and
EXCEL spreadsheets. The spreadsheets for sludge and supernatant inventories were verified
according to the internal procedure TFC-ENG-CHEM-D-33, "Spreadsheet Verification" and
documented in spreadsheet verification forms SVF-192 and SVF-193, respectively.

The inventories were computed in accordance with the BBI creation rules documented in -
RPP-7625, Best-Basis Inventory Process Requirements, with the following exceptions:

* Inventories were generated only for constituents identified in the data quality objectives
(RPP-13889). Inventories for BBI analytes that are not included in the data quality

* objectives were not computed.

; Inventories of radionuclides were calculated using as-reported concentrations (All
: analyses were performed in January and February 2004). That is they were not decay-

corrected to January 1. 2001. -

* The plutonium and curium isotopes were calculated from the 239n40Pu, 241Am, and
243c Cm analytical results, using process knowledge of the isotopic distributions ratios of
tank 241-C-106.

* Thorium 228 was not analyzed because the laboratory did not have the appropriate
-analytical method. Inventory of this radionuclide was estimated from radioactive decay
of 232Th and 23

2
U. 'Based on the decay chain and radioactive half-lives of the daughter

products, 22aTh activities due to 232Th and 232U decay are approximately equal to the
activities of these radionuclides. Thorium-232 was analyzed; "3U activity was estimated
from isotopic distribution of total uranium concentration.

* Hexachloroethane and 1,2,4-trichlorobenzene were analyzed by both volatile organic
analysis and semi-volatile organic analysis methods. These constituents were not
detected in the waste samples. Volatile organic analysis is much more sensitive for these

5

A-5



RPP-20577, REV. 0

r.

i
I

C

tI

i"t

e

i

RPP-20699 Rev. 0

compounds than semi-volatile organic analysis. Therefore, only volatile organic analysis
results were used in the inventory estimates.

*~ .netre of raincdsaaye.yidcieyculdpam/assetoer

*Inventories of radionuclides analyzed by inductively coupled plasma/mass spectrometry
were not converted to curies.

* Inventories calculated based ondetection limints are not specifically identified.

Table 2-2 provides the nominal inventories of constituents-of-concerns in the tank 241-C-106
residual liquid and sludge.

,

Table 2-2. Liquid and Sludge Inventories -Nominal Case
Constituent Inventory Unit Liquid Inventory Sludge Inventory

1,1,I-Trichloroethane Kg 1.92E-07 1.15E04
1.1,2,2-Tetrachloroethane - Kg 2.75E-07 8.42E4-5
1.1,2-Trichloro-1,2,2-
trifluoroethane Kg 5.44E-07 1.29E-04
1,1,2-Trichloroethane Kg 1.73E-07 8.42E-45
1,1-Dichloroethene Kgi 349E-07 1.36E-04
1,2,4-Trichlorobenzene Kg 4.16E-07 1.29E-04
1.2-Dichlorobenzene Kg 3.84E-05 2.154-02
1,2-Dichloroethane g - 1.73E-07 8.32E-05
1.4-Dichlorobenzen- Kg 3.20E-05 2.07E-02
I-Butanol Kg 1.86E-04 2.15E-02
2,4,5-Trichlorophenol Kg 9.60E-05 .1OE-02
2.4,6-Trichlorophenol R R -9.28E-05 1.16E-42
24-Dinitrotoluene Kg 4.16E-05 1.50E-02
2,6-Bis(1,1-
dimctlylethyl)-4-.
methylphenol Kg 5.44E-05 IA5E-02
2-Butanone Kg 6.124-06 4.42E-04
2-Chlorophenol Kg 8.64E-05 2.07E-02
2-Ethoxyethanol Kg 4.16E-05 1.13E-02
2-Methylphenol Kg 8.96E-05 4.05E-02
2-Nitrophenol Kg 8.32E-05 '2.46E-02
2-Nitropropane Kg 6.72E-07 2.01E44
4-Chloro-3.methylphenol Kg 1.02E-04 7.55E-03
4-Nitrophenol Kg 9.92E-05 1.13E-02
Acenaphihene Kg 5.12E-05 2.38E-02
Acetate Kg ,4IA8E-02 3.53E+01
Acetone Kg 2.34E-45 1.28E-03
Actinium-228 Ci 3.68E-05 7.78E+01
Aluminum Kg 3.00E-02 . 3.83E+02
Americium-241 Ci 1.34E-06 6.53E+01
Ammonium Ion by IC Kg 3.15E-03 9.66E-01
Antimony Kg. 2.18E-04 1.19E+00
Antimony-l 25 Ci 2.07E-04 6.34E+01
Arsenic Kg 2.90E-04 2.89E+00
Barium Kg 1.15E-05 1.642+00

6
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Table 2-2. Liquid and Sludge Inventories -Nominal Case

:.

Constituent Inventory Unit Lbuld Inventory Sludge Inventory
Benzene Kg 2.94E-07 8.05E-05
Beryllium Kg 8.96E-06 5.66E-02
Bismuth Kg - 5.50E-04 2.94E+00
Boron Kg 2.16E-04 1.19E+00
Bromide Kg 1.86E-02 4A5E+01
Butylbeeylphthalate Kg- 2.59E-05 4.21E-03
Cadmium Kg - 3.07E-05 lA4E+00
Calcium Kg I .lOE-04 1.18E+02
Carbon disulfide Kg 3.07E-07 1.19E-04
Carbon tetrachloride Kg 2.82E-07 1.52E-04
Carbon-14 Ci 9.62E-07 8.24E-03
Cerium Kg . . 2.82E-04 5.71E+00
Cerium/Praseodymium-
144 Ci 3.89E-04 2.76E402
Cesium-134 Ci 3.19E-05 1.74E301
Cesium-137 Ci 1.39E-01 1A5E+03
Chloride Kg 5.63E-03 6.14E1400
Chlorobenzern Kit 1.73E-07 9.96E-05
Chloroform - Kg 2.1IE-07 1.22E-04
Chromium Kg. 2.56E-05 3.79E+00
Cobalt Kg 6.27E-05 3.76E-01
Cobalt-60 Ci 8.24E-06 1.80EF401
Copper Kg 2.56E-05 2.3 IE+00
Cresol FKg . 2.94E04 5.801E-02
Curium-2431244 Ci 1.34E-06 7-55E+00
Cyanide Kg 3.04E-05 .7.82E-02
Cyclohexanone Kg 2.43E-05 3.44E-02
Di-n-butylphthalate Kg 4A8E-05 4.211E-03
Di-n-octylphthalate Kg 6.72E-05 2.38E-02
Ethyl acetate Kg 1.86E-07 1.26E-04
Ethyl ether Kg 2.50E-07 1.13E-04
Ethylbenzene Kg 5.12E-07 2.011E04
Europium Kg 1.54E-05 6.23E-01
Europium-152 Ci 7.18E-05 6.27E+01
Europium-154 Ci 2.44E-05 8.13E401
Europium-155 Ci 5.27E-05 7.80E+01
Fluoranthene Kg 6.72E-05 I.A3E-02
Fluoride Kg 1.93E-03 5A2E-01
Formate Kg IA.4E-02 3-53E+01
Glycolate Kg - 1.22E-02 2.92E+01
Hexachlorobutadiene Kg -3.84E-05 5.27E-03
Hexachloroethane Kg 3.52E-07 7.57E-05
Hexone Kg 2.18E-07 1.73E-04
Hydroxide (free) Kg 2.25E+00 Not measured
lodine-129 Ci 4.25E-07 6.31E-04
Iron Kg - 2.94E-05 2.07E+02
Isobutanol Kg 2.11E-04 2.86E-02
Lanthanum Kg 3.20E-O5 2A5E+00
Lead Kgt 3.33E-04 2.57EO01
Lithium Kg 1.79E-05 1.13E-01

-; . 7
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Table 2-2. Liquid and Sludge Inventories -Nominal Case

I

Is

it

* Constituent Inventory Unit Liquid Inventory Sludge Inventory
Magnesium Kg 3.33E-04 7.1 1E+00
Manganese Kg ; - 1.31f-05 5.50E+02
m-Cresol Kg 1.98E-04 9.22E-02
Mercury Kg 9.65E-07 1.93E+00
Methylenechioride Kg 2.88f-07 9.85E-05
Molybdenum Kg 4.48E-05 3.06E-01
Morpholine, 4-nitroso- Kg 8.00E-05 1.19E-02
Naphthalene Kg 3.84f-05 9.56E-03
Neodymium Kg -1.28E-04 9.02E+00
Neptunium-237 Kg . 8.44f-08 7.69E-02
Nickel Kg- - 7.29f-05 3.02E+01
Nickel-63 Ci 2.32E-06 7.30E+01
Niobium Kg 6.40E-04 4.24E+00
Niobium-94 Ci 8.37E-06 1.88E+01
Nitrate Kg 1.93E-02 4.61E+01l
Nitrite Kg - 1.74E-02 4.15E+01
Nitrobenzene Kg 3.10E-05 1.00E-02
N-Nitroso-di-n-
.Prpvlamine Kg 8.32f-05 1.35E.02
Oxalate Kg 3.92E-01 3.32E+02
Palladium Kg 9.85E-04 7.07E+00
Pentachlorophenol Kg 7.36E-05 1.03f-02
Phenol Kg 8.64E-05 4.71E-02
Phosphate Kg 3.03E-02 4.15E+01
Phosphorus Kg 1.09E-02 2.94E+01
Plutonium-238 Ci 1.72E-06 2.71 +00
Plutonium-2391240 Ci 1.57f-06 2.04E+01
Potassium Kg 4.48E-03 1.77E+01
Praseodymium Kg . 1.79E-04 5AOE4+00
Pyrene Kg 5.12E-05 2.30E-02
Pyridine Kg i 4A8E-05 1.44E-02
Radium-226 Ci 8.71E-04 4.17E+02
Rhodium Kg 3.84E-04 - 2.45E+OO4
Rubidium Kg - 7.17E-03 2AIE+01
Ruthenium Kg 2.29E-04 2AIE4+00
Ruthenium/Rhodium-
106 Ci 6.38E-04 3.37E+02
Samarium Kg .IAIE-04 2.51E+00
Selenium Kg 4.22E-04 2.94E400
Selenium-79 Ci 1.02E-06 9.59E-03
Silicon Kg 4.82E-03 1.60E+01
Silver Kg 3.07E-05 7.85E+00
Sodium Kg , 3.13E+00 1.86E+02
Strontium Kg . 3.01E-06 1.83E+00
Strontium-89/90 Ci IAIE-02 6.61E+04
Sulfate Kg 2.06E-02 4.92E+01
Sulfide Kg 2.02E-03 1.35E-01
Sulfur Kg - 1.60E-03 1.30E+00
Tantalum Kg . 2.69E-04 2AIE+00
Technetium-99 Kg 2.01E-07 *9.71E-03
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Table 2-2. Liquid and Sludge Inventories -Nonminal Case

Constituent Inventory Unit Liquid Inventory Shudge Inventory
Tellurium Kg 5.50E-04 2.41E00
Tetrachloroethene KRg 1.98E-07 1.06E-04
Thallium Kg 3.60E-04 7.07E400
Thorium Kg - 1.41E-04 3.12E240
Thorium-230 Kg' 2.24E-09 4.64E-05
Thorium-232 Kg -. OOE-07 5.1OE400
Tin Kg 8.96E-04 2.41E40W
Titanium Kgt 7.68E-06 3.86E-01
Toluenc Kg 2.75E-07 9.48E-05
Trans-1,3-
Dichloropropene Kg 2.05E-07 8.21E-05
Trichloroethene Kg 4.48E-07 1.62E-04
Trichlorofluoromethanc Kg 2.43E-07 1.202E-04
Tritium Ci 1.09E-06 1.02E-02
Tungsten Kg ... 1.66E-02 4.72E400
Uranium - Kg 4.80E-04 2.94E40W
Uranium-233 Kg 5.53E-09 1.89E-04
Uranium-234 Kg 1.57E-08 1.52E-04
Uranium-235 Kg 1.86E-06 1.79E-02
Uranium-236 Kg 2.56E-08 2.68E-04
Uranium-238 Kg 2.81E-04 2.69E400
Vanadium Kg 3.33E-05 2.94E-01
Vinyl hlloride Kg - 2.82E-07 5.77E-05
Xylene (m & P) - Kg 1.732-06 2.28E-04
Xylene (o) Kg . . 2.82E-07 7.152-05
Xylenes (total) Kg 1.44E-06 3.02E-04
Yttrium Kgi 6.40E-06 1.70E+20
Zinc Kg 4.31E-05 2.13E240
Zirconium Kg 2.0SE-05 2.79E400
Aroclors (Total PCBs) Kg 3.20E-07 1.36E-03
Curium-242 Ci - 3.24E-09 1.58E201
Curium-243 Ci 5.37E-08 3.02E-01
Curium-244 Ci - 1.29E-06 7.25E400
Plutonium-239 Ci 1.30E-06 .1.684+01
Plutonium-240 Ci 2.77E-07 3.58E+00
Plutonium-241 Ci 3.07E-06 3.97E+01
Thorium-228 Ci 2.26E-09 S.75E-04
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2.2 CASE 2 -INVENTORIES BASED ON MEAN CONCENTRATIONS AND 95 %
UPPER CONFIDENCE LEVEL FOR VOLUME

In this case, the inventory of each waste constituent was computed based on the mean
concentration, mean density (for solids), and the 95% UCL for volumes (14.2 ft3 for liquid and
452 ft3 for sludge). Table 2-3 provides the liquid and sludge inventories for this case.

Table 2-3. Liquid and Sludge Iniventories -95% Upper Confidence Level
for Volume Case

Constituent Inventory Unit Liquid Inventory Sludge Inventory
1,1-Trichloroethane Kg - 2.41E-07 I.45E-04
1,1,2,2-Tetrachloroethane Kg 3.46E-07 1.06E-04
1 1.2-Trichloro-1,2.2-
trifluoroethane Kg 6.83E-07 1.62E-04
1,1,2-Trichloroethane Kg .2.17E-07 1.06E-04
1.1-Dichloroethene Ki t 4.38E-07 1.71 E-04
1A2.4-Trichlorobenzene Kg, 5.23E-07 -1.63E4
1,2-Dichlorobenzene Kg . 4.82E-05 2.70E-02
1,2-Dichloroethane Kg . . 2.17E-07 1.05E-04
1,4-Dichlorobenzene Kg. -. 4.02E-05 2.60E-02
1-Butanol Kg 2.33E-04 2.70E-02
2,4,5-Trichlorophenol Kg: 1.21 E-04 '1.38-02
2,4,6-Trichlorophenol Kg 1.17E-04 1.46E-02
2,4-Dinitrotoluene Kg 5.23E05 1.89E-02
2,6-Bis(ll-
dimethylethyl)-4 --
methylphenol Kg . - 6.83E-05 1.83E-02

2-Butanone Kg 7.69E-06 5.562-04
2-Chlorophenol Kg - 1.09E-04 2.60E-02
2-Ethoxyethanol Kg .. 23E-05 1.42E-02
2-Methylphenol Kg . 1.13E-04 5.1OE-02
2-Nitrophenol Kg 1.05E-04 3.10E-02
2-Nitropropane Kg -'. 8.44E-07 2.53E-04

4-Chloro-3-methylphenol Kg 1.29E-04 9.50E-03
4-Nitrophenol Kg 1.25E-04 1.42E-02
Acenaphthene Kg 6.43E-05 3.00E-02
Acetate Kg 1.86E-02 4A5E+O1
Acetone Kg. 2.95E-05 1.61E-03
Actinium-228 Ci 4.62E-05 9.80E+01
Aluminum Kg - 3.77E-02 4.82E+02
Americium-241 Ci 1.69E-06 8.23EF01
Ammonium Ion by IC Kg 3.96E-03 1.22E+00
Antimony Kg 2.73E-04 1.50I+00
Antimony-125 Ci 2.60E-04 7.982+01
Arsenic Kg 3.65E-04 3.63E+00
Barium Kg .IASE-05. 2.06E+00
Benzene Kg 3.70E-07 1.0IE-04
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Table 2-3. Liquid and Sludge Inventories -95% Upper Confidence Level
for Volume Case

Constituent Inventory Unit Liquid Inventory Sludge Inventory
Beryllium Kg 1.13E-05 7.13E-02
Bismuth Kg 6.91E-04 3.71E+OO
Boron Kg 2.71E-04 1.50E+OO
Bromide Kg - 2.34E-02 5.61E+01
Butylbenzyiphthalate Kg 3.26E-05 5.30E-03
Cadmium Kg 3.86E-05 1.82E400
Calcium Kg 1.38E-04 lA8E4+02
Carbon disulfide Kg 3.86E-07 1.50E-04
Carbon tetrachloride Kg 3.54E-07 1.91E-04
Carbon-14 Ci - 1.21E-06 1.04E-02
Cerium Kg ; 3.54E-04 7.19E+00
CeriumtPraseodymium-
144 Ci - 4.89E-04 3A7E+02
Cesium-134 Ci - 4.01E-05 -2.19E+01
Cesium-137 Ci - 1.75E-01 1.82E+03
Chloride Kg 7.08E-03 7.74E+OO
Chlorobenzene Kg 2.17E-07 1.25E-04
chloroform Kgi 2.65E-07 1.54E-04
Chromium Kg 3.22E-05 4.77E+OO
Cobalt Kg 7.88E-05 4.74E-01
Cobalt-60 Ci - 1.04E-05 2.27E+01
Copper Kg 3.22E-05 2.91E+O :
Cresol Kg 3.70E-04 730E-02
Curium-243t244 Ci 1.69E-06 9.51E+OO -

Cyanide Kg 3.82E-05 9.84E-02
Cyclohexanone Kg - 3.06E-05 4.33E-02
Di-n-butylphthalate Kgt 5.63E-05 5.30E-03
Di-n-octylphthalate Kg . 8.44E-05 3.00E-02
Ethyl acetate Kg 2.33E-07 1.58E-04
Ethyl ether Kit 3.14E-07 1A3E-04
Ethylbenzene Kg 6.43E-07 2.53E-04
Europium Kg 1.93E-05 7.84E-01
Europium-152 Ci 9.03E-05 7.90E+01
Europium-154 Ci . 3.06E-05 1.02E+02
Europium-155 Ci 6.62E-05 9.82E+01
Fluoranthene Kg 8.44E-05 1.79E-02
Fluoride Kg 2A2E-03 6.83E-01
Formate Kg 1.86E-02 4A5E+40
Glycolate Kg 1.54E-02 3.67E+01
Hexachlorobutadiene Kg 4.82i-05 6.64E-03
Hexachloroethane Kg 4A2E-07 9.54E-05
Hexone Kg -2.73E-07 2.18E-04
Hydroxide (free) Kg 2.82E+O0 Not measured
Iodine-129 Ci 5.33E-07 7.95E-04
Iron Kg 3.70E-05 2.61E+02
Isobutanol Kg 2.65E-04 3.60E-02
Lanthanum Kg 4.02E-05 3.082+00
Lead Kg 4.18E-04 3.23E+01
Lithium Kg 2.25E-05 I1A3E-01
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Table 2-3. Liquid and Sludge Inventories -95% Upper Confidence Level
for Volume Case

Constituent Inventory Unit -L1uld Inventory Sludge Inventory
Magnesium Kg - 4.18E-04 8.96E+00
Manganese Kg-- 1.64E-05 6.93E+02
m-Cresol Kg 2.49E-04 1.16E-01

Mercury Kg 1.21E-06 2.43E+00
Methylenechloride Kg - 3.62E-07 1.24E-04
Molybdenum Kg 5.63E-05 3.85E-01
Morpholine,4-nitroso- Kg 1.01E-04 1.50E-02
Naphthalene Kg 4.82E-05 1.20E-02
Neodymium Kg 1.61E-04 1.14E+01
Neptunum.237 Kg 1.06E-07 9.68E-02
Nickel Kg 9.17E-05 3.81E+01
Nickel-63 Ci 2.91E-06 9.19E+01
Niobium Kg 8.04E-04 5.34E+00
Niobium-94 Ci - 1.05E-05- 2.36E+O1
Nitrate Kg 2.42E-02 5.80E+01
Nitrite Kg 2.18E-02 5.22E+01
Nitrobenzene Kg 3.90E-05 - 1.26E-02
N-Nitroso-di-n-

propylamine Kg 1.05E4-4- 1.69E.02
Oxalate Kg - 4.92E-41 4.18E+02
Palladium - Kg - ; - 1.24E-03 8.91E+00
Pentachlorophenol . Kg 9.25E-05 130E-02
Phenol Kg .1.09E-04 5.94E42
Phosphate Kg - . 3.80E-02 S.22E3+01
Phosphorus Kg , - l37E-02 3.70E+13
Plutonium-238 Ci - 2.16E-06 3A1E+00
Ptutonium-239/240 Ci - 1.98E-06 2.56E+01
Potassium Kg 5.63E-03 2.23E+01
Praseodymium Kg 2.25E-04 6.80E+00
Pyrene Kg . 6A3E-05 2.90E-02
Pyridine Kg 5.63E-05 1.81E-02

Radium-226 Ci 1.09E-03 5.25E-+02
Rhodium Kg. 4.82E-44 3.09E400
Rubidium Kg 9.01E-03 3.03E+01
Ruthenium Kg 2.87E-04 3.03E+00
Ruthenium/Rhodium-
106 Ci 8.02E44 4.25E+02
Samarium Kg 1.77E-04 3.17E+00
Selenium Kg 5.31E-04 - 3.71E400
Selenium-79 -Q 1.28E-06 1.21E-02
Silicon Kg 6.05E-03 2.02E+01
Silver Kg 3.86E-05 9.88E+00
Sodium Kg 3.94E400 2.34E+-02
Strontium Kg 3.78E-06 2.30E+OO
Strontium-89/90 Ci 1.77E-02 8.32E+04
Sulfate Kg 2.59E-02 6.19E+01
Sulfide Kg,. 2.544-03 1.694-01
Sulfur Kg 2.01E-03 1.64E+00
Tantalum Kg 3.38E-04 3.03E+00
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Table 2-3. Liquid and Sludge Inventories -95% Upper Confidence Level
for Volume Case

Constituent Inventory Unit Liquid Inventory Sludge Inventory
-Technetium-99 Kg 2.52E-07 1.22E-02
Tellurium Kg 6.91E-04 3.03+400
Tetrachloroethene Kg 2.49E-07 1.33E-04
Thallium- Kg 4.52E-04 8.91E+00
Thorium Kg 1.771-04 3.93E+00
Thorium-230 Kg 2.81E-09 5.85E-05
Thorium-232 Kg 1.262-07 6A2E+00
Tin Kg 1.132-03 3.03E400
Titanium Kg 9.65E-06 4.85E-01
Toluene Kg 3.462-07 1.19E2-4

* Trans-1,3-
Dichloropropene Kg 2572-07 1.03E-04
Trichloroethene Kg 5.63E-07 2.042-04
Trichlorotluoromethane Kg 3.06E-07 1.512-04
Tritium Ci 1.372-06 1.292-02
Tungsten Kg 2.09E-02 5.94E400
Uranium Kg 6.03E-04 3.712E40
Uranium-233 Kg 6.952-09 2.38E-04
Uranium-234 Kg 1.972-08 1.91E-04
Uranium-235 Kg 2.332-06 2.25E-02
Uranium-236 . Kg 3.212-08 3.37E-04
Uranium-238 Kg 3.53E-04 3.392340
Vanadium Kg 4.18E-05 3.712-OI
Vinyl cloride Kg 3.54E-07 7.27E-05
Xylene (m & p) Kg 2.17E-06 2.87E-04
Xylene (o) Kg 3.542-07 9.002-05
Xylenes (total) Kgt 1.812-06 3.80E-04
Yttrium Kg 8.04E-06 2.143400
Zinc Kg 5.41E-05 2.68E+20
Zirconium Kgt 2.572-05 3.512400
Aroclors (1otal PCBs) Kg 4.02E-07 1.712-03
Curium-242 Ci 4.072-09 1.992-01
Curium-243 Ci 6.74E-08 3.80E-01
Curium-244 Ci 1.62E-06 9A32400
Plutonium-239 Ci 1.63E-06 - 2.112+01
Plutonium-240 Ci * 3.48E-07 4.513400
Plutonium-241 Ci 3.86E-06 5.00E+01
Thorium-228 . Ci 2.841E-09 7.24E-04

. . . . . . .3
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2.3 CASE 3 - OVERALL 95 % UPPER CONFIDENCE LEVEL INVENTORIES

In this case, the overall 95% UCL for inventory of each constituent was calculated based on a
statistical method described in RPP-6924; Statistical Methods for Ertinmating the Uncertainty in

* the Best-Basis Inventories. This method is based on computation of the nomtinal inventory (see
Section 2.1) and an overall uncertainty (standard deviation) for the inventory. IThe standard

* deviation of the nominal inventory was calculated based on uncertainties associated with the'
concentration, volume, and density (for solids) measurements. Table 2-4 provides the inventory
estimates for this case.

Table 2-4. Liquid and Sludge Inventories -Overall 95 % Upper Confidence Level

Constituent Inventory Unit Liquid Inventory Sludge Inventory

1.1,1.Trichloroethane Kg* 5.79E-07 3.47E-04
1,1,2,2-Tetrachloroethanec Kg, 8.30E-07 2.54E.04
1,l,2-Tuichloro-1l,2,2-
trifluoroethane Kg 1.64E-06 3.88E.04
1,1,2-Trichloroethane, Kg 5.21E-07 2.54E-04
1,J.Dichloroethene Kg 1.05E-06 4.09E-04
1A24-Trichlorobenzene Kg: 1.25E-06 3.90E-04

* 1,2-Dichlorobenzene Kg 1.16E-04 6.472-02
1,2.Dichloroethane Kg 5.21E-07 2.51.-04
1,4-Dichlorobenzene Kg- 9.65E-05 6.23E-02
I-Butanol .Kg 5.60E-04 6A7E-02

* 2,4,5-Trichlorophenol Kg 2.90E-04 3.3 1E-02
2,4,6-Trichlorophnol Kg -2.80.-04 3.50,-02
2,4-Dintrotoluene Kg 1.25E-04 4.53E-02
2.6-Bis(1,1-
dimethylethyl)-4-

-methylphenol g 1.64E.04 4.39E-02
2-Butanone .Kg 8.16.-06 6.01.0
2-Corophenol 6.23E-02
2-Ethoxyethaml Kg .1.25-04 3A40E-02

I 2-Methylphenol Kgt - 2.70f-04 1.22E-o1
sa2-Nitropametl Kg 2.51E-04 f 7A3E-02

2-Nitropropane Kg 2.03E-06 6.07E-49
4-Ct oro-3-Bisthvlphenol Kg re3.09E-04 2.28T-02
4-Nitropn, ol Kg ds 2.99E-04 Tb 3.40e-02
Accnaphthene Kg - * 1.54E-04 7.192-02
Acetate Kg 4.46t-02 1.072-02
Acetone Kg 3.29E-05 1.65E-03
Acti.tum-228 Cg -. 30E-04 2.35E-02
Alinu m 'Kig 3.78E-02 4.84E402
Americium-241 C. 4.052E-06 8.264E01
A12monium Ion by IC Kg *- 4.92E-03 1.28E+00
Antimony Kgi 6.56E-04 3.59E-00
Antimony-125 o CiKg . 6.25--04 1.91E-02
Arsenic Kg . 8.762E-04 8.751)200
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Table 24 Liquid and Sludge Inventories -Overall 95% Upper Confidence Level

Constituent Inventory Unit Liquid Inventory Sludge Inventory

Barium Kg -- 3.47E-O5 2.08E+OO
Benzene Kg 8.88E-07 2A3E-04
Beryllium Kg . - 2.70E-05 1.71E-O1
Bismuth Kg - 1.66E-03 8.88E+OO
Boron Kg - 2.76E-04 3.59E+OO
Bromide Kg . 5.63E-02 - 1.34E+02
Butylbenzylphthalate Kg 7.82E-05 -1.27E-02
Cadmium - Kg 9.27E-05 - 1.85E+OO
Calcium -. Kg 3.32E-04 1.52E+02
Carbon disulfide Kg 9.27E-07 3.60E-04
Carbon tetrachloride Kg 8A9E-07 4.59E-04
Carbon-14 Ci - 1.26E-06 2A9E-02
Cerium- Kg . - 8.49E-04 7.28E+OO
Cerium/Praseodymiuum.

144 - Ci 1.17E-03 8.33+02
Cesium-134 Ci 9.62E-05 5.25E+01
Cesium.137 Ci 1.75E-01 1.91E+03
Chloride Kg 7.10E-03 1.85E+01
Chlorobenzene Kg - - 5.21 E-07 3.00E-4
OCloroform Kg 6.37E-07 3.69E-04
Chromium Kg 7.72E-05 4.80E+00
Cobalt Kg , - 1.89E-04 - 5.04E-O1
Cobalt-60 Ci 2.49E-05 5.44E+01
Copper -Kg 7.72E-05 3.00E+00
Cresol Kg 8.88E-04 1.75E-01
Curium-243/244 Ci 4.05E-06 2.28E+01
Cyanide Kg 9.17E-05 1.01-01
Cyclohexanone Kg- 7.34E-05 1.04E-01
Di-n-butylphthalate Kgi 1.35E-04 -3.96E-02

Di-n-octylphthalate Kg 2.03E-04 7.19E-02
Ethyl acetate Kg 5.60E-07 3.79E-04
Ethyl ether Kgt 7.53E-07 3A2E-04
Ethylbenze n e Kg 1.54E-06 6.07E-04
Europium Kg :- - 4.63E-05 1.88E+OO
Europium-152 Ci 2.17E-04 1.89E-+02
Europium-154 Ci 7.35E-05 2.45E+02
Europium-155 Ci 1.59E-(4 -2.35E+02
Fluoranthene Kgi 2.033-04 4.30E.02
Fluoride Kg 5.82E-03 1.64E400
Formate Kg 4.46E-02 1.07E+02
Glycolate Kg 3.69E-02 8.81E+O1I
Hexachorobutadiene Kg 1.16E-04 1.59E-02
Hexachoroethane Kg 1.06E-06 2.292-04
Hexone Kgt 6.56E-07 5.23E-04
Hydroxide (free) Kg 2.83E+00 Not measured
Iodine-129 Ci 1.28E-06 1.90I-03
Iron Kg 8.88E-05 2.63E+02
Isobutanol Kg 6.37E-04 8.63E-02
Lanthanum Kg 9.65E-05 3.09E+OO
Lead Kg 1OOE-03 3.27E+01
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Table 2-4. Liquid and Sludge Inventories -Overall 95% Upper Confidence Level

Constituent Inventory Unit Liquid Inventory Sludge Inventory

Lithium Kg 5.40E-05 3AIE-01
Magnrsium Kg 1.00E-03 9.04E+00
Manganese Kg 1.71E-05 7.04E+02
m-Cresol Kg 5.98E-04 2.78E-01
Mercury Kg 1.23E-06 2.82E+OO
Methylenechloride Kg 8.69E-07 2.97E204
Molybdenum Kg , 1.353-04 9.22E-01
Morpholine,4-nitroso- Kg 2.41E-04 3.60E-02
Naphthalne Kg 1.16E-04 2.88E-02
Neodymium Kg 3.86i'04 1.14E+01
Neptunium-1237 Kg. 1.08E-07 1.02E-01
Nickel - Kg 2.20E-04 3.95E+01.
Nickel-63 Ci 6.98E-06 9.72E+01
Niobium Kg 1.93E-03 5.37E+00
Niobium-94 Ci - 2.532-05 5.67E+01
Nitrate Kg 5.82E-02 1.39E+02
Nitrite Kg 5.24E-02 1.25E+02
Nitrobenzene Kg 9.36E-05 3.03E-02
N-Nitroso-di-n-

propylamine Kg 2.51 E-04 4.06E-02
Oxalate Kg 4.942-01 4.29E+02
Palladium Kg 2.97E-03 2.132+01
Pentachlorophenol Kg . 2.222--04 3.12E-02
Phenol Kg 2.61-04 4 IA2E-01
Phosphate Kg 3.82E-02 1.25E+02
Phosphorus Kg 1.38E-02 3.72E+01
Plutonium-238 Ci 5.19E-06 8.17E+00
Plutonium-239/240 Ci 4.75E-06 2.692+01
Potassium Kgt 1.352-02 5.34E+01
Praseodymium Kg 54AOE-04 6.82E+00
Pyrene . Kg 1.54E-04 6.95E-02
Pyridine Kgi 1.352-04 4.34E-02
Radium-226 Ci 2.632-03 , 1.26E+03
Rhodium Kg 1.16E-03 7AOE+00
Rubidium Kg 2.162-02 7.26E+01
Ruthenium Kg 2.91E-04 7.26E+00
Ruthenium/Rhodium-

106 Ci 1.93E-03 ' 1.02E+03
Samarium K i. 4.25E-04 3.27E+00
Selenium Kg 1.27E-03 8.B8E+00
Selcnium-79 . Ci 3.07E-06 2.89E-02
Silicon Kg ' 6.07E-03 2.04E+01
Silver Kg 9.27E-05 9.92E+00
Sodium Kg 3.95E+00 2.36+G02
Strontium Kg - 4.05E-06 232+o00
Strontium-89/90 Ci - 1.87E-02 8.34E+04
Sulfate Kg 6.21E-02 IA8E+02
Sulfidc Kg 6.10E-03 4.06E-01
Sulfur Kg ' :' 022-03 3.93E+00
Tantalum Kg 8.11E-04 7.26E+OO

16

4 . .

. i

. A-16



RPP-20577, REV. 0

RPP-20699 Rev. 0

Table 2-4. Liquid and Sludge Inventories -Overall 95% Upper Confidence LeveI

Constituent Inventory Unit . Liquid Inventory Sludge Inventory

Technetium-99 Kg 2.72E-07 1.29E-02
Tellurium Kg 1.66E-03 7.26E+00
Tetrachloroethene Kg 5.98E-07 3.20E-04
Thallium Kg 4.93E-04 2.13E+01
Thorium Kg 4.25E-04 3.96E+00
Thorium-230 Kg 6.76E-09 7.22E-05
Thorium-232 Kg 3.03E-07 6.89E+00
Tin Kg 1.15-03 7.262+00
Titanium Kg 2.32E-05 5.16E-01
Toluene Kg 8.30E-07 2.86E-04
Trans-l,3-.
Dichloropropene Kg 6.18E-07 2A8E1-04
Trichloroethene Kg 1.35E-06 4.89E-04
Trichlorofluoromethane Kg : 7.342-07 3.63E-04
Tritium Ci 3.28E-06 3.08E-02
Tungsten Kg 2.09E-02 IA2E+01
Uranium Kg 1A5E-03 8.88E+O0
Uranium-233 Kg 7.11E-09 2.42E-04
Uranium-234 Kg 1.98E-08 1.922-04
Uranium-235 - Kg 2.34E-06 2.35E-02
Uranium-236 Kg 3.22E-08 3.65E-04
Uranium-238 Kg . 3.54E-04 3.53E+OO
Vanadium Kg -1.00-04 8.88E-01
Vinyl ciloride Kg -4A9E-07 1.74E-04
Xylene (m & p) Kg 5.21E-06 6.87E-04
Xylene (o) Kg -- .A9E-07 2.163-04
Xylenes (total) Kg - 434E-06 9.11E-04
Yttrium Kg 1.93E-05 2.18E+00
Zinc Kgi 5.93E-05 2.72E+00
Zirconium Kg 6.18E-05 3.56E+00
Aroclors (Total PCBs) Kg - 9.65E-07 4.102-03
Curium-242 Ci 9.77E-09 1.99E-01
Curium-243 Ci - 1.62E-07 9.11E-01
Curium-244 Ci 3.89E-06 2.19E+01
Plutonium-239 Ci 3.912-06 2.22E+01
Plutonium-240 Ci 8.35E-07 4.74E+00
Plutonium-241 Ci - 9.262-06 5.25E+01
Thorium-228 Ci - 4.01 E-1 I 7.582-04
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MEAN CONCENTRATIONS AND RELATIVE STANDARD DEVIATIONS FOR
LIQUID AND SLUDGE

-Table A-1. Mean Concentrations and Relative Standard Deviationso)
.u lnud - Sdge

Constituent Name Mean - Relative 'Relative
Co entatn Unt Standard Mean Unit StandardConcentration . 'Unlt.' vato Concentration Ui eito

- ____ Deviation CnetainDeviation
1,1.1 -Trichloroethane 6.00E-04 g/ImL 1.00+00 7.23E-03 u/ 1.00E+00
1.1.2.2-Tetractloroethane 8.60E-04 - -gImL 1.00E+00 5.30E-03 U/ 1.00E+00
1,1,2-Trichloro-1,2,2- g/mL-

trinluoroethane .70E-03 1.00E400 8.10E-03 ug/g 1.00E400
1.1.2-Trichloroethane 5AOE-04 ,p/lmL 1.00E+00 5.302-03 UR/g 0.00E+O
1.1-Dichloroethene _ ug/mL 1.00+00 8.53E-03 w/ 1.00E+00
1.2.4-Trichiorobenzene 1.30E-03 gtpmL- 1.00E400 8.13E-03 -LR 1.00E+OO
1.2-Dichlorobenzene 1.20E-01 - 7pg/mL 1.00E+00 1.35E+0 ug/g 1.00E+00
1.2-Dichloroethane 5.A0E-04 jig/mL: 1.0023400 5.232-03 gg/ 1.00E3400
1.4-Dichlorobenzene 1.OOE-0O itg/mL I.00E+400 1.30E+OO ogJg 1.00E400
I-Butanol 5.80E-01 O - u/mL 1.00+O 1.35E+0O 1.002E+O
2.4.5-Trichlorophenol 3.00E-0I -; ,g/mL 1.OOE40 6.90E-01 ,g 1.00E400
2,4,6-Trichlorophenol 2.90E-01 - g/mL 1.002E400 7.30E-01 ggg 1.00+00
2,4-Dinitrotoluene 1.30E-0I - - gmL 1.00E400 * 9A5E-01 U 1.00E+O
2,6-Bis(l,l1-dimethylethyl)-4- . WgmL-

methyiphenol 1.70E-01 1.002+O0 9.1501 / 1.002E+O0
2-Butanone 1.912-02 ,g/mL, 1.04E-01 2.78E-02 ligf 1.26E-01
2-Chlorophenol 2.70E-01 - g/mL '1.00+00 1.30E4+O 1 1.002E400
2-Ethoxyethanol 1.30E-01 ' igtmL 1.00+00 7.102-01 _ 1.002+O0
2-Methylphenol 2.802-01 - - uttmL - 1.00E+00 2.552+00 - it/gt 1.002+00
2-Nitrophenol 2.60E-0I - -- ;Lg/mL 1.002+00 1.5E+52 +0g0 g 1.002E4
2-Nitropropane 2.10E-03 g tp/mL 1.00'+0 1.272-02 ug/g 1.00+OO
4-Choro-3-methylphenol 3.20E-01 - g/mL 1.00+00 4.752-01 U 1.002E+0
4-Nitrophenol 3.10E-01 ' gg/mL 1.002+00 7.10E-01 J,#g 1.00+00
Acenaphthene 1.60E-01 - tigmL 1.005+00 1.502+00 UR/g 1.00+00
Acetate 4.62E+01 -g/mL 1.00E+00 2.222+03 u 1.00+400
Acetone 7334-02 p±WmL 1.542-01 8.052-02 JR/g 6.522-02
Actinium-228 1.152-04 uCi/mL 1.00+00 4.90E+40 ICifg 1.002E+0
Aluminum 9.37E+01 jig/mL 2.58E-03 2.41E+04 g/ 1.982-02
Americium-241 4.19E-06 tiCilmL I1.005+0 4.112+40 Ci/g- 1.992-02
Ammonium Ion by IC 9.85E+00 - g/mL 2.49E-01 6.082+O1 jlj 9A5E-02
Antimony 6.804-01 ;L/mL 1.00+00 7A82+401 U 1.005E+00
Antimony-125 6A8E-04 JiCi/mL 1.00+00 3.99E+00 P g 1.OOE+00
Arsenic 9.082-01 ug/mL .1.00E+00 1.822+02 yR/g 1.00E+00
Barium 3.602-02 - ug/mL 1.00E+00 1.032+02 _ 2.812-02
Benzene 9.202-04 ,ug/mL 1.00E+00 5.072-03 gg/g 1.00+00
Beryllium 2.80E-02 ' ugmL 1.00E+00 3.562+400 _EgL 1.00+00
Bismuth 1.72E+00 - ,g/mL 1.002+00 1.85E+02 1.00+00
Boron 6.75E-01 'ug/mL 5.08E-02 '7.48E+01 Wit g 1.00+00
Bromide ' 5.83E+01 ig/mL 1.0054+00 2.80E+03 Ig 1005+00
Butylbenzvlphthalate 8.10E-02 ' ig/mL 1.002+00 2.65E-01 g/g 1.002+00
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Table A-i. Mean enncentrstinne and Relative Standard Deviatinn0): - - .
L quId - S dge

Constituent Narne . Relative A ean Relative~;Unit Standard !aI Unit Stndard
Concentration Deviation Concentration Deviation

Cadmium 9.60E-02 -luemL 1.00E+00 9.09E+O1 pg/g 5.16E-02
Calcium 3.4E41-O 'Iip/mL 1.00E+00 7AIE+03 ugtg 6.09E402
Carbondisulfide 9.60E1344 -igtmL 1I.OOE+00 7.50E-03 - gtg 1.00E+00
Carbon tetrachioride -8.80E-04 IipmL 1.00L+00 957E-03 pxgg I.OOE+00
Carbon-14 3.01E-06 uCi/mL 8.26E-02 5.19E-04 uClg 1.00E+00
Cerium 8.80E-41 - ,tmL 1.OOE+OO 3.59E+02 ugt 4.38E42
Cerium/Praseodymium-144 1.22E4-3 . CimL 1.00E+00 1.74E+01 uC/g 1.00OOE3O
Cesium-134 9.97E-05 - CilmL 1.OOE+00 1.IOE+OO uClg 1.OOE1+OO
Cesium-137 4.34E4-1 pCi/mL 9.79E-04 9.11E+01 C 9.52E42
Chloride 1.76E+01 -- gtmL 9A2E-03 3.87E+02 J 1j I.OOE+00
Chlorobenzene 5.40E-04 ugtmL 1.OOE+00 6.27E-03 Ugtg 1.00E3+O0
Chloroform 6.60E404 ugmL 1.00E+00 7.70E-03 ugtg 1.00E+00
Chromium 8.OOE-02 : ug/mL 1.00E+00 2.38E+02 ugtg - 2.88E-02
Cobalt - -. 96E-01 uggmL 1.00E+00 2.37E+01 LWZ_ 1.08E-01
Cobalt-60 2.58E-05 pCifmL 1.00E+00 1.14E+00 uC/g LOOE+00
Copper 8.00E-02 :-,gmL 1.00E+00 IA5E+02 ugtg 7AOE-02
Cresol 9.20E-01 gimL 1.00E+00 3.65E+00 - gg I.OOE+00
Curium-2431244 4.19E-06 pCi/mL 1.00OE+00 4.75E-41 uCIg 1.OOE+00
Cyanide 9.50E-02 - 'ig/mL 1. 3E+v0 4.92E+00 Wt 7.07E-02
Cyclohexanone 7.60E-02 ' ILgtmL 1.00E+00 2.17E+00 jg 1.00+00
Di-n-butylphthalate 1.40E-01 I'' trtL. 1.00E+00 2.65E-O1 u 4.20E+00
Di-n-octylphthalate 2.101 - p1 j/gtmL 1.00-E+00 1.50E+00 _ gfg 1.OOE+iO0
Ethyl acetate 5.80E-04 - g/mL 1.00E+00 7.90E-03 - 1.00E+00
Ethyl ether 7.80E-04 -- g/mL 1.00DE+00 7.13E-03 ugtg 1.OOE+0O
Ethylbenzene 1.60E-03 - gtmL 1.0E+00 1.27E-02 jig/g 1.00O+00
Europium 4.80E-02 ' pgmL 1.00O+00 3.92E+01 ' 1.OOE+00
Europium-152 2.25E4-04 - CifmL 1.00D+00 3.95E+00 uCIg 1.00+00
Europium-154 7.62E-05 UCi/mL I1.O0E+00 5.12E+00 jLCUg 1.OOE+00
Europium-155 1.65E-04 - 'Ci/mL I.O0E+00 4.91E+00 VCJ~g 1.00O+O0
Fluoranthene 2.1 OE4-1 pUtlmL 1.00+4-0 8.97E-O1 ugt 1.OOE1+00
Fluoride 6.03E+00 - 'g/mL 1.00E+00 3AIE+01 - 4 1.00O+0O
Formate 4.62E+O1 - g/rmL 1.00t+00 2.22E+03 yg/j 1.00E+00
Glycolate 3.82E+O1 ugtmL -1.00E+00 1.84E+03 PIg/t 1.00E+00
Hexachiorobutadiene 1.20E-01 ,ug/mL 1.00O+00 3.32E4-1 I 9 1.OOE1+00
Hexachloroethane 1.1OE-03 IIR/mL 1.00 +v0 4.77E-03 UgtR 1.00E+4
Hexone 6.80E-04 ,ugtmL 1.00I+00 1.09E-02 ugtg I.008+0
Hydroxide (free) 7.02E+03 pXgmL IAIE-02 Not measured NA NA
Iodine-129 1.33E-06 pCi/mL 1.0E+00 4 3.97E-05 g I.OOE+00
Iron 9.20E-02 jig/mL 1.00E+00 1.30E+04 _ 2.94E-02
Isobutanol 6.60E4-1 ig/mL 1.00+00 1.80E+ 0 g 1.0+u40
Lanthanum 1.O0E4-1 pg/mL 1.00E+00 1.54E+02 g 7.78E43
Lead 1.04E+00 itzmL 1.00L+v 1.62E+03 llt/i 3.83E-02
Lithium 5.60E-02 , igImL I.OOE+00 7.12E+00 j .L1OOE+00
Magnesium 1.04E+u0 jtgmL 1.00D+vO 4.48E+02 3.62E-02
Manganese 4.09E-02 - gtmL 7.88E-02 3.46E+04 j , 4.91E42
m-Cresol 6.20E-01 - gtmL 1.00O+00 5.80E+00 - 1.00O+00
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Table A-1. Mean Concentrations and Relative Standard neviatlons1l)
.Llqubd |_- Sludge

CoitetNm enRelative *Relative

Csn metan -- Unit Standard Mean Unit Standard
- Concentration Devation Concentration Deviation

Mercury . 3.02E-03 'ig/mL, 4.48E-02 1.22E+02 ugg 1.88E-01
Methylenechloride 9.OOE-044 gu/mL 1.OOE+0O 6.20E-03 1.OOE+00
Molybdenum 1.40E-01 -ig/mL - 1.OOE+0O 1.923401 J I.OOE+OO
Morpholine. 4-nitroso- 250E-01 -ug/mL I.OOE+90 7.50E-01 I.OOE+OO
Naphthalene 1.20E-01 ' ig/mL' I.OOE+90 ' 6.024-01 g/g I.OOE400
Neodymium 4.00E401 -ug/mL - I.OOE+O0 5.67E+02 1/ 1.99E-02
Neptunium-237 2.64E-04 pml 4.98E-02 4.84E+00 URh 9.93E-02
Nickel 2.284-01 7 g/mL 1.OOE+0O 1.90E+03 UgR/ 8.06E-02
Nickel-63 7.24E-06 ' ICi/mL I.OOE+00 4.59E+00 PCV 1.02E-01
Niobium 2.OOE+00 tiWmL I .OOE+0O 2.67E+02 UgR/ 2.86E-02
Niobium-94 2.62E4-05 uCi/mL I.OOE+0O 1.18E+0OO UR I.OOE+00
Nitrate 6.03E+01 uLg/mL I.OOE+00 2.90E+03 ugtg I.OOE+00
Nitrite 5-4A3E+01 g/mL 1.OOE+0O 2.61E+03 u I.02OOE+00
Nitrobenzene 9.70E402 'ggfmL 1.OOE+0O 6.324-01 ug/g I.OOE+90
N-Nitroso-di-n-propylamine 2.604-01 ligfmL 1.OOE+0 8.47E-01 ugg I.OOE+90
Oxalate 1.22E+03 -- ug/mL 7.87E-03 2.09E+04 ILg/g 6.41E-02
Palladium 3.08E+0 ug/mL I.OOE+O 4A5E+02 - I.OOE+90
Pentachlorophenol 2.304-01 .ug/mL I.OOE+OO 6.50E-01 u/ I.OOE+90
Phenol 2.70E-01 ug/fmL I.OOE+O0 2.97E+00 IU 1.00+OO
Phosphate 9A6E+01 ,ug/mL 5.44E403 2.611E+03 ug 1.OOE+90
Phosphorus 3A41+O1 - g/mL 6.28E-03 1.85S+03 - 2.62E2
Plutonium.23B 5.38E-06 ' Ci/mL 1.OOE+00 1.704-01 _1g I.OOE+OO
Plutonium-239/240 4.92E-06 - ICVmL I.OOE+00 1.28E+00 gCitg 9.54E-02
Potassium 1.40E401 ' ,gtmL I.OOE+O 1. IIE+03 UR/g I.OOE+O
Praseodymium 5.60E-01 - g/mL I.OOE+0 3.402+02 ug/g 1.60E-02
Pyrene 1.602-01 ug/mL I.OOE+0 IA.45E+0O p9 I.OOE+OO
Pyridine 1.40IA-01 : ig/mL I.OOE+OO 9.054-01 1.00OE+0
Radium-226 2.72E403 uICimL I.OOE+O0 2.62E+01 RCi/g .OOE+90
Rhodium 1.20E+90 - j g/mL I.OOE+O0 1.54E+02._ I.OOE+00
Rubidium 2.242+01 .. /~mL I.OOE+00 1.51E+03 jjg l.OOE+90
Ruthenium - 7.15E-01 -,gmL 3.61E-02 1.51E+02 g/g 1.OOE+00
Ruthenium/Rhodium-106 2.00-E03 : lC~ mL 1.OOE+200 2.12E+01 O I.OOE+90
Samarium 4.40E401 - -u/mL I.OOE+O 1.582+02 lU/g 7.33E-02
Selenium 1.32E+00 - jugImL 1.00+00 1.85E+02 gfg I.OOE+90
Selenium-79 ' 3.18E-06 tzCi/mL I.OOE+00 6.04E-04 uCi/g I.OOE+OO
Silicon 1.51E+01 ugtmL 2A6E-03 1.OIE+03 ,g/g 3.712-02
Silver 9.60E-02 ug/mL 1.OOE+00 4.94E+02 pg/g 1.99E402
Sodium 9.802+03 , ': gmL 1.71E-03 1.17E+04 ug/g 3.67E20
Strontium 9AOE-03 ' ug/mL 1.15E-01 1.15E+02 lig/g 2.822-02
Strontium-89190 '4.404-02 T',C/mL 1.02E-01 4.16E+03 ±CU/g 1.OE1 2
Sulfate 6A3E+01 - Ug/mL I.OOE+00 3.092+03 g/g .2OOE+00
Sulfide 6.32E+00 uigImL 1.OOE+00 8.47E+00 I.OOE+00
Sulfur 5.002+00 - ig/mL - 2.60E-02 8.192+01 ug/g 1.OOE+00
Tantalum 8AOE-01 li±WmL 1.OOE+00 1.511E+02 2LOOE+00
Technetium-99 6.28E-04 - ug/mL 1.19E-01 6.112-01 - 9.81E-02
Tellurium 1.72E+00 - uiemL I.OO+00 1.51S+02 _ I.OOE+00
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RPP-20699 Rev. 0

Tabhlp A-1.

II '
i
I
i

I
i

i

Lquid | Sidge -i
CnttetNmMenRelative MenRelative

Constituent Name Contrati Unit Standard Mean Unit StandardConcntraionConcentration
_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ Deviation _ __ Deviation

Tetrachloroethene - 6.20E-04 i gumL 1.OOE+00 6.67E-03 j 1 I.OOE+Ov
Thallium 1.12E+00 g-g/mL 131E-01 4.45E+02 _ I.OOE+00
Thorium 4.40E-01 pg/mL 1.00+00 1.96E+02 pgtg 3.79E-02
Thorium-230 7.00E-06 - ug/mL I.OOE+00 2.92E-03 ' 2.45E-01
Thorium-232 3.142-04 : ugmL 1.OOE+300 3.21E+02 Ut 1.17E-01
Tin 2.80E+00 -,glmL 5.79E-02 1.51E+02 jlx 1.002O+00
Titanium 2.402-02 - ,gtmL 1.OOE+00 2A3E+01 jUg 1.08-O1
Toluene 8.60E-04 j iug/mL 1.0023+00 5.9724-03 j g 1.002+00
Trans-1.3-Dichloropropene 6.40E-04. jumL 1.OOE2 0 5.172-03 1002.OOE+O
Trichloroethene -IAOE-W gt mL .I.0OE+00 1.02E-02 U gt _ 1.00L+00
Trichlororluommetihane 7.60E-04 : ,up/mL 1.OOE+OO 7.572-03 jug 1.OOE+00
Tritium 3.404-06 ,iCilmL 1.00+00 6.432-04 10/g .OOE+0
Tungsten 5.19E+01 I" u/mL 1.09E-02 2.97E+02 ' WVg 1.0024+00
Uranium 1.50E+00 1ug/lL 1.OOE+00 1.852+02 ut I.OOE+OO
Uranium-233 1.732-05 .g/mL - 5.784-02 1.194-02 - 5.194-02
Uranium-234 4.894-05 ' ' g/mL 2A94-02 9.54E-03 Wg 1.65E-02
Uranium-235 5.814-03 ' - -g/mL 7.124-03 1.132+00 JWg 8.694-02
Uranium-236 7.994-05. u/mL 1.034-02 1.692-02 -j 1.274-01
Uranium-238 8.774-01 ' fmL 1.144-02 1.69E+02 ttg 84A7E-02
Vanadium I.04E-01 ' uxmL 1.002+00 1.85E+01 jj 1.002E+00
Vinyl chloride 8.80E4-04 -- gImL 1.002+00 3.632-3 itg 1.002+00
Xylene (m & p) 5.402-03 t-g/mL 1.002+00 1.432-02 ptg 1.00L+00
Xylene (o) 8.80E-04 tugmL 1.002+00 4.502-03 E I.OOE+00
Xylenes (total) 4.50E-03 - gfmL 1.002+00 1.902-02 L 1OOE+00
Yttrium 2.004-02 UgtmL 1.0021+00 1.07E+02 _ ' 5.684-02
Zinc ' 1.352-01 - ugtmL, 1.364-01 1.342+02 _g/g 4.85E-02
Zirconium 6.402-02 g-gmL 1.002+00 1.762+02 Wg 4.42E-02
Aroclors (Total PCBs) 1.002-03 j'I gmL 1.002+00 8.562-02 E1.00+00
Curium-242 Not measured: NA NA Not measured NA NA
Curium-243 Not measured NA NA Not measured NA NA
Curium-244 Not measured NA NA Not measured NA NA
Plutonium-239 Not measured NA NA Not measured NA NA
Plutonium-240 Not measured NA NA Not measured NA NA
Plutonium-241 Not measured NA NA Not measured NA NA
Thorium-228 Not measured NA NA Not measured NA NA

Note: tWin accordance with the BBI protocol, the relative starsdard deviation is assumed to be I
was not detected.
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APPENDIX B

SINGLE-SHELL TANK 241-C-106 TANK RISK DATA
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Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S IsotopetCASRN Constituent Inventory Units DQ

Yes~ :Radioonuide Pia'y : ' T - ^ .-

Yes - ilio'n clide , , Primary 14C.- C'*bon--: C. 0 bonliU
. Coblt- . ,_

Yes IRadionzuclide Prmr Oo oat6 :8+0 Cxw Urs

Yes Radionuclide Primary 63Ni Nickel-63 7.30E+01 Ci

Yes ,Radio uciide .. Pr ,,ary 03 -; - 'e

Yes Radionuclide Primary 9OSr Strontium-90 6.61E+04 Ci

Yes Radionuclide Primary 99Tc Technetium-99 1.65E-01 Ci

s adioinucide'Pim.r ', -29 ' ' in' - -- ; - r .3 U

Yes Radionuclide Primary 137Cs Cesium-137 1.45E+03 Ci

Yes' .adonucide r 152u' ' urpiun-1 ' ' 27E 1' C U

Yes.. iRadionuclide P , , 4Eu Europi,,- 4 ; ' Ci '-U'

Yes* Radionuclide ,,Primar 5 _ iU,55 7.8''. Ci U

No Radionuclide Primary 228Th Thorium-228 5.75E-04 Ci

No Radionuclide Primary 230Th Thorium-230 8.82E-04 Ci

Yes Radionuclide Primary 232Th Thorium-232 5.61E-04 Ci

Yes Radionuclide Primary 233U Uranium-233 1.83E-03 Ci

Yes Radionuclide Primary 234U Uranium-234 9.488E-04 Ci

Yes Radionuclide Primary 235U Uranium-235 3.87E-05 Ci

Yes Radionuclide Primary 236U Uranium-236 1.73E-05 Ci

Yes Radionuclide Primary 238U Uranium-238 9.04E-04 Ci

Yes Radionuclide Primary 237Np Neptunium-237 5.42E-02 Ci

Yes- Radionuclide -'Primaryv Y I 238Pu S -ft Plut6nu u-238 ' -2.71E+O Ci -,

Yes Radionuclide Primary 239Pu Plutonum-239 1.68E+01 Ci

Yes Radionuclide Primary 240Pu Plutonum-240 3.58E+00 Ci

Yes Radionuclide Primary 241Pu Plutonum-241 3.97E+01 Ci

Yes Radionuclide Primary 24lAm Amercium-241 6.53E+01 Ci

Yes: 'Radionuciide ri2r42Cm> Curium-242 .2 , i 8O C - -

Yes- 'Radionu clide Pr imary I243m Curun 3- - 3.02 -0 Ci U'

Yes' ado 244Cme . p- -, u i im24 ;;____ ;, ; - .j, E+0 C_ _U

-Yes 'Radionuchide tSecondary 'i 94N , ,, Nioium-294', "-' ' - i.88E 1

Yes . R dio ,-id Secondar lO i 6R, ''. Rutheium-106',i',-; -t -:3.37E,02 _C U

Yes Radionuclide' Secondary' 25Sb J' ntimony-12 " .t 34 l .
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Table B-I. Residual Single-Shell Tank 241 -C-1 06 Inventory Calculated from Post-Retrieval
_________Sample using 370 ft3 for Volume of Residual. (6 sheets)

BRI Class Pis Isotope/CASRN Constituent Inventory Units DQ

Yes `ad~ionuclide; -~Secod y~,14s .- sium-~1 4 J.7413+01:' ~CiK U

No a d i 6niucIi de. ,~Secondary l4P1 Paedmu-4 .6+2 Ci
YesRadionuclide. -ScnayE2Ra"-Rdu-26A1B02 C

No Rdio'nuclid'e ---S-ec,'nday 28e- Actinium-228 7.78+Of1~ i

No Inorganic Primary 14798-03-9 Ammonium NH4+ 9.70E-01 Kg

No. ~Inorganic - rna~ 403-- Arsenic Asi~E.28EO -g~

No Inorganic Primary 7440-39-3 Barium Ba 1.64E+00 Kg

No Inorganic Primary 7440-43-9 Cadmium Cd 1.44E+00 Kg

Yes Inorganic Primary 7440-47-3 Chromium Cr 3.79E+O0 Kg

No Inorganic Primary 57-12-5 Cyanide CN- 7.82E3-02 Kg

Yes flnIiorganick;,. Pr~imary. 168-88 loie F .. `44E-1 fKg U

No Inorganic Primary ALKALINITY Hydroxide OH1- 2.25E+00 Kg

Yes Inorganic Primary 7439-92-1 Lead Pb 2.'57E+01 Kg

Yes Inorganic Primary 7439-97-6 Mercury Hg 1.93E3+00 Kg

Yes Inorganic Primary 7440-02-0 Nickel Ni 3.02E+01 Kg

No~iognc rmi 78-49- elenum:, e-,.v½_: 2.943+O00'Kg

No Inorganic Primary 7440-22-4 Silver Ag 7.85E+00 Kg

No Iogai.'Primary l4-28 KSulfide SI - 137B0EI ,gO~

No ~ nrai ,-Piay 74-80- ThalimT70E-O Kg U
No _ Inorganic 'Pinay 7440-22.- aaIuIn 2.07EO Kg U.

No Inorganic Primnary 7440-66-6 Zinc Zn 2.13E+00 Kg

No, ~inoginic Secbn~dary -- 7-11''CH0 .5EO g U

Yes Inorganic Secondary. 7429-90-5 Aluminum Al 3.83E+02 Kg
Inrai,'eodr'~74.60j nioySb j.'EO0 Kg':U

Ye-Iorganic Seodr 2- 7406- wBsiuI Bny 294EO;-K

-- rInorai&- - econdai-- 74228: Bon Bi .9E+00 Kg Ui

Yes nognc Scnay 74407- acu a118+2 K

No I-norganic Seodr3404- oatC .6-1 K
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Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S IsotopelCASRN Constituent Inventory Units DQ

No Inorganic. Secondary 7440-50-8 Copper Cu 2.31E+00 Kg

No 1noraiici; 7. _SecondY' a7 440253'-l' r.o pi Eu !; '; E- ' U'

No . lnor~ c .' . ~Seconday,.' :'12311-.97w -6 ,,nite ,CH , 53.+. . . _ U

No~ .- .,.Inoiganic7. Seco y , .'666;,1i'S '. Glycolate ` _ U

Yes Inorganic Secondary 7439-89-6 Iron Fe 2.07E+02 Kg

Yes Inorganic Secondary 7439-91-0 Lanthanum La 2.45E+00 Kg

Ne 3'9 ',;,Inorgai , 'Sezonday. .i. ,7,4393- tium Li ;U'- ' i3E 'Kg

No Inorganic Secondary 7439-95-4 Magnesium Mg 7.1 lE+00 Kg

Yes Inorganic Secondary 7439-96-5 Manganese Mn 5.50E+02 Kg

No Inorgaic I. -Secondry-, '7439-98!.7' ' Molydenum MoK

No Inorganic Secondary 7440-00-8 Neodymium Nd 9.02E+00 Kg

No Inorganic Secondary 7440-03-1 Niobium Nb 4.24E+00 Kg

Yes ' .norgnic, Secondary . 14797-5 - Nirate' ,N3- - - 4.61E+V X Kg' U

Yes ' -norganic Second ry - 4l9765' .. Nitte'-N02- - 4.15E+01 g U
No Inorganic Secondary 338-70-5 Oxalate C2042- 3.33E+02 Kg

. ..

No Inorgnic Scdry 40--3. Pallahiun Td J.08E+0- g U

Yes' inrai Secondary.. '--14265-444:~-, Phoshae` P0"I, 41E+01:-g

No Inorganic Secondary 7723-14-0 Phosphorus P 2.94E+01 Kg

YesTi i. InorgaE 1c:, '744-09-7. t "i7 .K U'

No Inorganic Secondary 7440-10-0 Praseodymium Pr 5.40E+00 Kg

o I4norga' c . .-'Sec ''dary.' ,;4O -1 - Ri &inI -'.Rh : ,'.4E 0 K - U:

No . Inorganic ,:Secondar . 74404717-7 RubidiumRbri1+0 g

No *niai ' Scnay'~I401-~ Ruthenium Ru124100 'g- U' U

No Inorganic Secondary 7440-19-9 Samarium Sm 2.51E+00 Kg

No Inorganic Secondary 7440-21-3 Silicon Si 1.60E+01 Kg

Yes Inorganic Secondary 7440-23-5 Sodium Na 1.89E+02 Kg

Yes Inorganic Secondary 7440-24-6 Strontium Sr 1.83E+00 Kg

Yes: ,Inorganic- ' Secondary....48...7..8...Sulfate '"042- ' I u' 4.92E+01

No -. Ior nic '! -..Secon y '.'7704-34-9 ''-. Suf S A 3E+00 Kg U

No nor.anic"' Secondry' i 7440-25-7 '- Ta-ntalum: Ta - 2. K U'

No' "' ..... norg~c ,, - ,Secondary 1"' 13494-,809 . Tellurium *Te7..24E' 'U

No Inorganic Secondary 7440-29-1 Thorium Th 3.12E+00 Kg
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Table B-I. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

Yes .norgin c -,.. -Secody -J 7 T Si - ':- < 2.4 +0; .

No Inorganic Secondary 7440-32-6 Titanium Ti 3.86E-01 Kg

No 'i -organic . '; -Seconday "'- Tugte ' .-3i i.3E0 -- KgU
__ _ _ _-7440-33 '3____ ___ ___ __

es.Inorganic Se- dy--74-I rrlij :7K~'~.4+0g'
Y -Inorganic i; Cg S a -- 4,..

No Inorganic Secondary 7440-65-5 Yttrium Y 1.70E+00 Kg

Yes Inorganic Secondary 7440-67-7 Zirconium Zr 2.79E+00 Kg

No'1O~''rmry 715- , rclrehn ' l1E0,Kg-':
No -- VOA - Prima; y -79-345~ , 2; Tercloroiba r.4t - .g _U_

VOA , - T ichor-1,y,- ;, -"-7

Nc' OA - , P., rr 7613 .rlurehn .. . l.294 Kg U

No, VOA Pia 7-, -5- 111 icoroean 8.44E-05 .

NoT r -VOA ..- Pr-- O -75-35 1 icloroetene:
.g

No; .; ;'VOA~ z ;07 06 , 2- oPrimary 7:6-21' 8.33E-05

No VOA ; Primary 78-93-3 2-Butanone (MEK) 4.48E-04 Kg

No; '-VOA- ' pr-mary 79.146-. 2-Niropropane 22-4 : Kg U.U

No VOA Prirnary 67-64-1 2-Propanone (Acetone) 1 .30E-03 Kg=

-x,4. A 1

No VOA . . -rMar8 ichetl enetaone

No ,-- VA-- :1 ;: - P YE-: . u -

No . VOA Primar p -- 7 5-15- - Caridiulfide -. K ' Kg

No . VOA Primary 75-93-, -Ctarbon te .acE-04 Kg' 14

No., .VOA Primary 108-964K1 Choropanoene (Aetne 9.30E-03 KgU

Nod ' '-^ VOA~ 75-01 .; - -- ' n j KgU
No: VOA Prmy e - C for ;

No;_ -O1..3Ei4.. Kg U

No -- ' VOA - primar 709- Dictiyoetaer (tle ' i ; _

No ;VOA Primary 60-2-7- Diet.l tr- -. :i I14E Kg 4U

No- ',-VOA Primary' 1Y. ; -4 0 1 Ethybenzn - . 20-E-4 . K
No , VPrimar 108-383- .; m-VOA - i .............. . .....i*e-!4 -

No, ,VOA Prmr~½9-76-'olne 7.8L5 K

No" VOA P-;ary4  106-42-3'- ^;, ' X lene ' . f -,' -;- 2.29E

No^ -- VOA Pr- 67a 12-18-4 Tachoroet e e ,- ;-1.E-04 E;
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Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

No' T'u"VOA ;n,; >' - 5.9 5 .K _ _

, -trans-1 ,3,-i chl0 8pp7o3, .-'- '' _E _ -No VA Piay, 7-16 Trcirehe 1 I6E04K .

NO' VON- l.Pri - -y 75- c 04, K

No -.VOA '' imary 1330-20 'y' -' : . .,-r3rE-4 Kg ,U

No' -SVOA Primary - , ,. . . ' " i2,4-Tr-cblic o zen; I 1... Kg ,.

Nono; SVOA Pr -:. ;- . k 'U

No. <- SVOA- 171Pr ' .- ',i 0-2 '- 4,6, Tric o ophenolK'>-;' ' 1IE-02 .K U.

No S-,A Pa . -4' 2,4-Dinitroto'luene, ' 51. - 2 g- U;

No, , .' .- , SVGAOPrimay 2- 1.4- ,g ..__________ nie~thipeol____

No .* -SVGA -- pmary 95-5 'Clohno :- 2.07E-02

No.' SVGA -,KPrYur' U -- -Et.oye...ol.. ., .Kg

No ',SVGA Pr ' 9548-7. 2-Methy ieo (-creso .0

No'. m SVGA Pri.y . 6-44-.- 4- "e'ylphenol (creso 'Z.24E-02

N SVOA.. Pr 3-32-9' -` AcheneU

No, -:. SVOAa ......... 8.- , t W .4... :K u

No' . SVOA Primary 8 - Cycohexanone' - '- '0, g3.45, 2 , .

No SVOA Primary 84-74-2 Di-n-butylphthalate 4.26E-03 Kg

No'- . SV A.-, 'Pm y ' 117-84- .. Di-noc Itylpht iate .. O' -"-i';

No:' :.,u'-.' SVGA',, - ; ., -44 -' F anthO e ' 1.43 ;02 g . :

No, .! SVGA Prima. 876-3 H.ex.a ,ch,4iooudee 5.3A '-8-'' ' Kg' ''cU

Noi'. .SSVGA '.. +-............ ,Pia 67-7-1: " Hex cboroethane ' 7.;10 ,g. , ,

. .VG .Primar yJ,' , . . . .s o. ..88E.. K U

No,. . .^SVGA Primar..,-, .y.,- -...... ' 10"3- mCeso (:-Mehihnl 9.24-0 Kg U ................ ..,
Noy' SVOA Pm 9,1-203 Na'hnlale o (1 l 9i ' E2.i _g
No . SVGA, .rim ,-a6t adi36-3 -; 5,uy -. Nito6Dl, '2.1.E-02 Kg,,

alcoholu (1- - __ _ _g_

No- SVGA 'Prary -- 21-64- t ' 35E n U'

N~o"- ,'\ SVOA' ,! .'.ar 59-82 N-Nir^oop' - ' 'K ''yr'I .20E............ -0- .... |g U

No .SVGA Primr _ = , 50-7 -' ' P

__ _ _ __ _ _ __ _ _ _ __ _ __ _ __ _ 3- e hy p eno yl)p7.; __ _ __ K

No SVAtP na c1o9.0-& yren ~,' -2.161E-02: Kg
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Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

NoNSOA 1 ay dO86APriiel44-2 K UNo ; Sg4-VOA TI~s. ' , ,4-Dichoro& -2.0E-02 Kg 2, U

-l-I - -",-- r-[l''l ''r ~No SVOA'~ H r -8- ' '

No SVOA , HAnfd Li 0-9-2j.

No1 SVOA' . ST? SVOA 9 - -1  I

______ , IsA ,-Dichlorobenzn07.1E-2 K U

TI~s ' 2fNitrophenol2.47-2 K

No- S TCs' ei- itophelS 1,SOA4E02? .Kg ,U

NoST A 13 1 Tot1a Meyph l _ K

No ,PC~ - ~ ~ i~r 1 1 t 097-19-I' Aociors (oaPC sj) 1.36E03 Kg: U

Notes:
BBI =best-basis inventory.

CASRN = Chemical Abstract Symbol Registration Number.
DQ =Detection Qualifier Flag (U= Nondetect, Inventory for nondetects calculated at the detection limit [RPP-20226,

Analytical Results for Liquid Grab Sampling and Analysis Plan for Tank 241-C-106
Component Closure Action and RPP-20264, Analytical Results for Tank 241-C-i106

* ~ Solid Clam Shell Samples Supporting Closure Action])
NIST = National Institute of Science and Technology.

PIS = Primary or Secondary Constituent (RPP-13889, Tank 241-C-i106 Component Closure Action
Data Quxality Objectives)

PCB = polychlorinated biphenyl.
SVOA = semivolatile organics.

TIC = total inorganic carbon.
VOA = volatile organic analysis.
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Hazard Contaminant ning Reason for Reason for exclusion in

CASRN Constituent Inventory' concentration lifetime Ind of potential Scree Inclusion In risk risk assessment

(Cl or kg) (pCI/L or cancer risk concern assessment

_ _ _ _ _ _ _ _ _ _ _ _ _ ______ m g/L)_ _ _ _ _ _ _

144Pr:- P'aseod yium-144 1.38E+02 . .1.21E+03 N N/A,- _No 11 I_ Avial

228Ac Actium-28'., - NootyVa ue
Yin+1 .040 / /AN'1 / Available:

- '-'No' 
to'xicityf Vaue

18496-25-8 Sulfide ' S2-: , N',,0 '.''.-7. - o' _ , N/A5 Ava.l

7150-1' Acette -C ; 89 ..7E+01: 1.54E-0.4 N/AA N - - N labl
/ ,No Toicity Value

7440-69-9' Bismuthde B 1`.7E+E0 --.. 9. E-075;.- N/A Available
No Toxicity Value':

24959-67-9 Bromide Br- ,'3EO .. 50 N/ N'A No' -" N/ Avilbl

16887-00-6 Chloride'.Cl- - ........- ,,..3.08E+O0t 2 __.69E-05. ........... .. N/ N/ No , .. i No Tcty 'alue '':'

7440-53-1 EuropiumEu 3.11E-01 .,2.72E-06; N/A. ....... . . ............ N/A ... . . : No . 1 . N/A AailableA

1-76FrActe CO ~ I.7713f01 1 54E04' NA NAo'' 1 N'-NoTxctVau
1231130 -~~, Available,

.~NA' N 1..N/A.Nooxiciyau

666-14-8.S Glycolae ,C2H303-.-.. 1.i6E+01 ',.128E-04, N/ ':, :..

.1"No4 Toxicity Vlu

7440-05-3' Palladium' Pd'.,'' ' . __4EO 3_90 _N/ ,, N/ No 1. /

- Available'~

14265-442 Phosphate P043,- ',.' .. 2.08E+01 .-1;81E4 N/A N/A NoN/A0N

7440-09-7 Potassium K ' 1 - N3A ' Ntoiiy A,'ue

8.86+O0 .74E05 NA '~N/A o -'Avaiabl

-4

-4
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets) _________

NVMA C
ResidualfneieInrmna Contaminant nigReason forResnfrxcuinn

CASRN Constituent inventoryl concentration lifetime inzade optnta Screeng Icuion in risk RiskassnfresclsmentI
(Ci or kg) (pCiIL or cancer risk Idx concern stp aesmnrikseset

m glL ) _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

No'Toixic'ity Value'
-7440-16-6; RhodiumR 1. 23E+O00 1.07E-05, NA N/ -No " / vial

Rubiium Rb 1.2E+O 1.OE-0 N/A'- ": /A o. -1 -No Toxicity Value"
7440-17-7. uiiii12E0 .5-4::: i-W N/AAvial

. ."... 
A. ila.e ,, -

0NIA:-: N/A

7~440-25-7 Tantalu Ta 1.201E+00 LOSE13-OS NA NA N /AN6xcf au

7440-33- Tungsten . 2.467E+0120E0 / / oI / oTxct au
Available

128-7-0 2 .- .30-03 6.7E-0 N/, NA * o -- -No Toxicity Value N.

774649 iifistrt:-butyl)24---11E-0N/A A ailabl.

59892. i.osm..olne.... / .... M IIAalal".
595- -hoomceo., 38E0 .4-8- -' - -7 No, T~oicit'y Va ue.

-1N/A5NA No5IN/A -- vial

- ' ' -- ,No Toxicity Value
83-7- 2-Nlitropheno 1 .-- I.24E-02O 1 .08E3-07 N/A N/A No ' INA vial

10002- 4-itrpheol 5.9E03 .97-08N/A- --- -No'Toxicity Value..:,N/- - N -1- NAAvailable

t'3

-.1
;-I

0
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Contaminant Reason for

CASRN Constituent Inventory concentraton lifetime ndex of potential Step inclusion In risk risk assessment
(CI or kg) (pCi/L or cancer risk concern assessment

._ mg/L)

1 9-7 Total Me'thyphenols ' '; ' . N ' / N oi"':
(Crsol 2.911E-02 . 2.55E-7 -N/A N/ o ..-.. Availabe -

, :(Cresol), -abl -, ,:-:

60-29-7 Diethyl'ether' - . 5.68E-05" 4.96E'10 N/A N/A N": T i ValueNo 1 N/A Available':.

14798-03-9 Ammonium NH4+ 9.70E-01 8.47E-06 N/A N/A No 1 N/A No Toxicity Value
Available

7439-92-1 Lead Pb 2.57E+01 2.24E-04 N/A N/A No 1 N/A No Toxicity Value
. . . .Available

7440-70-2 Calcium Ca 1.188E+02 1.03E-03 N/A N/A No I N/A No Toxicity Value
Available

7440-45-1 Cerium Ce 5.71E+00 4.99E-05 N/A N/A No 1 N/A NoToxicityValueAvailable

7439-91-0 Lanthanum La 2.45E+00 2.14E-05 N/A N/A No I N/A No Toxicity Value
Available

7439-95-4 Magnesium Mg 7.11 E+00 6.211E-05 N/A N/A No 1 N/A No Toxicity Value
7439954Magesiu Mg7.1Available

7440-00-8 Neodymium Nd 9.02E+00 7.88E-05 N/A N/A No 1 N/A No Toxicity Value
I Available

7440-03-1 Niobium Nb 4.24E+00 3.70E-05 N/A N/A No 1 N/A No Toxicity Value
Available

338-70-5 Oxalate C2042- 3.33E+02 2.91E-03 N/A N/A No I N/A No Toxicity Value
0 OAvailable

7723-14-0 Phosphorus P 2.94E+01 2.57E-04 N/A N/A No I N/A No Toxicity Value
Available

7440-10-0 Praseodymidum Pr 5.40E+00 4.72E45 N/A N/A No I N/A No Toxicity Value
7401-0PaedyimPI54E0 I.20 N/ I / N / Available

0

'-'3

0
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WVMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion in

CASRN Constituent Inventory concentration lifetime index of potential step inclusion in risk risk assessment
(Cl or kg) (pCIL or cancer risk concern assessment

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~m g/L ) _ _ _ __ _ _ _ _ _

7440-19-9 Samarium Sm 2.51E+00 2.20E-05 N/A N/A No 1 N/A No Toxicity ValueAvailable

7440-21-3 Silicon Si 1.60E+01 1.40E-04 N/A N/A No 1 N/A No Toxicity Value
Available

7440-23-5 Sodium Na 1.89E+02 L.65E-03 N/A N/A No I N/A No Toxicity ValueAvailable

7440-29-1 Thorium Th 3.12E+00 2.72E-05 N/A N/A No I N/A No Toxicity Value

7440-32-6 Titanium Ti 3.86E-01 3.37E-06 N/A N/A No I N/A No Toxicity ValueAvailable

7440-65-5 Yttrium Y 1.70E+00 1.48E-05 N/A N/A No I N/A No Toxicity ValueAvailable

7440-67-7 Zirconium Zr 2.79E+00 2.44E-05 N/A N/A No I N/A ToxictVau
Available

63Ni Nickel-63 7.30E+01 6.37E+02 2.14E-06 N/A Yes 2 Contaminant N/A

9OSr Strontium-90 6.61E+04 5.77E+05 2.15E-01 N/A Yes 2 Contaminant N/ADetected

99Tc Technetium-99 1.65E-01 1.44E+00 1.99E-08 N/A Yes 2 Contaminant N/A
Detected

137Cs Cesium-137 1.45E+03 1.26E+04 4.13E-03 N/A Yes 2 Detected N/A

2 28 Th Thorim 228Contaminant N/228" Thorium-228 5.75E-04 5.02E-03 8.711E-09 N/A Yes 2 Detected N/A

230" Tonum-230 8.82E-04 7.711E-03 3.69E-09 N/A Yes 2 Contaminent N/A

t'3

-4
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental HaadContaminant Sreig Reason for Resnfrxcuinn

|CASRS| Constituent Inventory' concentr n lietime Index of potential step Inclusion in risk risk assessment
(Ci or kg) (pCIIL or cancer risk concern assessment

_ _ _ _ _ _ _ _ _ _ _m g (L ) I_ _ _ _ _ _ _ _ _ _ _ _

232Th Thorium-232 5.611E-04 4.90E-03 4.65E-09 N/A Yes 2 Contaminant N/A

233U Uranium-233 1.83E-03 1.60E-2 5.90E-09 N/A Yes 2 Contaminant N/ADetected

234U Uranium-234 9.48E-04 8.3E-03 3.00E-09 N/A Yes 2 Contaminant N/ADetected

235U Uranium-235 3.87E-05 3.39E-04 1.36E-10 N/A Yes 2 Contaminant N/ADetected

236U Uranium-236 1.73E-05 !.51E-04 5.20E-l 1 N/A Yes 2 Detected N/A

238U Uranium-238 9.04E-04 7.91E-03 3.55E-09 N/A Yes 2 Cotemied N/ADetected

237Np Neptunium-237 5.42E-02 4.74E-01 1.94E-07 N/A Yes 2 Detected N/A

239Pu Plutonium-239 1.68E+01 1.47E+02 1.03E-04 N/A Yes 2 Contaminant N/A
Detected

24OPu Plutonium-240 3.58E+01 3.13E+01 2.19E-05 N/A Yes 2 Contaminant N/ADetected

241Pu, Plutonium-241 3.971E+01 3.47E3+02 3.161E-06 N/A Yes 2 Contamnate N/A

241lAm Americium-241 6.53E+01 5.71E+02 3.1OE-04 N/A Yes 2 Contaminant N/A

7440-39-3 Barium Ba 1.64E+00 1.43E-05 N/A 2.53E-06 Yes 2 Contaminant N/A
Detected

7440-43-9 Cadmium Cd 1.441E+00 1.261E-05 1.051E-10 3.30E3-04 Yes 2 Cnaint N/A
-I I.I I IDetected

4
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WVMA C
Residual fenceline Incremental Contaminant - Reason ror Reason for exclusion in

CASRN Constituent inventory' concentration lifetime Hazard of potential Screenng inclusion in risk risk assessment
(Ci or kg) (pCi/L or cancer risk concern step assessment

_ _ _ _ _ _ ~ ~~~mg IL ) _ _ _ _ _ _ _ _ _

18540-29-9 Chromium Cr 3.79E+00 3.31 E-05 8.92E-10 1.43E-04 Yes 2 Contaminant N/ADetected

57-12-5 Cyanide CN- 7.82E-02 6.83E-07 N/A 3.40E-07 Yes 2 Contaminant N/ADetected

7439-97-6 Mercury Hg 1.93E+00 1.69E-05 N/A 6.33E-03 Yes 2 Contaminant N/ADetected

7440-02-0 Nickel Ni 3.02E+01 2.64E-04 N/A 1.3 1E-04 Yes 2 Contaminant N/A
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _D e te c te d _ _ _ _ _ _

7440-22-4 Silver Ag 7.85E+00 6.86E-05 N/A 1.37E-04 Yes 2 Contaminant N/ADetectedo
-J

7440-66-6 Zinc Zn 2.13E+00 1.86E-05 N/A 6.17E-07 Yes 2 Contaminant N/A
_ _ _ _ _ _ _ _ _ _ _ _ _ D etected _ _ _ _ _ _

7429-90-5 Aluminum Al 3.83E+02 3.34E-03 N/A 4.64E-05 Yes 2 Contaminant N/A

7440-48-4 Cobalt Co 3.76E-01 3.29E-06 4.24E-1 1 4.28E-06 Yes 2 Contaminant N/ADetected

7440-50-8 Copper Cu 2.31E+00 2.02E-05 N/A 5.011E-06 Yes 2 Detected N/A

7439-89-6 Iron Fe 2.07E+02 1.81 E-03 N/A 6.011E-05 Yes 2 Contaminant N/ADetected

7439-96-5 Manganese Mn 5.50E+02 4.81E-03 N/A 2.62E-03 Yes 2 Contaminant N/A
I Detected

7440-24-6 Strontium Sr 1.83E+00 1.60E-05 N/A 2.67E-07 Yes 2 Contaminant N/ADetected

84-74-2 Di-n-butylphthalate 4.261E-03 3.72E3-08 N/A 4.39E3-09 Yes 2 Contaminant N/ADetected

.
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMAC
Residual fenceline Incremental Contaminant Reason for Rao

CASRN Constituent inventory' concentration lifetime Hazard ofptnilScreening Inclusion in risk Resnfor exclusion In

(Ci or kg) (pClI.L or cancer risk Idx concern stp assessment risk assessment

nmg!L) __ _ _ _ _

78-93-3 2-Butanone (MEK) 4.48E-04 3.91E3-09 N/A 3.341E-10 Yes 2 Contaminant N/A
Detected

67-64-1 2-Propanone (Acetone) 1.301E-03 1.14E-08 N/A 1.241E-10 Yes 2 Contaminant N/A
Detected

-ILC 
-or HI < screening.,:

14.Cron1 .1E03.6E .801E-110~ N/A, No 3,: N/A theol

31S- Seltiniu 79 .1 IE-03 4.419E-02 -15E0 / o.. '3 .NA trsod

threshold

744041- Beyllum B 2.3E-2 247E-7 277E12 .72E06 o 3N/A ILCR or HI < screening

168-8-loide F-02702 2.806 -NA 39E7 No 3 . . N/A. IO rH <cenn

77249-2,,, Seeit n Se 1.4 172E02 l.-05 N/ .5-08o3N/0E.R rH cenn

3.537461473.09E-0NoN/ threshiold-

7406- aaim - , 01717 l.9-6 -NA 26E0 o- NA ILCR&o I<cenntehold< cenn

744-3-0Animony Sb9 0.9372 5.19E-02 N/I.5E0 NE NA ILRo0H9srenn
threhol

0

tU)
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WVMA C
Residual fenceline Incremental Hazard Contaminant ning Reason for Reason for exclusion in

CASRN Constituent inventoryl concentration lifetime lnd of potential Scree inclusion in risk risk assessment

(Ci or kg) (pCmL or cancer risk concern assessment

m g/L)__ _ __ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _

7440-42-8 Boron B., - 0:.5 7 -: 5.19E 06 - - : r H < s- , , eI n
D .93'i :::.5IE0. iN/A.* .7 7 N -3

N ILCR or HI < screeng

7439-93-2 Lithium.. Li - 5.66-02 4.94--07 ,N/A 2.45E-07 N 3 N threshold:

87 dN/A 2 651E06 N LOrH <cenn

7439-9 Molyb enum Mo 0 ' .1 2833 1.34E-06' _ _ _ - thr.h

ILCRk or Hi <`scrie emigr

14797-55-8 23.051267 Ni at2.011-04 NA:- No -N 3 5N/A thrNohold

___: it - IL.orI< scree-;ni.-
1497-65- Ntrite4:NO2 20764 18 1E-64- N/A-.: I 7E-05 o3-- - / hehl

7440-31-5 Tin Sn 1 1.90:,-07 N t.resho

14701748 12905 49N1IA 0E0 ILCR, or HI., <screening:

7440-61-1 Uranium :- 1.4717489 1.29E-05 ' - : o A t

82 6 .,..ILCR 
or Hi < screening,

120-82-1. 1,2,4-Trichlbrobenzene', 6.48E-05 5.66E-10 N/A, 1.74E-09 No, 3 N: t o '

- IORor HI < screening

95-954 2,4,5 ichorophenol'. 0.0055299 4.83E-08 - N/A 6.41E No N . tesl

LRor HI < screening
88-06-2 2,4,6-Trichlorophenol '5.85E-03 5.1 1E-8 3.77E12 6.69E-06 No . - 3 -N th eho d

121-14-2 24nittoiuene ' 0.0075286 6.58E-08 N.28 No"3 N/A I r . n

95-57-8 - orophenol .::E-' .0'E-0: N/A .9_ ; No 3. ' N/A ; .hres old.

ii-so-57 2-Ethoxyetanol '0' 4.9508 - N/A - or H screening
110-805 N/A thresold -

0

0

"O

tgo~
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Contaminant Reason for Reason for exclusion in

CASRN Constituent inventory' concentration lifetime Hazard of potential Screening Inclusion in risk risk assessment

(Ci or kg) (pCI/L or cancer risk concern assessment

mg/L) .

05-48-7 2Mehlpeo (o-creso'l),. 0.0203041. 1.77E3-07 NA 3.72E-08 No. 3 / LRo H sreig
95S- 2-Metylphenolo; Itod,

-ILCRr HI<~reening:.

106-44-5 4-Methylphenol (p-cresol) '4.62E-02 4.03E-07. ' N/A 8.34E07 o N/A:shl

---
ILCR or Hi <screemni

83-32-9:- Aenphthene 0.0119428 :.04-07 415E-08 N 3 - threshold.L

: 56i ... B'utylberr ylphthalate , .::.. 2. 12E-03 :: 1.85E-OS-N/ 1.1 ::. N3N/A ', hesod

10-94-1 Cycloheanone . . ... . ... N/A ..... No. 3 N/ . hieshld.
ILCR or HI< screening.'

117-84-0. Di-noylphth late'.' 0.0908 I'.04E0: N/ 8.95E07 No 3 N thies;oLR

.206-44-0 Fluorantene 0.0071601.' : 6.i5E-08 N/A' 1. , .O,,:, .7 No 3 'LC eso HI .. :ce

87-68-3 Hexachlorobutadiene',2','E,02 ., 2.32E-OS . 5 -1 ' No 3 .. ,':NiA ' h~od-

67-2-1 Hexachloroe - : 8 3.2E-10 ''.-1.50E-13, , '-: No ,: 3 , NA cthreshol

[tit ILRor HI < screening:

78-83-1.. Isobutanoll 0,..0146 .l2E0 ., -'N/A. 4.1 0 No:-3NA hehl

9N0 3, thal ee , ;' 4. -0 ' 4.19 S. N/A"' 4.86E-06 N/ A o

713-3 nBiy lchl(IICR or HI<screenings-.

. ._ :_ n-ButI an lcoh 1 (1-;::.. 0.0108183 9.45E-08 - N/A :1.E-06 No 3 N t

.' . ;: : .. ~~~~~~~~~~~~~~~~ibutnlle,: - : .-, .". -,; .,.' " '-..'' . , ,-

cc~)

-3
--3

0
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WYMA C
Residual fencellne Incremental HaadContaminant Scenn Reason forResnfrxcuinI

CASRN Constituent Inventory' concentration lifetime Hazadexooeta screenn Inclusion In risk reasonfo exclusionti
(CI or kg) (pCIIL'or cancer risk ine ofnpoernta stp assessment rikassmn

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ g [L )_ _ _

T ' LC rHI<sceng
989- irbuee5.03E3-03 4.40E-08 - N/A 8.35E-06 No.,, 3N/K** hrshl

07 fthes'hold

11N8-nitrEoso30-8 -/Ad25.0iO ~ 3 - / ILCRor HI- <screenings

...... proyrid ne , threshold

10646- 14-Dchoioen~ne 1.3E-2 .04-08 5.6E- 17.5-8 N 3N/A ILR-ori screening,-.

8865Pnahrohol5120-02 4.54E3-08 N.5E- 1,2.48E"0 No N/A; ICo H srenn
threshiold

Phenl - - 236E02 206E07 /A 689E09 N 3 /A fILC orHIl< screetung.

95-0-861- Pvr-dmie:h.Lorbezee .0-71&0747 . 6.3013 8 6 / .25E 07 .No3N/A- ILRo I• enn
thresholbd: -

JLCR orHI<srnii

7935 ICRorHi< screening.,;

.76-13- 7 i! t A-.0346-025: 90430 5.65EE10I- 'N/ 6715E-08 -,No / hehl

790- ,,-rclrehn .2-5 36E1 .3-3 9246E-10 No - /' IC rH screening',

threshold
12iLCR or HI <sreng

-71-54 , ,Dcootene 56.80-05 -5.03E-10 NA-1.5-9 No -'3 NN/A treod HI -~k

'-'

0-

J



Tr-i-. D_) RTaciotc nf rrwntnmninnntS ofPntential Concern Screening Process. (13 sheets)

.WMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion In

Constituent inventory1 concentration lifetime Index of potential step inclusion In risk risk assessment

(Ci or kg) (pCi/L or cancer risk concern assessment

mg/L)
N.A ... I;. b. . . I. ..... p iU

107-06-2 - 1 ,2-Dichloroethane -I.. 4.171E-05 : 3.64E-10': 1. .:-1 -';1.03E-12 3.61E-08
. ,. . . .L. .

: No- - 3 ' .. . . -::.�-N/A:::.. threshold '.... ' : .,. ...,

w

- ILCR or HI! <screenn'
7-692Ntoopane 1.01IE-o4 8.2EMO 2E-101 1.531E-08 No 3 N/A

2-Nitropro' 
, hrehold: .

10-0IILCR or<cenin
4-methyl-2-pentan e 

i.7cie.5El06` ri/A 
182-0 o - 3 , /

71-43- N/A , 7 N~0~,' threshold::

(MIBK<
ILCRo HIscreening

751-'3abn0Eufde59E05 52E10NA 3.13, 9E-10 No ,. 3...
-

N/A thre hold

5 -35 abonntetrachiorid 0476E-05-- 6.65E130-- l.26-.30E0.N ~ NAIC orIsreifg

Ch1oezn .9E02.6-0 / .4-9 N ILCR or HI< screening',

108-0-7 N/A tlhresho d

75014 h.rot.ne(vny. .9E-.2.3E.06..E13 l.3E0.No3./ ILCR or H screening.
43: N/A trehod -iLCorHI<srei`

567-663m., Chlorofore 76.13E-05' 6.35El thres25.4 0oN,

- 3ILC or HI s~creening

7509-2 DChloromethnzene 4.994E-05 4.361E-10 N/A9E1 2.41E-l09 No3/A threshold

I LCR or HIll;-screening:
14-86jthyloaetatne(v I .9-5 54E1O NA 60E1 No NIA thesod

100-1-4Ethlbezen l.1E-4 881E10 .95-144.1E-1 - No tNA -ILCR or HI < screening:
--or -53 E 1 '. 5.4 threshold:,..

ILCR or HI <r scening:

No- thr hod183-m-Xyl~eneit 115:0 1O-109 NA 35E03N/

1'.)
0)

0
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets) _________

WVMA C
Residual fenceline Incremental HaadContamdinant Reason for Resnorxcsinn

CASRN Constituent inventory' concentration lifetime Haadof potential Screening Inclusion In riskResnfrxcuinI
(Ci or kg) (pCiIL or cancer risk Idx concern stp assessment rikassmn

mg1L) __ _ _ __ _ __ _ ___ _ _ _

ILCorH<_sc~reeni'ng
95-47-6:-6:Yee351-5 .430_ N/A IiOE-009 No _ .. :N/

106-42-3. O-Xy ene 1.5j .OE-09 N/A: 3.53139 N /A- IC rHI<cenn

04 i- - ILCR or HI < screening'
108-8-3Tohine 4.7E-0' 415E-0 - N/A .84-10 o 3N/A thresholb

chlore ene.:- .4. E; II0ECRror9 HI3-<screening

12718 ., 1Teta h' 5 11-0, .'ILCR or HI < ces iigK
79-0-6 riclorethee '8.1E-0 7.OE-1 8.4E-2 133E-8 N~ - - 3N/A threshold'

-10888- T6 5&11.;~ . .... un,4.1ILCRqor HI <screening.*-

Xylees -threshoId'. -'

6.35E_09 N/Al1I) N/--

l52Eu Europiund,5 31E0 2.74E+2 8924E:0 I / e

15E uoim-5 .7+1 03.5E0 121E:-04 N/A3-0 Yes - 5screening. N/

1330Eu- Xyenrpim- es 3.0E4- 4.1+0..7666NA1e3--C-09n /A-

0

0O

LA

__4



Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WVMA C
Residual fenceline Incremental Contaminant Reason for Reason for cxclusion in

CASRN Constituent Inventory' concentration lifetime Hazard of potential Screening inclusion In risk reassessiont

(Ci or kg) (pCi/L or cancer risk Index concern step assessment

m g/L) _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

238Pu~3E0 1. 18E+Ol 8.04E-0tt6 N/6Ys co½,5 N/A~

Pluon2 -238 'I - . 1 - ;... . .. Co:;t it:en

242Cm Curium-242 '7 - 6.89E-O1 1',...C-07 / Ye - N
- - . - Constituent

243Cm u'm-243 ' ; 1.51E-O1 ;1 6.88E-07i N/A' es::. 5"N

- .3.17E3+01": 
N/A3130;-:~iNA

i244Cm Cuium-244 . 3.63E ., _____N/AYes. 
;:.

Conitaminanit iimoile';
94'N' Niobium-94 9.3-O" 8.20^E+01 5.05Em05 N/A No 6, ' -,/ .6 "''-<- :

Shoft-Live HalfLif

lO6Ru Ru-t'enium-106 .. 6-E.0. ;;7E0 . .60 N/ No <' 6 . N/ (10 yr) 1
Sh'ort-Lived HalfLf

125Sb Antimony-125- . 3.17E+01 '2.77E+02 . 1.86E-05 N/A 6,-No,6 N/A (2

con t'aminant Immobile,
134Cs 2 Cesium-134 ., 8.70E 00. 7.60E+01 2.69E:05_ N/A , , No 6 N/ . K>.6 ...

Radium-226'.',' . 2.08- :'2 1.82E .:03 4. N/ No 6 / C m

Notes:
Shaded cells are reported as nondetect for that analyte.
'Inventory in risk assessment calculated at 1/ the detection limit.
CASRN = Chemical Abstract Symbol Registration Number.

HI = hazard index.
ILCR = incremental lifetime cancer risk.
PCB = polychlorinated biphenyl.

WMA = Waste Management Area.

D.
I'D

4t-4n

_- __ - ---- - J



RPP-20577, REV. 0 DRAFT

This page intentionally left blank.

B-20



RPP-20577, REV. 0 DRAFT

APPENDIX C

DETAILED COST BACKUP FOR RETRIEVAL ALTERNATIVES
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Table C-1. Summary of Costs for Retrieval Alternatives.
Alternate Description Subtotal Contingency % Total

A Raw water modified sluicing $1,604,958 $320,992 20 $1,925,950
(Current Equipment)$

B New modified sluicing with $4,534,988 $1,133,747 25 $5,668,735

Modified sluicing followed by
New Vacuum Retrieval System $7,824,302 $2,347,291 30 $10,171,593

D Mobile Retrieval System $10,101,364 $3,030,409 30 $13,131,774

Estimate Type "Planning/Feasibility" or "Order of Magnitude"

Lead Estimator A. K. Larson INITIAL

Project Manager
Approjc MM. H. Sturges)T. L. Sams INITIALApproval

Date Issued May 5, 2004
Notes:

The degree of accuracy for this type of estimate is assumed to be approximately + or - 40% (Reference DOE G 430.1 -I,
Cost Estimating Guide, Chapter 4 - Types of Cost Estimates, dated 03-28-97). Contingency percentages were provided by
the CH2M HILL Retrieval/Closure Special Projects Manager and applied at each alternative Total Project Cost estimate
total as shown on this summary report.
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APPENDIX D

WATER USAGE DATA
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Table D-1. Water Usage Summary Table.

Mobilize Transfer to Increased

Alt. Title waste to Recirculated DST Line Volume Caustic Increased DST evaporator
pump supernatant receiver flushing measure addition storage needed volume
Intake tank

Raw Water

A Modified Sluicing 1,810,000 N/A N/A 5,000 40,000 15,000 1,870,000 1,870,000
(Current
Equipment)

New Modified
B Sluicing with New 425,000 425,000 N/A 35,000 40,000 15,000 90,000 90,000
.___ Slurry Pump . .

Modified Sluicing

C Followed by New 70,000 N/A 80,000 20,000 40,000 15,000 225,000 225,000

System ._

D Mobile Retrieval 20,000 N/A 80,000 20,000 40,000 15,000 175,000 175,000
_ _ _ S y stem _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

t5-

k~)
0)

LA
-.4

0_

C1

Notes:

DST = double-shell tank.
N/A = not applicable.
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D1.0 WATER USAGE BASIS FOR THE FOUR
ALTERNATIVES TO SUPPORT CONTINUED
SST C-106 WASTE RETRIEVAL

The sluicing efficiency in the 2003 SST C-106 sluicing campaign had gradually tapered off to a
very low percentage of solids in the slurry transferred to tank 241-AN-106. As shown in
Table D-2, sluicing efficiencies decreased over the duration of the retrieval as indicated by the
decrease in the volume of waste removed. The second sluicer was installed after the first two
sluicing runs to increase the efficiency of the waste removal. However, the efficiency of
removal continued to decrease.

Table D-2. 2003 Single-Shell Tank C-106 Sluicing Results for each
sluicing run (volumes in gallons).

Estimated waste Water used. Calculated waste Efficiency
before sluicing . removed percent

9,701 56,160 4,873 8

7,425 46,472 1,607. 3.3

5,738 59,228 857 1.4

4,334 83,501 217 0.3

The amount of waste left in the tank during the above SST C-106 sluicing campaign, including
waste in equipment and on the stiffener rings, is approximately 370 ft3 (2771 gallons). The
amount of waste remaining in the tank based on the upper limit of the 95% confidence interval is
about 3,500 gallons. To assure that the residual waste volume will be less than 360 ft3 (at the
lower limit of the 95% confidence interval), the final waste volume would need to about
2,050 gallons. Therefore, approximately 1,450 gallons would be required to be removed from
the tank.

Based on past practice sluicing, the 2003 SST C-106 sluicing campaign and sluicing experience
and the performance expectations of technologies scheduled for deployment, the following
volume estimates were generated for the alternatives.

D2.0 ALTERNATIVE A - RAW WATER
MODIFIED SLUICING

Sluicing with this alternative is continued with current equipment. At the restart of sluicing,
retrieval efficiencies are assumed to start above the minimum efficiencies observed in the 2003
retrieval campaign due to potential increase in efficiencies possibly realized by operational
experience. However, the efficiency is expected to drop over the duration of the retrieval due to
the diminished affect to break up the solid material. Given these assumptions, the estimate of
water volume for recovery is shown in Table D-3. For the first 80,000 gallons of water, the
amount of waste removed is 237 gallons. This is slightly more than the recovery using 83,000
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gallons in the last sluicing run. A recovery efficiency of 0.07% is assumed for the remainder of
the operation. Total water used for sluicing considering these assumptions is 1,810,000 gallons.

Table D-3. Alternative A - Raw Water Sluicing Using Current Equipment
(Volumes are in Gallons)

Waste Volume (Cumulative Assumed Waste Waste
(start) Water Used water usage) Efficiency (% Removed Remaining

solids in slurry) __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3500 10,000 (10,000) 1.0 100 3400

3400 10,000 (20,000) 0.5 50 3350

3350 10,000 (30,000) 0.3 30 3320

3320 10,000 (40,000) 0.2 20 3300

3300 10,000 (50,000) 0.1 10 3290

3290 10,000 (60,000) 0.1 10 3280

3280 10,000 (70,000) 0.1 10 3270

3270 10,000 (80,000) 0.07 7 3263

3263 1,730,000 (1,810,000) 0.07 1211 2052

However, if the waste removal process using the first 80,000 gallons of water is not as efficient
as indicated or if the extended efficiency is less than 0.07%, additional water usage would be
required to remove 1,450 gallons of waste.

It is recognized that most of the alternatives, including Alternative A are subjected to additional
water being introduced into the tank besides the sluicing water. Each alternative uses line
flushing water, a volume measurement batch (40,000 gallons), and a caustic addition. Therefore,
with these additions included in the original estimate, the total volume increase in DST volume
from Alternative A is estimated to be 1,870,000 gallons.

D3.0 ALTERNATIVE B - NEW MODIFIED
SLUICING WITH A NEW SLURRY PUMP

In this retrieval alternative, recycled supernatant is used along with a new slurry pump. These
are added theoretically to improve retrieval efficiencies. Assuming these new efficiencies are
realized, approximately 420 gallons are retrieved with the first 80,000 gallons of sluicing.

Table D-4. Alternative B - Recycled Sluicing with New Slurry Pump
(Volumes are in Gallons). (2 sheets)

(Cumulative Assumed
Waste Volume Volume Used sluicing Efsoidsin Rmved aste

(start) for sluicing volume). slurry) Removed Remainingvolu m e) ~slurry)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3500 10,000 (10,000) 1.0 100 3400

3400 10,000 (20,000) 1.0 100 3300
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Table D-4. Alternative B - Recycled Sluicing with New Slurry Pump
(Volumes are in Gallons). (2 sheets)

Assumed
Waste Volume Volume Used (Cumulative Efficiency Waste Waste

(start) for sluicing (% solids in Removed Remaining(start for s uicingvolum e) slurr )_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

3300 10,000 (30,000) 0.5 50 3250
3250 10,000 (40,000) 0.5 50 3200
3200 10,000 (50,000) 0.3 30 3170
3170 10,000 (60,000) 0.3 30 3140
3140 10,000 (70,000) 0.3 30 3110
3110 10,000 (80,000) 0.3 30 3080

3090 345,000 (425,000) 0.3 1035 2045

This performance results in nearly twice as much recovered waste with 83,000 gallons than was
achieved with Alternative A. The estimated efficiency results from the expectation that the
actual performance of the new sluicing nozzles and the new slurry pump will be improved. After
the first 80,000 gallons of sluicing, the efficiency is assumed to remain at 0.3% for the remainder
of the run. This efficiency is similar to the efficiency during the last sluicing run described by
Alternative A (<0.3%). However, these efficiencies may not be achievable through to the
completion of the campaign.

The total volume for retrieval is 425,000 gallons. However, the sluicing medium is supernatant
from the DST, and the total volume increase in DST volume for Alternative B is estimated to be
90,000 gallons. If the waste removal using the first 80,000 gallons is not as successful as shown
or if the extended efficiency is less than 0.3%, additional sluicing would be required to remove
1,450 gallons of waste.

D4.0 ALTERNATIVES C - MODIFIED SLUICING
FOLLOWED BY NEW VACUUM
RETRIEVAL SYSTEM

In this configuration, modified sluicing with existing equipment is used to remove waste until the
efficiency drops as shown in Table D-5. The remainder of the waste is removed using a vacuum
retrieval system. The vacuum system uses a very small amount of water for in-tank retrieval
including transfer water to transfer the waste to the DST AN-106.
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Table D-5. Alternative C - Modified Sluicing Followed by Vacuum Retrieval
(Volumes are in Gallons).

Assumed
Waste Volume Water Used (Cumulative Efficiency Waste Removed Waste

(start) water usage) (% solids in Remaining
____ ____ ____ ___ ____ ____ ____slu rry )_ _ _ _ _ _ _ _ _ _

3,500 10,000 (10,000) 1.0 100 3,400

3,400 10,000 (20,000) 0.5 50 3,350

3,350 10,000 (30,000) 0.3 30 3,320

3,320 10,000 (40,000) 0.2 20 3,300

3,300 10,000 (50,000) 0.1 10 3,290

3,290 20,000 (70,000) vacuum 1,240 2,050

The first 50,000 gallons of water removes about 210 gallons of waste, and the vacuum system
removes an additional 1,240 gallons. The total volume increase in DST volume for
Alternative C is estimated to be 225,000 gallons. However, if the waste removal during the first
50,000 gallons of water is not as successful as shown or if the vacuum system is not as efficient
as estimated, additional water usage would be required to remove 1,450 gallons of waste.

D5.0 ALTERNATIVE D - MOBILE RETRIEVAL
SYSTEM I

In this configuration, the system uses water as efficiently as the vacuum system in Alternative C
without the use of sluicing. The total volume increase in DST volume from this operation is
estimated to be 175,000 gallons. If the waste removal is not as efficient as estimated, additional
water usage would be required to remove 1,450 gallons of waste.
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APPENDIX E

SINGLE-SHELL TANK 241-C-106 INVENTORY PROJECTIONS FOR VARYING
VOLUMES
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory inventory inventory inventory inventory inventory inventory inventory Inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359'cu'.ft.; 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

N/A Aroclors (Total PCBs) 1.89E-03 1.70E-03 1.52E-03 ',1.36E-03 1.14E-03 9.47E-04 7.58E-04 5.68E-04 3.79E-04

100-02-7 4-Nitrophenol 1.59E-02 1.43E-02 1.27E-02 ^,.'4E 02 - 9.51E-03 7.93E-03 6.34E-03 4.76E-03 3.17E-03

100-41-4 Ethylbenzene 2.811E-04 2.53E-04 2.25E-04 ' 2.02E--0'4' 1.69E-04 1.41E-04 1.12E-04 8.43E-05 5.62E-05

106-42-3 p-Xylene 3.20E-04 2.88E-04 2.56E-04 ' 2.30E-04 '< 1.92E-04 1.60E-04 1.28E-04 9.60E-05 6.40E-05

106-46-7 1,4-Dichlorobenzene 2.88E-02 2.59E-02 2.3 1E-02 .2.07E-02 1.73E-02 1.44E-02 1.15E-02 8.64E-03 5.76E-03

107-06-2 1,2-Dichloroethane 1.16E-04 1.04E-04 9.28E-05 .,8.33E-05,^.' 6.96E-05 5.80E-05 4.64E-05 3.48E-05 2.32E-05

108 4-Me7- 2-pentanone 2.42E-04 2.17E-04 1.93E-04 173&04 1.45E-04 1.2 lE-04 9.66E-05 7.25E-05 4.83E-051 0 8-1 -1 (h ex o n e)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

108-38-3 m-Xylene 3.20E-04 2.88E-04 2.56E-04 : 1.92E-04 1.60E-04 1.28E-04 9.60E-05 6.40E-05

108-88-3 Toluene' 1.32E-04 1.19E-04 1.06E-04 . E, 5 7.95E-05 6.62E-05 5.30E-05 3.97E-05 2.65E-05

108-90-7 Chlorobenzene 1.39E-04 1.25E-04 1.1 E-04 `59.07E-05, 8.34E-05 6.95E-05 5.56E-05 4.17E-05 2.78E-05

108-94-1 Cyc!ohexanone 4.80E-02 4.32E-02 3.84E-02 .3.45E-02' 2.88E-02 2.40E-02 1.92E-02 1.44E-02 9.60E-03

108-95-2 Phenol 6.58E-02 5.92E-02 5.26E-02 `4.72E-02''- 3.95E-02 3.29E-02 2.63E-02 1.97E-02 1.32E-02

110-80-5 2-Ethoxyethanol 1.58E-02 1.42E-02 1.26E-02 1'.13E,02 9.46E-03 7.89E-03 6.3 1E-03 4.73E-03 3.15E-03

110-86-1 Pyridine 2.01E-02 1.81E-02 1.61E-02 .44E02',. 1.21E-02 1.OOE-02 8.04E-03 6.03E-03 4.02E-03

117-84-0 Di-n-octylphthalate 3.33E-02 3.00E-02 2.66E-02 `2.2.39-02W' 2.00E-02 1.66E-02 1.33E-02 9.99E-03 6.66E-03

1,2,4-Trichlorobenzene
120-82-1 1.81E-04 1.63E-04 1.44E-04 1-.30E-04' 1.08E-04 9.03E-05 7.22E-05 5.42E-05 3.61E-05

......... ..:.::.: .-
121-14-2 2,4-Dinitrotoluene 2.10E-02 1.89E-02 1.68E-02 ,,-1.51,E-02 1.26E-02 1.05E-02 8.39E-03 6.29E-03 4.19E-03

12311-97-6 Formate by IC- 4.92E+01 4.43E+01 3.94E+O1 3.53E+Oi 2.95E+01 2.46E+01 1.97E+01 *1.48E+01 9.85E+0O
DIONEX 500 col

127-18-4 Tetrachloroethene 1.481E-04 1.331E-04 1.I818E-04 1.06E-04 8.871E-05 7.391E-05 5.91E3-05 4.43E3-05 2.96E-05

tAJ
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Table E-1I 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
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Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
. inventory inventory inventory Inventory Inventory Inventory Inventory Inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 >cCu.ft. ' 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

2,6-bis(tert-128-37-0 2.03E-02 1.83E-02 1.63E-02 '1.46E-02 ' 1.22E-02 1.02E-02 8.13E-03 6.10E-03 4.07E-03
butyl)4Methylphenol _ -

129-00-0 Pyrene 3.22E-02 2.89E-02 2.57E-02 2.3iB-02 1.93E-02 1.61E-02 1.29E-02 9.651E-03 6.43E-03

1319-77-3 3 & 4 2.57E-01 2.31E-OI 2.05E-01 1.84E41 1.54E-01 1.28E-01 1.03E-01 7.70E-02 5.14E-02
TotalMehlhns

1319-77-3 Total 8.12E-02 7.31 E-02 6.49E-02 5,83E-02. 4.87E-02 4.06E-02 3.25E-02 2.44E-02 1.62E-02
(cresol) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1330-20-7 Xylenes (total) 4.22E-04. 3.80E-04 3.38E-04 13 33E-O4 2.53E-04 2.1 IE-04 1.69E-04 1.27E-04 8.45E-05

13494-80-9 Tellurium-ICP-Acid 3.35E+00 3.02E+00 2.68E+00 2 2.01E+00 1.68E+00 1.34E+O0 1.O1E+O0 6.70E-01Dilution 33E0 .230 .830

141-78-6 Ethyl acetate 1.75E-04 J.58E-04 1.40E-04 2 1.05E-04 8.75E-05 7.00E-05 5.25E-05 3.50E-05

14265-44-2 Phosphate-IC-Dionex 5.78E+01 5.20E+01 4.62E+01 3 40154O1 3.47E+01 2.89E+01 2.31 E+O0 I 1.73E+01 1.16E+OI500 cal

14797-55-8 Nitrate-IC-Dionex 500 6.42E+01 5.78E+01 5.14E+01 i 4.6iE 01E . 3.85E1+01 3.211E+O1 2.57E+01 1.93E+01 1.28E+01col

14797-65-0 Nitrite-IC-Dionex 500 5.78E+01 5.20E+01 4.62E+01 4.:15+01 3.47E+01 2.89E+01 2.31 E+O1I 1.73E+01 1.16E+0 Icol

14798-03-9 Ar1nonium lon-lC- 1.35E+00 1.22E+00 1.08E+00 '.7-'' . 8.10E-01 6.75E-01 5.40E-01 4.05E-01 2.70E-01Dionex 100

1480879-8 Sulfate-IC-Dionex 500cal 6.85E+01 6.16E+01 5.48E+01 A4.920O 4.11 E+O1 3.42E+01 2.74E+01 2.05E+01 I.37E+01

16887-00-6 Chloride-IC-Dionex 8.57E+00 7.71E1+00 6.85E+00 . 5.14E+00 4.28E+00 3.43E+00 2.57E+00 1.71E+O0
500 col

16984-4- oluod-CDinx50 7.581E-01 6.821E-01 6.061E-01 54EO. 4.55E-01 3.79E-0 3.3- 2.27E-01 1.52E3-01

4
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)

Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
inventory inventory inventory Inventory Inventory Inventory Inventory Inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. '359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

18496-25-8 Sulfide by Microdist. & 1.90E-01 1.7 1 E-01 1.52E-01 .37E-O,. 1.14E-01 9.5 1E-02 7.61E-02 5.71E-02 3.811E-02ISE

20644-0 Fluoranthene 1.99E-02 1.80E-02 1.60E-02 ,.3E-0,2, 1.20E-02 9.97E-03 7.98E-03 5.98E-03 3.99E-03

Bronmdde-IC-Dionex
24959-67-9 500mi 6.21E+01 5.59E+01 4.97E+01 4*46E+O1: 3.72E+01 3.1 OE+O I 2.48E+01 1.86E+01 1.24E+O 1

338-70-5 Oxalate-CDionex 500 4.63E+02 4.17E+02 3.711E+02 " 3'33E+02 2.78E+02 2.32E+02 1.85E+02 1.39E+02 9.26E+O1
col

542-75-6 Dich10ropropen e 1.15E-04 1.031E-04 9.17E-05 6.88E-05 5.73E-05 4.59E-05 3.44E-05 2.29E-05

56-23-5 Carbon Tetrachloride 2.12E-04 1.91E-04 1.70E-04 1.27E-04 1.06E-04 8.48E-05 6.36E-05 4.24E-05

57-12-5 ACdYantiodn EDTA 1.09E-01 9.80E-02 8.71E-02 _ 6.53E-02 5.45E-02 4.36E-02 3.27E-02 2.18E-02

59-50-7 4-Chloro-3- 1.07E-02 9.59E-03 8.52E-03 ,7.65E43 6.39E-03 5.33E-03 4.26E-03 3.20E-03 2.13E-03
nmethylphenol _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

59-89-2 N-Nitrosomorpholine 1.67E-02 1.50E-02 1.34E-02 1.20E-02 1.00-02 8.35E-03 6.68E-03 5.01E-03 3.34E-03

60-29-7 Diethyl ether (ethyl 1.588E-04 1.42E-04 1.27E-04 1.; t14E-04 9.49E-05 7.911E-05 6.33E-05 4.75E-05 3.166E-05
ether)__ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _

621-64-7 N-Nitroso-di-n- 1.89E-02 1.70E-02 1.51 E-02 ,1.35E.02. 1.13E-02 9.43E-03 7.54E-03 5.66E-03 3.77E-03
propylam ine__ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _

666-14-8 Glycolate-IC-Dionex 4.07E+01 3.66E+01 3.25E+01 2.92E+01 2.44E+01 - 2.03E+01 I.63E+01 1.22E+01 8.13E+OO500 ORGACD 24E0 .3+1 16E0 .2+1 81E0

67-64-1 Acetone 1.81E-03 1.63E-03 1.45E-03 L-,13Q,3' 1.09E-03 9.07E-04 7.25E-04 5.44E-04 3.63E-04

67-66-3 Chloroform 1.71E-04 1.54E-04 1.37E-04 ' ,1.232-04 . 1.02E-04 8.53E-05 6.83E-05 5.12E-05 3.411E-05

67-72-1 Hexachloroethane 1.06E-04 9.54E-05 8.48E-05 ,.6iE-05 6.36E-05 5.30E-05 4.24E-05 3.18E-05 2.12E-05

71-36-3 1-Butanol 3.012E-02 2.71E-02 2.41E-02 '2.16E-02 ';, 1.81E-02 1.51E-02 1.21E-02 9.04E-03 6.03E-03

0
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Table E-1 241-C-106 InventoryProjections forVaryingVolumes forRadionuclides. (8 sheets)

4

Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
CAS Constituent Inventory Inventory Inventory inventory inventory inventory inventory inventory inventory

(Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 3595eu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

71-43-2 Benzene 1.13E-04 1.01E-04 9.00E-05 8.08E-05 6.75E-O5 5.63E-05 4.50E-05 3.38E-05 2.25E-05

71-50-1 Acetate by IC-Dionex 4.92E+01 4.43E+01 3.94E+01 3.53E+O1. 2.95E+01 2.46E+01 1.97E+01 1.48E+01 9.85E+00500 col

71-55-6 1,1,1-Trichloroethane 1.60E-04 1.44E-04 1.28E-04 i.l5E-04 9.62E-OS 8.02E-05 6.41E-OS 4.81E-05 3.21E-05

7429-90-5 Aluminum-ICP-Acid 5.33E+02 4.80E+02 4.27E+02 .+0 3.20E+02 2.67E+02 2.13E+02 1.60E+02 1.07E+02Dil.

7439-89-6 Iron-ICP-Acid Dil. 2.89E+02 2.60E+02 2.3 1lE+02 2.07E2 1.73E+02 1.44E+02 1.155E+02 8.66E+01 5.77E+0 I

7439-91-0 Lanthanum-ICP-Acid 3.41E+00 3.07E+00 2.73E+O0O 2.05E+00 1.71E1-00 1.36E+00 1.02E+00 6.82E-01

7439-92-1 Lead-ICP-Acid Dil. 3.58E+01 3.22E+01 2.86E+01 V57 2.15E+01 1.79E+01 1.43E+01 1.07E+01 7.15E+O0

7439-93-2 Lithium-ICP-Acid Dil. 1.58E-01 1.42E-01 1.26E-01 . . 9.46E-02 7.88E-02 6.3 1E-02 4.73E-02 3.15E-02

7439-954 Magnesium-lCP-Acid 9.91E+O0 8.92E+00 7.93E+00 7.11 E+O0, 5.95E+00 4.95E+00 3.96E+00 2.97E+00 1.98E+00
Dil.

_ Manganese-lCP-Acid:- '^:.7439-96-5 D el. 7.66E+02 6.90E+02 6.13E+02 5.50E+02 4.60E+02 3.83E+02 3.07E+02 2.30E+02 1.53E+02
Dil.

7439-97-6 Mercuryby CVAA 2.69E+00 2.42E+00 2.15E+00 1;93E+00, 1.61 E+O0 1.34E+00 1.08E+00 8.07E-01 5.38E-01
____ ____ (PE) with FR A S__ _ _ _ __ _ _ __ _ _ _ __ _ _ _ _

7439-98-7 Molybdenum-ICP-Acid 4.26E-01 3.83E-01 3.41E-01 3.06 I1 2.55E-01 2.13E-01 1.70E-01 1.28E-01 8.5IE-02
Dil.

7440-00-8 Neodyrnium-CP-Acid 1.2E +01 1.+ . +O1 ^ 9 7.54E+00 6.28E+00 5.02E+00 3.77E+00 2.51 E+O0Dil. -13+ i 9. -.

7440-02-0 Nickel-ICP-Acid Dil. 4.21E+01 3.79E+01 3.37E+01 3.02EtOi 2.53E+01 2.1OE+01 1.68E+01 1.26E+01 8.42E+00

7440-03-1 Niobium -ICP-Acid 5.90E+00 5.31 E+O0 4.72E+00 4.24E+;00 0 3.54E+00 2.95E+00 2.36E+00 1.77E+00 1.18E+O0
_ _ _ _ _ _ _ _ _ _ _ D ig e st_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _ _
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory Inventory Inventory Inventory Inventory inventory inventory inventory Inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. '359cu'.ft. : 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

7440-05-3 Palladium -ICP-Acid 9.85E+00 8.87E+00 7.88E+00 ''.7.08S+00 5.91E+O0 4.93E+00 3.94E+00 2.96E+00 1.97E+00
Dil -

7440-09-7 Potassium-lCP-Acid 2.47E1+01 2.22E+01 1.97E+0 i.71''O' 1.48E+01 1.23E+01 9.87E+00 7.40E+00 4.94E+00
Dil.

7440-10-0 Praseodyium-ICP 7.52E+00 6.77E+00 6.02E+00 5.4 O0 4.51 E+00 3.76E+00 3.011E+O0 2.26E+00 I.50E+00
Acid Dilution

7440-16-6 Rhodium -ICP-Acid 3.42E+00 3.07E+00 2.73E+00 2 +. 2.05E+00 1.71E+OO 1.37E+00 1.02E+00 6.83B-O1
Dilution

7440-17-7 Rubidium-lCP-Acid 3.35E+01 3.02E1+01 2.68E+01 2.01E+01 1.68E+01 1.34E+0O 1.0 lE+0l 6.70E+00
Dilution

7440-18-8 Ruthenium I CP-Acid 3.35E+00 3.02E+00 2.68E+00 E 2.01E+0O 1.68E+00 1.34E+00 L.O0E+OO 6.70E-Ol
Dilution

7440-19-9 Samarium-lP-Acid 3.50E+00 3.15E+00 2.80E+00 '2.51E+OO ' 2.10E+00 1.75E+00 1.40E+00 1.05E+00 7.00E-O1
Dil.

7440-21-3 Silicon-ICP-Acid Dil. 2.23E+01 2.O1E+01 1.79E+01 '.60E401: 1.34E+01 1.12E+01 8.93E+00 6.70E+00 4.47E+00

7440-22-4 Silver-ICP-Acid Dil. 1.09E+01 9.84E+00 8.75E+00 7.85E+00 6.56E+00 5.47E+00 4.37E+00 3.28E+00 2.19E+O0O

7440-23-5 Sodium-ICP-Acid Dil. 2.63E+02 2.37E+02 2.1 OE+02 -',1.89E+02 ' 1.58E+02 1.31 E+02 1.05E+02 7.89E+01 5.26E+0l

7440-24-6 Strontium-lCP-Acid 2.55E+00 2.29E+00 2.04E+00 .1L83E+00' 1.53E+00 1.27E+00 1.02E+00 7.64E-01 5.10E-01
Dil.

74-57 Tantalum -ICP-Ac~id '24E16830 13430 .130 67130744025-7 3.35E+00 3.02E+00 2.68E+00 2 44113+O0 2.01 E+O0 1.68E+00 I.34E+00 1.01E+OO 6.70E-I

7440-28-0 Thallium-ICP-Acid Dil. 9.85E+00 8.87E+00 7.88E+00 5.7.07.R+0OS591E+00 4.93E+00 3.94E+00 2.96E+00 1.97E+00

7440-29-1 Tiumion 4.34E+00 3.911E+0 3.47E+00 : 312E-i+40 2.611E+00 2.17E+00 1.74E+00 1.30E+00 8.69E-0O
Dilution

7440-31-5 1Tin -ICP-Acid Dil. 3.351E+00 3.02E3+00 2.68E+00- l2A1~+O O" 2.011E+00 1.681E+00 'I34E+00 l.OIE3+00 6.701E-01

t'3
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)

Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank

CAS Constituent inventory inventory inventory inventory inventory Inventory Inventory Inventory Inventory
CSCnttet(Kg) (Kg) (Kg) -(Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. . 359 cu.f.; 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

7440-32-6 Titanium-lCP-Acid Dil. 5.37E-01 4.83E-01 4.30E-01 3.86E-O1 3.22E-01 2.69E-01 2.1SE-O1 1.61E-01 1.07E-01

7440-33-7 Tungsten-ICP-Acid 6.59E+00 5.93E+00 5.27E+00 4.73E+0O0 3.96E+00 3.30E+00 2.64E+00 1.98E+00 1.32E+O0
Dil.

7440-36-0 Antimony-lCP-Acid 1.66E+00 1.49E+00 1.32E+00 . 9.93E-01 8.28E-01 6.62E-01 4.97E-01 3.31 E-0 I
Dil.IJEO'

7440-38-2 Arsenic-ICP-Acid Dil. 4.02E+00 3.62E+00 3.22E+O0 0 289>+OO: 2.41E+O0 2.011E+O0 1.61E+00 1.21E+O0 8.04E-01

7440-39-3 Barium-ICP-Acid Dil. 2.28E+00 2.05E+00 I.83E+00 '6.g4E,0. 1.37E+00 1.14E+00 9.13E-01 6.85E-01 4.56E-01

7440-41-7 Beryllium-ICP-Acid 7.88E-02 7.10E-02 6.31lE-02 4.73E-02 3.94E-02 3.15E-02 2.37E-02 1.58E-02
Dil.

7440-42-8 Boron-ICP-Acid Dil. 1.66E+00 1.49E+00 1.32E+0 0 9.93E-01 8.28E-01 6.62E-01 4.97E-01 3.31 E-01

7440-43-9 Cadmium-ICP-Acid 2.01 E+O0 1.811E+0 1.61 E+OO ,.E 0, 1.21E+OO l.OlE+00 8.05E-01 6.04E-01 4.02E-0 I
Dil.

7440-45-1 Cerium-ICP-Acid Dil. 7.95E+00 7.15E+00 6.36E+O0 5.71EiOO 4.77E+00 3.97E+00 3.18E+00 2.38E+00 1.59E+OO

7440-47-3 Chromium-ICP-Acid 5.27E+00 4.75E+00 4.22E+00 3.79E+00:- 3.16E+00 2.64E+00 2.11 E+O0 1.58E+00 1.05E+O0
Dii.

7440-48-4 Cobalt-ICP-Acid Dil. 5.24E-01 4.72E-01 4.19E-01 , 3.76E-;01 3.14E-01 2.62E-01 2.101E-01 1.57E-O1 1.05E-01

7440-50-8 Copp'er-ICP-Acid Dil. 3.22E+00 2.90E+00 2.58E+00 - 2.31E+O0 1.93E+00 1.611E+O0 1.29E+00 9.66E-01 6.44E-01

744053-1 Europium 1CP-Acid
7440-53-1 i 8.67E-01 7.80E-01 6.94E-01 6.23E-01 5.20E-01 4.34E-01 3.47E-01 2.60E-01 1.73E-01

7440-61-1 Uranium-ICP-Acid Dil. 4.1OE+00 3.69E+00 3.28E+00 2.94E+O 0 2.46E+00 2.05E+00 1.64E+00 1.23E+00 8.20E-01

Vanadium-ICP-Acid e; .,
7440-62-2 Di. 4.1OE-01 3.69E-01 3.28E-01 2.94E-01 2.46E-01 2.05E-01 1.64E-01 1.23E-01 8.20E-02

Dil.

7440-65-S5 tru IPAi 2.36E3+00 2.131E+00 1.891E+00 - i,.703+O00 1.421E+00 i.818E+00 9.451E-01 7.091E-01 4.73E-01
Dilution

4
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
inventory inventory inventory inventory Inventory Inventory inventory inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.fti 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

7440-66-6 Zinc-ICP-Acid Dil. 2.97E+00 2.67E+00 2.37E+00 2.13+OP00 1.78E+00 1.48E+00 1.19E+00 8.90E-01 5.93E-01

7440-67-7 Zirconium-lCP-Acid 3.89E+00 3.50E+00 3.1 lE+O0 2.79E+0 2.33E+00 1.94E+00 1.56E+00 1.17E+00 7.78E-01Dii.

7440-69-9 Bismuth-ICP-Acid Dil. 4.10E+00 3.69E+00 3.28E+00 2.94EiOO, 2.46E+00 2.05E+00 1.64E+00 1.23E+00 8.20E-Ol

7440-70-2 Calcium-lCP-Acid Dil. 1.64E+02 1.48E+02 1.31lE+02 - 1,18E+0,,O2^' 9.84E+01 8.20E+01 6.56E+01 4.92E+01 3.28E+01

75-01-4 Vinyl Chloride 8.08E-05 7.27E-05 6.46E-05 5.80E-05 4.85E-05 4.04E-05 3.23E-05 2.42E-05 1.62E-05

75-09-2 Methylene Chloride 1.38E-04 1.24E-04 1.1 OE-04 , 9 8 8.26E-05 6.88E-05 5.50E-05 4.13E-05 2.75E-05

75-15-0 Carbon Disulfide 1.66E-04 1.50E-04 1.33E-04 L 9.98E-05 8.32E-05 6.66E-05 4.99E-05 3.33E-05

75-35-4 1,l-Dichloroethene 1.89E-04 1.70E-04 1.51E-04 1.14E-04 9.47E-05 7.57E-05 5.68E-05 3.79E-05

75-69-4 Trichlorofluoromethane 1.68E-04 1.51E-04 1.34E-04 1.OlE-04 8.39E-05 6.71E-05 5.03E-05 3.36E-05

1,1,2-Trichloro-1 ,2,2-76-13-1 Triloroe1,ae 1.80E-04 1.62E-04 1.44E-04 1.29E4 1.08E-04 9.00E-05 7.20E-05 5.40E-05 3.60E-05
trifluoroethane ,.;,^,,,,, ,,,s,

7704-34-9 Sulfur-ICP-Acid Dil. 1.82E+00 1.63E+00 1.45E+00 'A.30E+O6, 1.09E+00 9.08E-01 7.26E-01 5.45E-01 3.63E-01

7723-14-0 Phosphorus-lCP-Acid 4.1OE+01 3.69E+01 3.28E+01 2.94B+01, 2.46E+01 2.05E+01 1.64E+01 1.23E+01 8.20E+00Dil.

7782-49-2 Selenium-ICP-Acid Dil. 4.1 OE+00 3.69E+00 3.28E+00 2.94E,-IOO 2.46E+00 2.05E+00 1.64E+00 1.23E+00 8.20E-01

78-83-1 Isobutanol 4.01E-02 3.61 E-02 3.211E-02 ,2.8,-02,' 2.41E-02 2.01 E-02 1.611E-02 1.20E-02 8.03E-03

78-93-3 2-Butanone 6.23E-04 5.61E-04 4.99E-04 , 4.4,,8E,-,,04' 3.74E-04 3.12E-04 2.49E-04 1.87E-04 1.25E-04

79-00-5 1, 1,2-Trichloroethane 1.188E-04 1.06E-04 9.40E-05 8,44E-05, 7.05E-05 5.88E-05 4.70E-05 3.53E-05 2.35E-05

79-01-6 Trichloroethene 2.26E-04 2.04E-04 1.81lE-04 ^'.63E-04 1.36E-04 1.13E-04 9.05E-05 6.79E-05 4.53E-05

79-34-5 2,2- 1.18E-04 1.06E-04 9.411E-05 8.45E45 - 7.06E-05 5.88E-05 4.711E-05 3.53E-05 2.35E-05
Tetrachloroethane

79-46-9 2-Nitropropane 2.81E-04 2.53E-04 2.25E-04 12.02E:O4 1.69E-04 1.41E-04 1.13E-04 8.44E-05 5.63E-05

-4
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)

Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
inventory Inventory inventory Inventory Inventory inventory Inventory inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

83-32-9 Acenapbthene 3.33E-02 2.99E-02 2.66E-02 % 2.39E-0;2, 2.OOE-02 1.66E-02 1.33E-02 9.98E-03 6.65E-03

84-74-2 Di-n-butylphthalate 5.93E-03 5.33E-03 4.74E-03 4.26E03' 3.56E-03 2.96E-03 2.37E-03 1.78E-03 1.19E-03

85-68-7 Butylbenzylphthalate 5.90E-03 5.31 E-03 4.72E-03 4.24EW03 i 0 3.54E-03 2.95E-03 2.36E-03 1.77E-03 1.18E-03

87-68-3 Hexachlorobutadiene 7.39E-03 6.65E-03 5.91E-03 5.31E-03", 4.44E-03 3.70E-03 2.96E-03 2.22E-03 1.48E-03

87-86-5 Pentachlorophenol 1.45E-02 1.30E-02 1.1 6E-02 -*1.04E-02' 8.69E-03 7.24E-03 5.79E-03 4.35E-03 2.90E-03

88-06-2 2,4,6-Trichlorophenol 1.63E-02 1.47E-02 1.30E-02 %1.17E42 9.77E-03 8.14E-03 6.5 1E-03 4.89E-03 3.26E-03

88-75-5 2-Nitrophenol 3.44E-02 3.1OE-02 2.75E-02 4 2.07E-02 1.72E-02 1.38E-02 1.03E-02 6.88E-03

91-20-3 Naphthalene 1.34E-02 1.20E-02 1.07E-02 8.02E-03 6.68E-03 5.35E-03 4.01E-03 2.67E-03

95-47-6 o-Xylene I.OOE-04 9.OOE-05 8.OOE-05 7 6.00E-05 5.00E-05 4.00E-05 3.00E-05 -O5

95-48-7 2-Methylphenol 5.66E-02 5.09E-02 4.52E-02 3.39E-02 2.83E-02 2.26E-02 1.70E-02 1.13E-02

.95-50-1 1,2-Dichlorobenzene 2.99E-02 2.69E-02 2.39E-02 2.15E-02'; 1.80E-02 1.50E-02 1.20E-02 8.98E-03 5.99E-03

95-57-8 2-Chlorophenol 2.89E-02 2.60E-02 2.31E-02 2.07E-02 1.73E-02 1.44E-02 E-02 -02 8.67E-03 5.78E-03

95-95-4 2,4,5-Trichlorophenol 1.54E-02 1.39E-02 1.23E-02 1.1 IE-02, 9.24E-03 7.70E-03 6.16E-03 4.62E-03 3.08E-03

98-95-3 Nitrobenzene 1.40E-02 1.26E-02 1.12E-02 l.01E-02^! 8.4lE-03 7.011E-03 5.61E-03 4.21E-03 2.80E-03

ALK Hydroxide 2.25E+00 2.25E+00 2.25E+00 2.25E+00; 2.25E+00 2.25E+00 2.25E+00 2.25E+00 2.25E+00
Notes:

CVAA = Cold vapor atomic absorption.
EDTA = ethylenediaminetetracaetic acid.

FIAS = Flow Impedance Analysis System.
ICP = inductivcly-coupled plasma.

N/A = not applicable.
PCB = polychlorinated biphenyl.

o0
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Table E-2. 241-C-106 Inventory Projections for Varying Volumes for Nonradionuclides. (3 sheets)

Total Total Total Total Total Total Total Total Total
tank tank tank tank tank tank tank tank tank

CAS Constituent inventory inventory inventory inventory Inventory inventory Inventory inventory inventory
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Cl) (Ci)

500 cu.ft. 450 cu.ft. 400 cu.ft. ' 359,cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

N/A Actinium-228 by GEA 1.08E+02 9.76E+01 8.67E+01 ' 7.78E+01 6.50E+01 5.42E+01 4.34E+01 3.25E+01 2.17E+O1

Am-241 by TRU-SPEC Resin
N/A lonEx 9.1OE+O1 8.19E+01 7.28E+01 6.53E+01. 5.46E+01 4.55E+01 3.64E+01 2.73E+01 1.82E+O1

N/A Antimony-125 by GEA 8.83E+01 7.95E+01 7.07E+01 6.34E+oi'., 5.30E+01 4.42E+01 3.53E+01 2.65E+01 1.77E+O1

N/A C-14 Small Volume 1.15E-02 1.03E-02 9.18E-03 ,8.24E-03 6.89E-03 5.74E-03 4.59E-03 3.44E-03 2.30E-03'

N/A Ce/Pr-144 by GEA 3.84E+02 3.46E+02 3.07E+02 '2.76E+02', 2.311E+02 1.92E+02 1.54E+02 1.15E+02 7.69E+O1

N/A Cesium-134 by GEA 2.42E+01 2.18E+01 1.94E+01 1'.L4E+01- 1.45E+01 1.21E+01 9.69E+00 7.27E+00 4.85E+O0

N/A Cesium-137 by GEA 2.02E+03 1.81E+03 1.61E+03 1 1.21E+03 l .O1E+03 8.06E+02 6.05E+02 4.03E+02

N/A Curium-243/244 l.05.E+0l 9.47E+00 8.42E+00 - 6.31E+O0 5.26E+00 4.21E+00 3.16E+00 2.10E+O0

N/A Cobalt-60 by GEA 2.51E+01 2.26E+01 2.0iE+01 1¶gE,, l.51E+01 1.26E+O1 1.O1E+O1 7.54E+00 5.03E+O0-

N/A Europium-152byGEA 8.74E+01 7.87E+01 6.99E+01 *'ffi;7TOT 5.24E+01 4.37E+01 3.50E+01 2.62E+01 1.75E+Ol

N/A Europium-154 by GEA 1.31E+02' 1.02E+02 9.06E+O1 wSA3E+0f 6.79E+01' 5.66E+01 4.53E+01 3.40E+01 2.26E+O1

N/A Europium-155 by GEA 1.09E+02 9.77E+01 8.69E+01 7.80E+-iO1 - 6.52E+01 5.43E+01 4.34E+01 3.26E+01 2.17E+O1

Iodine-129 Waste Tank
N/A Samples 8.80E-04 7.92E-04 7.04E-04 ,6.32E-04. 5.28E-04 4.40E-04 3.52E-04 2.-04 04 1.76E-04-

N/A Neptunium-237 by ICP/MS 7.40E-02 6.66E-02 5.92E-02 '5.3 1,E-021; 4.44E-02 3.70E-02 2.96E-02 2.22E-02 1.48E-02

N/A Nickel 63 1.02E+02 9.14E+01 8.13E+01 ,7.30E+gtO . 6.10E+01 5.08E+01 4.06E+01 3.05E+01 2.03E+O1

N/A Niobium-94 by GEA 2.62E+01 2.35E+01 2.09E+01 1.88E.0t OF 1.57E+01 1.31 E+O1 1.05E+01 7.85E+00 5.23E+O0

Pu-238 by TRU-SPEC Resin
N/A lonEx 3.77E+00 3.39E+00 3.02E+00 '2.71B+0,0,' 2.26E+00 1.88E+00 1.51lE+OO 1.13E+00 7.54E-01

Pu-239/240 by TRU-SPEC
N/A Resin 2.84E+01 2.55E+01 2.27E+01 2.04E+01. 1.70E+01 1.42E+01 1.13E+01 8.51 E+O0 5.67E+OO

N/A Radium-226 by GEA 5.80E+02 5.22E+02 4.64E+02 4.17E+02; 3.48E+02 2.90E+02 2.32E+02 1.74E+02 1.16E+02

N/A Ru/Rh-106 by GEA 4.70E+02 4.23E+02 3.76E+02 '3.37E+02, 2.82E+02 2.35E+02 1.88E+02 1.41lE+02 9.40E+O1

N/A Selenium-79 by Liquid Scint. 1.34E-02 1.20E-02 1.07E-02 9.59E-03. ' 8.02E-03 6.68E-03 5.34E-03 4.01E-03 2.67E-03

0
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Table E-2. 241-C-106 Inventory Projections for Varying Volumes for Nonradionuclides. (3 sheets)
Total Total Total Total Total Total Total Total Total
tank tank tank tank tank tank tank tank tank

CAS Constituent inventory inventory inventory inventory inventory Inventory Inventory inventory inventory
(Ci) (Ci) (Ci) (Ci) (CI) (Cl) (Cl) (Ci) (Ci)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 Cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

N/A Strontium-89/90 High Level 9.2 1E+04 8.29E+04 7.36E+04 '6.61E+04N 5.52E+04 4.60E+04 3.68E+04 2.76E+04 1.84E+04

Tc 99 by ICP/MS Acid
N/A Addition 2.30E-01 2.07E-01 1.84E-01 1.65-01' 1.38E-O1 .151SE-OI 9.19E-02 6.89E-02 4.60E-02

N/A Thorium-230 by ICP/MS 1.23E-03 1.11 E-03 9.83E-04 8.82EU04 7.37E-04 6.14E-04 4.91E-04 3.69E-04 2.46E-04

N/A Thorium-232 by ICP/MS 7.8 1E-04, 7.03E-04 6.25E-04 , 5.6i1E04 ' 4.69E-04 3.9 1E-04 3.133E-04 2.34E-04 1.56E-04:

N/A Tritium By Lachat 1.42E-02 1.28E-02 1.14E-02 MM1.02E.02 8.53E-03 7.11 E-03 5.69E-03 4.27E-03 2.84E-03

Uranium-233 by ICP/MS Acid __

N/A Add 2.55E-03 2.29E-03 2.04E-03 1.53E-03 1.27E-03 1.02E-03 7.65E-04 5.1 OE-04

Uranium-234 by ICP/MS Acid
N/A Add 1.32E-03 1.19E-03 1.0-03 03 8j-04 7.92E-04 6.60E-04 5.28E-04 3.96E-04 2.64E-04

Uranium-235 by ICP/MS Acid
N/A Add 5.39E-05 4.85E-05 4.31E-05 '.87E 3.23E-05 2.70E-05 2.16E-05 1.62E-05 1.08E-05

Uranium-236 by ICP/MS Acid
N/A Add 2.41E-05 2.17E-05 1.93E-05 .73E-05 1.45E-05 1.20E-05 9.64E-06 7.23E-06 4.82E-06

Uranium-238 by ICP/MS Acid
N/A Add 1.26E-03 1.133E-03 I.O1E-03 '9.04E,-,04- 7.56E-04 6.30E-04 5.04E-04 3.78E-04 2.52E-04

N/A Pu-241 5.53E+01 4.98E+01 4.42E+01 -3.97E+O1. 3.32E+01 2.77E+01 2.21E+O1 1.66E+O1 1.11 E+O1

N/A Pu-239 2.34E+01 2.1 OE+OI 1.87E+01 :,1.68E+01, 1.40E+01 1.17E+01 9.35E+00 7.01E+00 4.67E+O0

N/A Pu-240 4.99E+00 4.49E+00 3.99E+00 :3.58E+00<, 2.99E+00 2.49E+00 1.99E+00 1.50E+00 9.97E-01

N/A Cm-242 2.20E-01 1.98E-01 1.76E-01 '?1.58E-O1O 1.32E-O1 1.1 OE-O1 8.78E-02 6.59E-02 4.39E-02

N/A Cm-243 4.21E-01 3.79E-01 3.37E-01 13.02E-O1 . 2.52E-01 2.10E-01 1.68E-01 1.26E-01 8.42E-02

N/A Cm-244 1.01E+01 9.09E+00 8.08E+00 7.25E+00 6.06E+00 5.05+00 4.04E+00 3.03E+00 2.02E+00

N/A Thorium-228 8.01E-04 7.2 lE-04 6.4 1E-04 '5.75E.04: 4.80E-04 4.00E-04 3.20E-04 2.40E-04 1.60E-04

0

t~.)

-J1

0-



Table E-2. 241-C-106 Inventory Projections for Varying Volumes for Nonradionuclides. (3 sheets)
Total Total Total Total Total Total Total Total Total
tank tank tank tank tank tank tank tank tank

CAS Constituent inventory inventory Inventory inventory inventory inventory inventory Inventory inventory
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Cf) (Ci) (Cl)

500 cu.ft. 450 cu.ft. 400 cu.ft.3cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

Notes:
GEA = Gamma energy analysis.

ICP/MS = Inductively coupled plasma mass spectrometer.
N/A = not applicable.
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APPENDIX F

PAIR COMPARISON ALTERNATIVE ANALYSIS
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umNurnericali Evioiuattiorno SUMMMM R~E ARiEVAATION *OMMMMO M-*E01I1j1IE ... 11"-1- DESCRIPTION j kW IUE ______

ITAI b3 I c5 al 93 | al | A COSt 2 5
igi cS di e3 1i 1I Schedule 3 7

Id c5 c3 c5 C Rlsk to Workers 23 53
IDI 03 i1 F D Ease of Implementation and Confidence In Technical Success 1 2

VE4 e3 IES Risk to Human Health and Environment 12 28
IMPORTANCE _ _ tImpacts to Mission; Resources, DST Space, Opportunity Costs, etc. 2 5

.3 =Moderate*yWm r
I =cminmaltymore

43 100
-3.11 I , : 9.

. . . CD
I I . III. , , . I

. � I . - - I--DEFINITIONS

It

A. Cost of the Alternative Includes al iife-cypol facets of boe alternative. A Wper vae on the subsequent rating matrix means the total cost for hstaing, operatfig, and demoblization of the
particular tednology is less than other technologies that are behg considered. A Ngher value on the subsequent rating matix means the cost for the parfctAar techologyls lower than the
other alternatives being compared and that the toW estimated cost contains a higher level or confidence for completing within the Indicated estimate to complete.

B. Schedule for each alternative cludes all life-cyde facets of fte alternative. A hM"er value on the subsequent rating matrix means the total duration for instatling, operating, and
demobBlization of the particular technology Is shorter than other technologies that are being considered and ftat the schedule contains a higher level of confidence for achleving the scheduled end
date.

C. Risk to workers Incdudes ALARA considerations for both Industrial (structural, chemical, electrical, etc.) and Radiological Safety and Health. A highervalue on the subsequent rating matrx
means lower risk to the worker for Implementing that particular technology.

D. Ease of Implementation refers to the level of difficulty that each alternative may Include when Instaling, operating, and demoblizng equlpment Inshrunents, etc- It also includes te level of,
project and techical risk assoclated with implementafion. A higher value on fte subsequent rating mabix means comparatively less dffictity for knplementkg and less rlsk for that particular
alternative.
E. The Risks to the public or non-occupational personnel. Usually for near-term or long-term releases to the alr or surroudng soils that account for the potental risk to fte environment A
higher value on the subsequent rating matrix means comparatively lower risk to the public for that particular alternative.

F. Impacts of each alternative that could divert or delay other activites or programs that would otherwise be completed. A higher value on the subsequent rating matrix means comparatively
lower Impacts for that particular altemative.

Note: The analysis was supported by subject matter experts from the DOE Office of River Protection and CH2M HILL
Hanford Group, Inc. 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.
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APPENDIX G

MODIFIED SLUICING RETRIEVAL EFFICIENCY EVALUATION
FOR TANK 241-C-106
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