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1.2 REGULATORY REQUIREMENTS

Retrieval of waste from tank C-104 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;

3) Opportunities and actions being taken to refine or develop tank waste
retrieval technologies, based on lesso.  learned and,

6) LDMM monitoring and performance resullts.

The Tank Waste Retrieval Work Plan (RPP-22393) establishes the two retrieval technologies
that are to be deployed to their respective “limits of technology” in an effort to obtain the
Consent Decree waste residue volume of 360 ft’ or less. The two technologies established by the
Tank Waste Retrieval Work Plan for tank C-104 were deployed to their limits of technology
resulting in a waste residual volume of ~220 ft>, achieving less than the Consent Decree goal.

1.3 DOCUMENT STRUCTURE

This tank C-104 RDR is organized to present information required by Milestone M-045-86 of the
HFFACO Action Plan.

= Section 1, Introduction and Background discusses the purpose and scope of tank C-104
waste retrieval, presents requirements applicable to this report, and outlines the report

structure.

= Section 2, Single-Shell Tank 241-C-104 Residual Waste Volume Measurement describes
the method for determining the volume of residual waste in tank C-104 and presents
results of the volume measurement process.

» Section 3, Residual Tank Waste Characterization lists requirements for characte ation
of tank waste, describes methods and procedures used to sample and analyze the waste,
and describes the results of laboratory analysis.

= Section 4, Retrieval System Performance provides an evaluation of how well the waste
retrieval system (WRS) performed and provides a comparison of actual performance
against predicted performance.

1-2
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Stabilization of Remaining Single-Shell Tanks), the estimated volume of waste on the stiffener
rings =32.1 f* x (1-0.17)= i £ (199 gal).

2.1.3 Estimation of Waste in Equipment

Waste remaining in equipment was negligible compared to other volumes.

2.2 RESIDUAL WASTE VOLUME RESULTS

The total CCMS volume of post-retrieval residual waste in tank C-104 and the waste volumes
associated with the various waste components are given in - Table 2-1. The best estimate for the
total post-retrieval waste volume in tank C-104 is 217 ft* with a 95% upper confidence level
(UCL) of 255 ft’.
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The BBIM used equations from Variance Components (Searle et al. 1992) to estimate the mean
concentration and density and the associated standard deviation for all constituents that had 50%
or more of their reported values greater than the detection limit. These equations compute means
by weighting results based on the variance components. Some constituents had concentrations
that were below the detection limits. In these cases, the analytical method detection limits were
used for calculating the mean concentrations. For a constituent with a majority of the analytical
results below the analytical method detection limit, a simple average of the detection limits was
calculated as if they were the analytical results for the constituent. Note that in accordance with
BBI protocol, the relative standard deviations for non-detected constituents were assi  :d to be
“1” (RPP-6924, Statistical Methods for Estimating the Uncertainty in the Best Basis Inventories).

To calculate the average analyte inventories, the BBIM tool automatically used the mean
concentrations from the samples taken after heel retrieval. The concentration means used by the
BBIM tool tc Iculate the average inventories are provided in Appendix B.

As shown in Table 2-1, ~190.4 fi* of waste was left on the tank floor including a 142.0-ft°
(1,062-; ) pool of liquid and submerged sludge « *P-CALC 4). The vol  :ofthe
submerged sludge was assumed to be half the volume of the pool of liquid in the tank
(RPP-CALC-53365). The volume of solids on the tank bottom is estimated to be 146.0 fi’
(119.4 f + 26.6 ft’ = 146.0 ft°) which is the volume of the solids on the bottom of the tank plus
the solids on the tank wall. There are 7.481 gal per cubic foot and 3.785 L per gallon; therefore,
the solid volume is 4.1 kL [(146.0 x 7.481 x 3.785) x 1/1,000 = 4.1 kL] used for inventory.

3.4.2 Bounding Inventories

The 95% UCL inventory of each constituent was estimated based on a statistical method
described in RPP-6924. This method is based on calculation of the average inventory (see
Section 3.4.1) and a statistical uncertainty (quantified using a standard deviation) for the
inventory. The standard deviation of the average inventory was calculated based on statistical
uncertainties associated with the concentration, volume, and density measurements.

Standard deviations for the mean concentrations (provided in Appendix B) and density were
calculated using the BBIM tool. The standard deviation for waste volume was estimated as

described below,

RPP-CALC-54284 provides estimates of post-retrieval residual waste volumes on the tank
bottom, on the tank wall, in discarded equipment in the tank, and on the tank stiffener  gs (see
Table 2-1). The total waste volume was estlmated at217 ft3 The upper bounding estimates for
the waste volume components added up to 255 ft>. The estimated error for the total volume may
be represented as + 0.175 [(255 - 217)/217]. The upper bounding estimate for the volume
component that makes up the bulk of the waste (waste on the tank bottom) is at the 95% UCL.
Therefore, it was assumed that the error associated with the total volume is also at the 95% UCL.
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 0.088 (0.175/2). This RSD was used to approximate the RSD associated with the solids

volume.
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Inventory Calculation Assumptions and Clarifications

The inventories were calculated in accordance with the BBI creation rules documented in
RPP-7625. The calculation includes the following a mptions and clarifications.

Inventories were generated only for constituents specified in the DQO document
(RPP-23403). Inventories for BBI analytes that are not included in RPP-23403 were not

calculated.

Only data from post-heel remc * samples were used to calculate the inventories.
Inventories of constituents not aetected in the samples w  calculated using the
analytical method detection limits. Therefore, these spev.. inventories are considered

conservative estimates.

Concentration data are available only for solids on the bottom of the tank. Solids on the
tank stiffener ring and the tank wall were not sampled and were assumed to have the
same composition as the solids on the tank bottom.

The volume estimate for the residual waste on the ta1* bottom includes a 142.0-ft>
(1,062-gal) pool of liquid and submerged solids (RP} -CALC-54284). The volume of the
submerged solids was assumed in RPP-CALC-53365 to be half of the volume of the 3pool
of liquids and submerged solids. Using 142.0 ft®, the submerged solids equal 71.0 ft
(142.0 ft’/2). The waste was sluiced and rinsed with water at the end of retrieval;
therefore, the liquid in the tank was assumed to be water (RPP-CALC-53365).

The initial sample physical appearances were noted as heterogeneous and proved difficult
to homogenize. For As Low as Reasonably Achievable reasons, to prevent possible
contamination spread while homogenizing and subsampling, 4 wt% to 10 wt% water was
added to dry appearing samples before analyses (Table 2, RPP-RPT-55185). ..ie
thermogravimetric analysis (TGA) results for subsamples of 4C-13-1 of 371 % to

40 wt% water were much higher than expected. For these subsamples, the TGA analyses
were rerun and still had consistent high wt% water results. A subsample was submitted
for limited analyses that included x-ray diffraction, scanning electron microscopy, and
polarized light microscopy in order to determine if bound water or waters of hydration
was causing the unexpected results. The subsample consisted1 _stly of two major
constituents: gibbsite [AI(OH);] and thermonatrite [Na;CO3°H;0]. Natrophosphate
[Na7F(PO4)2¢19H,0] and cancrinite [NagCayAlsSis024(CO3)*2.2H,0] were identified as
minor phases (LAB-RPT-13-00005, C-104 Solid Phase Characterization of

Sample 4C-13-1 From Tank 241-C-104 Closure Sampling Event). Sample results from
microscopy were inconclusive to determine the cause of high TGA results. The
correction for water of 4% to 10% would be less than the variability introduced by
sample heterogeneity and homogenization issues; therefore, no correction for the added
water is attempted for inventory. The sample mean from all reported results for wt%
water by TGA is 26.6 wt%, with a range of 44 wt% to 15 wt% water.
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Figure 4-1 shows retrieval system performance as a function of the volume of slurry (solids plus
;ycled tank AN-101 sup  ite) sf  d from tank C-104 to tank AN-101. The occasional

decreases in the volume retrieved in Figure 4-1 reflected fluctuations in the tank C-104 liquid

pool volume near the end of the retrieval process. It was not always possible to pump the

tank C-104 liquid pool to the same minimum heel at the end of each operating period.

. .gure 4-1 is annotated to highlight key events during the retrieval process.

Retrieval system performance was tracked by trending the net waste volume increase in the

re ver tank AN-101 after accounting for water additions. This running volume balance did not
distinguish between liquids and solids and did not account for solids dissolution or liquid
evaporation. As the volume retrieved approached the starting waste volume, the estimate of the
volume remaining in tank C-104 by difference became increasingly sensitive to uncertainties in
the starting waste volume estimate because of pore space in the waste and cumulative
measurement uncertainties. Near the end of retrieval, the operating data was adjusted to account
for  aporation and pore space, as shown in the “Adjusted Oy  ting Data” line in Figure 4-1.

Both the sluicing Op¢  ing Data and Adji  :d waste retrieval volumes show the limit of
technology being reached at ~4,000,000 gal of slurry pumped.

The volume of the waste remaining in tank C-104 at the end of modified sluicing was initially
estimated using volume displacement measurements (RPP-CALC-49703). Approximately
25,000 gal of supernate was added to tank C-104 from tank AN-101, and subsequently pumped

out.

Video recordings were also made before, during, and after the supernate addition. At the end of
the sluicing, this information was used to estimate the volume of waste remaining in tank C-104,
below the surface level of the supernat  liquid. Evaluation of the videos was used to estimate
the volume of waste piles protruding above the liquid surface, and waste remaining on tank walls
and stiffener rings. Details of that evaluation are provided in RPP-CALC-49703.

Based on the performance metrics evaluated with the implementation of this technology and
consideration of these other factors, DOE-ORP concluded that the modified sluicing retrieval
technology was deployed to the limit  technology in its use at tank C-104 (RPP-53823,
Retrieval Completion Certification Report for Tank 241-C-104).

As no sampling of the residual waste was conducted after modified sluicing, RPP-RPT-46616,
Derivation of Best-Basis Inventory for Tank 241-C-104 as of October 1, 2012 prepared BBI
estimates by scaling the tank waste materials by volume (see Appendix A). That is, pre-sluicing
chemical and radiological compositions were retained but simply reduced in magnitude as a ratio
of starting and ending waste volume. Resulting inventory estimates for major BBI analytes, in
order of chemical and radiological prevalence, are detailed in RPP-RPT-46616 totaling

10,561 kg, excluding water. Supplemental BBI analytes total only 0.44% of the major chemical
analytes. The BBI estimated that waste density was 1.68 g/mL and water represents 47.9 wt% of

the waste.
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Figure 5-1. Single-Shell Tank 241-C-104 Residual Waste Inventory and
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j- Radiological Dose — Beta/Photon is the drinking water dose from beta/photon emitting
radionuclides using equivalent dose (radionuclides only).

k. Hazard Queotient (groundwater) — Hazard quotients calculated for residential and
industrial scenarios described in HNF-SD-WM-TI-707.

5.3 CUMULATIVE ANALYSIS RESULTS FOR SINGLE-SHELL TANK 241-C-104
AND WASTE| NAGEMENT AREA C

The cumulative analysis (i.e., sum of the risk metrics) for tank C-104 residual average and
95% UCL risk levels were calculated and are provided in this section.

e Average Invent y—best estimate of the residual waste inventory computed using mean
sample concentrations, mean sample density, and best estimate of the residual volume.

e 95% UCT Inve y—considered the boun inventory. The 95% UCL of the
average inventoty was calculated based on uncertainties associated with the
concentration, volume, and density (for solids) measurements (see Section 3.0).

The impacts for the gro ater pathway associated with each resic 1l waste inventory are
evaluated withe¢ riety _erformance metrics. The ILCRs are evaluated for radiological
analytes using the average and 95% UCL inv« ories and industrial ar  residential exposure
scenarios. The ILCR an 1azard indices are examined for the same inventories using a
residential exposure scenario.

Radiological doses using same two inventories are also evaluated for an all-pathways farmer
and a drinking water onl yosure scenario. Estimated concentration levels of some selected
analytes are also provide 1 compared against current maximum concentration levels.

A comparison of impacts from the average and the 95% UCL inventories and current
performance metrics for =~ CR, hazard indices, and maximum concentr~*on limits are
summarized in Table 5-4.
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Each of these tables conta: : a footnote stating that it is not intended for the purpose of
e uating sludges or waste, as follows (key statement bolded for this  ort).

e Table 749-2, footn: :a: “Caution on misusing these chemical concentration numbers.
These values have been developed for use at sites where a site-specific terrestrial

ecological evalu: is not required. They are not intended to be protective of terrestrial
ecological recept t every site. Exceedances of the values in this table do not
necessarily trigg uirements for cleanup action under this chapter. The table is not
intended for pu 's such as evaluating sludges or wastes.

This list does not ly that sampling must be conducted for each of these chemicals at

every site. Samp” 1g should be conducted for those chemicals that might be present
based on availabl. information, such as current and past uses of chemicals at the site.”

e Table 749-3, foo a: “Caution on misusing ecological indicator concentrations.
Exceedances of t llues in this table do not necessarily trigger requirements for
cleanup action ur his chapter. Natural background concentrations may be substituted
for ecological inc )r concentrations provided in this table. The table is not intended
for purposes suc evaluating sludges or wastes.

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

Because of the limitation itated above, comparisons b veen the concentrations of waste
constituents remaining in ink C-104 have not een made against Table 749-2 [under

WAC 173-340-7492, “Si—plified Terrestrial Ecological Evaluation Procedures,”

subsection (1) “Purpose” r Table 749-3 [under WAC 173-340-7493, “Site-Specific Terrestrial
Ecological Evaluation Pr edures,” subsection (2) “Problem formulation step,” (i) “The
chemicals of ecological ¢..icern™].

5.6 RISK ASSESSVN. NT SUMMARY

Cumulative analysis resu  of the risk assessment performed to examine impacts from
post-retrieval inventories r tank C-104 are summarize as follows.

e The impacts estimated for residual waste left in tank C-104, using either the average or
the 95% UCL inventory, are orders of magnitude below the various performance

objectives identifi or the groundwater pathway.

o Total ILCRsest” ‘ed for all radionuclides are one to two orders of magnitude below the
upper end of the ~ formance objective range 1.0E-06 to 1.0E-04 ILCR.

o Total ILCRs estinr “ed for all detectable non-radionuclides are seven to eight orders of
magnitude below ...z performance objective of 1.0E-05 ILCR.
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The greatest difficulty f  a retrieval operations standpoint during the sampling events was

aiming the sluicing stre: - the slot. Due to the poor visibility and camera angles, some
sampling events took lo than expected. However, all sampling events were successful in
that the required volum¢  iquid was collected in the bottle.

Analysis of the first nati »sphate dissolution batch sample set suggested a second
natrophosphate dissoluti  atch would be necessary prior to usin_ austic for metathesis.
Hov er, analysis of the  ond natrophosphate dissolution batch -~nple set suggested that
either the natrophosphat s dissolved or the second batch was reiatively ineffective in a
reasonable timeframe at >lving any remaining natrophosphate.

For tank C-104, the ovel ‘end of the reaction appeared to progress fairly well and linearly
over the increasing amoi of caustic recirculation time. However, the results from the last
two sampling events sug-..2d that the extent of reaction was beyond expectations for hydroxide
consumption for the ini timated inventory of 199,735 moles of hydroxide in gibbsite within

the remaining wastes.

Interpretation of these 1 , documented in RPP-RPT-53367, suggested that a number of
factors could explain w : extent of reaction could go beyond 100% in the samples collected
at the end of the caustic ing process. A primary factor is likely to be related to errors in
initial inventories of gil befc the caustic cleaning campaign. An underestimate of this
initial inventory would proviae results that would be consistent with the calculated extent

of excess reaction.

Other factors that could contribute to the observed extent of reactions but are postulated to have
much less influence wou include 1) potential errors in the waste volumes used to estimate the
hydroxide inventories in w.e initial liquids, 2) potential errors related to influences of competing
reactions in the consump n of hydroxide, and 3) potential errors associated with the precision
and accuracy in analytic: ‘esults. A more detailed discussion of these potential errors is
provided in RPP-RPT-55,07.

6.3  SLUICING OPF [ION

The in-tank cameras, as i led, did provide the necessary visibility to operate the retrieval
system safely; however, « ioration in the video quality limited further use of the stored media
for follow-on activit=s si s final volume estimates or close-ups of tank waste. Improving the
video equipment cOuru ay follow-on specific tasks to acquire high-resolution pictures.

During the sluicing operz**ons, positioning the sluice stream across the tank resulted in buildup
of solids on the light. Fu -e considerations need to be made that address this operational aspect.

Addressing potential imf is advisable when there are significant changes from the planned

process (such as ex 1de: vntimes). Such changes may require additional process samples
and/or even more time n¢ | to evaluate the process.

6-2












RPP-RPT-54072, Rev. 0

Table 7-1. 7 1k 241-C-104 Leak ™ :tection and Monitoring Functions and
Requirements.

Function equirement Basis Key Elements
Detect leaks The leal =  :tion and monitoring Washington Utilize LDM technologies
during waste (LDM): 1 shall be capable of Administrative Code to detect loss of liquid
removal from detectin, d waste releases (WAC) 173-303 from a tank; see
SST during a te removal operations. Section 7.2.

Monitor leaks The was ieval system (WRS) WAC 173-303 Utilize both ex-tank LDM
from SST shall be le of providing data to technologies and process
during waste support fying leak volumes data that will allow
removal from the .in the event a release estimate of leak volume
is detect ing waste retrieval and migration rate to be
operatio..... developed to the extent
practical in the event of a
leak.
Mitigate s The ie " ind LDM WAC 173-303 ration strategy
during SS'1 sys e designed and described in Section 7.3.
waste retrieval | ope tigate leaks as the
prit___, 3 of minimizing
enviroi impacts from leaks
during strieval if they occur.
WRS secondary | For ex- uipment and piping, 40 CFR 265 Provide for safe and
containment the WEF incorporate secondary | WAC 173-303 compliant transfer of
and leak contain 1d leak-detection DOE O 435.1 waste to the receiver
detection design ; in accordance with RPP-13033 double-shell tank.
RP103DT. 40 CFR 265.193 and DOE 0 435.1. | HNF-SD-WM-TSR-006

CFR = Code of Federal Regulations

References:

40 CFR 265, “Interim Status St
Facilities,” Subpart J—Tai

DOE O 435.1, Radioactive Wa.

HNF-SD-WM-TSR-006, Tank

RPP-13033, Tank Farms Docu,

WAC 173-303, “Dangerous W:

7.2 LEAK DETEC

DOE = U.S. Department of Energy SST = single-shell tank

“ards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal
iystems, §265.193 Containment and detection of releases.
Management.
'ms Technical Safety Requirements.
ited Safety Analysis.
Regulations.”

{ AND TANK MONITORING

During retrieval of waste from tank C-104 (January 25, 2010 to October 5, 2011),

RR) was the primary leak detection method used. When the HRR
: data logging an  gamma scans were used for leak detection.
leak detection monitoring used for tank C-104 retrieval. Leak
accomplished by the use of HRR, drywell monitoring, visual
inspection, leak detectors, Enraf gauges in tank AN-101, radiological monitoring, and material
balances as shown in Table 7-2 and discussed in Sections 7.2.1 through 7.2.3.

high-resolution resistiv
was not in operation, 1r
Figure 7-1 is a timeline
detection and monitori
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significant changes, and
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efore initiating waste retrieval operations, a visual assessment and
litions in tank C-104 were | rformed using an in-tank video
rieval, the closed-circuit television system was used to identify the
atively assess the amount of liquid in the tank, observe any

ment the mitig: Hn strategy of minimizing liquid pools.

Observations of the waste surface in tank C-104 indicated that the surface level decrease
corresponded with waste retrieval activities.

7.2.2.3 Groundwater !
Groundwater monitoring
monitoring plan (PNNL
Waste Management Are
made available in the Q1

7.2.2.4 Material Balan
mat¢ 1] balance and det
change in waste invento

toring. The 241-C Tank Farm is in RCRA corrective action.
vities will cc ~“inue consistent with the current RCRA groundwater
24, RCRA Givundwater Monitoring Plan for Single-Shell Tank

it the Hanford Site). Results of the groundwater monitoring will be
rly Groundwater Monitori  reports.

>rocess control measurements were used periodically to perform a
ne the change in tank C-104 waste inventory. Once determined, the
1s compared to the anticipated change (gallons of slurry produced

and/or released per gallon of water added, adjusted for changes in the central pool and interstitial

liquid volumes).

During retrieval operatic~- -naterial balances were performed during transfers by Operations for

tank leak detection and r
and tank AN-101, inclus
where volume material t
measurements and radiat

ation for the portion of the system between the portable valve pit
Radiation surveys were required for the portion of the transfer line
ce could not be performed. The frequency of material balance
urveys met the requirements of HNF-IP-1266, Tank Farms

Operations Administrati.. _ontrols.

7.2.3 Double-Shell Tank 241-AN-101

7.2.3.1 Liquid Level M
and annulus leak detecto!
Section 4.0 of OSD-T-1%
Single-Shell Tank Intrusi

Daily liquid level measu

ring. The waste level in 2 DST was monitored »sing an Enraf,
bes were used to provide indication of leaks, as d  ribed in

031, Operating Specifications for Tank Farm Leak Detection and
etection.

nents were recorded for the receiving DST. The Enraf gauge was

capable of measuring liquid level changes to a precision of 0.1 inch.

During waste retrieval there was no evidence of a release from tank AN-101 based on results of

liquid level monitoring.

e tank AN-101 liquid level increase corresponded with the material

balance results for tank C 04,

7.2.3.2 Leak Detection. ank AN-101 was monitored for leaks in the inner shell by a

conductivity probe leak ¢
Slots cut in the concrete -

the annulus floor. Enraf assemblies in the annulus woul

:ction system installed in the tank annulus during tank construction.
- support the tank at the bottom were designed to drain any leakage to

have activated an audible alarm and an
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Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order —
Tri-Party Agreeme 2 vols., as amer d, State of Washington Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of Energy, Olympia,
Washington.

EPA/540/1-89/002, 1989, sk Assessment Guidance for Superfund Volume I Human Health
Evaluation Manual (Part A) Interim Final, U.S. Environmental Protection Agency,
Washington, D.C.

EPA 540/R-99/006, 1999, Radiation Risk Assessment at CERCLA Sites: Q & A,
Directive 9200.4-31P, Office of Solid Waste and Emergency Response,
U.S. Environmental Protection Agency, Washington, D.C.

EPA Method 300.7, 1986, Dissolved Sodium, Ammonium, Potassium, Magnesium, and Calcium
in Wet Deposition  Chemically Suppressed lon Chromatography, U.S. Environmental
Protection Agency, 1vironmental Monitoring and Support Laboratory, Cincinnati, Ohio.

Federal Water Pollution C trol Act (33 USC § 1251 et seq.), as amended (Clean Water Act).

HNF-2978, 2003, Updatea umpable Liquid } ume Estimates and Jet Pump Durations for
Interim Stabilization of Remaining Singie-Shell Tanks, Rev. 5, CH2M HILL Hanford
Group, Inc., Richland, Washington.

HNF-EP-0182, 2013, Waste Tank Summary Report for Month Ending July 31, 2013, Rev. 304,
Washington River | >tection Solutions, LLC, Richland, Washington.

HNF-IP-1266, 2013, Tank Farms Operations Administrative Controls, as amended, Washington
River Protection Sc tions, LLC, Richland, Washington.

HNF-SD-WM-TI-707, 2007, Exposure Scena s and Unit Factors for Hanford Tank Waste
Performance Assessments, Rev. 5, CHzM HILL Hanford Group, Inc., Richland,

Washington.

HNF-SD-WM-TSR-006, 2013, Tank Farms Technical Safety Requirements, Rev. 7-P,
Washington River Protection Solutions, LLC, Richland, Washington.

LAB-RPT-13-00005, 2013, C-104 Solid Phase Characterization of Sample 4C-13-1 From Tank
241-C-104 Closure Sampling Event, Rev. 0, Washington River Protection
Solutions, LLC, Ric and, Washington. _

OSD-T-151-00031, 2012, «  erating Specifications for Tank Farm Leak Detection and
Single-Shell Tank Intrusion Detection, Rev. 3, Washington River Protection
Solutions, I C, Richland, Washington.

PNNL-13024, 2001, RCRA Groundwater Monitoring Plan for Single-Shell Tank Waste
Management Area C at the Hanford Site, as amended, Pacific Northwest National
Laboratory, Richland, Washington.
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RPP-CALC-49703, 2( |, Estimate of Waste Volume and Percent Retrieved for Single-Shell
Tank 241-C-104, Rev. 0, Washington River Protection Solutions, LLC, Richland,
Washington.

RPP-CALC-53365, 2012, Waste Volume of Single-Shell Tank 241-C-104 Remaining After Hard
Heel Retrieval, Rev. 0, Washington River Protection Solutions, LLC, Richland,
Washington.

RPP-CALC-54284, 2013, Post-Hard Heel Retrieval Camera/CAD Modeling System Waste
Volume Estimate for Tank 241-C-104, Rev. 0, Washington River Protection
Solutions, LLC, Richland, Washington.

RPP-PLAN-23827, 2010, Sampling and Analysis Plan for Single-Shell Tanks Component
Closure, Rev. 2, W hington River Protection Solutions, LLC, Richland, Washington.

RPP-PLAN-44844, 2012, Sampling and Analysis Plan for Waste Solids in Tank 241-C-104 to
Support Tank Clos , Rev. 1, Washington River Protection Solutions, LLC, Richland,

Washington.

RPP-PLAN-51575, 2012, Process Control Plan for Tank 241-C-104 Hard Heel Retrieval,
Rev. 1, Washington River Protection Solutions, LLC, Richland, Washington.

RPP-RF -23412, 2005, Hanford Tank Waste Operations Simulator Model Data Package for the
Development Run for the Refined Target Case, Rev. 1, CH2M HILL Hanford Group,
Inc., Richland, Wa  ngton.

RPP-RPT-46616, 2013, Derivation of Best-Basis Inventory for Tank 241-C-104 as of October 1,
2012, Rev. 4, Wash gton River Protection Solutions, LLC, Richland, Washington.

RPP-RPT-53367, 2012, Single-Shell Tank 241-C-104 Hard Heel Retrieval Completion Report,
Rev. 0, Washingtor iver Protection Solutions, LLC, Richland, Washington.

RPP-RPT-55307, 2013, Tank 241-C-104 Residual Waste Inventory Estimates for Component
Closure Risk Assessment, Rev. 0, Washington River Protection Solutions, LLC, Richland,

Washington.

RPP-RPT-55185, 2013, Final Report for Tank 241-C-104 Waste Solid Samples in Support of
Tank Closure, Rev. 1, Washington River Protection Solutions LLC, Richland,

Washington.

RPP-RPT-56085, 2013, 241-C-104 Tank Waste Retrieval Project Final Report of Drywell
Monitoring Data (HGLP-MBL-012, Rev. 0), Rev. 0, Washington River Protection
Solutions, LLC, Richland, Washington.

Safe Drinking Water Act of 1974, 42 USC 300, et seq.
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Table A-1. Single-She [ank 241 = “"° ™ :t-Basis Inventory Pre-Retrieval Inventory
1d Post-¢ erations. =  ‘ets)
Constituent BBI February | BBI May Constituent | BBI February | BBI May
Name 2005 2011° Name 2005" 2011°
Volume (Kgal) 259 4.7
Analvte Inventorv Inventory | Unit Analyte Inventarv Inventarv | Unit

UroraL 3.51E+04 520E+02 | Kg “™Np 4.36E+00 651E-02 | Ci
Zr 6.45E . .4 1.17E+03 | Kg 8py 2.29E+02 7.90E+00 C_l——
*H 4.71E+01 5.80E-01 | Ci 2y 1.17E+01 1.74E-01 | Ci
e 1.84E+00 330E-02 | Ci %py 5.18E+03 5.52E+01 | Ci
*Ni 5.68E+00 1.61E-01 Ci 240py 1.33E+03 1.66E+01 | Ci
®Co 1.82E+02 1.95E+00 | Ci *1Am 6.34E+03 8.13E+01 | Ci
“Ni 5.28E+02 1.47E+01 | Ci #py 1.25E+04 1.58E+02 | Ci
Se 6.37E+00 9.52E-02 | Ci *Cm 2.07E+00 6.41E-02 | Ci
%Sy 4.47E+05 7.38E+03 | Ci 22py 1.24E-01 2.28E-03 | Ci
oy 4.47E+05 7.38E+03 | Ci *Am 1.38E+00 4.78E-02 | Ci
#mNb 1.45E+00 9.87E-02 | Ci *Cm 1.84E-01 4.28E-03 | Ci
BZr 1.79E+00 1.16E-01 | Ci *Cm 4.11E+00 931E-02 | Ci

BBI = Best-Basis Inventory

4 RPP-22393, 2011, 241-C-102, 241-C-104, 241-C-107, 24i-C-108, and 241-C-112 Tanks Waste Retrieval Work Plan,

Rev. 6, Washington River Protec  n Solutions, LLC, Richland, Washington.

TIC = total inorganic carbon

TOC = total organic carbon

b RPP-RPT-46616, 2013, Derivatio» of Best-Basis Inventory for Tank 241-C-104 as of October 1, 2012, Rev. 4, Washington

River Protection Solutions, LLC

ichland, Washington.
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¢ Tables and plots of doses from a suburban gardener scenario for radioactive contaminants
of concern found v  hin the average and 95% UCL inventories estimated for SST C-104
(see Table D-7 and Figure D-3)

e Tables and plots of >ses from a commercial farm scenario for radioactive contaminants
of concern found within the average and 95% UCL inventorie  itimated for SST C-104
(see Table D-8 anc igure D-4).

Table D-9 provides a com  -ison of the average and 95% UCL concentrations for waste
residuals within tank C-104 against Washingtc 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 conc:  rations protective of groundwater.

Tables D-10 and D-11 provide lIditional risk management information related to (average and
95% UCL) concentrations of constituents remaining in waste residuals within tank C-104
compared against the Washington Administrative Code 173-340 cleanup standards. See
Section 5.5 for additional discussion.

Table D-12 provides inforr  tion on background concentration levi . 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-104.
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RPP-RPT-55307, 2013, Tank 241-C-104 Residual Waste Inventory Estimates for Component
Closure Risk Assessmer  tev. 0, Washington River Protection Solutions, LLC, Richland,
Washington.

WAC 173-303-9905, “Dangerous Waste Constituents List,” Washington Administrative Code, as
amended.

WAC 173-340, “Model T ics Control Act — Cleanup,” Washington Administrative Code, as
amended.

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