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EXECUTIVE SUMMARY

This Retrieval Data Report presents information showing that waste stored in single-shell

tank 241-C-101 (C-101) was retrieved by two waste retrieval technologies, each to its respective
limits of technology. Tank C-101 was retrieved using modified sluicing with double-shell tank
supernate and high-pressure water technologies deployed by two Extended Reach Sluicing
System platforms as described in the Tank Waste Retrieval Work Plan (RPP-22520, “241-C-101
and 241-C-105 Tanks Waste Retrieval Work Plan,” Revision 7) approved by the State of
Washington Department of Ecology on February 23, 2012. The residual volume in tank C-101
according to RPP-CALC-56434, “Post-Retrieval Camera/CAD Modeling System Waste Volume
Estimate for Tank 241-C-101” was 767 ft*, ~5,740 gal. Since this volume of waste exceeded the
Consent Decree (in Washington v. DOE, Case No. CV-08-5085-RMP [E.D. Wa.

October 25, 2010]) goal of 360 ft?, the U.S. Department of Energy, Office of River Protection
submitted RPP-55849, “Practicability Evaluation Request to Forego a Third etrieval
Technology for Tank 241-C-101" on February 18, 2013, in accordance with Appendix C, Part 1,
of the Decree. The ¢ *: of Washington Department of Ecology approved this request on
August 20, 2014 (Letter 14-NWP-164, “Re: Response to U.S. Departme=* ~€ F=~=~"g

Letter 14-TF-00  dated February 18, 2014, "Request for V 1! sent
Ecology Agreement that the U.S. Department of Energy, Oftice or Kiver Protection may Forego
Implementing a Third Retrieval Te nology in Tank 241-C-101"").

This Retrieval Data Report also presents an updated post-retrieval risk assessment, provides
details on the technologies deployed and their respective performance during the waste removal
campaign, and describes measures taken to prevent and detect leaks during waste retrieval
operations.

The tank C-101 modified sluicing waste retrieval campaign began December 10, 2012 and
suspended on September 12, 2013, after reaching the respective limits of technology for
modified sluicing and high-pressure water waste retrieval technologies. The tank C-101 waste
that was retrieved was transferred to double-shell tank 241-AN-101.

RPP-55849 was then developed to assess whether a third waste retrieval technology should be
implemented at tank C-101. RPP-55849 was issued in January 2014 and concluded that the
two waste retrieval technologies deployed at tank C-101 had each een deployed to their
respective limits of technology, and that a further waste retrieval technology was not practicable
as that term is used in Appendix C, Part 1, of the Consent Decree.

The tank C-101 leak detection, monitoring, and mitigation program during retrieval operations
used high-resolution resistivity techniques along with readings from a combination of drywell
moisture measurements, waste volume assessments (mass balances), and visual inspection to
detect, prevent, and control potential leaks. No leaks were detected during tank C-101 retrieval
operations.

Subsequent measurement of the residual waste in tank C-101 using topographical mapping
survey techniques in accordance with RPP-23403, “Single-Shell Tank Component Closure Data
Quality Objectives” estimated ti  the volume of waste remaining in tank C-101 was 752 ft?
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(95% upper confidence level of waste volume, RPP-CALC-56434, RPP-RPT-58803,
“Tank 241-C-101 Residual Waste Inventory Estimates for Comp« ent Closure Risk
Assessment”).

The inventory of constituents in the residual waste remaining in tank C-101 was determined by
laboratory analysis of waste samples taken after the implementation of the second retrieval
technology to the limits of technology as described in Appendix C, Part 1 of the Consent Decree
and an assessment was conducted that determined that the implementation of a third technology
was not -acticable. The risk assessment for the residual waste in tank C-101 based on sampling
analysis shows that for : groundwater pathway, the estimated dose impacts (representing risk)
for tank C-101 were well below current performance objectives. For a inadvertent intruder
scenarios other than the suburban garden scenario (a sensitivity case) at 100 years after closure,
ti estimated dose impacts for tank C-101 were well below current performance measures

(i.e., 500 mrem for acu exposure and 100 mrem/yr for ¢© Hnic exposure). Dose impacts from
the suburban garden scenario were the highest for all the chronic ire scen s and
exceeded this performance measure at 100 years. However, the estimated doses were below the
performance measure of 100 mrem/yr for chronic exposure by 200 years post-closure.

i
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1.1  PURPOSE

This Retrieval Data Report (RDR) provides information required by Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1989) (HFFACQO) Milestone M-045-86. The
report documents the following aspects of tank C-101 retrieval:

e Residual tank waste volume measurement, including associated calculations
e The results of residual tank waste characterization

e Retrieval technology performance documentation

e DOE’s updat -+ e risk asse it

¢ Opportunities and actions being taken to refine or develop tank waste retrieval
technologies based on lessons learned

e Leak detection monitoring and performance results.

This report also references a discussion on the Practicability Evaluation Request to Forego a
Third Retrieval Technology (RPP-55849).

1.2 EGULATORY REQUIREMENTS

Retrieval of waste from tank C-101 and submittal of this RDR are necessary requirements for
closing the Hanford SST system. The HFFACO Milestone M-045-86 provides in part:

Submit a retrieval data report to Ecology for the 19 tanks retrieved under the
Consent Decree in Washington v. DOE, Case No. 08-5085-FVS, which report
shall include the following elements only of Section 2.1.7 of Appendix I to the
HFFACO:

1) Residual tank waste volume measurement, including associated
calculations;

2)  The results of residual tank waste characterization;

3)  Retrieval technology performance documentation;

4)  DOE’s updated post-retrieval risk assessment;

5)  Opportunities and actions being taken to refine or develop tank waste
retrieval technologies, based on lessons learned and,

6) LDMM monitoring and performance results.

The Consent Decree in Washington v. DOE, Case No. CV-08-5085-RMP

(formerly CV-08-5085-FVS), Appendix C states that “If the waste residual goal of 360 cubic feet
is not-achieved using the established two technologies, an additional retrieval technology
established in a revised TWRWP [Tank Waste Retrieval Work Plan] shall be deployed to the

1-2
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Section 6, Opportunities discusses recommendations for future actions associated with
tank C-101 and opportunities to refine future waste retrieval operations at other tanks
based on lessons Jearned.

Section 7, Leak Detection, Monitoring, and Mitigation describes leak detection,
monitoring, and mitigation (LDMM) methods and procedures, presents an LDMM

chronology for tank C-101 waste retrieval, and summarizes LDMM results.

Section 8, References contains references for material cited in the report.

1-4
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2.0 SINGLE-SHELL TANK 241-C-101 RESIDUAL WASTE VOLUME
MEASUREMENT

The waste in tank C-101 was retrieved using modified sluicing and high-pressure water
technologies deployed by two ERSS platforms, as described by (RPP-22520, Revision 7).

A description of the retrieval systems and chronology of the retrieval processes may be found in
RPP-55849. Following retrieval, the residual waste volume was determined. This section
presents the residual waste volume measurement process and the results for tank C-101. The
post-retrieval residual waste volume estimate was performed using a method described in
RPP-CALC-56434. The total measured volume of residual waste in tank C-101 was the sum of
volumes remaining in the tank dish, on the tank walls, on the stiffener rings, and in the void
spaces in equipment left in the tank. Since RPP-CALC-56434 was completed, the equations for
actual and upper bound inventories based on Camera/C/# - [computer-aided design] Modeling
System (CCMS) estimates were revi  ~ to reflect  ual and 95% upper confidence level (UCL)
equations.

2.1 “TSIDUAL W/ ! VOLUME ME/ JREME!.. PROCESS

The waste volume measurement approach is summarized in Sections 2.1.1 through 2.1.3 and is
described in RPP-CALC-56434. The Camera/CAD (computer-aided design) Modeling System
(CCMS) method was used to calculate the volume remaining in the tank dish. The waste
volumes remaining on the tank wall, stiffener rings, and in void spaces were estimated using
observation, records, and equipment drawings.

Tank C-101 post-retrieval volumes were previously estimated using Enraf! displacement and
engineering judgment based on video observations (see RPP-CALC-55964, “Estimate of
Residual Waste Volume for Single-Shell Tank 241-C-101”). However, the Enraf displacement

rovided only a preliminary estimate of waste in the tank bottom. As a result, a post-retrieval
CCMS volume estimate was required per RPP-23403, “Single-Shell Tank Component Closure
Data Quality Objectives.”

Retrieval of the tank C-101 hard heel was completed on September 12, 2013. The tank retrieval
was declared complete at the limit of technology on September 11, 2013 with a preliminary
volume estimate of 920 ft* (6,900 gal) of waste remaining based on Enraf displacement and tank
video estimates.

2.1.1 Video Camera/Computer-aided Design Modeling System

The post-retrieval waste volume in the bottom of tank C. )1 (see Figure 2-1) was estimated
using the CCMS method per TFC-ENG-FACSUP-CD-22, “Post-Retrieval Tank Waste Volume
Determination.” The CCMS videos of tank C-101 were recorded on October 3, 2013 from
cameras located in riser 3 and riser § and video was recorded_at heights of ~9 ft, 14 ft, and 19 ft
above the bottom of the tank.

! Honeywell Enraf is a product of Honeywell Process Solutions, Strahlenbergerstr. 110-112, 63067 Offenbach,
Germany.
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3.0 RESIDUAL TANK WASTE CHARACTERIZATION

This section describes the results of residual tank waste characterization for tank C-101.
Presented are the average and upper bounding estimates of residual waste inventory based on
laboratory analysis of waste samples taken after waste retrieval actions were completed. The
calculated inventories are used as input to estimate the potential risk to human health that arises
from the residual waste. This risk assessment is discussed in Section 5.0.

3.1 SAMPLING AND ANALYSIS OF RESIDUAL WASTE
The following documents provide requirements for sampling and analysis of the residual waste:

e RPP-23403, “Single-Shell Tank Component Closure Data Quality Objectives” — This
document describes the sampling and analysis strategy developed by implementing the
data quality objective (DQO) process to ensure appropriate data are collected to support
SST component closure activities.

e RPP-PLLAN-23827, “Sampling and Analysis Plan for Single-Shell Tanks Component
Closure” — This document identifies regulatory requirements for field sampling,
laboratory analysis, and data reporting for residual waste samples to ensure appropriate
data are collected to support SST closure activities.

e RPP-PLAN-59975, “Sampling and Analysis Plan for Post-Retrieval Waste Solids in
Tank 241-C-101" — This tank sampling and analysis plan (TSAP) summarizes the
sampling and analysis requirements in the residual solids DQO. The TSAP provides
additional guidance and clarification for satisfying the requirements. The guidance and
clarification are necessary to address conditions that are specific to tank C-101.

The residual solids appeared to be primarily located in an ~2-in. high band, several feet wide,
located about halfway between the wall and the center of the tank, and circling the center of the
tank in three quadrants (RPP-PLAN-59975). Additionally, an ~3-in. deep pool of standing liquid
was observed at the center of the tank, and much of the northern-most quadrant was devoid of
waste residue. A tank-specific sampling design for the tank C-101 post-retrieval sample event
divided the portion of the tank floor with solid waste into three regions for sampling purposes.
From each of these sampling regions, three samples were planned, for a total of nine grab
samples. The three samples from each region were initially planned to be composited into one
sample of ~450 g.

Representatives from Ecology and DOE-ORP concurred with the sampling design as
documented by approval signatures in RPP-PLAN-59975.

The Off-Riser Sampling System (ORSS) was used to collect waste samples from the desired

locations and to deposit sample material into sample jars in the sample carrier located beneath
the riser. A photograph of an ORSS is given in Figure 3-1.

3-1
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estimated at 731 ft>. The upper bounding estimates for the waste volume components added up
to 751.5 ft>. The estimated error for the total volume may be represented as = 0.028

751.5-731]/731). Using a factor of 2 for a two-sided 95% confidence level based on a normal
distribution with a known variance, the relative standard deviation (RSD) for the total waste
volume was estimated to be 0.014 (0.028/2). This RSD was used to approximate the RSD
associated with the solids volume.

The BBIM tool calculated the inventory RSD using the equation:
RSD?(I) = RSD*(C) + RSD?(D) + RSD?(V)

where RSD?([) is the squared inventory RSD, RSD?(C) is the squared average concentration

RSD, RSD?(D) is the squared average density RSD, and RSDZ(V) is the squared total volume
RSD.

According to RPP-6924, the Student’s t-distribution (or any other probability distribution) is not
applicable for determining a confidence interval for the mean inventory because there are no
degrees of freedom associated with the volume measurement. The 95% UCL inventory was
approximated by the equation:

UCL =T+ 2x]xRSD(])

where [ is the inventory estimate and RSD (i ) is the RSD of the inventory estimate. The factor
“2 times the standard deviation of the estimate” in this ¢ 1ation is analogous to the factor “1.96
times the standard deviation of the mean” for a two-sided 95% confidence interval on the mean
based on a normal distribution with a known variance (in accordance with the BBI process,
which uses a two-sided 95% confidence interval for inventory). The 95% UCL inventories were
calculated using the above equation and the average inventory estimates and associated RSDs
that were calculated by the BBIM tool.

3.4.3 Evaluation of Sample Data Usability

Tank C-101 residual waste solids were sampled using the ORSS, an accepted sampling method
in the DQO (RPP-23403). A sampling design specific to the residual waste in tank C-101 was
developed and documented in the sampling and analysis plan (RPP-PLAN-59975). Sample data
collecte by implementing this design can be used to estimate the mean concer ation and data
uncertainty for constituents of interest. The solids RSDs in Table B-1 represent the uncertainty
in the estimates due to sampling and analysis errors and to the waste variability in the tank.

The 222-S Laboratory maintains a quality assurance (QA) program to ensure data quality. The
waste samples were analyzed according to QA plans established by the program. In addition, the
DQOs specify quality control criteria (e.g., standard recovery, matrix spike recovery, relative
difference between duplicate analyses) that are specific to the closure project. The DQOs also
provide direction for addressing data that do not meet the criteria. Results for most constituents
satisfied the DQO criteria; those that did not meet the criteria were addressed according to the

3-6
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Plutonium isotopes (***Pu, 2*°Pu and 2*?Pu) were calculated from the 23%24°Py analytical
results, using the isotopic distribution ratios (RPP-8847, “Best-Basis Inventory Template
Compositions of Common Tank Waste Layers”).

Curium isotopes (***Cm and 2**Cm) were calculated from the *' Am analytical results,
using the americium/curium isotopic distribution ratios (RPP-8847).

In accordance with RPP-7625, the '*’™Ba inventory is equal to 0.944 times the '3’Cs
inventory and the *°Y inventory is equal to the *°Sr inventory.

The laboratory was not able to measure xylene (m) and xylene (p) separately; therefore,
these compounds were reported as xylene (m&p).

As the name in _ ies, tentatively identified compounds (TICs) from organic analyses
were not identified with certainty. In addition, measured concentrations for these
compounds are only semi-quantitative. Therefore, inventories were not computed for
TICs. O1  TICs that met the TIC evaluation criteria in RPP-23403 and were reported as
a TIC in RPP-RPT-58805 are in Appendix C, Table C-1. The samples contained
numerous alkanes and their alterations to ketones and acids.

Bulk density sample results had a range from 1.14 g/mL to 1.65 g/mL (RPP-RPT-58805)
and a sample mean density of 1.38 g/mL.

INVENTORY ESTIMATES

The average and upper-bounding inventories for the residual solids are shown in Table 3-3. Note
that the symbol “<” indicates the inventory was calculated based on the analytical method
detection limit because the analyte was not detected in the samples. Radionuclide inventories are
decay-corrected to July 1, 2015.

3-8
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The standard sluicer would have had little or no effect on the hard waste surface in tank C-101.
The consistency of the waste surface appeared to be similar to the waste surface in

tanks 241-C-111 and 241-C-112. Without the ERSSs, it is unlikely that much of the hard waste
would have been broken up and the volume of waste retrieved from the tank would have been
very low. Even with the ERSSs, the waste was slow to break up, but the ERSSs were able to
break up the waste.

Leaks in the hydraulic fluid supply lines for the nozzle transverse and elevation operations in
both sluicers occurred during the course of retrieval operations. To minimize leakage, the
hydraulic line connections for the nozzles were disconnected and the ERSS was operated using
the other remaining ERSS positioning functions. The ERSS wrist functions were connected
several times during the remaining operations and reoriented to allow for more efficient retrieval
activities, the hydraulic lines were subsequently disconnected.

A supernatant soak of the hard solids in tank _ 101 was also performed in an attempt to soften
the hard waste surface. On January 22, 2( 3,~42,000 gal of tank AN-101 supernate were
transferred to tank C-101 and the sol . were allowed to soak in the supernate. The supernate
was pumped out on February 20, 2013. However, the supernatant soak appeared to have little
effect on the ability to retrieve the waste.

42  RETRIEVAL SYSTEMS PERFORMANCE

Before modified sluicing began, most of the waste in tank C-101 consisted of a dark-colored
hard crust waste that appeared to be several inches thick. Sluicing ad to penetrate the hard
waste to access the softer waste below. Once the softer waste was accessed, the retrieval
progressed at a steady rate for the first part of the retrieval period. Retrieval efficiency then
began to drop off as the more easily retrieved material was retrieved. Waste piles remained on
the east and west sides of the tank, the areas furthest from the two sluicers. Large chunks of
waste were scattered around the tank bottom and smaller particles and fine solids were easily
pushed across the tank by the sluicers, but not easily suspended and pumped out. The
high-pressure water was able to break up some solids, but did not significantly improve waste
retrieval.

Figure 4-1 shows retrieval system performance (bulk volume of waste retrieved as a function of
the volume of slurry, i.e., solids plus recycled tank AN-101 supernate, transferred from

tank C-101 to tank AN-101). The volume of waste retrieved is estimated from the increase in the
waste volume in tank AN-101 after accounting for water additions and adjusting for void space
in the bulk tank C-101 waste. This method does not account for solids dissolution or liquid
evaporation. Using this method, the volume of waste remaining was estimated to be 9,400 gal
(1,260 ft*). This differs slightly from the liquid displacement method which estimated 6,900 gal
(920 ft). In part because the volume balance does not adjust for evaporation dur g retrieval
operations, the liquid displacement method is considered to be a better estimate of the final waste
volume.

39 of 157
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As in most tanks that have been retrieved by modified sluicing, the rate of waste retrieval was
initially high and began to fall off as the easily retrieved sludge was removed and heavier and
larger waste remained. As shown by the slope of the line in Figure 4-1, the retrieval rate for
tank C )1 wash’ "1 and relatively constant through about the first 47,000 gal of waste retrieved
(~61%). Retrieval rates then slowly began to drop off and approach the limit of technology.

Modified sluicing using the ERSS was performed from December 10, 2012 to Se :mber 11,
2013 in tank C-101. When modified sluicing alone did not appear effective in retrieving more
material, high-pressure water was introduced to facilitate breakup of larger waste chunks.
High-pressure water was alternated with additional modified sluicing to mobilize and retrieve
any waste pieces and fines.

The waste remaining in the tank includes a pool of liquid in the center of the tank. A thin layer
of fine sol" ' covers almost all of the tank bottom. Piles of solids, a mix of dark- and
light-colored “cobble,” are located along the knuckle of the tank. The largest piles are in the
southwest and southeast quadrants of the tank. Smaller piles are located on the north and
northwest areas of the knuckle. Larger, light-colored chunks of waste are scattered about the
tank floor.

Table 4-1 displays the volume percent of solids in the retrieved bulk waste for the amount of
slurry transfer | for the last three months of the tank C-101 retrieval operation. Table 4-1
shows that, starting in mid-August 2013, the volume percent of solids in the slurry had decreased
to ~0.02%; therefore, the concentration of SST waste in the retriev  slurry sent to the DST is
within or bracketing a 0 to 0.6 volume percent range for three operating periods, effective
September 11, 2013.

All reasonable efforts to enhance the effectiveness of the waste retrieval system have been
attempted. An attempt to soften solids by soaking the solids with tank AN-101 supernate,
performed between January 22 and February 20, 2012, did not improve waste retrieval rates.

At the end of modified sluicing in tank C-101, waste had been mobilized and retrieved from the
areas under the sluicers and the center of the tank. In these areas, the tank bottom was either
exposed or covered by loose solids. Most of the solids that still remained were in the areas near
the tank wall. Attempts were made to spray the tank wall and stiffener rings, and the liquid was
able to reach these areas; also, the same operation was performed using high-pressure water.
However, little to no reduction in the waste on the wall and stiffener rings was observed, even in
the areas closest to the sluicer.

As a result, DOE-ORP concluded that modified sluicing/high-pressure water retrieval had been

deployed to the limit of technology (RPP-57570, “Retrieval Completion Certification Report for
Tank 241-C-1017).

4-4
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4.2.1 Waste Retrieval Efficiency

The preliminary estimate for the tank C-101 modified sluicing technology indicated that the rate
of waste retrieval would require 3,300,000 gal of slurry to transfer the estimated 67,300 gal of
tank C-101 waste to tank AN-101. In the first 500,000 gal of the slurry pumped from

tank C-101, over half of the waste stored in tank C-101 was transferred to tank AN-101, at the
expected rate. However, when about one third of the forecasted slurry volume had been
transferred (1,000,000 gal) to tank AN-101, the tank C-101 waste retrieval rate become

insign cant.

The h  -pressure water was able to break up some of the large pieces of solids in the tank.
However, it was only effective at close range. Large pieces of solids were not easily moved with
the sluicers and a relatively small volume of waste was broken up by the high-pressure water.

As a result, only ~800 gal of additional waste retrieval was achieved using over 6,000 gal of
high-pressure water and 500,000 gal of supernate for sluicing.

A reasonable efforts to enhance the effectiveness of the waste retrieval system have been
attem; d. An attempt to soften solids by soaking the solids with tank AN-101 supernate,
performed between January 22 and February 20, 2012, did not improve waste retrieval rates.
Toward the end of retrieval operations, hydraulic lines to the ERSS nozzles were briefly

recon. ted and the nozzle angles were optimized to help move solids from the waste pile
toward the opposite sluicers where high-pressure water could be used on the waste solids.

¢ 1icing and high-pressure water washing of the tank walls and stiffener rings was attempted to
remove adhered waste. Visual observations of this attempt showed no significant remov: of the
adher waste.

4.3 CONCLUSION

Based on the information contained in Section 4.2 above, it was concluded that waste retriev:
opera ns were performed to the limits of the modified sluicing technology. At that time the
residual waste volume in tank C-101 was estimated (RPP-CALC-55964) to be 920 ft* (6,900 gal)
RPP-RPT-55573, “Retrieval Completion Report for Modified Sluicing of Tank 241-C-101 Using
Extended Reach Slicing and High Pressure Water,” concluded that retrieval operations were
comp ed to the limits of sluicing and high pressure water retrieval technologies.

A fin. tank C-101 waste volume evaluation, based largely on the tank video CCMS estimate for
the waste volume in SST C-101 as of October 3, 2013, estimated a 95% UCL for the residual
waste volume in tank C-101 of ~6,900 gal (~920 ft*) (see RPP-CALC-56434). A Practicability
Evaluation Request to Forego a Third Retrieval Technology (RPP-55849) determined that the
two retrieval systems implemented in tank C-101 were completed to the limits of their respective
technologies, and that implementation of a third technology was not practicable.

4-6
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5.3 CUMULATIVE ANALYSIS RESULTS FOR SINGLE-SHELL TANK 241-C-101
AND WASTE MANAGEMENT AREA C

The cumulative analysis (i.e., sum of the risk metrics) for tank C-101 residual average and
95% UCL risk levels were calculated and are provided in this section.

¢ Average Inventory—best estimate of the residual waste inventory computed using mean
sample concentrations, mean sample density, and best estimate of the residual volume.

e 95% UCL Inventory—considered the bounding inventory. The 95% UCL of the
average inventory was calculated based on uncertainties associated with the
concentration, vo' e density (for solids) measurc :nts (see ! tion 3.0).

The in s for the lwater p: © vay  ociated with each residual waste inv  ory
evaluatea with a variety of performance metrics. The ILCRs are evaluated for radiological
analytes using the average and 95% UCL inventories and industrial and residential exposure
scenarios. The ILCR and hazard indices are examined for the same inventories using a
residential exposure scenario.

Radiological doses using the same two inventories are also evaluated for an all-pathways farmer
and a drinking water only exposure scenario. Estimated concentration levels of some selected
analytes are also provided and compared against current maximum concentration levels.

A comparison of impacts from the average and the 95% UCL inventories and current
performan:  metrics for ILCR, hazard indices, and maximum concentratic limits are
summarized in Table 5-4.

54 INADVERTENT INTRUDER

The DOE recognizes that an inadvertent intruder may be onsite and not be discovered until after
exposure has occurred. The radiological dose to an inadvertent intruder is therefore estimated as
a part of this risk assessment.

The scenarios considered in this assessment for radiological doses from inadvertent intrusions
included: 1) a well driller scenario that was used as a reference case for acute exposure in
DOE/ORP-2005-01 and 2) a rural pasture scenario that was used as a reference case for chronic
exposure in DOE/ORP-2005-01. This assessment of doses from inadvertent intrusions also
evaluated chronic exposure scenarios that included: 1) a suburban garden scenario and

2) a commercial farm scenario that were used as sensitivity cases for chronic exposure in
DOE/ORP-2005-01.

A summary of doses calculated for each of the intruder scenarios for the average and 95% UCL
inventories remaining at SST C-101 at 100 years and 500 years after closure for tank C-101 are
provided in Table 5-6. A summary of doses calculated for each of the intruder scenarios for the
average and 95% UCL inventories at 100-year intervals between 100 and 1,000 years after
closure for tank C-101 are provided in Table 5-7. Tables and plots of doses related to individual
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tank C-101 above or | ow :cleanup level. A level of exceedance greater than 1 corresponds
to a residual waste concentration greater than the cleanup leve  Tables 5-10 and 5-11 also

i ntify analytes that are dangerous waste constituents per WAC 173-303-9905 and analytes
with concentrations that exceed 90™ percentile bacl  ound concentrations. Expanded lists of
non-radioactive analytes that were not detected are provided in Tables D-10 and D-11 in
Appendix ..

The results for waste residual concentrations estimated for the average residual waste inventory
from detected analytes are briefly summarized below.

e For direct contact under an unrestricted land use scenario, only aluminum, cyanide, and
1 im are above the cleanup levels. Cyanide is listed as a dangerous constituent per
' 173-303-9905.

e For direct contact under an industrial land use scenario, only uranium exceeded their
respective cleanup levels. Uranium had a concentration 17 times greater than the cleanup
levi

e For soil concentrations protective of groundwater, aluminum, cadmium, cyanide, iron,
manganese, nitrate, nitrite, sulfate, tributyl phosphate, and uranium are all above the
concentrations predicted by the MTCA fixed parameter three-phase model. Arsenic had
a concentration two orders of magnitude greater than the concentration protective of

groun vater. Cadmium and cyanide are listed as dangerous constituents per
WAC 173-303-9905.

The results for waste residual concentrations estimated in e 95% UCL residual waste inventory
are briefly summarized below.

e For rect contact under an unrestricted land use scenario, aluminum, cyanide, and
uranium are above the cleam levels. Cyanide is listed as a dangerous constituent per
WAC 173-303-9905.

e For direct contact under an industrial land use scenario, only uranium exceeded the
cleanup levels. Uranium had a concentration 1.9 times greater than the cleanup level.

¢ For soil concentrations protective of groundwater, ¢ ' 1ium, copper, cyanide, iron,
manganese, mercury, nitrate, nitrite, silver, sulfate, t  ityl phosphate, and uranium are
all above the concentrations predicted by the MTCA fixed parameter three-phase model.

Cadmium, cyanide, mercury, and silver are listed as dangerous constituents per
WAC 173-303-9905.
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5.5.2 WAC 173-340 Ecological Risk

WAC 173-340-900, “Tables” includes the following tables:

o 2 749-2, Priority Contaminants of Ecological Concern for Sites that qualify for the
ol ed Terrestrial cologic: Evaluation Procedure

e Table 749-3, Ecological Indicator Soil Concentrations (mg/kg) for Protection of
Terrestrial Plants and Animals.

ach of these tables contains a footnote stating that it is not intended for the purpose of
evaluating sludges or waste, as follows (key statement bolded for this report).

e ° =2749-2, footnc a: “Cautionon susi~~* e chemical concentration numbers.
These values have been developed for use at sites where a site-specific terrestrial
ecological evaluation is not required. They are not intended to be protective of terrestrial
ecological receptors at every site. Exceedances of the values in this table do not
necessarily trigger requirements for cleanup action under this chapter. The table is not
intended for purposes such as evaluating sludges or wastes.

This list does not imply that sampling must be conducted for each of these chemicals at
every site. Sampling should be conducted for those chemicals that might be present
based on available information, such as current and past uses of chemicals at the site.”

e Table 749-3, footnote a: “Caution on misusing ecological indicator concentrations.
Exceedances of the values in this table do not necessarily trigger requirements for
cleanup action under this chapter. Natural background concentrations may be substituted
for ecological indicator concentrations provided in this table. The table is not intended
for purposes such as evaluating sludges or wastes.

This list does not imply that sampling must be conducted for each of these . emicals at
every site. Sampling should be conducted for those chemicals that might be present
based on available information, such as current and past uses of chemicals at the site.”

Because of the limitations stated above, comparisons between the concentrations of waste
constituents remaining in tank C-101 have not been made against Table 749-2 [under

WAC 173-340-7492, “Simplified Terrestrial Ecological Evaluation Procedures,”

subsection (1) “Purpose”] or ible 749-3 [under WAC 173-340-7493, “Site-Specific Terrestrial
Ecological Evaluation Procedures,” subsection (2) “Problem formulation step,” (i) “The
chemicals of ecological concern”].

5-26
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fenceline within the 10,000-year period of interest below concentrations of
1.0E-03 mg/L, did not arrive at the WMA C fenceline within the 10,000-year period of
interest, or did not have available toxicological information.

¢ All-Pathways Dose: °Tc, with a maximum dose rate of 5.5E-03 mrem/yr, and '*C with
amaxim  dose of 1.7E-05 mrem/yr contributed the majority of the radiological dose
for the all-pathways farmer scenario (25 mrem/yr). The contribution from all other
radionuclides, including '?°I and the uranium isotopes, was not detectable in residual
waste samples, arrived at the WMA C fenceline below concentrations of 1.0E-03 pCi/L,
or did not arrive at the WMA C fenceline within the 10,000-year period of interest.

Drinking Water Dose (Target C _an): *°Tc, with a maximum dose rate of

1.4E-02 mrem/yr, and '“C with a maximum dose of 7.0E-05 mrem/yr contributed the
majority of the  liological dose for beta/photon emitters (4 mrem/yr target organ dose).
The ¢ yution to dose from all other radionuclides, including %, and the uranium
isotopes, was not detectable in residual waste samples, arrived at the WMA C fenceline
below concentrations of 1.0E-03 pCi/L, or did not arrive at the WMA C fenceline within
the 10,000-year period of interest.

e Intruder ose: Doses calculated from inadvertent intrusion are primarily attributable to
doses from *°Sr, ’Cs, 2*°Pu, and 2’ Am. The relative contribution and timing of doses
from these radionuclides to the total doses estimated during the 1,000-year period of
analysis depends on the scenario considered. In general, dose contributions from *°Sr and
37Cs typically account for the majority of the dose iring the first 100 to 450 years.
Doses from 2*°Pu and ?*' Am contribute the majority of the dose realized after 200 to
450 years. For both average and 95% UCL inventories estimated for SST C-101, none of
the inadvertent intruder evaluations produce results that exceed the performance
objectives for either acute exposure or chronic exposure after ~300 years following
closure.

As additional risk management information, concentrations of constituents remaining in waste
residui - within tank C-101 are compared against the MTCA cleanup standards. or MTCA
Method B and Method C soil cleanup levels based on human exposure via direct contact or other
exposure pathways where contact with the soil is required to complete the pathway, the point of
compliance shall be established in the soils throughout the site from the ground surface to

15 ft below the ground surface. Under a closure configuration, waste residuals left in tank C-101
and other SSTs in WMA C would be expected to be below 15 ft below ground surface.

For MTCA soil cleanup levels protective of groundwater, the assumption is that constituents of
interest are found in soils and are immediately available to be leached by infiltrating
precipitation. Under a closure configuration, constituents associated with waste residuals left in
tank C-101 and other SSTs in WMA C would be contained within a grout-filled tank, a steel tank
liner, and an underlying concrete pad below the liner and would not be immediately available for
leaching by infiltrating water.
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o Comparison of the HTWOS estimated inventories and post-retrieval inventories for
analytes important to assessing inadvertent intruder impacts are as follows:

(@)

Post-retrieval inventories for **Sr are ~1.1 to 1.6 times greater than HTWOS
estimates for *°Sr

Post-retrieval inventories for 1*’Cs are 1.6 to 1.9 times less than the HTWOS
inventory estimates for '3’Cs

Post-retrieval inventories for 2*2Th are ~8.3 to 25 times greater than the HTWOS
estimates for 2*?Th

Post-retrieval inventories for the plutonium isotopes are 2.3 to 19.9 times less than
the :in 2 HTWOS estimate

Post-retrieval inventories for 2! Am are ~5.8 to 7.5 times less than those in the
HTWOS estimate

Post-retrieval inventories for the uri  um isotopes range from approximately
4,800 times less than (***U) to approximately equal to (**U, 25U, 236U, 2381)) the
HTWOS inventory.

5-30
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6.2 PRACTICABILITY EVALUATION REQUEST

The Practicability Evaluation Request (RPP-57570) was done to assess whether a third waste
retrieval operation should be implemented at tank C-101. The Practicability Evaluation Request
concluded that the two waste retrieval technologies deployed at tank C-101 were operated to the
limits of the technology, and that a further v ‘e removal operation was not practicable as that
term is used in Appendix C, Part 1, of the Consent Decree. The Practicability Evaluation
Request concluded that the incremental reduction in inventory and risk would have been
relatively small, even if the retrieval operation had been successful. The incremental increase in
worker exposure, duratic  of field activities, potential delay in subsequent retrieval activities,
and cost, are similar to those expected from other hard heel removal operations and outweigh
whatever level of success may have resulted from installation. 1 operation of a third retrieval
technology.

Therefore, the practicability evaluation determined that deployment of a third technology into
tank C-101 was not practicable (identified as caustic dissolution). To further support this
prognosis, the resulting waste residual sample showed that the waste was comprised mostly of
calcium, iron, and heavy metals that would not be as susceptible to caustic dissolution as
aluminum compounds.

6.3 OTHER POTENTIAL ENHANCEMENTS

Use of the same riser for the camera and light resulted in wrapping the camera around the light
and limiting or impacting camera mobility. Use of separate risers for each camera should be
considered for future retrievals.

Volume balance results need to be more consistent and complete. The volume balance estimates
had to be revised and reset several times. The key reasons identified were inaccurate low flow
meter measurements and neglecting evaporation.

a. Before retrieval starts, need to ensure meters are capable of providing, and calibrated for,
accurate low flow meter measurements.

b. Although the original plan was to use little or no water during mechanical removal
(<2 gpm, just enough to prevent plugging of the nozzles), the Mobile Retrieval Tool flow

rate had to be increased to >5 gpm for the flow meter provided to work correctly.

c. When using hot water, evaporation during retrieval is high and must be considered in
volume balance estimates.

The hot water skid was designed for high flow. A better low flow design (e.g., flow meters)
should be considered for future retrievals.

6-2
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6.7  SLUICING EQU MENT A OPERATION

As in most tanks that have been retr  ed by modified sluicing, the rate of waste retrieved is
initially high and begins to fall off as the easier-retrieved waste is removed and heavier and
larger waste remains. The retrieval of tank C-101 remained relatively constant throughout the
sluicing operations, being slightly higher during the initial sluicing operations.

Furthermore, the ERSSs were more effective in moving waste to the pump.

6.8  FINES SLUICING/RINSING WITH WATER

The final step was to rinse the remaining waste to remove the remaining supernate and soluble
and sfy triple rinse requirements of RPP-22: ). With the second technology

being high-pressure water, the residual waste rinse could be modified to follow the wash-down
concept atv  used during the tank 241-C-107 water rise. After supernate was pumped down
to the pump heel in tank C-101, it showed that the actual residual waste volume was significantly
greater than predicted in the flowsheet. In order to assess the volume of residual waste, a waste
volu : displacement measurement was made. Tank C-101 then underwent three water rinses to
remove sol e residual waste. Alll 1id was pumped to am .mum heel between each rinse.

Furthermore, based on the starting inventory of 77,500 gal and the preliminary residual volume
estimate, ~90% of the initial waste in tank C-101 was retrieved to tank AN-101 over the course
of the bulk and heel retrieval campaign.

All reasonable efforts to enhance the effectiveness of the waste retrieval system have been
attempted. Sluicing and washing of the tank walls and stiffener rings was attempted to remove
ac : |waste. Visual observations of this attempt * wed some removal of waste from the
stiffener rings. The walls of the tank have little waste remaining on them as documented in
RPP-CALC-56434.

Post-retrieval analysis of the data resulted in the conclusion that the water addition flowmeter
was reading ~20% high. When this correction was introduced to the data, the material balance
results became q itatively consistent with other indications of performance of waste retrieval in
the tank, i.e., the video and material balance agreed as to when positive retrieval was
experienced. This adjustment also showed that there may have been some waste dissolved
during the final rinsing of the tank with >t water.

6-4
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Section 4.0 of OSD-T-151-00031, “Operating Specifications for Tank Farm Leak Detection and
Single-She Tank Intrusion Detection.”

Dailv liquid level measurements were recorded for the receiving DST. The Enraf gauge was
cap: e of measuring liquid level changes to a precision of 0.1 inch.

During waste retrieval there was no evidence of a release from DST AN-101 based on results of
liquid level monitoring. The DST AN-101 liquid level increase cor  ponded with the material
balance results for tank C-101.

7.2.3.2 Leak Detection. Tank AN-101 was monito | for leaks in the inner shell by a
conductivity probe leak detection system installed in the tank annulus during tank construction.
Slots cut in the concrete that support the tank at the bottom were designed to drain any leakage to
the annulus Hor. Enraf assemblies in the annulus would have activated an audible alarm and an
annunciator panel light in the event ¢ iquid leaking to the annulus so that mitigation could have
begun. Throughout the tank C-101 waste retrieval can aign, no leaks were detected by any of
the leak detectors DST AN-101.

7.2.3.3 Radiation Monitoring. A continuous air monitor operated to detect airborne
radionuclides entrained in the ventilation exhaust stream of the annulus of DST AN-101.
Detection of radiation exceeding a set limit in the annulus of the DST would have activated an
audible alarm and an annunciator panel light, initiating mitigative action.

The continuous air monitor for the DST AN-101 annulus detected no radiation levels above
background during retrieval that could have been attributed to leak-induced airborne
radionuclides.

7.2.4 Ancillary Equipment

Leak detectors were installed in the valve pits to detect the presence of liquid through
conductivity, which would have activated alarms and shut down the WRS.

In accordance with RPP-12711, the hose-in-hose transfer line system underwent radiation
monitoring and was equipped with leak detectors as part of the leak detection program.

7.3  MITIGATION

Leak mitigation was accomplished through design features and the operational strategy
developed for the retrieval system. Mitigation included actions that reduced the chance of a leak
and = environmental impact of a leak should one have occurred. Potential leaks were
proactively prevented and minimized throughout the waste ret :val operations.
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The mitigative approach was implemented to ensure that potential leakage from tank C-101 was
monitored at all times. Key mitigative actions which would have been taken in the event of a
leak are described in the Tank Waste Retrieval Work Plan (RPP-22520), Sections 4.6.2 and
5.3.

7.4  CONCLUSION
Based on the available data (presented in Sections 7.2 and 7.3), no evidence of a tank leak
occurred during tank C-101 waste retrieval operations. The tank C-101 LDMM program focused
on a mitigation strategy to successfully control potential leaks. This strategy inclu :d the
followi

a. Minimize residual tank waste.

b. Minimize in-tank water use.

¢. Minimize standing liquid pools in the tank.

d. Control and monitor additions of wat

e. Visually monitor tank conditions and retrieval operations.

f. Retrieve from the center of the tank out to minimize water accumulation around the tank
knuckle.

T : goal of the LDMM program for tank C-101 as set forth in RPP-22520 was achieved.

7-8
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in Support of Tank Closure,” Rev. 1, Washington River Protection Solutions, LLC,
Richland, Washington.

RPP-RPT-58828, 2015, “241-C-101 Tank Waste Retrieval Project Final Report of Drywell
Monitoring Data (HGLP-MBL-017, Rev. 0),” Rev. 0, S.M. Stoller Corporation, Ri land
Office, Richland, Washington.
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e Tables and plots of doses from a suburban garden scenario for radioactive contaminants
of concern found within the average and 95% UCL inventories estimated for SST C-101
(see Table D-7 and Figure D-3)

e Tables and plots of doses from a commercial farm scenario for radioactive contaminants
of concern found within the average and 95% UCL inventories estimated for SST C-101
(see Table D-8 and Figure D-4).

Table D-9 provides a comparison of the average and 95% UCL concentrations for waste
residuals within tank C-101 against Washington Administrative Code 173-340, “Model Toxics
Control Act — Cleanup” cleanup levels for soil direct contact unrestricted land use (Method B),
industrial land use (Method C), and soil concentrations protective of groundwater.

D-10 a1 D-11 provide additional risk management information related to (average and
95% UCL) concentrations of constituents remaining in waste residuals within tank C-101
cot :d against the Washington Administrative Code 173-. ) cleanup standards. See
Sex 5.5 for additional discussion.

Table D-12 provides information on background concentration levels at the Hanford Site that

have been developed for selected constituents. This is provided to bring additional perspective
in the concentration levels of constituents remaining in residual wastes within tank C-101.
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RPP-RPT-58803, 2015, “Tank 241-C-101 Residual Waste Inventory Estimates for Component
Closure Risk Assessment,” Rev. 0, Washington River Protection Solutions, LLC,
Richland, Washington.

WAC 173-303-9905, “T srous Waste Constituents List,” Washington Administrative Code,
as: ended.

WAC 173-340, “Model Toxics Control Act — Cleanup,” Washington Administrative Code, as
am led.

WAC 173-340-705, “Use of Method B,” Washington Administrative Code, as amended.
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