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EXECUTIVE SUMMARY

The U.S. Department of Encrgy, Office of River Protection —~-Waste Treatment and
Immobilization Plant bascline for pretreating supernatant waste received from tanks AN-102 and
AN-107 includes a precipitation step for removing radioactive strontium (*®Sr) and transuranic
(TRU) isotopes before the waste is vitrified. This report summarizes the application of the same
precipitation process for removing ®Sr and transuranics in the double shell tank system before
delivery of the AN-102 and AN-107 supernatants to the Waste Treatment and Immobilization
Plant. This evaluation of the in-tank precipitation is a direct alternative to the Waste Treatment
and Immobilization Plant process. Study results indicate that implementation of the
Sr/transuranic separation in the double-shell tank system provides an approximate 6 month
schedule advantage to the overall mission schedule as modeled by the Hanford Tank Waste
Opecrations Simulator using the Developmental Run as a reference case. The Hanford Tank
Waste Operations Simulator modeling also indicates that the Sr/transuranic process can be
implemented beginning in 2012 using tank AP-102 without impacting the mission ¢nd date or
planned single-shell tank retrievals. The additional Tank Farm baseline cost for implementation
of this process system is approximately $2.6M. This cost is in addition to costs alrcady in the
planning baseline for double-shell tank system components that would be required to implement
the Sr/transuranics separation process.

The addition of strontium nitrate and sodium permanganate to tanks AN-102 and AN-107
supernatants precipitates strontium and TRU elements out of the supernatant and eliminates the
necd to perform this time constrained process in the Waste Treatment and Immobilization Plant.
The treated tank AN-102 and tank AN-107 supernatants are expected to meet *°Sr and TRU
specifications for immobilized low-activity wastc'.

While specific process implementation decisions (i.e. treatment and delivery timing), and Tank
Farm operational protocols (i.e. waste compatibility screening) will be needed, this study
concludes that the concept of in-tank strontium and TRU treatment of tank AN-102 and tank
AN-107 supcrnatants is worth pursuing. This study also finds that some additional evaluations
are nceded to confirm the concept viability before implementation. An additional $2.6M in tank
farm work scope and some added feed delivery complexity has the potential to save six months
of Waste Treatment and Immobilization Plant operating costs, currently estimated at
approximately $1.2M per day.

' The U.S. Department of Energy Office of River Protection, Contract No. DE-AC27-01RV 14136, Specification
2.2.2.8, Radionuclide Conceniration Limitations requires the concentrations of %Sr and TRU to be less than 20
Ci/m’ and less than 100 nCi/gm, respectively in the ILAW.
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1.0 INTRODUCTION

The supematants stored in tanks 241-AN-102 (AN-102) and 241-AN-107 (AN-107) contain
soluble strontium-90 (*°Sr) and transuranic (TRU) clements that require removal prior to
vitrification to comply with the Waste Treatment and Immobilization Plant (WTP) immobilized
low-activity waste (ILAW) specification and with the 1997 agreement? with the Nuclear
Regulatory Commission on incidental waste. A precipitation process has been developed and
tested with tank waste samples and simulants using strontium nitrate (Sr(NQO3)2) and sodium
permanganate (NaMnOy) to separate *Sr and TRU from these wastes.

The U.S. Department of Encrgy Office of River Protection (ORP) and CH2M HILL Hanford
Group, Inc. (CH2M HILL) have agreed to perform a life-cycle optimization study 1o evalvate
conducting the St/TRU precipitation process in the double-shell tank (DST) system and is a
dircct alternative to the process to be performed at the WTP, The scparation of St/TRU from the
supcrnatant in tanks AN-102 and AN-107 is currently planned to be performed in the
uitrafiltration system within the WTP. While the St/TRU precipitation process is being
performed within the WTP, high-level waste (HLW) sludge cannot be pretreated because these
two pretreatment processes use the same vessels and ultrafiltration system. The WTP is
projected to experience a 6 to 24 month® interruption in HLW pretreatment processing along
with a reduction in HLW melter throughput due to the process limitations when pretreating the
AN-102 and AN-107 supcrnatants. This optimization study evaluates the separation of *°Sr and
TRU in an existing DST prior to dclivery to the WTP and dectermines the resulting change (i.e.,
expected reduction in HILW processing schedule) as compared 1o the Development Run used as
the reference case. Life-cycle cost saving can only be realized if a similar reduction in LAW
processing can be achieved for the completion of the overall waste treatment mission. The
acceptability of the pretreated supernatants and **St/TRU precipitates for meeting WTP contract
requirements, criticality safety limits, and hydrogen generation rates were not included in the
study scope.

? Leuter, NRC to DOE-RL, “Classification of Hanford Low-Activity Tunk Waste Fraction™, June 9, 1997, C. ).
Papericllo, Director of Nuclear Material Safety and Safeguards, to J. Kinzer, Assistant Manager, Office of Tank
Waste Remediation System, U. S. DOE, Richland Operations Office.

3 ORP-11242, Revision 2, 2003, River Protection Praject System Plan, page 2-19, CH2M HILL Hanford Group,
Inc., Richland, Washington.
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Work presented in this report was performed by CH2M HILL and COGEMA Engineering
Corporation (COGEMA) and its subcontractors Lucas EMS, Inc. and DMJM Technology.
COGEMA and its subcontractors performed this work under 2 CH2M HILL Contract No. 21843,
Relcase 3, “Engincering Optimization Study Support™.
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20 SUMMARY

The ORP-WTP bascline for pretreating supernatant waste received from tanks AN-102 and
AN-107 includes a precipitation step for rcmovin;;o"oSr and TRU isotopcs before the waste is
vitrificd. This report summarizes the removal of “Sr and TRU in the DST system before
delivery of the AN-102 and AN-107 supematants to the WTP, using the same process as was
developed for the ORP-WTP bascline. This process will be a direct altemative (o the current
WTP process [or thesc fced streams.

The Sr/TRU precipitation process had been developed through a series of laboratory tests. These
test rcports, prepared by Savannah River National Laboratory and Battelle Pacific Northwest
Division and published for Bechtel National, Inc. (BNI)®, have demonstrated the effectiveness of
the “°Sr and TRU precipitation process. Treated waste must meet Specification 2 of the BNI
contract® (WTP 2001) for removing *Sr and TRU clements from the low-activity waste (LAW)
solution, i.c., 20 curics per cubic meter (Ci/m®) for *Sr and 100 nanocuries per gram (nCi/g) for
TRU. Target decontamination levels for the St/TRU removal process have been established at
50% below the LAW requirements®, which requires percent removals of 90.3% for ®Sr and
38.3% for TRU for tank AN-102 waste and percent removals of 91.3% for *Sr and 85% for
TRU in tank AN-107 waste. Mass balance calculations resulted in percent removals of 94% for
gy and 88.3% for TRU in both AN-102 and AN-107 tank wastcs. Thesc mass balance
calculations, along with the AN-107 sample test results, demonstrate that the pretreated
supernatant mects the WTP ILAW *°Sr and TRU specifications.

The design basis used tn this report for the Sr /TRU removal process analysis is the addition of
strontium nitrate (3 molar (M) Sr(NQ;);) and sodium permanganate (3.83 M NaMnOy) to diluted
Envelope C (i.e. AN-102 and AN-107 supematants) to produce 0.02 M Srand 0.02 M MnOy in
solution. Addition of Sr(NO3); results in isotopic dilution of *Sr and precipitation of SrCO;.
Addition of sodium permanganate results in manganesc reduction, precipitation of MnO;, and
concomitant TRU precipitation. The precipitation process is performed at a 5.5 M sodium
concentration.

Bascd on the St/TRU precipitation process criteria, the Sr/TRU precipitation process cannot be
conducted in tanks AN-102 or AN-107 due to the volume of dilution water required to achicve a

*“Test plans and studies identified in Bechtel National, Inc. (BNI), 2002. Research and Technology Plan, 24590-
WTP-PL-RT-01-002, Rev. 1, U.S. Department of Energy, Office of River Protection, Richland, WA,

3 The U.S. Department of Energy Office of River Protection, Contract No. DE-AC27-01RV 14136, Specification
2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of *Sr and TRU to be less than

20 Ci/m’ and less than 100 nCi/g, respectively in the ILAW.

® The sodium oxide concentration is assumed 1o be 15wt% in these low-level waste glasses and the glass density is
assumed to be 2.76 g/mL.
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5.5 M sodium concentration in the supematant and added rcagent volumes. Adcquate tank space
is not available to perform these addition opcrations in tanks AN-102 or AN-107. However, tank
241-AP-102 (AP-102) is suitable to receive and process batch transfers of AN-102 and AN-107
supernatants. Based on the total supernatant volumes for treatment and required chemical
addition, a batch volume equal to approximately %2 of the existing tank(s) supernatant volume
was considered suitable to accommodate the required process volume.

The Sr/TRU precipitation process can be conducted in tank AP-102 by transferring separate
batches of tanks AN-102 and AN-107 supernatants into tank AP-102 for trcatment. Tank AP-
102 supernatant is assumed 1o be removed, except for a residual supernatant heel of 10 inches.
Prior to treatment of AN-102/107 supematants, these batches are modeled as scparate material
balances (Appendix A, Attachments 4, 5, 6 and 7). Treated supematants are transferred into an
available LAW tank for storage and/or delivery to the WTP. Strontium and TRU precipitates arc
accumulated on top of the existing AP-102 sludge layer. The accumulated solids/sludge is
diluted to 10 w1% solids and transferred into an available HLW staging tank.

Figure 2-1 is a simplified process flow to treat fanks AN-102 and AN-107 supernatants in tank
AP-102, showing primary transfer/flow lines and major equipment requirements. Table 2-1
summarizes the resulting concentrations of *Sr and TRU in the LAW glass from cach of the four
batches of treated supernatants and the volume of St/TRU precipitate generated for each batch.
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Table 2-1. Concentrations of >’Sr and TRU in Low-Level Waste Glass Resulting from
Treatment of Tanks AN-102 and AN-107 Supernatants and Volume of Resulting

Precipitate
Treated Superatants Units g{:‘;ﬁ%zl SL‘&)T:n:;gim Slﬁ)?mlzznt AN'I%7ai;p;?ata"t
Batch #2 Batch #3
TRU in glass**® nCi/g 11.52 12.11 61.77 62.05
*Sr in glass ™ Ci/m® 5.84 6.14 6.59 6.59
TRU in-glass® nCi/g 154 16.2 824 82.7
*Sr in glass *! Ci/m’ 7.78 8.19 8.79 8.79
%Sr Concentration (in pCi/mL | 238 2.51 2.69 2.69
treated supernatant)
Sumof TRU pCi/mL | 0.01 0.01 0.07 0.07
Sr/TRU Precipitate inches 342 344 4.22 4.19
Volume Seitled Solids gallons | 9.41E+03 9.47E+03 1.1GE+04 1.15E+04
(precipitate)'?
Notes:

@ The U.S. Department of Energy Office of River Protection, Contract No. DE-AC27-01RV 14136,
Specification 2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of *’Sr and
TRU to be less than 20 Ci/m® and less than 100 nCi/g respectively in the immobilized LAW,

®  Assumes a glass density of 2,76 MT/m and 15 wt% Na,O in the low-level waste glass.

€ Concentrations of *Sr and TRU at 20 wt% Na,O in the LAW glass are provided for comparison and
shows the sensitivity to increased sodium oxide loading. Assumes a glass density of 2,76 MT/m’.

@ Assumes 2,750 gallons per inch for AN tanks.
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3.0 PROCESS DESCRIPTION

The WTP has identified the optimal conditions for precipitating **Sr and TRU from tanks
AN-102 and AN-107 supernatants through a scrics of WTP test reports. These test reports
identify and detail a precipitation process using Sr(NO;3); to separate PSr by isotopic dilution
with precipitation of SrCO3; and NaMnOj to precipitate TRU from these wastes. In addition,
recently additional laboratory tests werc conducted on a sample of tank AN-107 supernatant to
quantify process conditions important to conducting the SI/TRU precipitation process in the DST
system (precipitation behavior of undiluted waste, gravity settling rate of the precipitates, and
physical propertics of settled precipitates). A separate report will provide detailed results of the
laboratory tests conducted with the tank AN-107 supematant sample. A summary of results
from previous testing and available results from the most recent testing are given below.
Appendix F provides detailed information on the St/TRU precipitation process which includes
the basic chemistry, time, and temperature dependency of the precipitation reaction.

3.1 PAST TEST REPORTS SUMMARY

A scrics of test reports prepared for BNI (Appendix F) from process tests performed on tanks
AN-102 and AN-107 samples demonstrated the mechanism of the SI/TRU precipitation process
and determine optimal process conditions. The optimal conditions for precipitating St/TRU
from the tank AN-102 and AN-107 supernatants were found to be a dilution of the waste to a

5 M to 6 M sodium concentration, mixing of the waste, and addition of Sr(NO;); and NaMnO; to
achieve a final concentration of 0.02 M cach, with precipitation reactions conducted at 26 to
29°C. These precipitation conditions have been demonstrated to reduce the *°Sr concentration by
~94% and the TRU concentration by 75% to 85% (PNWD-3340), which corresponds fo
concentrations of °Sr and TRU in the LAW glass of ~5 Ci/m® and less than 25 nCi/g,
respectively. This optimization study uses conscrvative estimates for %Sr and TRU percentages
removed from the supernatants, resulting in higher %S¢ and TRU concentrations in the ILAW
glass.

3.2  CH2M HILL AT-TANK PRECIPITATION
TESTING

Testing of the at-tank precipitation method using representative samples of supernatants from
AN-107 were conducted independent of this study (Test Results for At-Tank Conditions for
Strontium/Transuranic Removal from Tunk 241-AN-107 Supernatant, CH2M HILL interoffice
memo 7S110-RWW-05-017, dated May 9, 2005, from R.W. Warrant to M.E. Johnson). The
WTP has already identified the optimal conditions for precipitating %S¢ and TRU from AN-102
and AN-107 supernatants (PNWD-3141, PNWD-3264, PNWD-3338, and PNWD-3340).
Thercfore, precipitation reaction conditions were not evaluated. Instead, process conditions
important to conducting the St/TRU precipitation process in the DST system were quantified,
including gravity scttling rate of the precipitates and physical properties of settled precipitatcs.
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Two strontium and TRU precipitation tests were conducted with an archived sample of tank
AN-107 supcrnate. In the first test, the archived tank AN-107 sample was uscd as-is and had
analyzed sodium, *Sr and 2*' Am concentrations of 8.7 M, 62.1 pCi/ml and 0.466 uCi/mi,
respectively. Approximately 100-ml of the tank AN-107 sample were pipetted into a flask that
contained a magnetic stir bar. The samplc was stirred and 1.25-m! of 3.0 M Sr(NOs); and 1.0-ml
of 3.8 M NaMnO, were added to result in ~0.037 M Sr and ~0.037 M MnQ, concentrations, The
Sr and MnQj concentrations in the AN-107 are equivalent to ~0.02 M when AN-107 sample is
normalized to 5.0 M Na concentrations. Small, very fine white colored solids were observed to
form after several minutes of mixing, indicating precipitation of strontium carbonate and
manganesc oxide solids was occurring, as expected. The mixing of the sample was stopped after
~4 hours. No solids werc initially observed to have settled in the sample. After approximately
three days of settling, a thin layer of white solids was observed in this sample. Analysis of the
supernate in the treated sample indicated that ~81% of the *Sr and ~67% of the 2*' Am were
removed. Assuming the treated AN-107 sample was incor?oratcd into an ILAW glass waste
form at 15% wt sodium oxide concentration, the *°Sr and **' Am concentrations in this glass
waste form would be 16.5 Ci/m® and ~80 nCi/gram, respectively. The *Sr and ' Am
concentrations in the AN-107 ILAW glass are 17.5% and 20% lower than the WTP ILAW glass
limits for these radionuclides.

A 73-ml sub-sample of the archived AN-107 supernate was diluted by addition of 42-ml of 0.01
M NaOH to a sodium concentration of approximately 5.9M to prepare 115-ml of diluted AN-107
sample. A 15-m! sample of the diluted AN-107 sample was analyzed and the *°Sr and "' Am
concentrations in the diluted 1ank AN-107 sample were 4].4 uCi/ml and 0.324 uCi/ml,
indicating no significant precipitation of *Sr and **' Am occurred during sample dilution.
Approximately 100-ml of the diluted tank AN-107 sample was pipetted into a flask that
contained a magnetic stir bar. The sample was stirred and 0.07-ml of 3.0 M strontium nitrate and
0.55-m! of 3.8 M sodium permanganate were added to result in ~0.02 M Sr and ~0.02 M MnO,
concentrations. Solids were initially visible in the diluted AN-107 sample. Analysis of the
supernate in the treated sample indicated that ~82% of the *Sr and #*' Am were removed.
Assuming the treated AN-107 sample was incorporated into an ILAW glass waste form at

15 wi% sodium oxide concentration, the *°Sr and 2*' Am concentrations in this glass waste form
would be 15.5 Ci/m? and ~58 nCi/gram, respectively. The *°Sr and > Am concentrations in the
AN-107 ILAW glass arc 22.5% and 42% lower than the WTP ILAW glass limits for these
radionuclides.

These two tests demonstrated that the St/TRU precipitation process can be conducted without
diluting tank AN-107 supemate. Due to the opacity of both samples, solids settling rate
information could not be obtained. However settling of the St/TRU precipitate is not required
for conducting this process. The pretreated tank AN-107 (and AN-102) supemate, containing
suspended Sr/TRU precipitates can be processed along with HLW sludges in the WTP
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Pretreatment ultrafiltration system. By sclecting the HLW to be processed along with the
pretreated AN-107 (and AN-102) supernate, the resulting HLW glass formulation can be
optimized. The need and scope of additional testing for conducting the St/TRU precipitation
process in the DST system will be evaluated during subscquent phascs.
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40 PERFORMANCE REQUIREMENTS

Bechtel National, Inc. has targeted decontamination levels at 50% below the LAW requirements’
which corresponds to *°Sr and TRU concentrations in the supemnatants of less than 7.48E-04 Ci
per mole of sodium and 1.03E-05 Ci per mole of sodium, respectively by performing in-tank
precipitation at the WTP. These values assume a 15 wi% sodium oxide loading and a glass
density of 2.76 MT/m’. An increase in sodium oxide loading in LLW glass to 19 or 20 wi%
would result in increased *Sr and TRU concentrations in the LLW glass, below the contract
specification 2.2.2.8 limits, but above a 50% target limit for TRU concentration. The
performance of the St/TRU precipitation process flowsheet for treatment of tanks AN-102 and
AN-107 supernatants in the DST system is also evaluated at 50% below the LAW requirements
and provides concentrations of *’Sr and TRU less than 20 Ci/m?® and 100 nCi/gm, respectively in
the [LAW.

A scrics of test reports have been prepared by Savannah River National Laboratory and Battelle-
Pacific Northwest Division and published for BNI® which demonstrate the effectiveness of the
%Sr and TRU precipitation process. Many of these studies were conducted with actual tank
waste samples of AN-102 and AN-107 supernatant, using a range of experimental conditions,
and are cited in Appendix F as they apply to each specific St/TRU process condition (i.c.,
precipitation chemistry, sodium concentration, reaction time and temperature, etc.). The results
and/or conclusions of selected test reports containing data inputs for use as performance
requirements in this optimization study are given below.

¢ Dilute to a final target sodium concentration of SM and do not add additional sodium
hydroxide. Basis: PNWD-3141

e Conduct process at a temperaturc of 25+ 5° C, with stirring, add 0.02M strontium nitratc
followed by 0.02M sodium permanganate. Basis: PNWD-3141

- Stir/digest precipitate at 25+ 5° C for 4 hours. Basis: PNWD-3141
- The Decontamination Factors (DFs) for precipitation of *Sr varied between 5 and
7 at 26° C. The DFs for **' Am were relatively independent of temperaturc and

ranged between 5 and 6 with permanganate addition. Basis: PNWD-3141.

- The non-radioactive Sr addition should be 0.02M or higher to ensure low levels of
%Sr in the ILAW. Basis: PNWD-3338.

"The U.S. Department of Energy Office of River Protection, Contract No. DE-AC27-01RV14136, Specification
2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of *’Sr and TRU to be less than 20

Ci/m’ and less than 100 nCi/gm, respectively in the ILAW.,

3Test plans and studics identified in Bechtel National, Inc. {BNI), 2002. Research and Technology Plan, 24590-
WTP-PL-RT-01-002, Rev. 1, U.S. Department of Encrgy, Office of River Protection, Richland, WA.

10
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e TRU removal process is most effective for removing tri-valent actinide ions Am and Cm.
Thesc clements make up approximately 95% of the TRU in the waste. Basis: PNWD-

3340

e Time dependence of *Sr and TRU removal: TRU precipitation is indeg)ocndcnt of time

and ®Sr precipitation is shown 1o be time dependent with an increased

SrDF at 24

hours versus 4 hours. Basis: PNWD-3340

4.1 OPERATING SPECIFICATIONS FOR DSTS

The operating specifications for the DSTs identify requirements and limits for processing and
storage opcrations applicable to the AN and AP tanks (OSD-T-151-00007, Rev. 1-9).
Requircments and limits pertaining to waste transfer or receipt of waste or chemicals within the
DST Farm System arc identified in the Tank Farins Waste Transfer Compatibility Program
document (HNF-SD-WM-0OCD-015, Rev. 15).

The following limits and/or requircments are identified as applicable to the proposed
precipitation process:

a) Tank Bump Controls, OCD Section 3.1.3.2: Prior to waste transfers into the DSTs,
Engineering shall evaluate the end state of the receiving tank to verify that at least
one of the following criteria is met:

Total tank heat load is < 58,000 Biu/hr

The calculated heat load of the combined St/TRU precipitate and tank AP-102
gl:ldgc is 11,304 Btwhr (includes decay heat contribution from %gr, YCs, and
4
Am).

Non-convective layer thickness is < 12 in.

The cumulative solids layer in AP-102 after treatments is 23.7 in.

Supernatant depth is < 39 in.

During batch treatments, height of supernatant varies from 264 in. to 312 in.
The non-condensable gas generation rate at saturation temperature in the non-
convective layer is sufficiently low, such that the ratio of vertical void fraction

profile 1o the neutral buovant void fraction (buoyancy ratio) is < 1.0 (RPP-6213,
Addendum I, Table 4-2).

11
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A Waste Compatibility Asscssment was not prepared as part of this report. Once
specifics of transfer and process parameters are determined, a Waste
Compatibility Assessment will be required prior to implementing any Tank Farm
operations.

Basis: HNF-SD-WM-0OCD-015, Rev. 15

b) Wastc Group Re-evaluation Requirements, OCD Secction 3.1.3.3, HINF-IP-1266,
Section 5.10, requires that the final state (Waste Group) of the recciving tank be
evaluated using the methodology described in RPP-10006 prior to the following
operations:

o [Waste transfers into DSTS that are Waste Group B and C (receiving tank).
N/A (rcquirement is applicable to waste transfers from SSTs into DSTs

and is therefore not applicable for this study, which is restricted to waste
transfer between DSTs)

o Large water additions (>10,000 gallons) to DSTs that are Waste Group C.
A Waste Compatibility Assessment was not preparcd as part of this report.
Once specifics of transfer and process parameters arc determined, a Waste
Compatibility Assessment will have to be performed prior to
implementing any Tank Farm operations.

« Large chemical additions (> 10,000 gallons of sodium hydroxide or sodium
nitrite) to DSTs that are Waste Group B and C.
HNF-IP-1266, Section 5.10.A, Rev. Oa provides the following Waste
Group designations:
. AP-102 — Waste Group C
. AN-102 — Waste Group B
. AN-107 - Waste Group C

The requirements of the Waste Compatibility Assessment that must be performed prior to
St/TRU processing will evaluate and identify the Waste Group(s) for the receiving tanks.

¢) DST Waste Chemistry Controls, OCD Section 3.1.4.1: The receipt or transfer of
waste that does not meet chemistry control limits can occur only if the receiving DST
will remain within specification limits afier the transfer or as part of actions for the
mitigation of out-of-specification waste.

Chemistry limits for DSTs arc provided in the Tank Farm Waste Transfer Compatibility
Program, Table 3.3. DST Waste Chemistry Limits. The concentrations of OH', NO;', and NOy
arc taken from the mass balance for the pretreated supernatant (i.e., diluted supernatant with
rcagents added) batches and are shown in Table 4.1.

12


http://Iy(lro.de

RPP-24809, Rev. 0

Table 4.1. Concentrations of OH°, NO; , and NOy in Pretreated Tanks AN-102 and AN-
107 Supernatants Compared to DST Waste Chemistry Limits.

Pretreated Pretreated Pretreated Pretreated DST Waste
Batch #1 Batch #2 Batch #3 Batch #4 Chemistry Limits
Variable Units | (Tank AN- | (Tank AN- | (Tank AN- | (Tank AN- <167H®
102 102 107 107
Supernatant) | Supernatant) | Supernatant) | Supernatant
. 0.1 *([NO;y" s {01

[oir] M 0338 0.293 0.626 0.638 <10.0M
[NG;1 M 1.04 1.03 0.879 0.873 NA
[NOyT] M 1.86 1.87 2.06 2.07 NA
[OH]+ [NO;T] M 1.38 1.32 1.5 1.51 204 * ([NOD
Comparison M 0.74 053 0.60 0.60
Value: (0.4 *
NOy

@ DST Waste Chemistry Limits for [NO,) range 1.0 M < [NO,] £3.0 M for T <167° F, obtained from Table 3-3 of HNF-SD-
WM-OCD-015, Rev. 5.

Basis: HINF-SD-WM-OCD-015, Rev. 15

d) Liquid Levels, OSD Section 2.1.1

The Normal Operating Limit for the AN and AP tanks is given as 416 inches
(calculates to 1.14E+06 gallons, RPP-13019). Tank waste liquid level is defined
as the surface level irrespective of the amounts of sludge, supernatant, or
solids/crust.

Basis: OSD-T-151-00007, Rev. 1-9.

13
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5.0 PROCESS ANALYSIS

The design basis for the St/TRU removal process analysis is the addition of a 3 M strontium
nitrate solution for isotopic dilution and precipitation of *°Sr as SrCO;, followed by the addition
of 2 3.83 M sodium permanganate solution for precipitation of the TRU elements, The tank
AN-102 and tank AN-107 supernatants are diluted to a sodium concentration of 5.5 M prior to

chemical addition for precipitation.

5.1  Sr/TRU PRECIPITATION IN TANKS AN-102
AND AN-107

The feasibility of conducting the St/TRU precipitation process for tank AN-102 supernatant in-
tank AN-102 and trcatment of tank AN-107 superatant in-tank AN-107 was based primarily on
an evaluation of tank capacilty, i.e., the available capacity to receive the reagent volumes and
dilution water necessary to conduct the St/TRU removal process.

S.1.1 Flowsheet Analysis

The material balance for performing the in-tank Sr/TRU precipitation process for tanks AN-102
and AN-107 supematant assumes treatment of 100% of the in-tank supematant inventory and
associated volume as provided by the best-basis inventory (BBI) data. The normal operating
limit for AN tanks is 416 inches (1.14 E+06 gallons)’. As discussed in Scction 3.0, the optimal
conditions for precipitating St/TRU from the tank AN-102 and AN-107 supematants have been
established through experimental testing and include dilution of the waste to approximately 5.5
M Na, mixing the waste, addition of Sr(NOs); and NaMnOj to a final concentrations of 0.02 M
cach, with precipitation reactions conducted at 26 to 29 °C.

5.1.2 Tank Inventory and Input Data

The starting inventory data for each tank were obtained from the BBI Data located on the Tank
Waste Information Network System (TWINS) web page (TWINS 2004). The BBI Effective
Date is April 4, 2004 (12:00 am) and is the basis for the tank composition data used for tanks
AP-102, AN-102 and AN-107. The BBI reports the density and volume of each phase
(supcrnatant and sludge) in the tanks.

The BBI data does not identify certain supplemental analytes for all waste phascs. For this mass
balance, two supplemental analytes, Rhedium and Tantalum have supernatant inventory values
for tank AN-107, but no values listed for tank AN-102. The BBI supplemental analytes arc in
addition 1o the standard list of analytes and are provided if values were available.

% The CH2M HILL volume calculator (RPP-13019) is used to convert between inches and volumes for tanks.

14
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5.1.2.1 Method of Analysis

The method of analysis for this calculation uses a Microsoft Office Excel® 2003 spreadsheet
designed to estimate supernatant and solids compositions based on the given design inputs and
assumptions for the St/TRU precipitation process. The mass balance calculation and spreadsheet
were preparcd in compliance with the TFC-ENG-DESIGN-C-10, “Enginccring Calculations™
and TFC-ENG-CHEM-D-33, Rev B, “Spreadshcet Verification™. The required spreadshect
verification form is provided as part of Appendix A. An evaluation was performed for in-tank
trcatment of the entire supernatant contents of tanks AN-107 and AN-102, resulting in two mass
balance workshects:

o Treatin AN-102 (Appendix A, Attachment 4)
e Treatin AN-107 (Appendix A, Attachment 5)

Appendix A identifics the specific calculations performed and provides the mass balance
worksheets. The specific input data and assumptions were used to:

1. Calculate the volume of water addition necessary to dilute tank AN-102 and tank AN-
107 supernatants to a sodium concentration of 5.5 M.

2. Calculate the volume of reagent addition, NaMnO, and Sr(NQj;);, necessary to
perform the St/TRU precipitation of 100% of the supernatant volume in tanks
AN-102 and AN-107.

3. Calculate the composition of AN-102 and AN-107 supematants after addition of
St(NO3); and NaMnOQy to achieve a final concentrations of 0.02 M in the treated
supcrnatant.

4. Calculate the resulting volume of precipitate for each tank.

5. Calculate the *°Sr and TRU concentration in the LAW glass'® resulting from the
precipitated ®Sr/TRU concentrations in the treated waste (i.¢., solids phasc).

The Calculation Page worksheet, Appendix A, Attachment 3, details these computations and
identifics the specific cells or rows of the material balance worksheets which perform the
mechanical operations.

5.1.3 Calculation Results

Treatment of the entire supernatant contents in tanks AN-107 and AN-102, respectively, would
cxceed the normal operating limits (416 inches) of the AN tanks (OSD-T-151-00007, Rev 1-9).

" The U.S. Department of Energy Office of River Protection, Contract No, DE-AC27-01RV 14136, Specification
2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of Sr™ and TRU to be less than 20

Ci/m’ and less than 100 nCi/gm, respectively in the ILAW. In addition, the sedium concentration is assumed to be

15 wt% in these low-level waste glasses and the glass density is assumed to be 2.76 g/mL.

15
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The volume of dilution water added to achieve the optimal sodium concentration of 5.5 M
(PNWD-3141) and the required reagent volumes exceed the available tank capacity.

Table 5-1 summarizes the initial and final supernatant volume conditions for St/TRU
precipitation in tanks AN-102 and AN-107. Table 5-2 summarizes the volume of rcagent
addition required to achicve the optimal process conditions.

Table 5-1. Initial and Final Supernatant Volumes in Tanks AN-102 and AN-107

AN-102
AN-102 AN-107 Supcernatant AN-107 Supernatant
Description Unit Supernatant Supernatant | Treated Waste In- | Treated Waste In-Tank AN-
Initial Initial Tank AN-102® 107® Final
Final
BB[ Supema‘ant Litcrs 3.55E+06 3.30E+06 6-32E+06 5.47E+06
Volume ® Gallons | 9.38E+05 8.71E+05 1.67C+06 1.44E+06
lslf;i)%?-::;gm Inches | 341.1 316.8 607.4 525.4
Na concentration M 9.68 9.02 545 545
!

gg;':;‘;i'"g L | Gallons | 1.14E+06 114E+06 1.14E+06 1.14E+06

“ BBI supernatant volumes are taken from TWINS 2004, effective date April 1, 2004.

®  The volume contribution due to solids precipitation will increase the final volume in the tank.
‘@ Source: ODS-T-151-00007, Rev. I-9.

Table 5-2. Reagent Volumes Added to Tanks AN-102 and AN-107 for Sr/TRU Precipitation®

Reagent Addition Units AN-102 AN-107
3 M St(NO;), Gallons 1.11E+04 9.60E+03
40 wt% NaMnQ, (3.83 M) | Gallons 8.76E+03 7.58E+03
Water Gallons 7.13E+05 5.57E405

@ Sr/TRU precipitation process conditions are 5.5 M Na in the pretreated supernatant with Sr(NO,); and NaMnO,
addition to achieve a final concentration of 0.02 M in treated supernatant.

16
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52  SR/TRUPRECIPITATION OF AN-102 AND
AN-107 SUPERNATANTS IN TANK AP-102

The calculation results from the treatment of the entire supernatant contents in tanks AN-102 and
AN-107 exceed the normal operating limits. However, the removal of St/TRU from AN-102 and
AN-107 supcmatants can be conducted in an alternate DST tank by transferring batches of AN-
102 and AN-107 supernatants into a suitable tank (or treatment. Tank AP-102 was determined to
be a suitable tank for performing the precipitation process.

521 Alternate Tank Selection

Tank AP-102 was selected as the tank to conduct the St/TRU removal from tanks AN-102 and
AN-107 supernatants based on the following benefits:

» Tank AP-102 is in good condition.

« AP-102 alrcady contains sludge (23,000 gallons) so the addition of a %S/ TRU
precipitate layer will not impose extra cost.

« The central pump pit on tank AP-102 has been equipped with a mixer pump (currently
inoperative).

o Feed transfer to WTP will be available through equipment supplied by Project W-211
and Project W-314,

« Project W-211 supplies a transfer/decant pump for AP-102.

Further evaluation of the adequacy of tank AP-102 for conducting this process should be
addressed in subsequent phases of this project.

5.2.1.1 Flowsheet Analysis

The material balance for conducting the St/TRU precipitation process in tank AP-102 is
developed as four scparate batches. Based on the total supernatant volumes for treatment and
required chemical addition, a batch volume equal to approximately %2 of the supernatant volume
in cach tank (i.e., AN-102 and AN-107) was considered suitable to accommodate the required
process volume. The batch size volumes are identified in the mass balance calculation,
Appendix A. Tank AP-102 supernatant is assumed to be removed into an available LAW DST
for storage before the treatment process is initiated. A residual AP-102 supernatant heel of 10
inches is assumed to remain and is included in the first batch of supernatant for treatment.

Treated supernatants are transferred into an available DST for storage and/or delivery to the
WTP. Strontium and TRU precipitates arc accumulated on top of the existing tank AP-102
sludge layer. Afler completing the treatment of the tank AN-102 and AN-107 supernatants, the
solids/sludge accumulated in tank AP-102 is diluted to 10 wt% solids and transferred into an
available DST.

17
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A process flow diagram, shown in Figure 5-1, was developed to identify the proposed batch
transfers from tank AN-102 and AN-107 supcmatants into tank AP-102 for treatment.

5.2.1.2 Tank Inventory and Input Data

The inventory data for cach tank were obtained from the BBI Inventory Data located on the
TWINS web page (TWINS 2004). The BBI Effective Date is April 4, 2004 (12:00 am) is the
basis for the tank composition data for tanks AP-102, AN-102 and AN-107 and reports the
density and volume of cach phase (superatant and sludge) in the tanks. The BBI data docs not
identify certain supplement analytes for all waste phases. For this mass balance, two
supplemental analytes, Rhodium and Tantalum have supcrnatant inventory valucs for AN-107,
but no values are listed for AN-102.

5.2.1.3 Method of Analysis

The method of analysis for this calculation uses a Microsoft Office Excel® 2003 spreadshect
designed to estimate supematant and solids compositions based on the given design inputs and
assumptions for the St/TRU precipitation process. The mass balance calculation and spreadsheet
were prepared in compliance with the TFC-ENG-DESIGN-C-10, “Enginecring Calculations”
and TFC-ENG-CHEM-D-33, Rev B, “Spreadsheet Verification”. The required spreadsheet
verification form is provided as part of Appendix A. Using the results of the in-tank AN-102 and
AN-107 mass balance, the same calculation process was performed on batches of AN-102 and
AN-107 supernatant transferred into tank AP-102. A mass balance was performed for ¢ach of
the four batches:

Batch #1 treatment of AN-102 supcmatant in tank AP-102 (Appendix A, Attachment 6)
Batch #2 treatment of AN-102 supernatant in tank AP-102 (Appendix A, Attachment 7)
Batch #3 treatment of AN-107 supematant in tank AP-102 (Appendix A, Attachment 8)

Batch #4 treatment of AN-107 supernatant in tank AP-102 (Appendix A. Attachment 9)

18
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Appendix A identifies the specific calculations performed and provides the mass balance
worksheets. The specific input data and assumptions were used to perform the following
calculations: :

1. Calculate the volume of water addition necessary to dilute the AN-102 and
AN-107 supermnatant batches to a sodium concentration of 5.5 M.

2. Calculate the volume of reagent addition, NaMnQy and Sr(NOj3),, necessary to
perform the St/TRU precipitation of the supernatant volume transferred to tank
AP-102.

3. Calculate the composition of AN-102 and AN-107 supernatants after addition of
Sr(NOj); and NaMnQ, to achieve a final concentrations of 0.02 M in the treated
supernatant.

4. Calculate the resulting volume of precipitate for each tank,

5. Calculate the *°Sr and TRU concentration in the LAW glass resulting from treated
AN-102 and AN-107 supernatants (i.e., *Sr and TRU precipitation reactions have
occurred with resulting decontamination of supernatant).

The Calculation Page worksheet, Appendix A, Attachment 3, details these computations
and identifies the specific cells or rows of the material balance worksheets which perform
these mathematical operations.

5.2.1.4 Results

The results of the material balance demonstrate that four batches of supernatant (two batches
from tank AN-102 and two batches from AN-107) can be treated to meet the requirement of less
than 20 Ci/m? for ®Sr and 100 nCi/gm for TRU in the ILAW. A conservative target TRU and
"Sr concentration of 0% below the LAW requirement was also used to evaluate results. The
percent removals required to meet target values of 50 nCi/gm for TRU and 10 Ci/m® *°Sr are
shown in Table 5-3. The 50% values were conservatively selected as preliminary process limits
to avoid exceeding the contractual WTP ILAW glass limits due to data uncertainties (e.g. Na,O
loading, St/TRU concentrations, etc.).

Table 5-3 summarizes the resulting concentrations of **Sr and TRU in the LAW glass from each
of the four batches of treated supernatants and the volume of Sr/TRU precipitate generated for
cach batch. Tank AN-107 supernatant does not meet the target value of 50 nCi/gm TRU in the
ILAW glass, but still meets the WTP contractual concentration limit of 100 nCi/gm TRU.
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Table 5-3. Concentrations of *°Sr and TRU in Low-Level Waste Glass Resulting from
Treatment of Tanks AN-102 and AN-107 Supernatants and Volume of Resulting Precipitate

AN-102 AN-102 AN-107 AN-107
Treated Supematants Units Batch #1 Supematant Supernatant Supernatant
Batch #2 Batch #3 Batch #4
TRU in glass ]
. nCi/fgm [ 11.52 12.11 61.77 62.05
(Target Value = 50 nCi/gm)
‘JOS : ] {a.b)
i gl . | cum® {584 6.14 6.59 6.59
(Target Value = 10 CvVm’)
*Sr Concentration pCi/ml | 2.38 2.51 2.69 2.69
Sum of TRU uCi/ml | 0.01 0.01 0.07 0.07
St/TRU Precipitate inches | 3.42 344 4.22 4.19
Volume Setiled Solids (ppt) | gallons | 9.41E+03 9.47E+03 1.16E+04 1.15E+04

@The U.S. Department of Energy Office of River Protection, Contract No. DE—AC27-01RV14136
Specification 2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of *Srand TRU to

be less than 20 Ci/m” and less than 100 nCi/gm, respectively in the [LAW.
®)Assumes a glass density of 2,76 MT/m® and 15 wit% Na,O in the low-level waste glass

5.2.1.5 Uncertainties

Low *Sr and TRU Decontamination: The **Sr and TRU precipitation reactions and DF have
been demonstrated using liter quantities of actual tank supermnatant samples. Pilot-scale
demonstrations of the St/TRU precipitation process have been conducted with tens of gallons of
simulants with the primary purpose to demonstrate crossflow filtration of the precipitated solids.
The St/TRU precipitation process has not been conducted at the scale proposed for processing in
the DSTs. Difficulties could be encountered in achieving effechve mixing of the reagents with
tank AN-102 or tank AN-107 supernatants leading to reduced »Sr and TRU decontamination.

Effective mixing of the tank AN-102 (or AN-107) supernatants with reagents may be achieved
using a rcplaccmcnl 300-hp mixer pump installed in tank AP-102. Previous testing of a 150-hp
mixer pump in tank AP-102 for the now defunct grout treatment program dcmonslrated th:s
pump is capable of achlevmg a homogenous waste mixture in tank AP-102 supcmatant

Erosion of tank walls and piping systems due to the operation of a 300-hp mixer pump is not
considered to be significant because of the short duration required for the reagent mixing
operation. Laboratory testing of the St/TRU precipitation mechanism has been shown to occur
even with no mixing (PNWD-3338, section 3.1, SrCO; precipitation). Therefore, the risk of poor
mixing in tank AP-102 is categorized as low.,

" WHC-SD-WM-TRP-168, 1994, T. L. Welsh, Tank 241-AP-102 Characterization and Grout Product Test Results,
Westinghouse Hanford Company, Richland Washington
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Additional ®Sr and TRU removal can be achieved by increasing the concentrations of strontium
nitrate and sodium permanganate in the treated supematants (PNWD-3338). Similarly, if the
desired *Sr and TRU decontamination is not achieved, additional strontium nitrate and/or
sodium permanganate can be added to the supernatant to achieve further *°Sr and TRU
decontamination. Therefore, the risk of not achieving the desired **Sr and TRU decontamination
is also categorized as low.

Solids Settling: The process flowsheet assumes the St/TRU precipitate is settled and
accumulated in tank AP-102. The St/TRU precipitated solids may remain suspended in the
treated supernatant. If the St/TRU precipitated solids remain suspended, these solids would be
transferred along with the treated supernatant to another DST for interim storage and eventual
processing in the WTP. The WTP is equipped with ultrafilters that can separate the suspended
St/TRU precipitated solids. Therefore, there should be no impact if the St/TRU precipitated
solids remain suspended. Recent laboratory tests conducted to determine the settling rate for the
St/TRU precipitate were inconclusive due to the opacity of the sample.

Sodium Concentration: The process flowsheet assumes a farget sodium concentration of 5.5 M
in the tank AN-102 and tank AN-107 supcmatants prior to treatment. The sodium concentration
of these supernatants are identified from BBI data as 9.68 M and 9.02 M sodium, respectively.
Laboratory tests conducted to determine the °Sr and TRU decontamination achieved in an
undiluted sample of AN-107 supernatant. Results from these laboratory tests (sec Section 3.2)
indicate addition of dilution water to achieve 5.5 M sodium may be eliminated. Further
optimization of the precipitation process is considered a low risk for mecting decontamination
requirements, but may benefit DST space management.

5.2.1.6 Process Operation Description

As identified earlicr, tank AP-102 is a candidate tank for conducting the proposed St/TRU
scparation. Conceptual operation scquences are described here. In order to use tank AP-102 for
this process, approximately 1,075,000 gallons of supernatant presently in the tank will be moved
to another DST or tanks that have sufficient storage space. Once that is accomplished, a portion
of the tank AN-102 (or the first batch) supernatant will be transferred to tank AP-102. The 300-
hp mixer pump installed in tank AP-102 will be operated to mix the tank contents. Then, the
necessary quantities of 3 M Sr(NO;); and 3.8 M (40 wit%) NaMnQ, would be added to tank AP-
102 via the chemical addition systems and a tank riser. Afler mixing these chemical reagents
with the transferred supernatant in tank AP-102 for a minimum of 4-hours, the mixer pump will
be stopped to allow the precipitates to scttle. A grab sampling of the treated supernatant will be
obtained and analyzed to verify the desired level of *Sr and TRU (i.e. >*'Am and 239-240pyy
precipitation has been achieved. If °Sr and/or TRU present in the AP-102 sludge is
inadvertently dissolved by the AN-102 or AN-107 supernatants or inadequate precipitation
occurs, then additional 3 M Sr(NO;)2 and 3.8 M (40 wt%) NaMnQ; will be added and the tank
content will be mixed to further reduce the *°Sr and TRU concentration in the pretreated
supernatant.
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Afler verifying the °Sr and TRU concentration goals have been met, the pretreated batch of
supernatant from tank AP-102 will be transferred either to the WTP or to an another DST for
feed staging, depending on the WTP waste processing schedule. Processing of the remaining
batches of tanks AN-102 and AN-107 supernatants would be conducted in a manner similar to
that described above when space is available in the DST system.

5.3 HANFORD TANK WASTE OPERATIONS
SIMULATOR MODEL RUN

The impacts to the mission life cycle and feed delivery dates to the WTP of treating the AN-102
and AN-107 supcrnatants in the DST systems were evaluated using the Hanford Tank Waste
Operations Simulator (HTWOS) model'?, The HTWOS model simulates the waste storage,
retrieval, and treatment processes to provide an integrated flowsheet and mission scenario using
agreed upon modeling assumptions. Key assumptions and inputs used in the HTWOS model run
1o support this optimization study were prepared and submitted to CH2M HILL using the
HTWOS Model Change Summary Form and Assumptions Matrix 1o document the requested
model revision for this optimization study. Appendix B presents the assumptions and major
inputs for the HTWOS model necessary to implement an HTWOS model run for the St/TRU
removal process.

Appendix E presents the approved HTWOS Model Modification form supporting this
optimization study. Key HTWOS model assumptions include:

o Segregate pretreated tank AN-102 and tank AN-107 supcmatants {rom other DSTs that
contain HLW solids to avoid potential for solubilization of **St/TRU precipitates.

e Sr/TRU precipitate settles in tank AP-102.

e Pretreated tank AN-102 and tank AN-107 supernatants are further processed in the WTP,
including solids-liquid separation, cesium ion exchange, evaporation, etc.

e Start tank AN-102 pretreatment processing in the tank AP-102 in the year 2013 unlcss
restricted by other model constraints. The processing schedule was optimized in
HTWOS.

e Sr/TRU precipitate can be blended with other HLW solids/supernate without impact; the
HTWOS model asscsses the HLW glass impact of blending.

"2 The HTWOS is programmed in G2, an object-oriented artificial intelligence sofiware package commercially
available through the Gensym Corporation. G2 is a trademark of Gensym Corporation. A detailed description of
the HITWOS model is available in RPP-7630, Configuration Management Plan for Hanford Tank Waste Operations
Simulator Flowsheet Modeling
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5.4 HANFORD TANK WASTE OPERATIONS SIMULATOR OUTPUT DATA

The HTWOS modeling of the St/TRU precipitation process in tank AP-102 results in a revised
fecd staging sequence and provides new WTP LAW fced delivery dates for tank AN-102 and
tank AN-107 supernatants. The HTWOS outputs include the initial and final superatant
compositions for the treatment of four supernatant batches, as well as the revised WTP LAW
fecd delivery dates for the treated tank AN-102 and tank AN-107 supernatants. Tables 5.4 and
5.5 summarize the processing dates and volumes optimized by the HTWOS mode! run for the
Development run and this study. The HTWOS model was set up to avoid conflicting transfers
and allowes a five day delay between users. These runs determined there was no conflict due to
staggered transfer schedule. An assessment of these feed delivery dates is provided in

Section 5.5. The HTWOS outputs for the revised WTP LAW feed delivery are provided in
Appendix C, HTWOS Results.

As shown by the HTWOS run, in-tank processing benefits the WTP production rate. The
St/TRU precipitation processing of LAW Envelope C supernatants in the WTP is conducted in
the same process equipment that is used for pretreatment of HLW solids. Therefore, the WTP
must suspend pretreatment of HLW solids while conducting the St/TRU precipitation process.

In order to maintain HLW vitrification production, the WTP accumulates excess pretrecated HLW
solids before conducting the St/TRU precipitation process. Due to vessel storage capacity
limitations and HLW melter feed blending considerations, pretreatment of HLW solids and
St/TRU precipitation processing of LAW Envelope C supcrnatants is alternated until all LAW
Envelope C supematant is processed. Under this operating scenario, there is the potential for
insuflicient pretreated HLW solids available to support full capacity operation of the HLW
vitrification facility, Using the HTWOS modeling reference, Development Run for comparison,
the HLW vitrification facility could be idle for approximately six months due to unavailability of
pretreated HLW solids. Pretreatment of the LAW Envelope C supernatants in the tank farms to
separate Sr and TRU elements can eliminate this idle time for the HLW vitrification facility.

In addition to WTP operational impacts, the space constraints (i.e., tank utilization and
scheduling) imposed on the DST system are also evaluated using the HTWOS model. This
evaluation includes allocation of tank AP-102 for conducting the St/TRU precipitation process,
continued storage of LAW Envelope C supernatants in tanks AN-102 and AN-107 until
pretrcatment processing is completed, and blending of the St/TRU precipitates accumulated in
tank AP-102 with HLW solids present in tank AY-102 for feed to the WTP. The HTWOS modcl
results indicate no apparent impacts to DST tank space or utilization from conducting the
St/TRU precipitation process in the tank farms.
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Table 5-4. HTWOS Output for Sr/TRU Study Run

From To Start Date End Date Volume (gal)
AN-102 AP-102 10/9/2012 12/12/2012 5.00E+05
Process Dilution | AP-102 10/16/2012 10/19/2012 4.70E+05
AP-102 Pretreatment 4/23/2013 4/23/2013 9.70E+05
Flush AP-102 4/23/2013 4/23/2013 5.00E+02
AN-102 AP-102 4/27/2013 4/29/2013 4.11E+05
Process Dilution | AP-102 5/3/2013 5/5/2013 3.78E+05
AP-102 Pretreatment 8/12/2013 8/12/2013 7.92E+05
Flush AP-102 8/12/2013 8/12/2013 5.00E+02
AN-107 AP-102 8/16/2013 8/19/2013 4.50E+05
Process Dilution | AP-102 8/23/2013 8/25/2013 3.01E+05
AP-102 Pretreatment 11/24/2014 11/24/2014 7.52E+05
Flush AP-102 1112472014 11/24/2014 5.00E+02
AN-107 AP-102 11/28/2014 11/30/2014 3.94E+05
Process Dilution | AP-102 12/4/2014 12/5/2014 2.61E+05
AP-102 Pretreatment 3/11/2015 3/11/2015 6.56E+05
Flush AP-102 3/11/2015 3/11/2015 5.00E+02
Table 5-5. HTWOS OQutput for Development Run
From To Start Date End Date Yolume (gal) | Dilution H;0
(gal)
Flush AN-102 8/30/2012 8/30/2012 5.00E+02 0
AN-102 Pretreatment | 8/30/2012 8/30/2012 5.12E+05 2.44E+05
Flush AN-102 2/9/2013 2/9/2013 5.00E+02 0
AN-102 Pretreatment | 2/9/2013 2/9/2013 S.12E+05 2.44E+05
Flush AN-107 8/28/2014 8/28/2014 5.00E+02 0
AN-107 Pretreatment | 8/28/2014 8/28/2014 9.00E+05 0
AP-102 Pretreatment | 1/17/2016 1/17/2016 1.21E+06 0
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5.5 MISSION LIFE-CYCLE IMPACTS

The HTWQOS model includes a simulation of the WTP operations in order to estimate the volume
of immobilized high-level waste and ILAW glass resulting from delivered feeds. The HLW
waste canister production curve can be used to evaluate any advantage (i.e., schedule
improvement) of the HTWOS output. The results of the HTWOS run compared to the
Decvelopmental Run, as shown in Figure 5.2, indicate that implementation of the St/TRU
separation in the DST system provides an approximate 6 month schedule advantage to the
overall mission schedule using the Developmental Run as a reference case. The tank notations
on the figure indicate the approximate supernate delivery date to the WTP from the stated tank.
The HTWOS modeling indicates the St/TRU precipitate process can be implemented beginning
in 2012 using tank AP-102 without impacting the overall mission and date or planned SST
retricvals. No impacts to other ORP mission requirements were identified.
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6.0 NEW EQUIPMENT REQUIREMENTS

The AP tank farm consists of eight DSTs, each with a nominal capacity of one-million gallons.
The following gencral observations were made regarding equipment necds:

e No modifications 10 the existing transfer lines or pit jumpers are nceded beyond thosc
already included in Project W-314.

o The following upgrades are needed to provide the proper mixing and transferring
capabilitics:

- New 300-hp mixer pump in AP-102
- One each transfer/decant pump with adjustable suction in AP-102, AN-102 and
AN-107.

It is also noted that the AP ventilation system may need to be upgraded. Further analysis will be
needed if implementation of the St/TRU scparation process is initiated, equipment needs should
be reviewed to assure timely integration with identified supporting projects,

6.1 CHEMICAL TRANSFER SYSTENMS

Two chemical transfer systems will be required. The chemical systems are Sr(NO;); and
NaMnQy. Each of the systems will have a dedicated 8 f1. x 12 ft. skid. The skids will be located
at Icast 10 feet outside the 241- AP tank farm. The skids will be powered from AP-102 central
pump pit junction box. Due to the simplicity of batch operation, the chemical system controls
will be locally mounted on the skid for manual operation.

Skid mounted chemical storage and transfer systems are the basis for the design developed in
this study and cost estimate. Due to the relatively infrequent need for the chemical additions to
the tanks, it may be possible 1o eliminate these skids with a tank-truck supplied chemical fecd.
This option would require further investigation in later stages of design development. For such
an approach, potential operational and safety concerns that could be inherent with a truck

supplied chemical system must be addressed.

The Sodium Permanganate System will include a 3,200 gallon type 316 stainless steel tank. The
Strontium Nitrate System will include a 4,000 gallon type 316 stainless steel tank. The pumps
supplying the chemicals will be 100 gpm capacity at a maximum of 100 ft. head. Voltage is
230v/30/60 Hz and operating temperature is up to 120° F. The system is intended for outside
operation.

The interface between the chemical transfer system and tank AP-102 and the 4 inch riser #27 will be
with a flexible hose bolted to the 4 inch riser flange.
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6.2 IN-TANK EQUIPMENT

In-tank equipment required for transfer of tank AN-102 and tank AN-107 supematants to tank
AP-102 and conduct the St/TRU precipitation process in tank AP-102 include:

1. transfer/dccant pumps,
2. mixer pump, and

3. thermocouple trees, tank liquid level Enraf-Nonius Series 854 (ENRAF), sludge level
indicator, and leak detection instrumentation.

6.2.1  Transfer/decant pumps

One each Transfer /Decant Pump will be required in tanks AP-102, AN-102 and AN-107 to
transfer both slurry and/or supernatant. All three tanks currently have transfer pumps with stick
legs installed. However, the pumps are dated and are underpowered to make the transfers
required for this application. All three of these pumps are presently in the scope of project W-
211 for replacement. The new pumps are scheduled for installation during the 2009 to 2012
time frame.

The pumps will be designed to deliver the rated 140 gpm at 450 fect of head (normal opcrating
point) for 1.25 specific gravity (60 HP). The pumps design will include provisions for the
addition of dilution water at 100 psig or less pressure, injected at the suction of the pumps in a
manner that directs the diluents into the pumps.

6.2.2  Mixing Pump

One mixing pump will be required in tank AP-102. Currently no mixing pump is installed in
tank AP-102. Projcct W-211 is scheduled to install one mixing pump in the center pump pit
(riser #11) of tank AP-102 during the 2006 to 2009 time frame.

Tank AN-107 has an inoperable mixer pump and project W-211 is scheduled to install one
miXing pump in tank AN-102, For this proposed pretreatment process, no operations require
mixcr pumps in these tanks. However, the mixer pumps will be required to retrieve the sludge
and solids that reside at the bottom of the tanks, or if chemistry control by caustic addition
requires mixing.

6.2.3  Thermocouple Trees, Tank Liquid Level, Sludge Level Indicator and Leak
Detection Instrumentation

The ENRAFs, sludge level indicators and leak detection instrumentation equipment in tanks
AP-102, AN-102 and AN-107 are all currently functioning and in good operating order. No
instrumentation modifications or replacements are anticipated.
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6.2.4 AP Tank Farm Ventilation

Project W-211 originally included the replacement of the AP tank farm exhausters but project
scope was reduced to exclude the exhauster upgrade. However, the current AP tank farm
ventilation system is in good operating order and is assumed of sufficient capacity to ventilate
tank AP-102 during the mixing and transferring operations of the proposed pretreatment process.
This assumption will require further evaluation backed up by appropriate calculations on
cmissions control.

The 241-AP Tank Farm consists of eight DSTs that are ventilated by a common exhaust system.
The exhaust systern provides ventilation by maintaining a negative pressure on the tanks with
respect to the outside atmosphere. The 241-AP Tank Farm Primary Ventilation System
interfaces with various interlock control systems, including a high-efficiency particulate air filter
differential pressure interlock and continuous air monitor interlock. Each primary exhaust train
consists of an inlet isolation valve, an outlet isolation valve, and an exhaust fan. Each exhaust
fan has a rated capacity in excess of 1,000 standard ft*/min. The isolation valves are used to
direct the airflow through one of the two independent exhaust trains.

0.2.5 AN Tank Farm Ventilation

The AN tank farm exhausters are presently being upgraded with high capacity exhausters
sufficicnt to ventilate tanks AN-102 and AN-107 during the opcrations in this study. No
modifications arc anticipated.

6.2.6 Transfer Lines

Transfer lines and valving arc required from tanks AN-102 and AN-107 to and from tank AP-
102. Transfer lines and valving are also required from tank AP-102 to HLW and LAW tanks.

Currently all pit jumpers required to do these transfers are not in place. However, project W-314
is scheduled to have all the required jumpers installed to make these transfers by the end of 2005,

The flow paths for the waste are as follows:

« From 241-AN-107 transfer pump, through 241-AN-A Valve Pit, through 241-AN-B
Valve Pit, through TK-AN-101 Valve Pit, through 24]-AZ Valve Pit, through 241-
AP-102 Pit 02D and into tank AP-102. Use the reverse flow path for AP-102 to AN-
107.

» From AN-102 transfer pump, through 241-AN-B Valve Pit, through TK-AN-101
Valve Pit, through 241-AZ Valve Pit, through 241-AP-102 Pit 02D and into tank.
AP-102. Use the reverse flow path for tank AP-102 to AN-102,

The HTWOS model output for this study determined there was no conflict due to the staggered
transfer schedule. If implementation of the St/TRU separation process in the DST system is
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initiated, equipment needs should be reviewed to assure timely integration with identified
supporting projects.

6.3 EQUIPMENT ASSUMPTIONS

1)
2)

3)

4)

Project W-211"s time frame (2009 to 2012) of installing transfer /decant pumps in
tanks AP-102, AN-102 and AN-107 will be funded and on schedule.

Project W-211’s transfer /decant pumps will have the required horse power to make
the required waste transfers.

Current Thermocouple Trees, Tank Liquid Level (ENRAFs), Sludge Level
Indicators and Leak Detection Instrumentation will be maintained and remain in
good opcrating order.

Current AP tank farm exhauster is of sufficient capacity to ventilate tank AP-102
during opcrations and is maintained in good operating condition. Further evaluation
of exhauster system will be required.
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7.0  PROJECT COST ESTIMATES

The following cost estimate is for the design, fabrication, procurement and installation of a
system that would scparate strontium and TRU elements from tank AN-102 and tank AN-107
supernatants within the DST system. The costs presented are in 2005 dollars and are not
intended for budgetary purposes, but are intended to allow for a relative and representative
comparison of the various waste management options. An estimate of the Total Capital Costs
and total Non-Capital Costs are provided in Table 7-1 and Table 7-2, resulting in a total project
cost of $2,597,521.00.

The cost estimate includes Project management, Construction Management, Title 1, IT and 111
Engincering and Construction cost. Other project costs include program management, technical
support, environmental, safety, health and quality support, Authorization Basis amendment,
procedure development, training, and an allowance of an Opcrational Readiness Review and
System start-up. An allowance has also been included for system closure costs. A 40%
contingency factor was applied to capital cost elements due to the designs pre-conceptual level.
Exception to this arc a 25% contingency rate being applied to the estimated project management
and construction management costs and a 30% contingency rate being applied to the mechanical
systems costs due to having received vendor quotes for the chemical skids. The cost estimate
includes the design, fabrication, procurement and installation of the following equipment:

One skid mounted strontium nitrate chemical handling system.
One skid mounted sodium permanganate chemical handling system
Concrete pads

Tank interface equipment

In-tank distribution head

Flexible hoses from the skids to the tanks

All power and instrumentation lines to the skids

It is assumed that all in-tank instrumentation (i.c. temperature, liquid level, sludge level, pressure
and lcak detection) are intact and will be maintained adequately such that no equipment costs
will be incurred for this system. It is also assumed that all mixer pumps, transfer pumps, transfer
line jumpers and exhauster upgrades needed for this system will be installed and costed under
other currently scheduled elements under CH2M HILL Projects W-314 (Tank Farm Restoration
and Safe Operations) and W-211 (Initial Tank Retrieval Systems). If this project is performed in
advance of these projects, the budgets and upgrades would have to be reprogrammed into this
project.

Resources in this estimate were based upon the detail found in CH2M HILL’s project W-211
cost estimates and escalated as appropriate to 2005 costs using a 2.5% annual escalation rate.
The chemical handling equipment costs were based on estimates provided by Precision Pumping
Systems (Kelso, WA). Other miscellancous costs were based on interviews with tank farm
cognizant engineers and good enginecring practices.
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The cost of tank farm operations personnel to perform the transfers, chemical additions, mixing,
and sampling are not included in this cost estimate but are considered covered in the Tank Farm
Contractor Baseline Cost Estimate. In addition, if execution of the St/TRU separation process in
the DST system is pursucd for implementation, an integration of the full scope of this process,
with existing Waste Feed Operations (WFO) Projects, must be performed in order to ensure a
realistic scope, schedule, cost, and risk basis. A detatled cost estimate is provided in

Appendix D.
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Table 7-1. Capital Cost Estimate
Cost Element Cost
Management Costs
Project Management $40,800
Construction Management $39,000
Subtotal $79,800
Engincering, Design and Inspection
Title I $98,100
Title 11 $215,300
Title I11 $120,000
Engincering Support 366,750
Subtotal $500,150
Construction
General Conditions $£58,064
Site Work & Demo $4,499
Concrete $23,075
Mechanical $249,264
Electrical $26,675
General Labor Support $31,676
Other Costs $2904,334
Subtotal $687,587
Construction Support $90,518
Startup $303,120
Contingency $627,574
TOTAL CAPITAL COSTS $2,288,749
Table 7-2. Non-Capital Cost Estimate
Other Project Costs $171,255
Operations 30
Closure $137,517
TOTAL NON-CAPITAL COSTS $308,772
TOTAL PROJECT COSTS $2,597,521
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8.0 STUDY FINDINGS/RESULTS

The addition of 3 M Sr(NO;): and 3.83 M NaMnQ, to diluted Envelope C (i.e. AN-102 and AN-
107 supernatants) to produce 0.02 M Sr and 0.02 M MnO; in solution can be conducted in tank
AP-102. If implemented, this process will be a direct alternative to the WTP pretreatment
process for these feed streams. Based on HTWOS model runs, such implementation in the DST
system has a potential to achieve a WTP operation schedule savings of six months.

The St/TRU precipitation process can be conducted in tank AP-102 by transferring separate
batches of tank AN-102 and tank AN-107 supematants into AP-102 for treatment. The results of
the material balance for the treated supematants results in accumulated precipitated solids of
23.7-inches in tank AP-102. Treated tank AN-102 and tank AN-107 supernatants meet the
requirements of less than 20 Ci/m* for *°Sr and 100 nCi/gm for TRU in the ILAW. The
concentrations of ®Sr on TRU in LLW glass resulting from St/TRU decontamination of tanks
AN-102 and AN-107 supernatants are summarized in Table 8-1.

Table 8-1. Sr/TRU Separation of Tanks AN-102 and AN-107 Supernatants

Treated Supcmatams(a) TRU in ILAW Glass"’ ®Sr Concentration in ILAW Glass™
AN-102 Batch #1 11.52 nCi/gm 5.84 Ci/m®
AN-102 Batch #2 12.11 nCi/gm 6.14 Ci/m’
AN-107 Batch #3 61.77 nCi/gm 6.59 Ci/m’
AN-107 Batch #4 62.05 nCi/gm 6.59 Ci/m’

@} The U.S. Department of Energy Office of River Protection, Contract No. DE-AC27-01RV14136,
Specification 2.2.2.8, Radionuclide Corcentration Limitations requires the concentrations of *°Sr and TRU
to be less than 20 Ci/m’ and less than 100 C/g respectively in the ILAW.,

%} Assumes a glass density of 2.76 MT/m’ and 15 wt% Na,Q in the low-level waste glass.

The strontium and TRU precipitates are accumulated on top of the existing tank AP-102 sludge
layer. The accumulated solids/sludge is diluted to 10 wt% solids and transferred into an

available HLW tank.

The estimated capital costs for the design, procurement of associated construction of the
equipment required to implement this option are approximately $2.3M in FY 2005 dollars. This
estimate includes an aggregate contingency level of 37%. When associated non-capital costs are
included, the total Project Cost is approximately $2.6M. These costs do not include all needed
items, including equipment needed for implementation of this process option, since these items
are presently planned for installation and budgeted in Projects W-314, Tank Farm Restoration
and Safe Operations Project and W-211, Initial Tank Retrieval System. These excluded items
include tank transfer pumps, transfer line and pit upgrades. If pursued, a priority next step
toward implementing the Sr/TRU separation process will be an integration of the full process
into the WFO projects.
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In addition, for implementation of the St/TRU pretreatment process in the DST systems the
following issues/items will need to be addressed.

e Waste compatibility assessment.
e Evaluation of impacts of St/TRU precipitate settling behavior.

e Long-term storage of St/TRU precipitate and mixing with other HLW
solids/supernatants.

o Integration of in-tank St/TRU precipitation process with current and planned Tank Farm
upgrades, DST utilization, and process tank selection.

o Assessment of permit modification and Authorization Basis modification.

While specific process implementation decisions (i.e. treatment and delivery timing), and Tank
Farm operational protocols (i.e. waste compatibility screening) will be needed, this study
concludes that the concept of in-tank strontium and TRU treatment of tank AN-102 and tank
AN-107 supernatants is worth pursuing. An additional $2.6M in tank farm work scope and some
added feed delivery complexity has the potential to save 6 months of Waste Treatment and
Immobilization Plant operating costs, currently estimated at approximately $1.2M per day.
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A1.0 OBIJECTIVE/PURPOSE

The purpose of this calculation is te calculate the changes in the quantity and composition of
tank 241-AN-102 and tank 241-AN-107 supematants after addition of a calculated quantity and
composition of sodium permanganate (NaMnQy) and strontium nitrate (Sr(NO3);) used to
precipitate the soluble **Sr and transuranics (TRU). The objective of this precipitation process is
to reduce the concentrations of *°Sr and transuranics in the AN-102 and AN-107 supcematants to
mect the Waste Treatment Plant contract limits' for these radionuclides. This calculation
provides a basis for specifying the amount of reagent and water addition necessary to achicve the
optimal rcaction conditions, calculating the quantity and composition of precipitate generated
from treating AN-102 and AN-107 supemnatants, and the resulting decontamination factor of
"Sr and TRU.

The calculation addresses two operating scenarios:
1. Treatment of supernatant in tanks AN-102 and AN-107, respectively
2. Trcatment of supematant, from tanks AN-102 and AN-107 in tank AP-102

Al-1 SCOPE

The scope of this calculation is limited to determining a mass balance for the feed and product
compositions of treating AN-102 and AN-107 supernatants and the estimated %Sr and TRU
loadings that would be expected in ILAW glass made from the treated supernatant, Solids
generated by this process are not dispositioned except to quantify the water dilution necessary to
transfer 10 wi% solids slurry for DST storage.

A2.0 SUMMARY OF RESULTS AND CONCLUSIONS

Based on the precipitation process criteria and data input, the precipitation process in tanks
AN-102 or AN-107 will not be suitable based primarily on the volume of dilution water required
to achieve a 5.5 M sodium concentration for the process. Adequate tank space is not available to
perform the operations. However, AN-102 and AN-107 supernatant can be transferred into
AP-102, after removal of AP-102 supernatant, where the St/TRU precipitation process can be
conducted in suitable batch sizes. A summary of the results of these two options is provided in
Sections A2-1 and A2-2.

Using the reference process conditions and assumed percent removals, the material balance for
treatment of 100% of the AN-102 and AN-107 supernatants provides concentrations of *Sr and
TRU in the low-activity waste glass below the specification limits of 20 Ci/m’ ®°Sr and less than

100 nCi/gm TRU:

''The U.S. Department of Energy Office of River Protection, Contract No. DE-AC27-01RV 14136,
Specification 2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of *Sr and TRU to be less
than 20 Ci/m® and less than 100 nCi/gm, respectively in the immobilized low-activity waste.
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. AN-102 Supernatant: 12.1 nCi/gm TRU, 6.14 Ci/m® *’Sr (Batch #2)
Basis: Treat in AN-102 Worksheet
. AN-107 Supematant: 62.1 nCi/gm TRU, 6.59 Ci/m* *Sr (Batch #4)
Basis: Treat in AN-107 Workshcet

A2-1

SR/TRU PRECIPITATION IN-TANKS 241-AN-102 AND 241-AN-107

Treatment of the entire supernatant volume in tanks AN-102 and AN-107, respectively, would
exceed the normal operating limit (416 inches) of the AN tanks (Ref. OSD-T-151-00007,
Rev. 1-9). Table A2-1 provides the initial and final volume conditions from reagent and water
addition in AN-102 and AN-107. Table A2-2 summarizes the volume of reagent addition
required to achicve the optimal process conditions.

Table A2-1. Initial and Final Supernatant Volumes in Tanks AN-102 and AN-107.*

Limit

AN-102 AN-107 s AN-102 AN-107
. . upernatant Supernatant
Description Unit Supernatant Supernatant Treated Waste Treated Waste
Initial Initial In-Tank AN-102 | In-Tank AN-107
Total Volume Liters 3.55E+06 3.30EH06 6.32E+06 5.47E+06
Gallons | 9.38E+05 8.71E+05 1.67E+06 1. 44E+06
Height of
Supematant Inches | 341.1 3168 6074 5254
Na concentration | M 9.68 9.02 5.45 545
Normal Operating | Gapons | 1.14E+06 1.14E+06 114E+06 1.14E+06

*The volume contribution duc to solids precipitation witl increase the final volume in the tank.




RPP-24809, Rev. 0

Table A2-2. Reagent Volumes Added to Tanks AN-102 and AN-107
for St/TRU Precipitation.*

Reagent Addition Units AN-102 AN-107
3M Si{NOs), Gallons 1.11E+04 9.60E+03
40 wit% NaMnO, (3.83M) Gallons 8.76E+03 7.58E+03
Water Addition Gallons 7.13E4+05 5.57E+05

*St/TRU precipitation process conditions are 5.5M Na in the pretreated supernatant and Sr(NO;), and NaMnO, addition
to achicve a final concentration of 0.02M in treated supematant

A2-2 SR/TRU PRECIPITATION IN TANK 241-AP-102

The St/TRU precipitation process can be conducted in tank AP-102 by transferring scparate
batches of AN-102 and AN-107 supematants into AP-102 for treatment. Tank AP-102
supernatant is assumed to be removed, except for a residual supernatant heel of 10 inches, prior
to treatment of AN-102/107 supernatants. The St/TRU precipitation process material balance is
developed as four scparate batches. Treated supernatants are transferred into an available LAW
tank for storage and/or delivery to the WTP. Strontium and transuranic precipitates are
accumulated on top of the existing AP-102 sludge layer. The accumulated solids/sludge is
diluted to 10 wt% solids and transferred into an available double-shell tank.

Table A2-3 summarizes the resulting concentrations of **Sr and TRU in the low-activity waste
glass from each of the four batches of treated supernatants and the volume of Sr/TRU precipitate
generated for each batch. Attachment 1, Sunimary, provides a more detailed summary for each
batch material balance.

Table A2-3. Concentrations of *’Srand TRU in Low-Level Waste Glass Resulting from
Treatment of AN-102 and AN-107 Supernatants and Volume of Resulting Precipitate.

AN-102 AN-102 AN-107 AN-107
Treated Supernatants Units Batch #1 + Supernatant | Supernatant Supernatant

AP-102 Batch #2 Batch #3 Batch #4
TRU in glass™*" nCi/gm 11.52 12.11 61.77 62.05
Sr-90 in glass™*" Ci/m’ 5.84 6.14 6.59 6.59
Sr-90 Concentration uCi /ml 238 2.51 2.69 2.69
Sum of TRU uCi/ml 0.01 0.01 0.07 0.07
St/TRU Precipitate inches 3.42 344 422 4.19
Volume Settle Solids (ppt) | Gallons 941E+03 9.47E+03 1.16E+04 1.15E+04

@ The U.S. Department of Encrgy Office of River Protcction, Contract No. DE-AC27-01RV 14136, Specification 2.2.2.8,
Radionuclide Concentration Limitations requires the concentrations of 90Sr and TRU to be less than 20 Ci/m3 and less
than 100 nCi/gm, respectively in the immobilized low-activity waste.

® Assumes a glass density of 2.76 MT/m3 and 15 w136 Na20 in the low-level waste glass.

A-7




RPP-24809, Rev. 0

A3.0 INTRODUCTION/BACKGROUND

The supernatants stored in tanks 241-AN-102 (AN-102) and 241-AN-107 (AN-107) contain
soluble strontium-90 (**Sr) and transuranic elements (TRU) that require removal prior to
vitrification to comply with the Waste Treatment and Immobilization Plant (WTP) immobilized
low-activity waste (ILAW) specification. A precipitation process has been developed and tested
with tank waste samples and simulants using sodium permanganate (NaMnQ,) and strontium
nitrate (Sr(NO3j).) to scparate %S and TRU from these wastes. The WTP includes this
precipitation step for removing %3r and transuranic isotopes; however, the WTP is projected to
experience a 6 to 24 month interruption in HLW pretreatment processing while AN-102 and
AN-107 supematants are pretreated. Conducting the St/TRU precipitation process in the DST
system may avoid the intcrruption in the WTP HLW pretreatment operations.

This calculation provides an evaluation of pretreating AN-102 and AN-107 supernatants in the
double shell tank system using the optimal conditions for precipitation of %Srand TRU
identificd from laboratory testing. A scrics of test reports have been prepared by Savannah River
National Laboratory and Battelle-Pacific Northwest Division and published for Bechtel National,
Inc.2 which demonstrate the effectiveness of the *Sr and TRU precipitation process. Many of
these studies were conducted with actual tank waste samples of AN-102 and AN-107
supernatant, using a range of experimental conditions. These test reports were summarized by
Mike Johnson, CH2M HILL? and provided as information to be used as data inputs and in this
calculation. The results and/or conclusions of sclected test reports contain the data inputs for use
in this calculation and are cited as applicable.

A4.0 INPUT DATA

Specific information used for this calculation has been established through published laboratory
input data as cited, requirements for final concentrations of *Srand TRU in the treated
supernatant, tank operaling specifications, as well as assumptions used to perform the material
balance.

Ad-1 DESIGN INPUTS
1. Tank Inventory Basis:

. BBI Effective Date April 4, 2004, 12:00 am is the basis for the tank composition
data for tanks AP-102, AN-102 and AN-107 (Reference: BBI is located on the
Tank Waste Information Network System (TWINS) web page).

Basis: Inventory data for each tank, obtained from TWINS, http://twinsweb.pnl.gov/
twins.htm,

2Test plans and studies identified in Bechtel National, Inc. (BNI), 2002. Research and Technology Plan, 24590-
WTP-PL-RT-01-002, Rev. 1, U.S. Department of Energy, Office of River Protection, Richland, WA.

* E-mail correspondence dated April -4, 2005
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Optimal Process Conditions:

. Dilute supernatant to 5.5 M Na by the addition of water

. Ambient Temperature (15°C to 50°C)

Basis: PNWD-3340, PNWD-3341, and PNWD-3338

Reagent Addition

. Sr(NO3); addition 1o achieve a final concentration of 0.02M

. NaMnQ, addition to achieve a final concentration of 0.02 M

Basis: PNWD-3141 (WTP-RPT-029

Reaction chemistry is given as follows:

. Isotopic Dilution Reactions:
- Sr(NQO;),; + %gr-Chelant + NayCO; <> Sr-Chelant + 2SrCO; + 2NaNO;
- Sr(NO;); + Na,CO; «» SrCO; + 2NaNO;
Basis: (PNWD-3340, scction 3.1)

. An example of the manganese reactions with formate are as follows:
- 2Mn*"0,” + HCO;™ + 30H = 2Mn"'0,2+ CO57% + 2H,0
- 3Mn"'0,2+4 2H,0 & 2Mn""0; + Mn"V 0, + 40H
Basis: PNWD-3263, section 3.1

Solids Density:

. St/TRU precipitate slurry is 39 weight percent.

Basis: PNWD-3035, section 3.5. The weight percent settle solids in a diluted and
caustic adjusted tank AN-107 supernatant sample was 42 + 3 weight pereent.

. ILAW Glass density = 2.76 MT/m’

CRITERIA

Chemistry limits for DSTs are provided in the Tank Farm Waste Transfer Compatibility
Program, Table 3.3. DST Waste Chemistry Limits. The concentrations of OH", NO,, and
NQ; are taken from the mass balance for the pretreated supernatant (i.e., diluted
supernatant with reagents added) batches and are shown in Table A4-1.
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Table A4-1. Concentrations of OII°, NO;, and NO; in Pretreated Tanks AN-102 and
AN-107 Supernatants Compared to DST Waste Chemistry Limits.

Pretreated Pretreated Pretreated Pretreated DST Waste
Batch #] Batch #2 Batch #3 Batch #4 Chemistry Limits
Variable Units | (Tank AN- | (Tank AN- | (Tank AN- | (Tank AN- (T<l67"F).
102 102 107 107
Supernatant) | Supernatant) | Supernatant) | Supernatant

[om} M 0.342 0.296 0.633 0.646 0.010M<[OH])<8.0M
(NO,] M 1.06 1.04 0.890 0.884 0.01 IM<[NO;)<5.5M
[NOy] M 1.84 1.86 2.05 2.06 (NOs] < 1.0M
[NOyY [OH] 1.31 1.39 1.35 1.35 <25
+[NO;]

*DST Waste Chemistry Limits for [NO;) range < 1.0M obtained from Table 3-3 of HNF-SD-WM-OQCD-015, Rev. 13.

Basis: HNF-SD-WM-OCD-015, Rev. 15

2. Normal Operating Limit for the AN and AP tanks is 416 inches (1.14E+06 gallons).
Tank waste liquid level is defined as the surface tevel irrespective of the amounts of

sludge, supernatant, or solids/crust.
Basis: OSD-T-151-00007, Rev. 1-9

3. Tank Bump Controls: The specific criteria for tank bump controls in DSTs require that at
least one of the following criteria is met:

. Total tank heat load is < 58,000 Btwhr (Rev. 15)

. Non-convective layer thickness is < 12 in.
. Supernatant depth is <39 in.
. The non-condensable gas generation rate at saturation temperature in the non-

convective layer is sufficiently low, such that the ratio of vertical void fraction
profile to the neutral buoyant void fraction (buoyancy ratio) is < 1.0.

Basis: HNF-SD-WM-0OCD-015, Rev. 15

4. NSr/TRU Limits: The RPP-WTP contract requires that the immobilized low-activity
waste (ILAW) product contain less than 100 nCi/g TRU and that the average **Sr be less
than 20 Ci/m’.

Basis: WTP 2001

5. The *Sr and TRU concentrations in the supernatants are targeted to be less than 7.48E-04
Ci per mole of sodium and 1.03E-05 Ci per mole of sodium, respectively following the
separation process.

Basis: Statement of Work (Requisition #: 117038, Engineering Optimization Study
Support)
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AS5.0 ASSUMPTIONS

Assumptions used in this calculation are provided in Attachment 2.

A6.0 METHOD OF ANALYSIS

The method of analysis for this calculation uses a Microsoft Office Excel® 2003 spreadsheet
designed to estimate supcrnatant and solids compositions based on the given design inputs and
assumptions for the St/TRU precipitation (ppt) process. An evaluation of AN-102 precipitation,
in-tank AN-102, was performed for AN-102 supernatant. The same evaluation was performed
for AN-107 supernatant, in-tank AN-107. Based on the results of the in-tank AN-102 and
AN-107 evaluation, the same ppt process was performed on batches of AN-102 and AN-107
supernatant after transfer into tank AP-102. A material balance was performed for each tank and
each batch, resulting in six separate worksheets and provided as attachments for the calculation:

Trcatment of AN-102 supernatant in tank AN-102 (Attachment 4)
Trcatment of AN-107 supernatant in tank AN-107 (Attachment 5)
Batch #1 treatment of AN-102 in tank AP-102 (Attachment 6)
Batch #2 treatment of AN-102 in tank AP-102 (Attachment 7)
Batch #3 treatment of AN-107 in tank AP-102 (Attachment 8)
Batch #4 treatment of AN-107 in tank AP-102 (Attachment 9)

A process block diagram, Figure AG6-1 was developed to identify the proposed batch transfers
from AN-102 and AN-107 supernatants into AP-102 for treatment.
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A6.1 CALCULATIONS

Formulas and equations used to perform the material balance are shown in Attachment 3,
Reagent Calculation and Calculation Page worksheets. Most of the analyses performed are
algebraic addition and subtraction opcrations.

The Reagent Calculation worksheet, Attachment 3, is used to determine volumes of strontium
nitrate and sodium permanganate that must be added to AN-102 and AN-102 wastes to produce
0.02M Sr and 0.02M MnO; in solution. The Sr and MnO; molarities from the reagent worksheet
are linked to the six material balance worksheets for use in calculating volume additions of

reagent.

The Calctlation Page worksheet, Attachment 3, identifies the calculations performed in specific
cclls, rows, or columns of the material balance worksheets. The specific input data and
assumptions werc uscd to:

1, Calculate thc volume of water addition necessary to dilute tanks AN-102 and AN-107
supematant batches to a sodium concentration of 5.5M.

2. Calculate the volume of reagent addition, NaMnOy and (Sr{NO;),, necessary to perform
the precipitation of Sr and TRU in 100% of the supernatants in tanks AN-102 and
AN-107.

3. Calculate the composition of each supernatant after addition of Sr(NO;); and NaMnQj to

achievc a final concentrations of 0.02M each.
4. Calculate the resulting volume of precipitate for each tank, or each batch, as applicable,

Calculate the *°Sr and TRU concentration in the low-activity waste glass® resulting from
the **Sr and TRU concentrations in the treated supernatants.

A6.1.1 Definition of Batch Feeds

Tablc A6-1 defines the source of the feed batches used for each of the four material balance
worksheets.

* The U.S. Department of Energy Office of River Protection, Contract No. DE-ACZ'I-OIRVMBG Specification
2.2.2.8, Radionuclide Concentration Limitations requires the concentrations of *Sr and TRU to be less than 20
Ci/m’ and less than 100 nCi/gm, respectively in the immobilized low-activity waste.

A-13
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Table A6-1. Material Balance Feed Definitions.

Total Volume for
Batch Number Feed Source Source of 10 Inch Heel Treatment (gatlons)

Batch #1 AN-102 supcrnatant 10 inches AP-102 4.83E+05
supematant

Batch #2 AN-102 supernatant 10 inches of AN-102 8.49E+05
supernatant

Batch #3 AN-107 supermatant 10 inches of Batch #2 1.70C+06
treated supernatant

Batch #4 AN-107 supematant 10 inches of Batch #3 1.70E+06
treated supernatant

A7.0 USE OF COMPUTER SOFTWARE

Microsoft Officc Excel® 2003.

A8.0 RESULTS

Treatment of the entire supernatant contents in tanks AN-107 and AN-102, respectively, would
cxceed the normal operating limits (416 inches) of the AN tanks (OSD-T-151-00007, Rev 1-9).
The volume of dilution water added to achieve the optimal sodium concentration of 5.5M
(PNWD 3141) and the required reagent volumes exceed the available tank capacity,

Treatment of tanks AN-102 and AN-107 supernatants in tank AP-102 is modeled as four
scparate batches for treatment which generate a cumulative 15.3 inches of precipitated solids,
with a total solids layer in AP-102 of 23.7 inches. A heat load of 11,304 BTU/hr is estimated
from the precipitated solids and assumes contributions from *Sr, ' Am and "*'Cs only).

The results of the SI/TRU decontamination of tanks AN-102 and AN-107 supernatants are
summarized in Table A8-1 and are shown to meet the LAW requirements to provide
concentrations of Sr™° and TRU less than 20 Ci/m® and 100 nCi/gm, respectively in the
immobilized low-activity waste.

An evaluation of the final state of the receiving tank, AP-102, including hydrogen generation and
retained gas parameters would be performed as part of the Waste Compatibility Assessment per
HNF-SD-WM-0OCD-015.

Additional material balance summary detail is provided in Attachment 1, Summary worksheet.
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Table A8-1. Sr/TRU Separation of Tanks AN-102 and
AN-107 Supernatants.

Treated . TRU in ILAW 90 .
Supernatantsw Units Class(b) Sr Concentration
AN-102 Batch #1 nCi/gm 11.52 2.38
AN-102 Baich #2 nCi/gm 12.11 2.51
AN-107 Batch #3 Ci/m’ 61.77 2.69
AN-107 Batch #4 Ci/m’ 62.05 6.59

@ percent removals from supematants for TRU and *°Sr are modeled as 85% and 94%, respectively.

® Assumcs a glass density of 2.76 MT/m’* and 15 wt% Na;O in the low-level waste glass.

A9.0 CONCLUSIONS

The addition of strontium nitrate (3M Sr(NO;);) and sodium permanganate (3.83M MnOy) to
diluted Envelope C (i.e., AN-102 and AN-107 supernatants) to produce 0.02M Sr and 0.02M

MnO; in solution can be conducted in tank AP-102.

The results of the material balance demonstrate that four batches of supernatant can be treated to
mect the requirement of less than 20 Ci/m? for %St and 100 nCi/gm for TRU in the immobilized
Jow-activity waste. A target concentration 50% below the LAW requirement of 10 Ci/m? for
®Sr and 50 nCi/gm for TRU in the immobilized low-activity waste can be also be met for treated
tank AN-102 and AN-07 supernatants with the exception of tank AN-107, As shown in

Table A8-1, treated tank AN-107 supernatant results in approximately 62 nCi/gm TRU in the
ILAW glass.

A10.0 RECOMMENDATIONS

The process flowshect assumes a target sodium concentration of 5.5M in the tank AN-102 and
tank AN-107 supematants prior to treatment. These supernatants are identified from BBI data as
9.68M sodium and 9.02M sodium, respectively. Laboratory tests are being conducted to
determine the *°Sr and TRU decontamination achieved in an undiluted sample of AN-107
supernatant. Results from these laboratory tests may indicate addition of dilution water to
achieve 5.5M sodium may be eliminated and treatment in-tank AN-102 and in-tank AN-107 may
be possible.

A-15
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ATTACHMENT 1

SR/TRU PRECIPITATION SUMMARY
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ATTACHMENT 2

REAGENT CALCULATION AND CALCULATION PAGE
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ATTACHMENT 3

ASSUMPTIONS
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o —b

List of Converslons

_.;.___1___.

e

37185 Ugal‘ -
750 oallnch

"8 4120 BTUN pwe i !

Molecular Wewghts - Sea End of Ci n:luuum Page(s_l

SrfTRU Precipitation Process Calcuation Worksheet to Support Material Balance Worksheets
The following equations are applucable. excepl‘where noted to all the material balance worksheets,

Attachments 4,5, 6, and 7,

nputs.

' |strearns i Columns C and E, Rows 3 through 99.

Conptants ~— ° © ]
Decay Heat Generation Rales Cs-m i WG
LG U] G Tseeove: secanwo
i e b Am0 Wi
. A . | PR W | el —
b e - . A e, i -] .
esign Criteria . —_— T
glass densily . 270 MTm3 1 . — e el
- iseftied sokds | _ JDM% . i . I I SR
.. pptdensay ‘3W"" - . - S [N R [
_— R uve-o:wms-moou..mn.. une-nm.nw 0. Bt and vidots kv apacrbe SOOvey and decy hest g A tor
a0 = _ e ] i
I. . —_— R PP - ._J___.... ——— .
. — R [ —1 [ P .
Equation ta | Combining Supernatants !w.lN:upmazam_md.lP-wzsupmmeM__ . _ _
N CD'UMIIGC‘IICUII"M, !‘:upoma!anlr____l A l_ N | T -] —1
Purpase Del the comp 1 of the comib AN supernatant and AP-102 suparnalani heei for Baich #1, o for additon of two supernalany

Density of AN-102 supemalani = 1,40 gm/mi per BBI

Densily of AP-102 supernatant = 1,39 grvmi per BBI

Mass concenlrat:on of actwly conceniralion of each componeni from BBI data.
Volume contribybon from Column C, Row 117 and Column E, Row 117,

Example; Calculate Column G for Batch #1, using uCifg. Simelar calculation for ug'g addition,

o l..

Equation2 _Column H, Dlmrlon Walar

" Equation 1o~ "Column G, AP-102 Studge” ___

l JE——

Purpose: Calculale Diuton Water. Determene volume of waler addiion to achieve 5.5 M sodwm in the supernalant,

Assume watel density = 1.0
Constan fov tanks: 2750 gabnch

Inpuls:

Volume of AP-102 supernatant assumes 3 10 inch heet s 27,500 gallons

5.5 Mol Na/L = fmol Na'l AN-102)(volume AN-102} + imol NarL AP- 102 volume AP-102)

Total volume

5.5 mal Nan, = AN-

voluime waler, L = [ -
5.5 mol NaL

volume AN-102 + volume AP-102 + volume water

+ P. AP,

*

= (volume AN-102 - volume AP-102)

Using AN.102, Balch #1 for example calculabon, where volume AN-102 is located in Column C, Row 117 and volume AP-102 is Column E, Row 117:

volume waler, L =
5.5 mol NaL

volumi waler, L = 1.36E+06 {Cell H117 may calcuiate shghthy different due to the increased number of sigrdicant digrls included in the excel calculalion

ceils).

+

el x 1L.O4E*05 L) - 1.7T2E+O6 L - 1.OME+OS L

m o ——

[——

—

Equllkm k) II(:oh.m'm G, Row 101

| —

H sl

+*

163,000 L + 104,000 L

New densily. g/ml =

Combined AN-102/AP-102 supemaland densily =

[Purpose. Caculate combmed supernatanl densily {Column G, Row 101}

by Lo} )

Volume AN supematant + Valume AP supernatant

f = 1,296 g/mt (Exampie values from AN-102 Baich #1)

"[Periorm simular calcualion 10 oblan the supemalant densiy af:er waler additon to reach 5.5 M Na.
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! |

e - [ TS P 1 I 1

; { . .-i e — i e - .__t =} —_) ]
Equation 4~ Icotumn}, Dinﬁ?Sﬁﬁrrm [ 1 ' | S — e — 1
. 1 . 1
Purpose: Calculate concentration of divlted supernatant (AN-102 and 10” heel of AP-102 supermnatant). _ | - |
Column G represents the combined AN and AP supemnatants. The concentration of each analyte in this column Is used lo calculate a : ' . |
new concentration for each anatyle after water dilution, See Equation 3. | _
Component concentration of diluted AN/AP supemnatant = (Component concentration, uCiq of va/a ¥volume, Li(density, g/ml} 1
l{diluted volume, L} x {dansity of diuted supernant, p'mi}) b
T SR Y (DS DU (R I I |- e = e — |
e et __.| - | I P
R S, i e A e — e e — ————  imet— - -
Equation § |Column K, Diluted Supemate T _} I R ‘ o I_ [ .
: | \ . ' —_ | ——— —_— - -
" [Column K 13 provided 1o change 1he mass concentralion units, ug/g and UC¥g, in Column | to molartes (molL) foe] ~°— ~ | """ " | ="
the non-radicactive analytes and to uCiiml for the radionuclides, . I !
i T T i .
H - M o o— e w — e P . Ty PP PR - — b
; T T e L L - ‘ e o
: i . 1 - J— P .._i-  — e ——— —_— -l__
Equation 6 _ [Column L, JA'IlSr(NOJ)zAd’dmon i | | _ o { - I N
- d / he—o | f beo- - L. | e -
Purpose. Determine tha adduiton of 3M Sr(NO;) -1 ]
. S
{tnputs: Assume a 3M strontium nitrate solution is used {sea column L, Row 121) o
From the Reagent Caleulation worksheet, chemical addition of 8.723 ga! of St(NO3)2 for every 1000 gal of waste is needed to achieves | |
0.02M SriNO3)2 solution ‘
" [Volume SH{NO3)2 addition, L = (voluma waste for treatment, L) x (volume Sr{NO3)2, gat/ 1000 gal waste) T
™" [volume SANO3)2 addition, L, is caicutated in Column L, Row 117 using the volume waste for treatment from Columa |, Row 117. — 1.
- ! R P i 1. [ I ——— J.— —_
APV AR [ — ; - . i o e
. . e o e N S
Equation7 ~ 1Column M, 40wt% NaMnO, (3.83M) Addition [
‘ 2 A A AT BT - —] =l —
_[Purpase: Determine ihe adddition of 3.8M NaMnO4 1.
__ |'nputs: Assume a 3.83 M sodium permanganate solution Is usud {see column M, Row 123) 1
_|From the Reagent Calcutation worksheel, chemclal addition of 5.308 gat of NaMnO, for every1000 gal of waste is needed 10 achieve a _ _
0.02M NaMnO, solution, — —
Volume NaMOQ, addition, L = (volume waste for reatment, L) x {volume NaMnQ,, gal / 1000 gal waste) _-'_ __:
: . IValume NaMnO, addition, L, Is ¢acluated in Column M, Row 117 using the volumea waste for treatmenat from Column |, Row 117. 1
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Equation 82 jColumn O, Rows J through 99:_[rTared Wastlo Supamatlant Compolsmon { . ] ' Lo
] 1 1

Purpose: Calculate the composition of the realed supematant

__|inputs: The percent removals for selecied anatyles are given In the Assumplions worksheet. These removals are based on information from the laboratory
testing {(PNWD-3340).

Reagent 1= Si(ND;)2= A

Reagent 2 = NaMnQ, =B

Total reated supernate = [supamatant + heel  waler + reagenis]

+* &
tolal L of rpaled supemate

Treated Supernatant Component Composition, uCifml = (1-% ramoval) X

Trealed Supernatant Component Composition, M = (1-% removal} X [(m ) L B) ¢ {m n | matan
total L of freated supemate

For most analytes, the % removal from supernatant to solid phase is zero,

e obe o b b Lo L]
Equation 8b  |Column O, Rc"ws !77_'4-2q1;‘ruafeerasre COerosllfo_n, ?onds l.ayelr_ N . 11—l _]
. H i
Calculale the treated waste solds Jayer composition.

(1) For Treated Studge Non-Rad Analyles, A = concentration component in diluted, unireated supemaltant
B = concentration component in treated supematant
C = kg component or analyte (l.e., Al, B, Ca, elc.) in sofids layer
MW = molecular weight of component

Mass Treated Solids. Kg = C + {(A molL){total L diluted supematant) - (B molL) total L treated wasie) MW, g/mol)Xkg/1000 )

(2) For Treated Sludge Radionuclides, Ci = {sludge component, Ci) + [(concentration diluted supemale component, uCl/mi} x (total L diluted supematant) x
(1000 miL) x Cir1,000,000uCi) - (concentration supernate corr ponent in treated waste, uCiimi) x {tolal L treated supematant) x {1000 miL) x (Cir1,000,000uCi))

O el J Oy [ Ty oy |

SR ) IV [ NN [ S I ——
. Equation 9 _[Columns.Ma_s:offmc!pna!edSo{fds_ |_ . e - I'
i

Calculate the mass of precipiated sohds.

From the precipitation reactions provided In the calculation inputs, the following compounds will precipitate:
CaCQ,. Cr{OH)y, Fe{OH), La{OH}y, NaMn{OXOHXC), Pb{OH}a. SICOy. Zr(OH)

.|Let A = kg precipitated compound
B = kg kg-mol for component
C =kg/ kg-mol for compound

Mass A, kg = {mass of analvte ppL. ko column Pt X €
B

. |For example. kg caco, = __kgCa ___ x (100 kg-CaCOKg-mol CaCOs}
. Cal kg-mol CaCO,

A-26




RPP-24809, Rev. 0

- . I - R [N --
Equation 10 _ [Column S, Rows 209 through 213 l— i ____I - T L
. L] 1] 1
Cakultion the volume and hewght of sokds. . L I
Gvien: Sum of the mass of precipated solids cakulated from Equation 9 :_ 2. ‘__._. . : -_ i _
39 wi% sobds (dala input), Row 209 e — P -
1.3 g/ml solids densily {data input), Row 210 JEPVPUIR [ 1. ..
[
Calcutate tha volume for pptsohds: _kgppt a | ppt ; . .. T -
wi% x density, kgt [ F—— R P .
Calculate gations, Row 212: L ppt x gava.785 L [ AU B IV S
1
Calculate inches, Row 213: gal ppY 2750 galin 'ZLL._. BN FE R
S DU e
, . e s e — U | ——— = | ——— [P G
Equation 11 |Row 110 :Grams glass per litor of waste 3 . I _I ...._|._-...-.._ I I D -
1 - : 1
Calculate grams glass per kter of waste, N N — T -
Given: 15 wi% Na20 loading in glass I DU B A
Given: AN-102 Na concentration = 9.68 M - [ o —
gm glass/L of waste = {9 68 omot Na'L waste} * fgmol Na2Qv2 gmol Naj * {62 g Na2O'gmol Na2Q) __ o N
15 g Na20V100 g glass L —_
- foom— 1 —_——i . — -|I_.. _———— [ " - I. | PSR N Ty———
R A S ; T {1 "l10inches AN-107 Supematant at 5.5 MNa ] | i~ "
AL A e e b b e foume L ] 27800 |
Equation 12 Rows 215 mrpugh 234 on AN-102 Batch 1 Worksheel _ N _lDansity__tkgIL__ R . __I o
: N T S S ] e kg | 34706 _.'l._
1 1 '

Calculale water addition lo dilute sohds collected in AP-102 atler all 4 baiches of precipiiate. Diule sokds 10 10 wi% for transier to anolher HLW tank,

10 wit% solution = mass solids _
mass solids + mass water J—
Solve for mass of waler, whare --._
MW = mass water, kg _—
MS = mass solids, kg ——
0.1=
MS + MW
0.1{MS + MW) = MS -__
0.1 MW = MS -0.1MS -
MW =00MS = 9xMS =9xB.05E+04 = 7.24E+05 -
01 .

Inciuda calculated mass from 10 inch heet of AN-10T supamala as par of the diltion waler.

AP.107 heot Volwme, L = 27.500 B
Density. kg/L = 1.26 -
Mass, kg = 34TE+04 —_—
.- - [Mass of dilution water required to dilute sokids 10 10 W% B MW » 3.47E+04 = 7.24E+05 - 3ATE+04 = 6.09E+0S L, -
1 1 1 _ 1 —— ——, —_ _-_
- _| RS R S ) S P
Equation 13 |Caicuiate HeatLoad in Bach#d Sollds | — 1
)= .. ! i S S D R
= ——=1{The purpose of this calculation is lo compara the heat load from the c, lati — -1 {-——
—— {soiids to the OSD limit of 38,000 8TUMr. Assume major fieat contributors (o ba: - e —
u= o ~151.90, C3-137, Am-241. -1 pill R
T  ngus ___Ecnn__i_!me-o:):w»ci . i IR R S
e e SHPOYS0 | BOGECOWLI [ 34120 OTUM pw wan - -
'._.__ A4 s 3 26E-02 WICH —_— - S (SN (R
U D | ; i | _._ _ _
| Bache Sokas Co137 1 ameeoa o | [ a31EW0 BTUM 1 _
ol I500Y00 | 4BIESES (G 1106204
P RO . LI L 3 i 217Es02- - -
N o (SR i - r—rr T — I -
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Molecular Weights SR — I- _| - . |,___, l . _|____ . ol —
1
i | Wwos | o -
! | Spociic
} MW Anatyte | Actwaty Cigm
Anatyle MW Anaivte gimol |Anaite  gimol Bros_| _ . . N —
i
. — _ .
ag 1 _wress? 'arg_ C =2 301608 9 62E+03_
a 26 981539 14C Traovmar. 4 47E400_
arocies (Tl PCBI AT 31985, ‘so ] Tsevnsez, 797E02_
s L4 raemse wco | 59933313' 1135403 _
o . 1ee,, T eww [ s2uzeee TS67EN01_
Ba | L T Jrese TFanissd’ soE03_
e [ .. p012182, 0081 29907747, 136£+02
e R "208 o037, 0y | a9womies _543ee05
Ca | aore. Iom 02 006382__ 2 30E002 _
ca 1 n2en, [P32r.. _..{ . 9200845 256603
ce i Tens “peste | oeo0e2e. 170602
c] ! T35 4527, 106Ry | 105007322, 3 3IEW03
Co P sewI 1amcd | 11200409, 2246402
] : 519061, 12650 | | 124905232, 10MEN3
cu 1 63546 [1288a _ | 12890764 ttaE02
¢ | 189984032 Thze T Tzeeoeser, vrrEcs
Fe T 55847 Ujiacs 133000023 1206403
Free OH L. 1Te0r 1370 | 13890677, BGBEMO1_
g —l 20050 : 137mBa | 1360085, §38Ee08_
K | .. ‘seses ) 1515m | 150919918 _ 2636401
La | 1389088 ! |1s2€0 151 021749 1.14E0Z_
L i Csen T |isaew [ 1saezosy _270E+02
™ | 7 T2ames, v T essea [ ssavzen ansee0z
hn O sagmos, 0T T T ieRa [ zee02s3s eeseor | N ] .
Mo . I .. 8594 SO SN ° =7 S (242 T ¥ = 21 Y D AN R F
s 1 22 80768 _ T aoRa__ | 2zsodoee _27e02 | 0D 1 b .
g 1. 14424 _[swansonl: T lezom | zooswer _z2mee0t | T [ h I
NHI ] L[ penstestuses it | | laawea ™| 21036003, _a 12602 S R
re ) i __sa6e ez T | 232038078 va0e07_ Al
NO?2 ) I_ 800554 Jo3z2u 221E401_ N
nO3 : BEE0Y_ N
Oaalate [ _|_s2E00_ - T TR
Py L T 2 ee0s_ 1 _ I
PO4 17 saoruez I A Y . _ .
Ll . | 2omoemies osens | T |7 — . T
50 1 s, [238 040682 1.71E401_ N T i
Se 1 . Taxe0r_ | T . Y R S
s [ 280055 2w0s7s,_B2E02_| _7
504 wose [ . | 24005608 227€-01_ N R T
I5r ; ) 2"_‘0568.5'_3_4:_18000__ _ o N .
| 241055873 _1.038402_ o
Th o 24205800 331€003 | -
L | 24z 0s0r60” 394503
nCaCod | . 243081303 200E01 _ ) |
m 2430614 _S06E+01_ _
TOC {wio oxalate} 244082775 awEom D N l__ I—
UTOTAL . N
v . - I NN
Zn
e _ ‘ — R o
i R S S— - S it P
MW O I [ 1 [ N T . -—i--——-
- | .. I-_.._.._! — e =i : - I__ e i —— . e
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Purpose:

Determine volumes of stronlium nitrate and sodium permanganate that must be added to
diluted Envelope C (i.e. AN-102 and AN-107 supemates) wastes o produce 0.02M Sr and 0.02M MnQ, in solution,

Assumptions:

1.

40 wi% to 42 wi% sodium permanganale is commericially available from Carus Chemical Company
Assume that 40 wit% sodium permanganate is used.

Strontium pitrate is commercially available in solid form, 99% pure per MIL-5-203228.
{httpSiwww steroidcatatog.com/smo3_d. himl)

The solubility of strontium nitrate in water Is 71 grams per 100 ml at 18°C.

{MSDS from J. T. Baker Chemicals, hitp/twww jtbaker.com)

The solubility of strontium nitrate in water is 40 grams per 100 mi at 0°C.

{Chemical Engineers' Handbook , Fifth Edition, 1973, page 3-23, Perry and Chilton, McGraw-Hill Book Company. )
It is assumed that a commercial compa-y will prepare a 3M Sr(NO,), solution from the dry chemical.

Molecular weight of compounds are:

NaMnO, 141,93 g/mole
Sr{NO,), 211.65 g/mole CAS 10042-76-9 MWL 21163
SrCO, 147.63 g/mole

NaMn{O{OH){C) * nH,O 126.94 g/mole

The densily of 40 wi% sodium permanganate Is 1.36 to 1.39 gm/mi at 25°C.

Carus Chemical Company Sodium Permanganate (LIQUOX®) Fact Sheet, hitp/fwww.caruschem.com/
Assume density is 1.36 g/mi for 40 wi% sodium permanganate.

Unitls g =grams ml = mitliliter
L=liter
M = molesfiter

Calculations

1. Determine mofar concentration of 40 wi% NaMnO, solutlon.

Molarity = compound wi% * 1000 * solution density / mofecular weight of compound
40 wi% = 400 grams per 1000 grams of solution

Molarity = (400 grams of NaMnQ, 7 1000 grams of solution) *{ 1.36 g/mi) / 141.93 g/mole} * {1000 mlL)

Molarity 3.83 at 25°C

2., Determine mofarity of saturated S1{NOQ,}; solution at 18°C.

Molarity = (solubility {g/100 ml) in water at 18°C) * {1000 ml/L) / molecutar weight
Molarity = (70 g/ 100 mi} * (1000 ml/ L) 2211.65 g/mol

Molarity 3.35al18°C

IM
Assumes that 3M strontium nitrate solution Is used.
Strontiurn MNarate is @ h ghly water soluble crystalling Strontium source for uses compatible with
nitrales and lower {acidic) pH. Strontum Nitrale Is generally immediately available in most volumes.
High punity, subvmiicron and nanopowder forms may be considered.
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3. Dotermine volumes of 3.83M NaMnQ, and Sr(NO;), needed per 1000-gatlons of waste to form 0.02M Sr and 0.02M MnO,
In waste.

equalion 1 0.02M = (Sr(NO;); Motarity * Added X Volume of Sr{NQ,),} 7 (1000 gallons + X + Y)
equation 2 0.02M = (NaMnQ, Malarity * Added Y Volume of Na MnQ,)/ {1000 gallons + X +Y)

Substituting the concentrations of the reagents added o the waste in equations 1 and 2 yields equations 3 and 4.
equation 3 0.02M = (3.0 * Added X Volume of Sr{NO4},) /{1000 gations + X + Y}
equalion 4 0.02M = (3.8 * Added Y Volume of Na MnQ,) / {1000 gallons + X + Y)

Equating equation 3 with equation 4 yields equation 5
equation 5 I =38Y

X =({3.8/3)y

Substituing equalion 5 into equation 4 yields and solving for Y yields
0.02 = (3.8Y)/ (1000 + (3.8/3)Y + Y}
0.02 = (3.8Y)/ (1000 + (4.8/3)Y)
0.02 * (1000 + 1.6Y) = 3.8Y
20 = 3.768Y
Y= 5.308 gations of 3.8M NaMnO, per 1,000 gallons of waste

Subslituting the value for Y in equation 5 yields the value for X

X = (3.8/3)°(5.3079)
X= 6.723 galtons of 3M Sr(NO,), per 1,000 gallons of waste

Based on these results, 8.723 gallons of 3M Strontlum Nitrate and 5.308 gallons of 3.8M Sodlum Permanganate
must be added to every 1,000 gallons of waste to result in a final concentrations of 0.02M Sr and 0.02M MnO,.
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ATTACHMENT 4

TREAT IN AN-102
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B1.0 INTRODUCTION

Appendix B presents a detailed discussion of the assumptions used in the Hanford Tank Waste
Operations Simulator (HTWOS) model run performed to support one of a series of optimization
studies. This appendix documents the assumptions and defines the major inputs for the HTWOS
model that reflects the case (or cases) being examined by Optimization Study 2,
Strontium/Transuranic Separation Process in the Double-Shell Tank Systems.

These technical assumptions address the major functions, processes, and interfaces that
correspond with the River Protection Project (RPP) system. Only the subset specific to this
study are shown in Figure B-1. The availability and capacities of the various systems and
processes are defined in the HTWOS model to determine a processing schedule for waste
retricval, delivery, and treatment.

Tables B-1 and B-2 summarize the direction for the modeling and the key assumptions in a
concisc format to aid the reader.

Bl.1 BRIEF DESCRIPTION OF CASE AND ASSUMPTIONS

Text of Item: The Development Run for the Refined Target Case is being uscd as a reference
casc for an optimization study that will model the pretreatment of AN-102 and AN-107 tank
supernatants by performing St/TRU separation in the double-shell tank system. The separation
of St/TRU from the supematant in tanks 241-AN-102 and 241-AN-107 is currently planned to be
completed in the ultrafiltration system within the WTP. While the St/TRU precipitation process
is conducted within the WTP, HLW sludge can not be pretreated because these two pretreatment
processes use the same vessels and ultrafiltration system. The WTP is projected to experience a
6 10 24 month' interruption in HLW pretreatment processing along with a reduction in HLW
melter throughput due to the process limitations when pretreating the-AN-102 and AN-107
supernatants. This optimization study will evaluate the separation of Sr*° and TRU in an existing
doublc-shell tank prior to delivery to the WTP and evaluate the resulting change (i.c., expected
reduction) in lifecycle or schedule for the completion of the overall waste treatment mission.

Discussion: The HTWOS model simulates the waste storage, retrieval, and trcatment processes
to provide an integrated flowsheet and mission scenario using the agreed upon modeling
assumptions.

' ORP-11242, revision 2, 2003, River Protection Project System Plan, page 2-19, CH2M HILL Hanford Group Inc.,
Richland Washington
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Table B-1. HTWOS Modecl Change Summary Form

Case Name Sr/TRU Separation in DSTs (Study 2)

Objective: Provide HTWOS model results 1o support an optimization study to conduct St/TRU separation in the
DST system.

Scenario Change Summary - This section is focused on changes in key assumptions or key inputs to the model.

Revise mode] assumptions (from the “Development Run for the Refined Target Case” case documented in RPP-
23412, Hanford Tank Waste Operations Simulator Model Data Package for the Development Run for the Refined
Target Case, Rev. 0, DRAFT) to incorporate the configuration and key assumptions for the optimization study.
Run the HTWOS model and provide results.

Software Change Summary - This scction is focused on changes in the HTWOS model functionality and includes
references to the Scenario Change Summary section where appropriate,
Revise the model as needed to implement the changes outlined in the Scenario Change Summary Section above and
detailed in Table B-2.

Requestor or Point of Confact: - Paul Certa
For reporting modeling status and resolving issues.

Supplemental Information:
The following specific information is requested as an output from the model:

e  Projected composition of treated AN-102 and AN-107 supernatants from each of the four specific batches to
be treated. Compositions to include the treated supernatant and resulting solids phase for comparison to the
mass balance tables prepared to perform St/TRU separation in tank AP-102. Negotiate Icvel of detail and
presentation format with the customer POC.

e [dentify what waste staging actions had to be changed in order to accommeodate in-tank separation.

¢ Feced Vector of delivered batches to the WTP.

o [dentify impacts to SST Tank Retrieval Sequence and schedule by implementing the St/TRU separation in
the DST System and compare to Developmental Run.

e Identify or indicate improvement to the project WTP outage or delays predicted by the Development Run
compared to the Optimization Study 2 Run.

e Waste oxide loading and glass limit report for the HHILW batch(es) containing the precipitated solids.

e  Other figures and tables that may be easily produced after the HTWOS run and evaluation of impacts that

can be used to support the Optimization Study 2 (i.e., glass plots for Sr/TRU separation compared to the
Developmental Run , total waste volume plot, eic.)

e areensan - am

L s
e slles
AT LY I Concurrence: Lynn Swanson ff‘ i Koa E_

/ 3/-'-/&005' 3:51 pm
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Table B-2. Assumptions Matrix. (20 Sheets)

Case name: St/TRU Separation in the DSTs (Study 2) Involves Model
Change That
Needs to be
Verified?
AL’ Brief Description of Case
Provide HTWQS model results to support an optimization study to conduct SI/TRU No
separation in the DST system. A simple schematic of the overall process is shown in Figure
B-1.
A2.0. Major Facilities
A2.1. New Waste Generation
A2.1.1, New Waste Introduced Via 200 East Area
PUREX - yearly rate for FYs 2010 No
through 2017 3 Kgalyear
B-Plant - yearly rate No waste anticipated No
WESF — vearly rate No waste anticipated No
300 Arca — yearly rate for FYs 2006, 20 Kgal/year No
2007, and 2008,
Flush for misc. waste 449,
400 Arca No wastes anticipated No
WSCF No wastes anticipated No
100 Arca No wastes anticipated from 100 N, 100-K No
Basin, 105-F Basin, or 105-H Basin
A2.1.2. New Waste Introduced Via 200 West Arca
222-S Laboratory - yearly rate IOOKE"!VYWT No
Flush for misc. waste 22%
99%
WVRF
T-Plant No
Yearly rate (FYs 2018 through 2021) 15 Kgal/year
. 22%
Flush for misc, waste
PFP stabilization — not calculated in No
yearly average dales 2004-2005
Total volume g;{g“l total
Flush )
A2.1.3 Tank Farm Waste Generations
Tank Farms No
Yearly Rate 120 Kgal/year
A2.2. Waste Treatment Plant
Key features for modeling Key features of the WTP that will be modeled No
for purposes of mission planning and estimation
of secondary waste streams include:

2 1In this table, the Scction numbers (A 1.1, for example) refer to corresponding section in Appendix A of the Tank
Farm Contractor Operation and Utilization Plan (TFCOUP). If no corresponding section exists, a placeholder (X)
section name is assigned.
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Involves Model
Change That
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LAW Feed Receipt Tanks
(simplified - 1.5 Mgal lumped
capacity)

HLW Feed Receipt Tank

Front End Evaporator (simplified -
no feed tanks)

Ultrafilter System (with modified
{GH-] endpoint and oxidative
leach)

Pretreated HILW Lag Storage and
Blend Tanks (simplified — 81 Kgal
lumped capacity)

Cesium [on-Exchange (as a black-
box)

Back End Evaporator / Pretreated
LAW Storage (simplified and
product routing modified to
interface with STP)

HLW Melter Feed Preparation
{simplified)

HLW Melter {model total capacity,
not individual melters)

LAW Melter Feed Preparation
(simplificd)

LAW Melter (model total capacity,
not individual melters)

Off-gas treatment systems (added
NH4+ for proper stoichiometry),
Recycle of LAW SBS and WESP
Condensate to back-end evaporator
feed tank,

Recycle of HLW SBS and WESP
to front-end evaporator feed tank,
Transfer of LAW Caustic Scrubber
solution to LERF via WTP PT
facility.

Technical Basis for Modeling

Plan.

The basis for modeled chemical reactions,
extents and split factors for estimating primary
and secondary waste streams will be the 24590-
WTP-MDD-PR-01-002, Rev 6, with flowsheet
and operating mode modifications as needed to
implement the other assumptions for the System

No

A2.2.1. Low-Activity Waste Processing

LAW feed delivery dates Start delivery of the first LAW feed batch on

12/1/2009 and deliver remaining LAW feed as
needed to keep the WTP operating within

No
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model constraints. The first LAW feed batch
will be provided by a decant transfer of all
supernatant in AY-102 (less ten-inches above
the HLW solids) to the LAW feed receipt tanks.

LAW Pretreatment Ramp Up From - To MT Na /year (net Ne
ratc)
12/1/2009 - 1/3122011  based on LAW melter’

2/1/2011 -12/31/2028 2950

LAW Vitrification Ramp Up* From -___To MTG/d (net No

1ate)
3/172010 - 1/31/11 3.4°
2/112011 - 12/3172011 18.0
17122012 - 12/31/2012 24.0
17172013 - 12/31/2014 28.8°
17112015 - 12/31/2028 34.07

Complete Waste Processing Goal is to complete waste processing No
by12/31/2028.

A2.2.2. LAW Feed Receipt Tanks

LAW Feed Receipt Tank Use 1.5 Mgal Total Capacity; be capable of No
. receiving 1 Mgal without interruption while
feeding out of the remaining 0.5 Mgal

A2.2.3. LAW Pre-Treatment Process

LAW WTP Process Modecl o  There will be approximately 300 gallons No
(2005 1b,, air-dricd} of spent cesium ion
exchange resin generated for every 300,000
gallons of supemate treated through the

LAW pretreatment will provide sufficient feed at the rate needed to operate the LAW melter.

Melier ramp-up is based on ORP-22339, River Protection Project Low-Activity Waste Supplemental Treatment
Technologies Report, Rev. A, 90% Draft.

Melter rate is the average value that produces 188 immobilized low-activity waste packages during hot
commissioning.

This is based on a name-plate capacity of 36 MTG/d and a 0.80 TOE. The basis for the TOE is “Low Activity
Waste Facility Operations Research Availability Assessment”, (24590-LAW-RPT-PQ-03-001, Rev. 0) and is
driven by the 16 weck bubbler life. It is assumed that the TOE stated in the reference (0.774) can be increased to
an average of 0.80 until such time as the second-gencration melters are available, The basis for the nameplate is
the 5-day average goal stated in Table C.6-5.1 of Standard 5 of the BNI Contract for the LAW Facility.

” This capacity assumes the installation of second-generation LAW melters.

® This assumes that all supemate is Envelope A and is based on operating the system as four column carousel (lead,
lag, polish, regeneration), with the columns swapping function every 100 column volumes, 300 gallons per
column volume, resin change-out after the 10™ regeneration cycle (24590-WTP-MDD-PR-01-002, Scction 4,7.4).
Using the air-dried bulk density of SuperLig resin from Flow Properties Test Report Sodium Form Resin
Samples, 4716-1, Jenike & Johanson, 2003, summary page 2, the bulk density is about 50 pounds per cubic foot
of resin
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cesium ion exchange system.”
¢  Spent cesium ion exchange resin will
contain the following constituents after
being prepared for disposal®;
o Cr-670pglg
o K-220pg/g
o Na-83,800 pg/g
o "Tc-6.74 pg/g'
o P'U-148pg"
o *Co-1.31pCilg
o "Cs-60pCi/g
A2.2.4. ILAW Formulation and Packaging
ILAW Process ¢  During hot commissioning, the total No

sodium loading, sulfate volatilization and
formulation of the LAW glass will be
estimated using the Gimpel Model as
described in 24590-\VTP-MDD-PR-01-
002."

During hot operations, the total sodium
loading of LAW glass from pretreated feed
will be determined using the DOE Model
(D-03-DESIGN-004), which maximizes the
sodium oxide loading in the LAW glass
subject to the following constraints:

[Na:0] < 20wt%
[SO:}1<0.8wt%

During hot operations, the compasition of
the LAW glass will be estimated using a
glass recipe model similar to that described
in 24590-WTP-MRQ-P0O-04-0065
(DRAFT). Sulfate volatilization will be
estimated using Equation 3.1-51 of 24590-
WTP-RPT-PT-02-005.

Melter split factor for 1-129: assume that
20% of the 1-129 entering the melter is
retained in the LAW glass product; the

® These are the RCRA listed constituents detected at levels above the minimum reportable quantities during small-
scale column testing per 24590-PTF-3PS-MWDO-T0003, Rev 1, Section 3.4.7.5, page 10.

' The reference states pg/g, not uCi/g.

" This is an updated reference from 24590-WTP-MCR-PT-02-002, which was used in SP2.
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remaining 80% will report to the melter
off-gas system,"

e  One spent LAW Melter is assumed every
2.5 years and contains 6900 gallons of
glass,” not 1o exceed 9 spent LAW

melters."
{LAW Glass Density 2.6 MT/m® No
[ILAW Package Net Mass 592 MT No
A2.2.5. ILAW Interim Storage Capacity
ILAW Interim Storage Capacity No lag storage of ILAW in WTP, No
A2.2.6. High-Leve! Waste Processing
HLW feed delivery dates Start delivery of the first batch group of HLW No

feed on 12/15/2009 and deliver remaining HLW
feed as needed to keep the WTP operating
within model constraints. The first batch group
of HLW feed will be provided from AY-102 by
adding sufficient water to the decanted solids to
yicld a solids loading between 10 and 200
grams solids per liter of slurry (150 g/liter
nominal).

HLW Vitrification Ramp-up” From - To HLW MTG/d (net rate) No
5/17/2010 - 1/31/2011 0.69'
2/172011 - 123172011 3.0
1/112012 - 12/31/2012 4.0
1/1/2013 - 9/30/2027 50"

'2 BN is in the progress of updating the model design document for the WTP dynamic model. One of the
parameters being updated is the melier splits for 1-129. The Configuration Management Group {DOE 2004) has
concurred with ORP’s recommendation that we adopt the preliminary splits for I-129 since this is a significant
change (72.973 % retention, reduced to 20% retention) in a component important to performance of the disposed
waslte.

'3 Melter failures (spent melters) are already accounted for in the assumed net production capacity assumptions.
Assumes two melters, each with a S-year minimum design life per 24590-LAW-3PS-AE00-T0001, Volume of
glass in the melter does not include an allowance for increased volume due corrosion of refractory and reflects the
set point of 6891 gallons per 24590-WTP-MDD-PR-01-002, Appendix D; other contributions to source term such
as plenum deposits are neglected.

N Per 24590-WTP-ICD-MG-01-003, Scction 4.2.1.2.

15 Melter ramp-up is based on ORP-22339, River Protection Project Low-Activity Waste Supplemental Treatment
Technologies Report, Rev. A, 90% Drafl.

'® Melter rate is the average needed to produce 56 canisters of immobilized high-level waste (glass) during Hot
Commissioning.

17 This is based on a nameplate capacity of 6 MTG/d and a 0.84 TOE. The basis for the TOE is “High Level Waste
Facility Operations Research Availability Assessment,” (24590-HLW-RPT-PT-02-001, Rev. 0), The basis for the
nameplate is the goal stated in Table C.6-5.1 of Standard 5 of the BNI Contract.
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A2.2.7. HLW Feed Receipt Tanks

HLW Feed Receipt Tank Usage ¢ Sufficient space to receive 160,000 gallons Yes
{600 m*) without interruption.

e Al HLW batches must be at lcast 130,000
gallons total volume and contain more than
2 wt% solids.

A2.2.8. HL\ Pre-Treatment Process

HLW WTP Process Model e HLW pretreatment can provide sufficient Yes
pretreated HLW solids to produce up to
571 canisters of IHLW per year."”

e  The water wash factors in the TWINS on
8/24/2004 will be used for partitioning
waste into solid and liquid phases during
retricval and staging.

e  The caustic leach factors in the TWINS on
872472004 will be used as the basis for
computing the caustic leach factors
associated with each delivered batch of
HLW solids and for the entrained solids.

e One spent HLW Melter is assumed every
2.5 years aznd contains 1800 gallons of
glass,? not to exceed 9 spent HLW
melters,

e  For planning purposcs, all solids delivered
with the HLW feed and entrained solids
delivered with the LAW feed, will undergo
caustic and oxidative leaching with the
insoluble fraction incorporated into HILW
glass.

s  An oxidative leach process that removes Cr
from the HLW sludge without impact on

% This rate can be increased not-to-exceed 6 MTG/d if nceded to finish waste treatment by 2028, with a
commensurate increase in programmatic risk,

1 This is based on 5.0 MTG/d per ORP-22339, 365.24 d/yr and 3.2 MTG/canister (thin-walled canisters). Section
C.7(b)(1)(ii) of the BNI contract requires HLW pretreatment to be sized to support 480 canisters of HLW glass
per year. This also assumes that issues with ultrafilter performance identified in D-03-DESIGN-005 have been
successfully resolved.

2 Melter failures (spent melters) are already accounted for in the assumed net production capacity assumptions.
Assumes two melters, each with a 5-year minimum design life per 24590-HLW-3PS-AEQ0-T000I. Volume of
glass in the melter includes an allowance for increased volume due corrosion of refractory per 24590-HLW-MS5C-
HMP-00002, Table 2; other contributions to source term such as plenum deposits are neglected. This will
probably be a conservative (high) estimate of the content of the melter since the current plans are to purge HLW
from the melter if there is advance indication of impending failure and empty the melter as much as possible using
the airlift.
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cycle time or other species will be
implemented in the ultrafilters. Reaction
stoichiometry and endpoint (5,000 pg Cr/
g dried solids) are described in RPP-15552,

A2.2.9. IHILVY Formulation and Packaging

Method for Estimating HLW Waste
Oxide Loading

Glass Properties Model modified as follows,

¢ Increase the maximum spinel liquidus
temperature constraint from 1050 °C to
1100 °C.

o Increase the maximum viscosity constraint
from 5.5 Paes to 10 Paes,

s Increase the maximum Cr,O; constraint
from 0.5 wt% to 1.0 wt%.

e  Use a maximum zircon liquidus
temperature limit of 1050 °C.

s  Use a Product Consistency Test (PCT)
upper limit of 2 g/m’.

No

Melter split factor for 1-129

Assume that 20% of the 1-129 entering the
melter is retained in the HLW glass product; the
remaining 80% will report 1o the melter off-gas
system."

No

IHLW Glass Density

2.7 MT/m’

No

IHLW Canister Net Mass

3.2 MT (thin-walled canister)

No

A2.2.10. THLW Interim Storage

IHLW Interim Storage Capacity

22 canisters of IHLW can be stored in the WTP
before having to ship canisters to an interim
storage site on the Hanford Site.

No

A2.3. Supplemental Treatment

A2.3.1. TRU/LLW Sludge Packaging

Contact-Handled Sludge Packaging

o  The contact-handled Supplemental TRU
Treatment and Packaging process will be
available on February 28, 2006 and treat a
maximum of 2,880 gallons of undifuted
TRU tank waste per day.?'

e The system will first be located near B-
Farm and then moved to T-Farm. There
will be a 10-day outage between tanks and
60-day outage to move equipment between
farms.

o The SSTs assumed fo provide contact-

No

! The stated rate is based on planning assumptions for a single retrieval system and does not fully utilize the TRU

treatment system capacity.

2 These are operational considerations.
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handled sludge are [B-201, B-202, B-203,
B-204], [T-201, T-202, T-203, T-204], T-
111, T-110, and T-104, in the stated order
except that the tank order within the
[brackets] can be changed.

»  The waste from the B-200 and T-200 scrics
SSTS, T-104, T-110, and T-111 will be
retrieved without impact 1o DST space.

¢ [tis assumed that this waste can be treated
and packaged as contact-handled TRU and
disposed of at WIPP.

s There will be no water or waste sent to the
DST system.

e The process assumptions for the contact-
handled sludge treatment system are
discussed in the remote-handled section.

Remote-Handled Sludge Packaging o The remote-handled Supplemental TRU No
Treatment and Packaging process will be
available on 7/1/2012 and treat 2,880
gallons of undiluted tank waste per day. It
is assumed to be located near AW-Farm.”

e All remote handled sludge will be water-
washed prior to treatment to remove
soluble waste constituents. The East Area
DSTs will be water washed in their
respective tanks; the SSTs and SY-102
wasle will be retrieved, transferred to a
200C area DST and then water-washed.
No attempt will be made to segregate the
remote-handled SST TRU sludge from the
remote-handled DST TRU sludge.

e  Supemnatant liquid will be decanted from
tank AW-103 in August 2011. The waste

2 The remote-handled Supplemental TRU Treatment and Packaging process is expected 1o be a re-deployment of
the contact-handled system with additional shielding.

H “Dry batch mode™ is a continuous process.
25 This assumes that only 4 of the 5 feed tanks are used; the 5th tank is kept in reserve.

26 wCarrier” refers to the material added to the waste in the dryer to form a stable mixture with appropriate handling
propertics.

27 The final package has not been established; 55-gallon drums may also be used.

 The final package configuration has not been established; the dried waste may also be directly loaded into the RH
72B canister.
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solids in tank AW-103 will be washed four
times over a nine month period starting
9/1/2011 using 273,000 gallons of 0.01 M
NaOH solution each time, After each
wash, the solids are settled to 40 w1%
before decanting the wash solution for feed
to the evaporator. The first wash of AW-
103 waste solids is assumed to dissolve the
saltcake portion. Existing water wash
factors and the Sr solubility model will be
applied to estimate the overall wash
effectivencss.

¢  Supernatant liquid will be decanted from
tank AW-105 in September 2012. The
waste solids in tank AW-105 will be
washed four times over a nine-month
period starting 10/1/2012 using
263,000 gallons of 0.01 M NaGOH solution
each time. Afler each wash, the solids are
seitled to 40 wt% before decanting the
wash solution for feed to the evaporator.
The first wash of AW-105 waste solids is
assumed to dissolve the saltcake portion.
Existing water wash factors and the Sr
solubility model will be applicd to estimate
the overall wash effectiveness.

o  Supernatant liquid will be decanted from
tank SY-102 by 10/30/2013. The SY-102
solids will be washed three times over a
nine month period starting by 11/1/2013
using 290,000 gallons of 0.01 M NaOll
solution each time. Afier each wash, the
solids are settled to 40 w1% before
decanting the wash solution for feed to the
evaporator. The first wash of 5Y-102
waste solids is assumed to dissolve the
salicake portion. Existing water wash
factors and the Sr solubility model will be
applied to estimate the overall wash
effectiveness. (Note: The solids in SY-
102 may be moved to AW-103 for
washing, after the washed AW-103 solids
are delivered for packaging, if the cross-
site transfer does not delay operation of the
packaging facility.)

e  The SSTs assumed to provide remote-
handled sludge are T-105, T-107, T-112,
B-107, B-110, and B-111; the DSTs
assumed to provide remote-handled sludge
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are SY-102, AW-103 and AW-105,

o The overall process for both contact-
handled and remote-handled TRU sludge
treatment is assumed to use the “dry batch
mode™ as described in the System Design
Description {RPP-20499) and summarized
as follows:

o As the CH-TRU sludge is tetrieved
and transferred, a total of 1 part
water by volume is added per
original in-fank sludge bulk volume.

©  The slurry (either direct from the
SSTs for CH-TRU or via a DST for
water washed RH-TRU) will be
transferred to the Feed Receipt
Process Systern modeled as a single
tank with a working volume of
28,800 gallons.?

o The slurry, carrier’® and heat are
continuously added to the dryer,
while dried product is withdrawn to
maintain a product with 20-w1%
water and 80-wt% waste loading
{both relative to waste, water and
carrier).

© The CH-TRU dried waste product is
packaged in standard waste boxes
(SWB)?, each SWB holding
approximately 2,760 lb,, waste.

o The RI-TRU dried waste product is
assumed to be packaged in 55-gallon
drums containing 700 1b,, of product
per drum, which are loaded three
drums to a RH-72B canister®,

#  Secondary waste will be estimated using
the dryer retention factors as stated in
20843.PCAL.001, Assumption 8 and by
applying the DFs for the 242-A Evaporator
condenser. The dryer retention factors {and
equivalent splits for modcling) are
presented in Table B-3 the gaseous effluent
split factors are presented in Table B-4.

[

s Liquid effluent will either be transferred to
the LERF via Tank Truck or recycled to the
Retrieval project. For planning purposes. it
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will be assumed that the liquid effluent is
transferred only to LERF (no recycle) and
modecled as a continuous transfer.

e  The washed solids are assumed to be
remote handled for packaging.

e It is assumed that this waste can be treated
and packaged as remote-handled TRU and

disposed of at WIPP.
A2.3.2. Supplemental LAV Processing
Supplemental Treatment Demonstration | ¢ A demonstration facility will be located in No

the 200 West Area (west of S-Farm) and be
operated at a net rate of 3.92 MTG/Ad
starting on 5/31/2005 to process 260 MT
Na from the low-curic waste from tank
5-109,

e  The demonstration facility will be fed
directly from S-109 with no solids
entrained out of 8-109. The feed will be
delivered at S M Na. The S-109 waste
retrieval will be controlled to limit the
total activity in the retrieved waste to
0.0062 Ci per liter (at the 5 M Na feed
concentration) for the demonstration.?’
Retrieval of the low-Cs waste from §-109
will gencrate about 100 Kgal of Cs-rich
wastes that will be sent to tank SY-102.%°

e  The Supplemental Treatment
Demonstration process assumptions {other
than process rate) will be the same as that
used for the full-scale Supplemental
Treatment Process.

Supplemental Treatment Process o A production process facility will be No
located in the 200 East Area.

e The production facility, consisting of eight
melter lines, starts operating on 1/31/2011
at a combined net rate of 31.4 MTG/day’".

# The demonstration project will probably target a lower Cs-137 concentration in the low-curie feed from S-109 for
shielding considerations,

% The demonstration project is expected 1o increase the estimated amount of Cs-rich waste from S-109 to about 250
Kgal.

*' [f necessary, the treatment rate may be ramped up by two additional melter lines (for an increase of 7.84
MTG/day) on a date agreed to by the requestor.
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s The feed to the Supplemental Treatment
process includes:

o Low-curie feed from the selective
dissolution and solid/liquid
separation of 85T waste,

o “Excess” pretreated LAW from
the WTP™ - this feed source
should be preferentially used.

o  Low-Cs waste in the 200 West Area will be
moved cross-site to feed the process when
dedicated DST space is available to transfer
low-Cs waste without contamination
{through SY-101 in to an East Area DST
used as a feed tank).

WTP Process Considerations

The WTP pretreatment facility will be
configured so that a portion of concentrated
pretreated LAW from the Treated LAW
Concentrate Tank can be transferred to the
Supplemental Treatment Plant (STP) as feed.
This is downstream of the point to which LAW
SBS and WESP condensate is recycled, so the
STP feed will include a proportional fraction of
the SBS and WESP condensate.

No

STP Process Basis

The process will be modeled using a simple
lumped flowsheet that implements the overall
mass balances (elemental, NOX, and activity)
as shown in Section 3.2 of the process
flowsheet (RPP-20528) using the process
design criteria provided in 145579-A-DC-002,
with the following exceptions:

e The Tri-mer scrubber (provides
backup off-pas treatment) is
assumed to not be operated.

e The splits for the dryer will be set
equal to the splits used for the
WTP cvaporators.“

2 The amount of low-curie feed may be increased if needed to finish waste treatment by 12/31/2028, not to exceed

the available amount of low-curie feced. The estimated amount of low-curie feed required is about 3,500 MT Na.

33 The amount of “excess” pretreated LAW that is available is the difference between the assumed LAW
pretreatment capacity of 2,950 MT Na/year and the demand from the WTP LAW Vitrification facility expressed
in MT Na/year and depends on the glass formulation for each specific LAW melter batch.

3 The referenced flowsheet assumes that 50% of the 1-129 in the dryer feed reports to dryer offgas stream — this is

an overly conservative value. Additionally, only I-129 is partitioned (not conservative). Since the dryer operates

in a similar temperature and pressure regime as both the 242-A Evaporator and the WTP evaporators, it is

assumed that using the evaporator splits will provide a better estimate of the partitioning that will take place until
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e 20 wt% wastc Na,O loading.”

These mass balances cover both primary and
major secondary waste streams from the
process which will be modeled as a single
lumped process train comprising the following
unit operations:

e Feed Tank
Dryer
Condenscr for Dryer Offgas
Melter
Sintered Metal Filter with recycle
to dryer {modeled as to dryer feed
tank)
Hydrosonic Scrubber
HEPA Filter
Carbon Filter
e NOx Removal

Feed Staging™ and Solids Return e The low-Cs tanks that are candidates for No
feed ares B-105, T-109, B-103, B-10}, S-
109, B-108, $-105, TY-102, TX-117, BY-
112, BY-105, BY-102, BY-111, BY-108,
TX-118, BY-109 BX-111, BY-103, and
TX-114.

e  The following tanks can be considered
candidate Low-Cs Tanks after 1/1/2011:
TX-112, TX-111, and TX-110.

e  The following tanks can be considered
candidate Low-Cs Tanks after 1/1/2018:
TX-105, TX-115, U-107, TX-108, and TX-
103.

e  Seclective dissolution will be used during
the retrieval of candidate feed tanks using
the planning assumptions in Table B-5 for
splits — use average values when ranges are
provided. First, the “higher” curie fraction

the flowsheet is updated or supplanted. The Configuration Management Team provided verbal concurrence with
this change on December 27, 2004 with the understanding that approval will be indicated by ORP’s concurrence
with these assumptions. For simplicity, the HTWOS model will use the published WTP Evaporator splits rather
than the more complicated 242-A Evaporator partitioning coefficients,

3 It is assumed that the target waste sodium oxide loading of 17.6-w1% in 145579-A-DC-002 is increased by
flowsheet refinements such as low-sodium soil to the nominal value of 20-wt% assumed in ORP-22339. No
allowance is made for potentially lower oxide loadings during the supplemental treatment system demonstration.

% The list of candidate SSTs and selective dissolution assumnptions are provided by 7F300-04-RER-001 R1.
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will be retrieved from the SST and stored
in the DST system for later delivery to the
WTP. Then, the remainder of the waste
{the low-curic fraction) will be retricved
and staged in a separate 200E area DST for
delivery to the Supplemental Treatment
Process.

Product and Packaging Butk vitrification is used as the supplemental
treatment process to immobilize LAW, The
following will be used to estimate bulk
vitrification product volume and package count.

o  Glass density is 2.7 MT/m,

o Packaged in 35 m’ roll-off boxes, each
filled with 43.8 MT glass. External
volume of box is 1,920 ft* (8 fi by 10 fi by
24 ft, ~ 54.4 m).

No

A2.4. Waste Disposal Sites

ILAW Facility Need Dates The IDF is assumed to be operational on
(Integrated Disposal Facility; IDF) 2/28/2006. The ILAW produced by the
Supplemental Treatment demonstration can be
safely stored until the IDF is available.

No

THLW Facility Need Dates The need date for [HLW interim storage facility
{Project W-464) (the Canister Storage Building) will be the date
on which the 1* IHLW is produced (5/17/2010).
The demand for interim storage space will be
established assuming that 22 canisters of WTP-
provided IIILW is used. The shipping date of
IHLW to Yucca will be the date on which the
Canister Storage Building is full (880 canisters
+ 22 canisters in WTP-provided lag storage),
but no earlier than 1/1/2012. Canisters will be
shipped to Yucca at a rate of 2 canisters per
day, first priority given to shipping the newly
created IHLW from the WTP —any excess
shipping capacity will be used to empty the
[HLW stored in the CSB.

No

A2.5. Cesium and Strontium Capsule Processing

Cesium and Strontium Capsules Cesium and strontium capsules are disposed
separately by RL and not incorporated into
HLW pglass in the WTP.

No

A2.X. Sr/TRU Precipitation Process for AN-102 and
AN-107 Supernatants in Tank AP-102

Tank Sclection Supernate from AN-102 and AN-107 will be
treated in AP-102, based on the availability of a
central riser that is fitted for a mixer pump.

Yes
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Remove AP-102 Supernatant

AP-102 Supcmatant must be removed before
transfer and treatment of AN-102 supernatant in
AP-102.

e  Assume that current pumping practices
will leave 10 inches of supernatant in
AP-102 10 avoid disturbing the
existing solids during supernatant
removal.

e The 10 inches of waste remaining in
AP-102 will be combined and treated
with the first batch of AN-102
supernatant.

Yes

Tank Treatment Sequence

Assume AN-102 supernatant is treated first
followed by transfer and treatment of AN-107
supcrnatant,

Yes

Start Date for St/TRU Secparation

Sr/TRU separation of AN-102 supematant will
be initiated based on the space availability
predicted by HTWOS and not constrained to
the start date for WTP processing of AN-102
and AN-107 supernatant used in the
Development Run. The delivery of AN-102
and AN-107 feeds to the WTP is considered to
be flexible.

e Include a 16 month outage for AP-102,
This is the estimated time required to
install a replacement 150-hp mixer
pump in AP-102, Assume the
replacement mixer pump is installed
16 months prior to the start of S/TRU
processing in tank AP-102. Basis:
Personal communications between
Mike Johnson, John Van Beek, and
Curtis Rieck (January 2005).

e Tarpet a delivery date of treated AN-102,

Batch #1 for 2012, however, as noted, the

delivery date to WTP is flexible,

Yes

Number of Batches

Four batches are assumed for conducting the
St/TRU precipitation in Tank AP-102.

e Tank AN.102 supernate will be treated
in two equa! batches and the AN-107
supemnate will also be treated in two
equal batches.

e Residual AN-102 supemate in tank
AP-102 can be mixed with the AN-107
supernate.

Yes

Supcmatant Heels

Following the transfer of the last batch of
supernate from tank AN-102 (or AN-107) to
tank AP-102, add ~100,000 gallons of water to
the heel of supernatant in tank AN-102 {or AN-

Yes
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107) and transfer to tank AP-102. Assume no
mixing of the liquids with the existing solids.

Sr/TRU Processing Sequence

See Figure 1, Process Flow Sequence for

Sr/TRU Separation in Tank AP-102.

1) Transfer, the first batch of AN-102 into
AP-102 and conduct the SiTRU separation
process.

2) Transfer the first batch of treated AN-102
supemate to WTP in 2012, or as
determined by the IHHITWOS modeler.

3)

a) Transfer the second batch of AN-102
supernatant to tank AP-102.

b) Add flush water to AN-102 to dilute
residual supemate heel and transfer to
AP-102 for treatment with AN-102
Batch #2. Treat.

4) Transfer treated AN-102 supernatant from
tank AP-102 to available DST for eventual
delivery to WTP.

5) ‘Transfer the first batch of AN-107 (Batch
#3) supernatant to tank AP-102 and
conduct the Sr/TRU removal process.

6) Transfer the treated AN-107 Batch #3
supernate to an available DST for eventual
delivery to the WTP.

7)

a) Transfer the second batch volume of
AN-107 (Batch #4) supemate from
tank AN-107 to tank AP-102,

b) Add flush water to tank AN-107 to
dilute remaining supernate heel and
transfer to AP-102 for treatment with
the AN-107 Batch #4.

8) Transfer the treated AN-107 Batch #4
supernate to available DST for eventual
delivery to WTP.

9) Retrieve AP-102 solids (St/TRU ppt and
sludge) to any available HLW tanks at the
discretion of the modeler. Solids should be
blended with other HLW solids for
delivery to the WTP.

10) Retrieve AN-102 and AN-107 solids heel
to any available HLW tanks at the
discretion of the modeler. Solids shall be
blended with other HLW solids for
delivery to the WTP,

Yes

Disposition of St/TRU Precipitate

Solids shall be blended with other HLW solids
for delivery to the WTP.

Yes

Disposition of tanks AN-102 and AN-107

Retrieve AN-102 and AN-107 solids heel to

Yes
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Solids

any available HLW tanks at the discretion of
the modeler. Solids may be blended with other
FILW solids for delivery to the WTP,

A2.X1 Sr/TRU Process Conditions

St/TRU Precipitation Process Basis

Process Dilution water: Water is added to AN-
102 and AN-107 supernatant liquids to achieve
a 5.5 M sodium concentration. Water addition
is performed in Tank AP-102 on a batch basis.

Sodium permanganate (NaMnQ,) addition:
5.308 gallons of 3.83M NaMnO, are to be
added per 1,000 gallon of diluted supernatant
(Basis: RPP-24809, Appendix A)

Strontium nitrate St{NO,), addition: 6.723
gallons of 3M Sr(NQ,); are to be added per

1,000 gallon of diluted tank supernatant (Basis:
RP1*-24809, Appendix A).

Reaction Time: minimum of 4 hours (PNWD-
3340, Scction 3.1) (Assume mixer pump
installed in AP-102).

Reaction temperature: 26 to 28° C, ambient
conditions {(PNWD-3340, Section 3.1}.

Yes

Percent Removals from Supematants

Eu'** =85%
Eu'™ = 85%
Eu'*’ = 85%
Npm =
85%

Pu® =85%
Pu?* =85%
Pu'® = 85%
Am!-ﬂ =
85%

Pu? =85%

Cm™" = 85%
Pu?*=385%
Am*? = 85%
Cm?*=85%
Cm™ = 85%
Sr™=94%
Srtotal =
94%
Ba=19%
Ca=19%
Ce=85%

Cr=21%
Fe=97%
La=85%

Mn = 96%, AN-
102

Mn = 30%, AN-
107

Nd = 85%
Pb=130%

TIC as CO;=
3.9%

Zr=82%
TOC=0%

Yes

A2.X2. Sr/TRU Precipitation Ch

emistry

Strontium Removal

The addition of strontium nitrate (St{NO;),) to
tank AN-102 and AN-107 supernatants results
in isotopic dilution of (Sr™°) and precipitation of
strontium carbonate (SrC0;) Isotopic Dilution
Reactions:

Sr(NO;); + *Sr-Chelant + Na,CO; «
Sr-Chelant + ™SrCO, + 2NaNO,

S1(NO;); 4+ Na,C0; © SrCO, + 2NaNO,

The reaction above implements the percent

Yes
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removals listed in previous assumption. Upon
adding Sr{NO;); to the AN-102 (or AN-107)
supernate, 94% of the total Sr is precipitated.
This assumption applies only 1o the treated AN-
102 and AN-107 supernate only and does not
apply to other LAW supemate. The existing
Sr-90 solubility correlation applies to all other

LAW supemate.

3.0. Retrieval and Closure

A3.1, SST Interim Stabilization

Saltwell liquid pumping

None; saltwell pumping was completed in
March 2004.

No

A3.2. SST Tri-Party Agreement Milestones

SST TPA Milestone Dates

Retrieve 5-112 per TPA Milestone M-045-03C
by 3/31/2005.

Retrieve S-102 per TPA Milestone M-045-05A
by 3/31/2005.

Retrieve C.-Farm (Waste Management Area -
C) per TPA Milestone M-045-00B by
9/30/2006.

No

A3.3. SST Retrieval Sequence Basis

Retricval sequence basis

Give priority to the SST milestones listed
above, then:

e Retrieve the remaining Pool tanks,
balancing logistics, tanks space and feed to
the various treatment processes.

e Retrieve the remaining SSTs, risk-based,
balancing logistics, tank space and feed to
the various treatment processcs.

Table B-6 provides the list of SSTs in the SST
retrieval pool. Table B-7 provides starting
assumptions for sequence and retrieved waste
volumes for near term SST retrievals.

No

A3.4. Waste Retrieval Facilitics

Waste Retrieval Facility (WRF)
Availability Dates

B-Complex WRF: 6/1/2018
T-Complex WRF: 6/1/2018

Wastes retrieved from tanks inthe Bor T
complexes before the WRFs are available will
be at lower insoluble solids loadings as defined

No
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in the Retricved Waste Composition
assumptions (see Section A3.8 of
HNF-SD-WM-SP-012).
Compliant transfer lincs will be constructed to
support retricvals from B and T complex before
the WRFs are made available; onc line for each
complex.
A3.5. SST Farm Upgrades
Any SST farm upgrades nceded to support the No

Availability Dates for Tank Farms
Upgrades

retrieval of SST waste will be completed before
the retrieval dates projected by the HTWOS
model.
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A3.6. Constraints on Simultaneous Retrievals

e  The most limiting condition(s) resulting No
from application of the following
constraints:

Simultancous retricval

Retrieval and transfer systems in the NE and
NW quadrants can support a2 maximum of 6
simultancous retrievals in each tank farmand a
total of six simultancous retrievals in each
quadrant (afier the WRFs are constructed).

Retrieval and transfer systems in the SE and
S\W quadrants can support a maximum of 2
simultaneous retrievals in each tank farmand a
total of two simultancous retricvals in that
quadrant.

SE- A, AX, and C farms
NE - B, BX, and BY farms
SW-S,S8X,and U farms
NW-T,TX,and TY farms

A maximum of 7 total simultancous retrievals
can be performed at one time. (This assumes
that labor resources are available.)

The waste fromup to two SSTs may be
retrieved to one DST at one time.

The waste from one only SST may be retrieved
into one WRF tank at a time,

Constraints also apply to retrievals going
directly from SSTs to supplemental treatment
processes.

A3.7. Retricval Rates

SS8T Waste Retrieval Rates Minimum retrieval durations are given in No

Section A3.7 of HNF-SD-WM-SP-012 and
based on proposed project schedules or
technologies to be used to retrieve the waste.,

SST Waste Residuals e 200 Series SSTs: 30 f’ of “selected phase” No
as defined in DOE/CRP-2003-02,
Inventory and Source Term Data Package -
Environmental Impact Statement for
Retrieval, Treatment and Disposal of Tank
Waste, and Closure of Single-Shell Tank
Waste at the Hanford Site Richland WA,

37 These constraints may be lificd by retrieving several source SSTs into one receiver tank if the modeling indicates
that they create a bottleneck in the system,
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Rev, 0; re-estimated using the current BBL
e 100 Series SSTs: 360 ft* of 35-wt% water-
washed solids with ¥ concentration of bulk

as-retrieved supemate for all tanks; except
C-106 will use the BBI.

A3.8. Retrieved Waste Composition

Retrieval Solution Requirements e The amount of retrieval solution needed to No
retrieve the waste from SSTs listed in
Table A-14 in Section A3.3 of
HNF-SD-WM-SP-012 will be determined
as the amount need to achicve the total
retrieved volume given in the table after the
application of water wash factors.

e The amount of retrieval solution needed to
retrieve wastes from the 8, §X, and U farm
SSTs not listed in Table A-14 will be
determined as the amount needed (o result
in a Na concentration <5 M and an
insoluble solids concentration £ 5 wit% (3.5
volume %) after the application of wash
factors.

» The amount of retricval solution needed to
retrieve wastes from SSTsinthe Bor T
farm complex before the WRFs are
available will be determined as the amount
needed to result in a Na concentration < 5
M and an insoluble solids concentration £ 5
wi% after the application of wash factors.

e The amount of retrieval solution needed to
retricve wastes from SSTsinthe Bor T
farm complex after the WRFs are availuble
will be determined as the amount needed to
result in a Na concentration £ 5 M and an
insoluble solids concentration < 10 wi%b
after the application of wash factors.

o  The amount of retrieval solution needed to
retrieve wastes from all other SSTs will be
determined as the amount needed to result
in a Na concentration <5 M and an
insoluble solids concentration < 10 wi%e
after the application of wash factors.

A3.9. Retricval System Reuse

e A sufficient number of retrieval systems No

Retricval System Availability bl
are available.

e Retricval systems will be reused when cost
effective.
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A3.X. SST Closure
e  SSTs will be interim ¢losed in the 10- No
SST Closure month period immediately after retrieval
has been completed.
o  Closure activities for each tank farm can
begin after all tanks in that farm are interim
closed.®
A3.X. SST Waste Leaks
. . No waste is assumed to leak from the SSTs No
SST Waste Leaks During Retricval during retricval.
A4.0. Waste Feed Operations
Ad.1. Waste Inventory
Ad.1.1. Initial Inventory
Date that BBI quarterly update was Starting tank inventories represents the contents Yes
issued of the 1anks as of April 2004 per RPP-22760.
This is identificd as the “FY 2004a" inventory
and is based on Best Basis Inventory (BBI)
downloaded from TWINS circa 8/10/2004,
Adjustments were made in the HTWOS modecl
for historical transfers through December 31,
2004.
IMUST waste total volume (2011-15) 500 Keal total No
Ad.2. DST Operations
A4.2.1. Sodium Hydroxide Additions
Caustic addition No
e Planned Additions e No ncar-term additions are planned. Future
evaluations may show the need for caustic
e  Caustic Rules for SST Relrievals additions.
e  Liquids associated with sludge retrievals
need 1o have at least 0.05 M free Oll.
Saltcake retrievals do not require NaQH
addition because waste jn DSTs contains
sufficient OlH'as a buffer.
A4.2.2, Flush Volumes
Table A-16 in Scction A4.2.2 of No
HNF-SD-WM-SP-012 provides the flush
volumes used in the HTWOS model.
A4.2.3. Minimum DST Level
I « Ligquids or slurries can be removed down to I No

** This is an enabling assumption that may need to be refined as closure strategies are developed.
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within 12 inches above the bottom of a
DST.

e  Wastes can be removed down to the bottom
of a DST during final cleanout.

¢  Supernatants can be pumped down to
within 10 inches of a scttled solids layer

e SY-101 can only be pumped down to 100
inches (275 Kgal) between now and
10/1/2013. After that date, the transfer
pump will be replaced and the waste can be
pumped down to 12 inches.

e  SY-102 can only be pumped down to 200
inches {550 Kgal) until the solids are
washed before delivery for TRU
packaging. After the solids are washed the
waste ¢an be pumped down to within
12 inches.

¢  The AZ/AY farm tanks can be pumped
down below 64 inches if the annulus
ventilation is shut down. The annulus
ventilation will be shut down when
necessary (o deliver feed to the WTP
allowing the waste to be pumped down
within 12 inches of the bottom.

Ad4.2.4. Maximum DST Level

Maximum DST Levels Design evaluation, records evaluation, and No
Ultrasonic Testing will confirm that AP farm is
appropriate for increased fill height by
11/1/2004. Actual use of the increased fill will
be managed through “In-Process Tests™ during
transfers.”® No transfers that use the increased
operating level are scheduled for calendar year
2004. See Table B-8 for a list of the maximum
levels for each DST.

% The dates proposed for increasing the DST fill levels may be revised after evaluating results from the model run,

B-31



RPP-24809, Rev. 0

Table B-2. Assumptions Matrix. (20 Sheets)

Case name: St/TRU Scparation in the DSTs (Study 2) Involves Model
Change That

Needs to be
Verified?

A4.2.5. Tank Solids Level

Solids Setiling Endpoint Insoluble solids retricved from C-Farm SSTs No
can be scttled to a solids loading comparable to
that in the source SSTs within 2 days of
transferring to a DST. This is accomplished in
the model by settling to the same bulk solids
volume observed in the SSTs or 1o an adjusted
bulk volume based on mass dissolved during
retrieval.

Insoluble solids retrieved from other SSTs and
currently in the DST system can be settled to 40
wt% solids within 30 days.*

Solids Management Strategy Assume that the solids management strategy for No

the DSTs will allow, on the average:

o DSTs supporting C-Farm retrieval will be
operated with a minimal supernate layer so
that they do not become Group A tanks
even though they will be filled with
significant quantities of solids.

e DSTs not supporting C-Farm retrieval are
assumed to hold up to 10-wt% bulk solids
based on the maximum operating level of
each DST.

“* The modelers will seek to apply the “wet sludge volume™ approach used for the C-Farm retrievals to insoluble
solids retrieved from other SSTs if it can be implemented. If it cannot be implemented duc to model logic issues,
the current approach of seftling to 40 wt% solids will be used.
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A4.2.6. Tank Space Allocation
Space Allocation Categories Use the categories and reasoning given in Table No

A-19 in Scction A4.2.6 of

HNF-SD-WM-SP-012 to allocate and track

head space above the waste in the DSTs.

No

DST Usage

WTP Feed Staging tanks: *!

AN-101, AN-102, AN-103, AN-104, AN-105,
AN-107, AP-101, AP-102, AP-103, AP-104,
AP-105, AP-106, AP-108, AW-101, AY-101,
AY-102, AZ-101, and AZ-102

WTP Alternative (Back-up) HLW Feed
Staging tanks:

AN-103, AN-104 (cross-site receiver), and AN-
105. At the modclers® discretion, other DSTs
equipped with dual mixer pumps can be used to
store and stage HLW feed.

Slurry Transfer Limitations:

Use AZ, AY, and AN farms, primarily for
staging HLW solids. Try to avoid staging
solids through AP or AW farms afler retrieving
the solids currently in those farms.

Supplemental Studge Treatment Process
Feed Staging Tanks:
AW-.103, AW-105, and 8Y-102

Supplemental LAW Treatment DST Usage:
Provide feed directly from S-109 to the
Decmonstration Bulk Vitrification System.
Transfer low-Cs wastes from the West Area and
from East Area SSTs when sufficient DST
space is available to transfer cross-site without
contamination and o provide a dedicated feed
tank in the East Area. Retrievals and transfers
are managed to prevent the entrainment of
solids in the feed.

Sludge Transfer for Waste Feed Staging:

AN-101 and AN-106 will acquire solids from
C-Farm retrieval and require additional
equipment to transfer a portion of those solids
into other DSTs for waste feed staging into the
WTP.

Issue: This is emerging work scope and not

1 See Section AS.2 for information on project scopes regarding equipment needs.
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currently covered by cutrent project scope or
baseline plans.
Emergency Space and LAW or HLW Emergency Space and Emergency Returns will No
Waste Return Space be raised from 1.14 Mgal to 1.235 Mgal on
11/1/2004, and will be allocated as shown
e TFC Emergency Space and below:
Emergency Returns from WTP e 1.235 Mgal total
e LAWor HILW Non-Emergency
Process Retumns from WTP e None
e Contingency space
e None
WTP Retums (to the DST system) No waste streams or wastewaters are refurned No
to DST system from the WTP.
DST Space Allocation Categories No
»  Evaporator Operational Space e Supports 242-A operation (AW-102,
bottoms receiver, and dilute waste
e Restricted TRU Ilead Space receivers, when uscd)
o Restricted WTP Feed Tank Space | ®  TRU solids (AW-103 & AW-105)
¢ Early WTP feed sources or DSTs used to
. stage WTP feed
fety Basis Head S
*  Safety Basis Head Space o Waste has an associated safety issue
Ad4.2.7. Waste Scgregation or Blending
Fecd Controls The feed controls (which specify specific Yes

¢ Biend off high-sulfate supernate
(FCL Issue #1)

» DBlend off high **U solids (FCL Issue
#2)

s  Prepare and protect hot

blending and waste segregation requirements)

from HNF-SD-WM-OCD-015, Rev 13, are

modified as needed to support the other mission
assumptions and summarized below:

e A portion of supemate from AZ-102 will
be decanted and blended with lower [SO,)
supernate, so that the final [SO,]:[Na] ratio
in AZ-102 and in any other tank receiving
significant quantities of the high [SO,)
supernate will be less than a target level of
0.048 mole SO,/mole Na after blending
and any evaporator campaigns are
completed. Constrain the blending of AZ-
102 supernate to start after 4/1/2007.

o  The solids from C-104 will be blended with
the solids in AY-101 so that the resulting
[233U)] is less than a target level of 2.0E-04
Ci/100 grams equivalent of waste oxides.
The two source tanks and the resulting
blend will be kept segregated from other
sources of solids.

e  The supernate in AY-102 will be removed
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commissioning feed (FCL Issue # 3)

e  Segregate Envelope C (FCL Issuc #
4)

e Scgregate TRU sludge from
complexed waste (FCL Issue # 5)

e  Scgregate waste destined for TRU or
LLW packaging (FCL Issuc # 6)

*  Sepregate low-cesium SST waste for
supplemental treatment (FCL Issue #
7

and replaced with supemate from AP-101,
without concentration. It is assumed that
the TFC will successfully demonstrate the
supernate in AP-101 should be
consolidated with the solids in AY-102
using the stipulated “Special process to
release controls”, No other waste, other
than process condensate, will be mixed
with the hot commissioning feed staged in
AY-102.

The AN-102 and AN-107 supernatants
must be segregated from all other waste
until it has been pretreated to remove
St/TRU components. Do not store this
pretreated supernate with any other HILW
or TRU solids.

Envelope C waste or other waste capable of
complexing TRU shall not be stored with
the insoluble solids currently in AW-103,
AW-105 or SY-102. For purposes of this
control, waste will be considered to be
Envelope C if the [TRU]:[Na] ration
exceeds 13 pCi/mole or the [90Sr]:[Na]
ratio exceeds 1.19E+03 pCi/mole in the
liquid phase.

No additional waste shall be added or
stored with the insoluble solids currently in

AW-103 and AW-105, except that the
addition of remote-handled TRU from
SSTs or SY-102 is permitted. Avoid
mixing the waste in SY-102 with additional
solids (other than remote-handled TRU),
Do not transfer contact-handled TRU waste
into the DST system. Keep the remote-
handled TRU waste segregated from
insoluble non-TRU solids.

Waste from the candidate SSTs containing
low-curie waste should be managed to
maximize the amount of low-curie (less
than 0.05 Ci/liter ’Cs). The low-cesium
fraction designated for feed to
supplemental LAW treatment should be
kept segregated from any high-cesium
waste.

Blending

There is no deliberate blending of waste to
optimize WTP feeds other than the specific
blending described in the feed controls.
Incidental blending that occurs as waste is
moved through the system is relied on to

No
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provide benefits such as a significant reduction
in HLW glass quantities.

A4.2.8. Availability of DST Space

DST Integrity

No DST failures or replacements are
assumed.

No

A4.2.9. Space Optimization

Tank Space Options Incorporated
(M-46-21 options)

e Concentrate waste to save space {to 1.44
SpG).

¢ Release the ORP restriction on the use of
the WTP feed restricted space.

e  Allocate only 1.235 Mgal as emergency
space.

¢ I[mplement tank level increases detailed in
Table B-8.

No

A4.2.10. Aging Waste Farm Condensates

HTWOS does not account for in-tank
evaporation from or the recycle back to the
aging waste tanks.

No

A4.2.11., Common Use of Transfer Lines

There are no restrictions on the subscquent use
of transfer lines based on waste types (HLW,
LAW, TRU, and LLW) and chemistries.

No

A4.2.12. Waste Transfer Routes

Essential Drawings for DST Waste
Transfer System

Transfer system constraints are imposed
through the near-term SST retrieval plans.

No

A4.2.13. Waste Transfers

Cross-site Transfer Rate

e  Wastes transferred cross-site through the

supernatant line can be transferred at rates .

between 50 and 60 gallons per minute.

e Wastes transferred cross-site through the
slurry line can be transferred at rates
between 100 and 120 gallons per minute.

No

SST Retrievals

Wastes retricved from the SSTs will be
retrieved at the capacity of the retrieval system
as defined by the minimum durations when
DST space is available.

No

DST Transfer Rate

Wastes can be transferred between DSTs or to
the WTP at a rate of 140 gallons per minute
{excluding cross-site transfers).

No

Transfer Durations

Waste transfer durations will be calculated by
dividing the total volume being transferred by
the transfer rate.

No

Transfer System Set-up Time

There is a 5-day delay between subsequent uses
of transfer routes having common components
starting on 11/1/2007 1o account for the

No
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closcout of one transfer route and the
establishment of another route.

DST Waste Residuals 100 gallons having the composition of the last No
waste contained in the tank.

A4.3. 242-A Evaporator

Ad4.3.1. Evaporator Availability

242-A Evaporator Shutdown & New 242-A Evaporator is available until No
Evaporator Availability 9/30/2018

No tank farm evaporator is available afler
10/1/2018 to support DST space
management.

A4.3.2. Evaporator Operation

82 Kpgal of water is evaporated fo train No
personnel if the evaporator has not been
operated for 11 months.**> Each training
run adds 50 Kgal of water to AW-102,
500 Kgal/month®

¢  Training Volume

e  Average Evaporation Rate .
e Maximum Evaporation Rate o  The lesser of 50 gpm boil-off or 140 gpm
o Dotioms Set Point {g/mL) feed
e  Feed Staging Duration o 144%,
s  Yeuacly Evaporation of Waste s 3 months mim'mum;"s
e  SST wastes evaporated *  Yes
o Evaporate retrieved waste as needed to

manage DST space until the WTP starts.

A4.3.3. Evaporator Process Chemistry

Waste Volume Reduction e  Water is removed until the specific gravity No
set point is reached (as calculated by
algorithms within the modcl). Recent
issues with solids formation in the
evaporator are handled as part of the
historical transfer data.

** The period between evaporator campaigns must be less than 12 months to maintain operator qualifications and
avoid the need for a full readiness review. An eleven month period was chosen in the model 1o make sure training
runs occurred within a 12 month period. About 50 Kgal of water is sent to AW-102 is from scal water (during the
run) and emptying the evaporator vessel after the training run. This will be modeled as a 50 Kgal addition after

each training run.
“ This is an operational constraint to avoid over committing evaporator campaigns.

“ This density is expected to be the average density selected for future evaporator campaigns ~ it is not an inherent
limitation of the evaporator. The feed for each evaporator campaign will be evaluated and a target density for
specific for that feed will be determined considering the ability of the transfer system to maintain solids in
suspension and the DSTs ability to stay within buoyant displacement gas release event (BDGRE) controls. In the
future, a lower value may be used for waste containing high concentrations of phosphates.

* The evaporator feed may be sampled and staged in one or more DSTs, including AW-102, during the three-month
period prior to being run through the evaporator.
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»  The waste volume reduction factor can be
calculated using the following equation:

(Pa - 1)
Where: Py = Evaporator sct point (bottoms
SpG)
Pr = Specific gravity of evaporator
feed

Process Condensate Composition

e  The volume of process condensate will be
1.15 times the waste volume boiled off the
feed 1o account for seal water and the
vacuum system steam jets.

e The composition of process condensate
from the 242-A Evaporator will be
estimated using the split factors calculated
using the following equation:

SF, = 1 .

. ((l -~ WVR)J
21,579\ WIR

Where:

SF;, = split factor for component i; the split
factor is the mass or activity of
component i in the process condensate
to the mass or activity of i in the feed

WVR = waste volume reduction factor

Kp, = 242.A evaporator partition coefficients
from HNF-14755 and RPP-17239; in
the case of tritium and water the Kp,
values are equal to the VR because
they partition equally with water, The
partition cocfficients are provided in
Table B-9.

21,579 = a numerical factor accounting for the
15% volume increase and for the ratio
of the volume of condensate as a vapor

10 the volume of condensatc as a
liquid.

No

Gaseous Efflucnt

The contributions of the waste to the gaseous
effluent stream will be estimated by applying
split factors (the reciprocal of decontamination
factors) to the process condensate stream. The
split factors are derived from decontamination
factors that come from a condenser in the WTP
evaporator model, which is based on the 242.A
evaporator. The split factors are reported in

No
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| Table B-4.

A4.3.4. ETF and LERF

¢ Effuent Treatment Facility e  ETF (nor the downstream facilities No

TEDF/SALDS) capacity doecs not constrain

Tank Farm, supplemental treatment, or

WTP operations. The processing rate may

be varied at the discretion of the modeler.

e LERF Capacity e  The ETF will be modeled as a black-box.
Overall partitioning of fced into solid waste
and treated effluent will be approximated
using overall removal efficiencies for the
polisher.* The values used are reported in
Table B-10.

e The LERF will be modeled as two basins*,
each with a 7.8 Mgal volume, used to
provide lag storage of liquid efTluents from
the 242-A Evaporator and the various
treatment processes. One will be used to
accumulate effluents while the other is used
to feed the ETF.

Ad.4. Waste Feed Delivery

Ad.4.1. LAW Feed Delivery Plans

LAW Feed Delivery Sequence and Source Tank (Envelope) Yes
Envelope Designation® AY-102 (containing concentrated AP-101; A/D)
1-3 tanks from AP-Farm (A)

AN-104 (A)

AN-102 (C) **Treat as Envelope A for model
assumption

AN-105 (A)

AN-107 (C) **Treat as Envelope A for model
assumption ‘

SY-101 (A)

AN-103 (A)

AW-101(A)

Continue with liquid wastes made available from
SST retrieval.

Actual sequence and timing for delivery of
pretreated AN-102 (107) supernatants can be
changed at the modeler’s discretion.

¢ Removal efficicncies reported in Table B-7 are taken from HNF-4573, Liquid Effluent Retention Facility Basin 44
Process Test Post-Report, Rev. 0A.

T Two of the three LERF basins are allocated to support the waste treatment mission; the other basis is set aside for
potential use with CERCLA waste.

“ The LAW feed sequence may be modified to support accelerated SST retrieval or to improve the availability of
feed for the WTP at the discretion of the modcler.
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A4.4.2. LAW Feced Specifications
BNI contract Specification 7 will be used to No
assess envelope compliance.

A4.4.3. LAW Entrained Solids

Entrained Solids Quantity » 0.5 wt% solids are entrained in decanted No

supernatants.

o Supcmatant liquids from dissolving salts
will entrain the same solids concentration
as exists in the tank after dissolutionup to a
maximum of 2 wi%.

Entrained Solids Composition Entrained solids have the same composition as No

the average composition of solids in the tank.

Ad.4.4. HLVV Feed Delivery Plans

HLW Feed Delivery Sequence and Retricval No

Retricval Efficiency® Source Tank Efficiency

AY-102 (AP-101)* 90%
AZ-101 90%
AZ-102 80%
C-104/AY-101 100%/100%
Continue with HLW solids made available from
SST retrieval.
A4.4.5. HLW Feed Specifications
BNI contract Specification 8 will be used to No
assess envelope compliance.

A4.4.6. Feed Compliance Verification

. I . Allow 210 days to complete feed compliance No

Compliance Verification Sampling verification slim'ng frorl; when each sgging

tank (DST) is first filled with feed.

AS.0. Project Delivery

AS.1. Project Impacts on DST System Availability™"

AN-101-01A Pit work (W-314) 9/23/2004 — 4/7/2005 No
241-A-A Pit work outage (W-314) 9/23/2004 - 4/7/2005 No
AN Farm Outage (W-314) 9/23/2003 — 4/7/2005 No
AP Farm Outage (W-314) 9/23/2004 - 4/7/2005 No

AP 102 Outage Mixer pump installation will require a 16 month Yes
outage
Cross-site line outage connects 9/23/2004 — 4/7/2005 No

* The HLW feed sequence may be modified to support accelerated SST retricval or to improve the availability of
feed for the WTP at the discretion of the modcler,

0 Consolidation of AP-101 waste into tank AY-102 introduces a risk that there will be insufficient space to receive
aging waste farm ventilation condensates from 702-AZ. AY-102 solids are anticipated to be delivered with water

for WTP Hot Commissioning feed.

5! These dates are not considered hard constraints because of current efforts to re-plan field schedules. The modeling
will be managed to use the latest available schedule data and still meet the completion date.
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cross-site to AN farm (W-314)
Cross-site to AP farm (W-211) 6/1/2004 — 11/1/2004 No
AW Farm Outage (W-314) 7/112004 — 117112004 No
SY Farm OQutage (W-314) 7/1/2004 - 11/1/2004 No
244-8 Outage (W-314) 4/10/2003 - 8/1/2004 No
222.8 direct routed to SY farm after 6/30/2005
PFP can no longer use 244-TX after 3/30/2005
AY Farm Electrical Upgrades 12/1/2005 - 12/1/2006 No
to support C-104 retricval
AZ Farm Electrical Upgrades 9/23/2004 - 12/31/2005 No
AS.2. Feed Staging Tank Upgrades
e  The necessary equipment will be available No

in time to support all planned waste
transfers.

¢  The DSTs will need a mixer pump, and, a
decant/transfer pump (if solids entrainment
is a concern) or a fixed intake transfer
purnp {if solids entrainment is not a
problem). Solids retrieval equipment will
be installed in AN-101 and AN-106 to
move C-Farm solids into WTP waste feed
staging tanks,

s  The following DSTs have been identified
as requiring expense or capital project work
before use as fced staging tanks; AN-101,
AN-102, AN-103, AN-104, AN-105, AN-
107, AP-101, AP-102, AP-104, AW-101,
AY-101, AY-102, AZ-101, and AZ-102

A6.0. HTWOS Model or Data Analysis Assumptions

A6.1. Estimating Waste Compositions

| Wastes are homogenized when mixed.

No

A6.2. Water Content of Initial Inventory

The water content of initial inventory is
determined by calculating a stream density and
total stream mass (including water), the total
stream mass excluding water, and then
oblaining water content by difference.

No

A6.3. Volume of In-Process Streams

Volumes of waste streams are calculated from
mass using density correlations for liquids and a
solid density of 3 p/mL.

No

A6.4. Transuranic Content Accounting

TRU quantities for LAW and ILAW are based
on Specification 2 and 7 definitions.

No

AG6.5. Radionuclide Decay
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The BBI reference decay date of 1/1/2004
is used as the reference decay date in the
model.

Radionuclides are decayed to the date of
delivery for feed specification compliance
assessment.

Half-life values for decay calculations are
taken from the Chart of Nuclides, 15"
Edition.

No

A6.6. Waste Chemistry and Mass Balances

Dissolution of solids is predicted by the
application of water-wash factors from
TWINS and by use of the Sr solubility
model documented in RPP-21807,%
Chemical charges are balanced when
washing solids by the adjustment of bound
O!1' and then by adjustment of CO,%,
TOC (less oxalate) shall be treated as C.,
HTWOS does not account for solids
formation.

No

A6.7. ILAVY Package P'roduction

ILAW package production rates are based on
the glass production rates, glass density, and
package fill assumptions.

No

A6.8. THLW Canister Production

THLW canister production rates are based on
the glass production rates, glass density, and
package fill assumptions.

No

A6.9,. Mission Summary Diagram

Mission Summary Diagram

s  Schedule float .

e  Transfer window

Handled external to the model. When
possible, allocate 6 menths float on either
side of feed compliance verification
activities for the 1% batch of LAW and the
1% batch of HLW. All other schedule float
and project strategy will be developed with
guidance from Projects.

Two months

Terms:
BBI = Best Basis Inventory
BNI = Bechtel National, Inc.

BNI/WGI = Bechtel National-Washington Group

52 The strontium solubility model docs not apply to AN-102 and AN-107 supematant treatment where specific

strontium percent removals were provided.
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DST = Double-Shell Tank

ETF = Effluent Treatment Facility

FY = fiscal year

HLW = high-level waste

IDF = Integrated Disposal Facility

LW = immobilized high-level waste

ILAW = immobilized low-activity waste

IMUST = inactive miscellancous underground storage tanks
LAW = low-activity waste

LERF = Liquid Effluent Retention Facility

LLW = low-level waste

MSD = Mission Summary Diagram

NCAW = neutralized current acid waste

NCRW = neutralized ¢cladding removal waste

ORP = U.S. Department of Encrgy, Office of River Protection
PFP = Plutonium Finishing Plant

PUREX = Plutonium-Uranium Extraction Plant

RL = U.S. Department of Energy, Richland Operations Office
SST = Single-Shell Tank

TPA = Tri-Party Agreement (Hanford Federal Facility Agreement and Consent Order)
TRU = transuranic

TWINS = Tank Waste Information Network System

WSCF = Waste Sampling and Characterization Facility
WESF = Waste Encapsulation and Storage Facility

WRF = Waste Retrieval Facility

WTP = Waste Treatment and Immobilization Plant

WVRF = waste volume reduction factor

B-43




RPP-24809, Rev. 0

Table B-3. Transuranic Waste Dryer Retention Factors. (2 Sheets)

Analyte EZ?::::?‘ Split Factor® Analyte Il;::::::‘: Split Factor
106-Ru 99.999640% 3.600E-06 Cd+2 99.899690% 1.003E-03
113m-Cd 99.899690% 1.003E-03 Ce+3 99.999988% 1.250E-07
125-Sb 99,999988% 1.250E-07 Cl- 99.806490% 1.935E-03
126-Sn 99.999988% 1.250E-07 CN- 99,719600% 2.804E-03
129-1 26.214580% 7.379E-01 Co+3 99.899700% 1.003E-03
134-Cs 100.000000% 0.000E+00 C03-2 99.899700% 1.003E-03
137-Cs 100.000000% 0.000E+00 Cr(OH)4- 99.999988% 1.250E-07
137m-Ba 100.000000% 0.000E+00 Cr(TOTAL) 99,997130% 2.870E-05
14.C 99.899680% 1.003E-03 Cs+ 100.000000% 0.000E+00
151-Sm 99.999988% 1.250E-07 Cu+2 99,802270% 1.077E-03
152-Eu 99.999988% 1.250E-07 F- 99,994300% 5.700E-05
154-Eu 99.999988% 1.250E-07 Fe+3 99.890000% 1.100E-03
155-Eu 99.999988% 1.250E-07 H20 Calculated' Calculated'
226-Ra 99,999988% 1.250E-07 Hg+2 99.899640% 1.004E-03
227-Ac 99.999988% 1.250E-07 K+ 99.971130% 2.887E-04
228-Ra 99.999988% 1.250E-07 La+3 99.999988% 1.250E-07
229-Th 99.999988% 1.250E-07 Li+ 99.999988% 1.250E-07
231-Pa 99.999988% 1.250E-07 Mg+2 99.187720% 8.123E-03
232-Th 99.999988% 1.250E-07 Mn+4 99.897470% 1.025E-03
232-U 99.899660% 1.003E-03 Mo+6 99.899700% 1.003E-03
233.U 99.899660% 1.003E-03 Na+ 99.996610% 3.390E-05
234.U 99.899660% 1.003E-03 Nd+3 99.999988% 1.250E-07
235-U 99.899660% 1,003E-03 NH3 11.001890% 8.900E-01
236-U 99.899660% 1.003E-03 Ni+2 99.899690% 1.003E-03
237-Np 99,899700% 1.003E-03 NO2- 99.958180% 4.182E-04
238-Pu 99.999970% 3.000E-07 NO3- 99.883090% 1.169E-03
238-U 99.899660% 1.003E-03 Ol {Bound) 99.999988% 1.250E-07
239-Pu 99.999970% 3.000E-07 OH- 99.899700% 1.003E-03
240-Pu 99.999970% 3.000E-07 Pb+2 96.760970% 3.239E-02
241-Am 99.999930% 7.000E-07 Pd+2 99.999988% 1.250E-07
241-Pu 99.999970% 3.000E-07 PO4-3 99,899700% 1.003E-03
242-Cm 99.899700% 1.003E-03 Pr+3 99.999988% 1.250E-07
242-Pu 99.999970% 3.000E-07 Pu+d4 99.999970% 3.000E-07
243-Am 99.999930% 7.000E-07 Rb+ 99.999988% 1.250E-07
243-Cm 99.899700% 1.003E-03 Rh+3 99.999988% 1.250E-07
244-Cm 99.899700% 1.003E-03 Ru+3 99.999640% 3.600E-06
3-H Calculated' Calculated' Sb+5 99.999988% 1.250E-07
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59-Ni 99.899690% 1.003C-03 Se+6 99.999988% 1.250E-07
60-Co 99.899700% 1.003E-03 Sit4 99.840100% 1.599E-03
63-Ni 99.899690% 1.003E-03 504-2 99.911820% 8.818E-04
79-Se 99.899700% 1.003E-03 Sr+2 99.999980% 2.000C-07
90-Sr 99.999980% 2.000E-07 Ta+5 99.999988% 1.250E-07
90-Y 99.999980% 2.000C-07 Te+7 99.899700% 1.003E-03
93-Zr 99.999988% 1.250E-07 Tet6 99.9999838% 1.250E-07

93m-Nb 99.899700% 1.003E-03 Th+4 99.999988% 1.250E-07
99-Tc 99.899700% 1.003E-03 Ti+4 99.9999838% 1.250E-07

Agt 99.999988% 1.250E-07 Ti+3 99.999988% 1.250E-07
AlOH)4- 99.933110% 6.689E-04 TOC 97.130510% 2.869E-02
Al+3 99.933110% 6.689E-04 U(TOTAL) 99.899690% 1.003E-03
Ast5 99.999938% 1.250E-07 V45 99.999988% 1.250E-07
B+3 99.894770% 1.052E-03 W+6 99.899700% 1.003E-03
Ba+2 99.889560% 1.104E-03 Y+3 99,999980% 2.000E-07
Be+2 99.999938% 1.250E-07 Zn+2 99.897910% 1.021E-03
Bi+3 99.999938% 1.250E-07 Zr+4 99.999988% 1.250E-07
Ca+2 08.691590% 1.308E-02 NA NA NA
Notes:

1. Water and tritium retention in the dried solids and partitioning to the condensate is based on the water content of the dried
solids with tritium partitioning in the same proportion as water.

2. SFi=|1- RFi
100
Where,
SFi = The split factor or compenent i,
RFi = The dryer retention factor for component i expressed as a percent,
i = Index for the component list,
Nnoo = Converts the value from a pereentage to a fraction

Table B-4. Gasecous Effluent Split Factors for Generic
Condenser. (2 Sheets)

Analyte Split Factor Analyte Split Factor
%Ry No Value Ba+2 0.002016
thmcd 0.00154 Bi+3 0.0000358
1%8b 0.0000358 C204-2 1.53E-06
12%8n 0.0000358 Cat2 0.05814
129 0.0011 Cd+2 0.00154
PICs 0.0000427 Ce+3 0.00154
Pics 0.0000427 Cl- 0.0001299
1B3inp, 0.002 Co+3 0.00154
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Analyte Split Factor Analyte Split Factor
e 0.00154 C0o3-2 0.00154
15'Sm 0.00032 Cr(OH)M- 0.000188
12gy 0.00032 Cr(TOTAL) 0.000188
%4Eu 0.00032 Cs+ 0.0000427
o 0.00032 Cu+2 0.000188
2Th 0.00154 F- 0.00053
2Th 0.00154 Fet3 0.002
2y 0.00154 H+ 0.01
2y 0.00154 Hg+2 0.00154
My 0.00154 K+ 0.00157
My 0.00154 La+3 0.00154
Boy 0.00154 Li+ 0.0016
2'Np 0.00154 Mg+2 0.035
Bépy 0.00032 Mn+4 0.001642
2y 0.00154 Mo+6 0.001642
3y 0.00032 Na+ 0.0016
Hopy 0.00032 NII3 0.0806
MAm 0.00032 Ni+2 0.00154
Hipy 0.00032 NO2- 0.0000962
*Cm 0.00154 NO3- 0.0000962
Hipy 0.00032 Ol (Bound) 0.00154
Am 0.00032 OH- 0.00154
*Cm 0.00154 Pb+2 0.0000358
MCm 0.00154 Pd+2 0.00154
i 0.014 PO4-3 0.00154
*Ni 0.00154 Pu+4 0.00032
®Co 0.00154 Sb+5 0.0000358
ONi 0.00154 Si+4 0.00435
#Sr 0.0000855 504-2 0.0002375
»Zr 0.002 Sr+2 0.0000855
Te 0.00154 Te+7 0.00154
Ag+ 0.00188 Th+4 0.00154
AlOHNM- 0.00154 Ti+4 0.002
Al+3 0.00154 U(TOTAL) 0.00154
Ast5 0.00154 Zn+2 0.001621
B+3 0.00177 Zr+4 0.002
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Specie Percentage of Tank Percentage of Waste
Waste Low Curie Feed to Waste
Feed to Bulk Treatment Plant
Vitrification
Chemical
Aluminum (AD) 40 60
Calcium (Ca) 100 0
Chromate (CrO4) 45 55
Potassium (K) 80 20
Sodium {Na) 70 30
Nitrate (NO3) 65 35
Nitrite (NO2) 40 60
Hydroxide (OH) 40 60
Chloride (Cl) 40 60
Fluoride (F) 100 0
Phosphate (PO4) 75 25
Sulfate (SO4) 90 10
Total Inorganic Carbon (TIC) 85 15
Total Oreanic Carbon (TOC) 90 10
Radienuclide

| ®Sr (soluble)’ 100 0
"Te 40 60
e 40 60
Cs | 20 10 40 80 to 60
“'Am (soluble)* 100 0
Pu (soluble)” 100 0

Table B-6. Single-Shell Tank Retrieval Pool Tank List.

A-102
A-106
AX-101
AX-102
AX-103
AX-104
B-201
B-202
B-203
B-204
C-101
C-102
C-103
C-104
C-105
C-106
C-107

C-108
C-109
C-110
C-11t
C.112
C-201
C-202
C-203
C-204
S-102
S-103
S-105
S-107
S-112
SX-101
SX-105
SX-106

SX-108
SX-110
SX-115
T-104
T-110
T-111
T-112
T-201
T-202
T-203
T-204
U-112
U-201
U-202
U-203
U-204
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Estimated .
As-Retrieved Estimated
Order in Single-Shell Target v Retricval
12 s olume to \
Sequence Tank Destination DSTs Duration
(Kpal)® (days)
1 C-106 AN-106 485 134
2 S-112 SY-101 2,000 294
3 C-203 AN-106 37 12
4 C.202 AN-106 12 4
5 S-102 SY-102 1,500 184
6 C-201 AN-106 12 4
7 C-204 AN-106 24 8
4 SY-102/ 100/ 7
5-109 Supp Demo 502 TBD
8 U-201 SY-102 40 5
9 J-202 SY-102 40 5
10 U-203 SY-102 40 5
11 U-204 SY-102 30 4
12 C-103 AN-106 230 38
13 C-102 AN-101 445 164
14 C-105 AN-106 276 38
15 B-201 TRU [30] 10
16 B-202 TRU [29] 10
17 B-203 TRU [51] 17
18 B-204 TRU (50] 17
19 T-201 TRU [31] 10
20 C-109 AN-106 280 34
21 T-202 TRU [21] 7
22 T-203 TRU (37] 12
23 C-101 AN-101 332 56
24 C-112 AN-106 316 55
25 T-204 TRU (37] 12
26 T-110 TRU (370] 128
27 C-110 AY-101 374 40
28 C-107 AN-106 420 32
29 C-104 AY-101 1,700 134
30 C-111 AN-101 229 42
31 T-111 TRU [447] 155
32 C-108 AN-106 279 35
13 U-112 SY-102 355 47
34 SX-115 SY-102 35 7
35 §X-108 SY-102 178 26
36 A-102 AN-10] 68 6
37 A-106 AN-10] 384 26
38 T-104 TRU [441] 153
39 SX-110 SY-102 478 25
40 AX-102 AN-101 53 4
41 AX-104 AN-101 97 2
42 AX-103 AN-101 235 14
43 AX-101 AN-101 999 125
44 §X-106 SY-102 979 131
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Assumptions. (2 Sheets)

Estimated

Estimated
Orderin Single-Shell Target As-Retricved Retricval
1.2 ) . 2 Volume to .
Sequence Tank Destination Duration
DSTs (days)
(Kpal)® 3
45 SX-105 TBD 984 13
46 5$X-101 TBD 1,170 16
47 S-103 TBD 1,300 97
48 S-105 TBD 2,200 239
49 S-107 TBD 2,963 70
S0 T-112 TBD 67 23
Notes:

. Retricval of waste from tank C-106 has been completed.
2. Sequence numbering applied to SST retricval pool tanks.
3. Volumes given are net impact to the DST system, The waste in the C-Farm SSTs and
tank 8-102 will be retrieved using recirculation involving larger volumes. Volumes in
brackets [ ] represent CH-TRU waste that is retrieved directly 1o the Supplemental TRU
Sludge Treatment System without impact to DST tank space.
4. Tank 5-109 is not in the singlc-shell tank retricval pool but some waste is being
retrieved from tank S-109 to demonstrate supplementary low-activity waste treatment
technologics to support other RRP mission requirements. The impact of the S-109
retricval to the DST system was modeled as 100 Kgal with the bulk of the as-retrieved
volume being fed to a supplemental treatment process.
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Table B-8. Maximum DST Fill Levels

Current Fill . . . . Current Fill New Fill
DSTs Height Limit “ﬁ‘:}g‘ﬁlﬁm’)" Lev ‘i:)’;"c;"”" Volume' Volume"?

(inches) {(Kpal) {Kgal)
AP-101 416 449 11/1/04 1,144 1,235
AP-102 416 449 11/1/04 1,144 1,235
AP-103 416 449 11/1/04 1,144 1,235
AP-104 416 449 11/1/04 1,144 1,235
AP-105 416 449 11/1/04 1,144 1,235
AP-100 416 449 11/1/04 1,144 1,235
AP-107 416 449 11/1/04 1,144 1,235
AP-108 416 449 11/1/04 1,144 1,235
SY-101 416 416 NA 1,144 1,144
SY-102 421 421 NA 1,158 1,158
SY-103 416 416 NA 1,144 1,144
AN-10! 416 416 NA 1,144 1,144
AN-102 416 416 NA 1,144 1,144
AN-106 416 416 NA 1,144 1,144
AN-107 416 416 NA 1,144 1,144
AN-103 416 416 NA 1,144 1,144
AN-104 416 416 NA 1,144 1,144
AN-105 416 416 NA 1,144 1,144
AW-105 416 416 NA 1,144 1,144
AW-106 416 416 NA 1,144 1,144
AW-101 416 416 NA 1,144 1,144
AW-102 409 409 NA 1,125 1,125
AW-103 416 416 NA 1,144 1,144
AW-104 416 416 NA 1,144 1,144
AY-101 364 364 NA 1,001 1,001
AY-102 364 364 NA 1,001 1,001
AZ-101 364 364 NA 1,001 1,001
AZ-102 364 364 NA 1,001 1,001
- - - Total 31455 32,183
Notes:

1. Fill volumes are calculated from fill heights and are rounded to the nearest 1,000 gallons

2. Existing space and new available space from increasing levels in some DSTs may not be used immcdiately because of
other constraints, such as safety basis constraints, for example.
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Table B-9. Partition Coefficients for the 242-A Evaporator. (3 Sheets)

Component Name

Partition Coefficient’

Reference

106-Ru 6.70E+07 HNF-14755, Rev. 0
113m-Cd 1.00E+07 RPP-17239, Rev. 0
125-Sh 1.00E+07 HINF-14755, Rev. 0
126-Sn 1.00E+Q7 HINT-14755, Rev, 0
129-1 4.00E+08 RPP-17239, Rev.
134-Cs 1.00E+07 RPP-17239, Rev. 0
137-Cs 9.30E+11 RPP-17239, Rev. 0
137m-Ba 1.00E+07 RPP-17239, Rev. {)
14-C 1.00E+07 HINF-14755, Rev. 0
151-Sm 1.00E+07 HINF-14755, Rev, O
152-Eu 1.00E+07 RPP-17239, Rev. 0
154-Eu 1.00E+07 RPP-17239, Rev. 0
155-Eu 1.00E+07 FHINF.14755, Rev. O
226-Ra 1.00E+07 1INF-14755, Rev. O
227-Ac 1.00E+07 RPP-17239, Rev. 0
228-Ra 1.00E+07 RPP-17239, Rev. 0
229-Th 1.00E+07 RPP-17239, Rev. 0
231-Pa 1.00E+Q7 RPP-17239, Rev. 0
232-Th 1.00E+07 RPP-17239, Rev. 0
232-U 1.00E+07 RPP-17239, Rev. 0
233-U 1.00E+07 HNF-14755, Rev. 0
234-U 1.00C+07 HNF-14755, Rev, 0
235-U 1.00E+07 HINF-14755, Rev. 0
236-U 1.00E+407 RPP-17239, Rev. 0
237-Np 3.70E+10 RPP-17239, Rev. 0
238-Pu 3.70E+10 HNF-14755, Rev. 0
218-U 1.00E+07 HNEF-14755, Rev. 0
239-Pu 3.70E+10 HNF-14755, Rev. 0
240-Pu 1.00E+07 FHNF-14755, Rev. 0
241.Am 1.40E+10 HNF-14755, Rev. 0
241-Pu 1.00E+07 HNF-14755, Rev. 0
242-Cm 1.00E+07 RPP-17239, Rev. 0
242-Pu 1.00E+07 RPP-17239, Rev. O
243-Am 1.40E+10 HNF-14755, Rev. 0
243-Cm 1.00E+07 RPP-17239, Rev. 0
244-Cm 1.00E+07 HNF-14755, Rev. 0
3-H =WVR* RPP-17239, Rev. 0
59-Ni 1.OOE+07 RPP-17219, Rev. 0
60-Co 7.00E+10 RPP-17239, Rev. 0
63-Ni 1.00E+07 HNF-14755, Rev. 0
79-Se 1.00E+07 HNF-14755, Rev. 0
90-Sr 2.30E+09 RPP-17239, Rev. 0
90-Y 1.00E+07 RPP-17239, Rev. 0
93-Zr 1.00E+07 HNF-14755, Rev. 0
93m-Nb 1.00E+07 RPP-17239, Rev. 0
99.Tc 1.10E+11 RPP-17239, Rev. 0
Ag+ 1.00E+07 HINF-14755, Rev. 0
Al OH)M- 1.00E+H)7 RPP-17239, Rev. 0
Al+3 1.50E+07 HNF-14755, Rev. 0
Ast+5 1.00E+07 HNF-14755, Rev. 0
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Table B-9. Partition Coefficients for the 242-A Evaporator. (3 Sheets)

Component Name

Partition Coefficient’

Reference

B+3 1.00E+Q7 HNF-147585, Rev. 0
Ba+2 1.00E+07 HNF-14755, Rev. 0
Be+2 1.00E+07 HNF-14755, Rev. 0
Bi+3 1.00E+07 HNF-14755, Rev. 0
Ca+2 1.00E+07 HNF-14755, Rev. 0
Cd+2 1.00E+07 FHINF-14755, Rev. 0
Ce+3 1.00E+07 RPP-17239, Rev. 0
Cl- 5.20E+06 HNF-14755, Rev. 0
CN- 1.00E+07 HINF-14755, Rev, O
Co+3 1.00E+07 RPP-17239, Rev. 0
C03-2 1.00E+07 HINF-14755, Rev. 0
Cr(Ol)4- 1.00E+07 RPP-17239, Rev. 0
Cr{TOTAL) 3.50E+08 HNF-14755, Rev. 0
Cs+ 1.00E+07 RPP-17239, Rev.
Cu+2 1.00E+07 RPP-17239, Rev. 0
F- 2.40E+08 HNF-14755, Rev. 0
Fe+3 1.00E+07 HINF-14755, Rev. 0
1+ =WVR’ RPP-17239, Rev. 0
H20 =WVR* RPP-17239, Rev. 0
Hg+2 1.00E+07 HNF-14755, Rev, 0
K+ 3.50E+07 HNF-14755, Rev. 0
La+3 1.00E+07 RPP-17239, Rev. 0
Li+ 1.00E+07 RPP-17239, Rev. 0
Mg+2 1.00E+07 HNF-14755, Rev. 0
Mn+4 1.00E+07 HNF-14755, Rev. 0
MnO2 1.00E+07 RPP-17239, Rev. 0
MnO4- 1.00E+07 RPP-17239, Rev. )
Mo+6 1.00E+07 HNF-14755, Rev, 0
Na+ 3.00E+08 HNF-14755, Rev. 0
Nd+3 1.00E+07 RPP-17239, Rev. 0
NH3 1.10E+03 HNEF-14755, Rev. 0
Ni+2 1.00E+Q7 HNF-14755, Rev. 0
NQ2- 2.40E+07 HNF-14755, Rev. 0
NQO3- 5.70E+06 HNF-14755, Rev. 0
OH- 1.00E+07 HNF-14755, Rev. 0
Pb+2 3.00E+05 HNF-14755, Rev. 0
Pd+2 1.00E+07 RPP-17219, Rev. 0
PO4-3 1.00E+07 HNF-14755, Rev. 0
Pr+3 1.00E+07 RPP-17239, Rev. 0
Pu+4 1.00E+07 RPP-17239, Rev. 0
Rb+ 1.00E+07 RPP-17239, Rev. 0
Rh+3 1.00E+07 RPP-17239, Rev. 0
Ru+3 1.00E+07 RPP-17239, Rev. 0
Sb+s 1.00E+07 HNF-14755, Rev. 0
Se+6 1.00E+07 JINF-14755, Rev. 0
Si+4 1.00E+07 HNF-14755, Rev. 0
S04.2 1 40E+07 HNF-14755, Rev. 0
Sr+2 1.00E+07 RPP-17239, Rev. 0
Ta+5 1.00E+07 RPP-17239, Rev. 0
Te+7 1.00E+07 RPP-17239, Rev. 0
Te+6 1.00E+07 RPP-17239, Rev. 0
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Table B-9. Partition Coefficients for the 242-A Evaporator. (3 Shects)

Component Name Partition Coefficicnt’ Reference
Th+4 1.00E+07 RPP-17239, Rev. 0
Tit+4 1.00E+07 HNF-14755, Rev. 0
Ti+3 1.00E+07 RPP-17239, Rev. 0
TOC 1.00E+H)7 RPP-17239, Rev. 0

U(TOTAL) 1.00E+07 HNF-14755, Rev. 0
V+5 1.00E+07 HNF-14755, Rev. 0
W+6 1.00E+07 RPP-17239, Rev. 0
Y+3 1.00E+0)7 RPP-17239, Rev. 0
Zn+2 1.00E+07 HNF-14755, Rev. 0
Zr+4 1.00E+07 HNF-14755, Rev. 0

Notes;
1. ‘The partition cocflicicnt represents the vapor-liquid equilibrium behavior of a component, and is defined as the ratio of
the concentration of a component in the concentrated bottoms to the concentration of that same componenl in the

vapor.
2. The entry “=WVR" means “cquals the waste volume reduction factor.”™ The usc of “=WVR™ indicates that the affected

component is split in the same proportions as water.

Table B-10. Liquid Effluent Retention Facility
Powder Split Factors. (2 Sheets)

Analyte Split Factor Analyte Split Factor
1°Ru 0.99999 Be+3 0.999
mcy 0.99999 Bi+3 0.999
1255 0.99999 C204-2 0.999
gn 0.99999 Ca+2 0.999

29 0.99999 Cd+2 0.999
PCs 0.99999 Ce+3 0.999
ics 0.99999 cl- 0.999
ke 11 0.99999 Co+3 0.999

“c 0.99999 C03-2 0.999
BlSm 0.99999 Cr{O11)}4- 0.999
Ly 0.99999 Cr(TOTAL) 0.999
gy 0.99999 Cs+ 0.999
135Ey 0.99999 Cut2 0.999
2Ra 0.99999 F- 0.999
PAc 0.99999 Fe+3 0.999
¥pa 0.99999 Hg+2 0.999
2pa 0.999 K+ 0.999
Th 0.999 La+3 0.999
22T 0.999 Li+ 0.999
By 0.999 Mg+2 0.999
By 0.999 Mn+4 0.999
2y 0.999 Mo+6 0.999
My 0.999 Na+ 0.999
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Table B-10. Liquid Effluent Retention Facility
Powder Split Factors. (2 Sheets)

Analyte Split Factor Analyte Split Factor
Py 0.999 Nd+3 0.999
*Np 0.999 NH3 0.999
Bpy 0.999 Ni+2 0.999
25y 0.999 NO2- 0.999
2py 0.999 NO3- 0.999
Hopy 0.999 OH (Bound) 0.999
HAm 0.999 Oll- 0.999
H#py 0.999 Pb+2 0.999
HCm 0.999 Pd+2 0.999

B wu2py 0.999 PO4-3 0.999
®Am 0.999 Putd 0.999
*Cm 0.999 Rb+ 0.999
Mem 0.999 Rh+3 0.999

H 0.00 Ru+3 0.999
*Ni 0.999 Sb+5 0.999
“Co 0.99999 Sc+6 0.999
ONi 0.99999 Si+4 0.999
"Se 0.99999 $04-2 0.999
*Sr 0.999999 Sr+2 0.999
0y 0.999999 Ta+s 0.999
$7r 0.99999 Te+7 0.999
»INb 0.999999 Te+6 0.999
PTe 0.99999 Th+4 0.999
Ag+ 0.999 Ti+4 0.999

Al(O11)4- 0.999 TI+3 0.999
Al+3 0.999 TOC 0.930
As+5 0.999 U(TOTAL) 0.999
B+3 0.999 Zn+2 0.999
Ba+2 0.999 Zr+4 0.999

Note: Split factor values are based on Polisher removal efficiencies taken from HNF-4573, Liguid Efftuent
Retention Facility Basin 44 Process Test Post-Report, Rev. 0A.
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Bl.2 EXCEPTIONS TO ASSUMPTIONS

Text of Item: A deviation in the percent removal of the carbonate (CO;) was identified between
the HTWOS model run and mass balance presented in this study. The HTWOS models removal
of total inorganic carbon (TIC) as COj at 100%, whereas the mass balance modeled removal of
TIC as CO; as equal to the amount of Sr removal (results are 3.9% removal). The impact of this
cxception is taken to be negligible.

No other discrepancies were identified.
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APPENDIX E
ASSUMPTION VALIDATION

Appendix E contains the completed Hanford Tank Waste Operations Simulator
(HTWOS) Model Modification Record forms along with any necessary supporting data.
Thesc forms were prepared in accordance with “HTWOS Mode! Assumption Validation”
(TFC-ENG-CHEM-D-39) to verify that the approved assumptions were incorporated into
the model. Any assumptions not incorporated are identified as deviations in the “Result
of Checking Modification™ section of the form and are summarized in Appendix A

Table A-12.

The CH2M HILL Hanford Group, Inc. personnel who changed the model to incorporate
the assumptions or who verified the model changes are listed below. Their signatures are
recorded below and apply to all of the forms documented on pages E-5 through E-14.

Modelers Names / ' i
R.S. Wittman 7/ /JA“——""" Date: 4‘/2-1/0 5
l ¥

Verifier Name
S. L. Orcutt

Date: ﬂ% (2005
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HTWOS Model Modification Form

Modification Title: Check HLW Feed Receipt Tank Usage

Description of Modification:
Sufficient space to receive 160,000 gallons (600 m3) without interruption. All HLW
batches must be at least 130,000 gallons total volume and contain more than 2 wt%

solids.

Method Used to Check Modification:
HLW liquid and solid volumes delivered to WTP are in the file hlw-deliver.csv.

Weight fraction of solids can be calculated.

Result of Checking Modification:

Other than end of mission DST heal removals, all HLW batches are > 130 kgal. Verified
that the total volumes are greater than 130 kgal for all batches (hlw-deliver.csv). The
exception in the batch volumes is for the heals and the tank cleanouts.

Modeler Name: RS Wittman
Verifier Name: SL Orcutt

HTWOS Mode!l Modification Form

Modification Title: Check HLW Pre-Treatment Process.

Description of Modification:

HLW WTP Process Model:

HLW pretreatment can provide sufficient pretreated HLW solids to produce up to
571 canisters of IHLW per year.

The water wash factors in the TWINS on 8/24/2004 will be used for partitioning waste
into solid and liquid phases during retricval and staging.

The caustic leach factors in the TWINS on 8/24/2004 will be used as the basis for
computing the caustic leach factors associated with each delivered batch of HLW solids
and for the entrained solids.

One spent HLW Melter is assumed every 2.5 years and contains 1800 gallons of glass,
not to exceed 9 spent HLW melters.

For planning purposes, all solids delivered with the HLW feed and entrained solids
delivered with the LAW feed, will undergo caustic and oxidative leaching with the
insoluble fraction incorporated into HLW glass.

E-5
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An oxidative leach process that removes Cr from the HLW sludge without impact on
cycle time or other species will be implemented in the ultrafilters. Reaction
stoichiometry and endpoint (5,000 ug Cr/g dried solids) are described in RPP-15552.

Method Used to Check Modification:
HLW WTP Process Model:
The file study2-hlw-canisters-histoy.his shows that (§ MTG/day) or 571 canisters of

IHLW per year is supported.

Wash_Factors_08-24-2004-test.dat and Leach_Factors_08-24-2004-test.dat are the input
wash and caustic leach factors used by HTWOS.

Onc spent HLW Melter is assumed every 2.5 years and contains 1800 gallons of glass,
not to exceed 9 spent HLW melters.

All solids (from LAW and HLW batches) are combined in the ultrafilters as in the
development run.

An oxidative leach process that removes Cr from the HLW is applied in procedure htwos-
oxidative-leach-cr.

Result of Checking Modification:
Verified that the IHLW canister count does not exceed the 571 cans/year in the procedure

study2-hlw-canisters-history.his.

Verified that Cr is removed when the total Cr mass > 0.005* (total solid mass)

Modeler Name: RS Wittman
Verifier Name: SL Orcutt

HTWOS Model Modification Form

Modification Title: Implement St/TRU Precipitation Process for AN-102 and AN-107
Supcmatants in Tank AP-102.

Description of Modification:

Tank Selection:

Supernate from AN-102 and AN-107 will be treated in AP-102, based on the availability
of a central riser that is fitted for a mixer pump.

Remove AP-102 Supernatant:

AP-102 Supernatant must be removed before transfer and treatment of AN-102
supernatant in AP-102.

* Assume that current pumping practices will leave 10 inches of supernatant in AP-102
to avoid disturbing the existing solids during supernatant removal.

E-6
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* The 10 inches of waste remaining in AP-102 will be combined and treated with the
first batch of AN-102 supernatant.

Tank Treatment Sequence:
Assume AN-102 supernatant is treated first followed by transfer and treatment of AN-

107 supernatant.

Start Date for STRU Separation:

St/TRU separation of AN-102 supernatant will be initiated based on the space availability
predicted by HTWOS and not constrained to the start date for WTP processing of AN-
102 and AN-107 supernatant used in the Development Run. The delivery of AN-102 and
AN-107 feeds to the WTP is considered to be flexible.

* Include a 16 month outage for AP-102. This is the estimated time required to install a
replacement 150-hp mixer pump in AP-102. Assume the replacement mixer pump is
installed 16 months prior to the start of St/TRU processing in tank AP-102. Basis:
Personal communications between Mike Johnson, John Van Beek, and Curtis Rieck
(January 2005).

* Target a delivery date of treated AN-102, Batch #1 for 2012, however, as noted, the
delivery date to WTP is flexible.

Number of Batches:

Four batches are assumed for conducting the St/TRU precipitation in Tank AP-102.

* Tank AN-102 supernate will be treated in two equal batches and the AN-107 supernate
will also be treated in two equal batches.

* Residual AN-102 supemnate in tank AP-102 can be mixed with the AN-107 supernate.

Supernatant Hecels:

Following the transfer of the last batch of supernate from tank AN-102 (or AN-107) to
tank AP-102, add ~100,000 gallons of water to the heel of supernatant in tank AN-102
(or AN-107) and transfer to tank AP-102. Assume no mixing of the liquids with the
existing solids.

Sr/TRU Processing Sequence:

Sec Figure 1, Process Flow Sequence for St/TRU Separation in Tank AP-102.

1) Transfer, the first batch of AN-102 intc AP-102 and conduct the St/TRU
separation process.

2) Transfer the first batch of treated AN-102 supernate to WTP in 2012, or as
determined by the HTWOS modeler.

3) a) Transfer the second batch of AN-102 supernatant to tank AP-102.
b) Add flush water to AN-102 to dilute residual supemate heel and transfer to

AP-102 for treatment with AN-102 Batch #2. Treat.

4) Transfer treated AN-102 supernatant from tank AP-102 to available DST for
eventual delivery to WTP.

5) Transfer the first batch of AN-107 (Batch #3) supernatant to tank AP-102 and
conduct the St/TRU removal process.
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6)

7

8)

9)

10)

Transfer the treated AN-107 Batch #3 supernate to an available DST for eventual

delivery to the WTP.

a) Transfer the second batch volume of AN-107 (Batch #4) supemate from
tank AN-107 to tank AP-102.

b) Add flush water to tank AN-107 to dilute remaining supernate heel and
transfer to AP-102 for treatment with the AN-107 Batch #4.

Transfer the trcated AN-107 Batch #4 supernate to available DST for eventual

dclivery to WTP.

Retrieve AP-102 solids (St/TRU ppt and sludge) to any available HLW tanks at

the discretion of the modeler. Solids should be blended with other HLW solids

for delivery to the WTP.

Retrieve AN-102 and AN-107 solids heel to any available HLW tanks at the

discretion of the modeler. Solids shall be blended with other HLW solids for

delivery to the WTP,

Disposition of St/TRU Precipitate:
Solids shall be blended with other HLW solids for delivery to the WTP.

Disposition of tanks AN-102 and AN-107 Solids:

Retrieve AN-102 and AN-107 solids heel to any available HLW tanks at the discretion of
the modeler. Solids may be blended with other HLW solids for delivery to the WTP.

Method Used to Check Modification:

The HTWOS related assumptions are only the transfer process and timing assumptions.
They can be checked from the transfer file wvp-taf-file, law-dcliver.csv, and:
comp-AN-102_10-5-2012.csv

comp-AN-107_8-12-2013.csv

comp-AP-102_blf.csv

comp-AP-102_bli.csv

comp-AP-102_b2f.csv

comp-AP-102_b2i.csv

comp-AP-102_b3f.csv

comp-AP-102_b3i.csv

comp-AP-102_b4f.csv

comp-AP-102_bdi.csv

which contain the staged batches before (i) and after (f) St/TRU precipitation.

Result of Checking Modification:

Verified that the desired outputs were obtained in the above files located on
fcommon_samwise/results/OP-Case2_3-17-2005. There were four total batches (2 from
AN-102 and 2 from AN-107).

Modeler Name: RS Wittman
Verifier Name: SL Orcutt
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HTWOS Model Modification Form

Modification Title: Sr/TRU Process Conditions.

Description of Modification:
St/TRU Precipitation Process Basis:

Process Dilution water: Water is added to AN-102 and AN-107 supernatant liquids to
achieve a 5.5 M sodium concentration. Water addition is performed in Tank AP-102 on a
batch basis.

Sodium permanganate (NaMnO4) addition: 5.308 gallons of 3.83M NaMnO4 are to be
added per 1,000 gallon of diluted supematant (Basis: RPP-24809, Appendix A)

Strontium nitrate St(NO3)2 addition: 6.723 gallons of 3M Sr(NO3)2 are to be added per
1,000 gallon of diluted tank supernatant (Basis: RPP-24809, Appendix A).

Reaction Time: minimum of 4 hours (PNWD-3340, Section 3.1) (Assume mixer pump
installed in AP-102).

Reaction temperature: 26 to 28° C, ambient conditions (PNWD-3340, Section 3.1).

Percent Removals from Supernatants:
Eul52=85%
Eul54 = 85%
Euls5=85%
Np237=85%
Pu238 =85%
Pu239=85%
Pu240 = 85%
Am241=85%
Pu24) =85%
Cm242 = 85%
Pu242 =85%
Am243 =85%
Cm243=85%
Cm244 = 85%
Sr90 =94%
Sr total = 94%
Ba=19%
Ca=19%
Ce=85%
Cr=21%
Fe=97%
La=285%
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Mn = 96%, AN-107
Mn = 30%, AN-102
Nd = 85%
Pb=30%

TIC as CO3 =3.9%
Zr=82%

TOC =0%

Method Used to Check Modification:

The splits can be found in the data objects an-102-in-tank-tru-precip-fractions and an-
107-in-tank-tru-precip-fractions. The reactions are referred to in sr-tru-precip-reactions
and do-in-tank-sr-tru-precip.

Result of Checking Modification:
Verified NaMnO4 and Sr(NO3)2 additions in the procedure named d-in-tank-sr-tru-

precip.

All Splits listed arc correct except the following: Mn for AN-102 = 30% and AN-107 =
96%. TIC as C03 = 100%. The impact of these exceptions was taken to be negligible.

Modeler Name: RS Wittman
Verifier Name: SL Orcutt

HTWQOS Model Modification Form

Modification Title: Sr/TRU Precipitation Chemistry.

Description of Modification:

Strontium Removal:

The addition of strontium nitrate (Sr(NO3)2) to tank AN-102 and AN-107 supcrnatants
results in isotopic dilution of (Sr90) and precipitation of strontium carbonate (SrCO3)

Isotopic Dilution Reactions:
Sr(NO3)2 + 90Sr*Chelant + Na2CQ3 <--> Sr*Chelant + 90SrCQO3 + 2NaNO3

Sr(NO3)2 + Na2CO3 <--> SrCO3 + 2NaNO3

The reaction above implements the percent removals listed in previous assumption.

Upon adding Sr(NO3)2 to the AN-102 (or AN-107) supernate, 94% of the total Sris
precipitated. This assumption applies only to the treated AN-102 and AN-107 supernates
only and does not apply to other LAW supernates. The existing Sr-90 solubility
correlation applies to all other LAW supemates.

Method Used to Check Modification:
The all-reactions.txt file shows that HTWOS has the above reaction. They arc referred to
in sr-tru-precip-reactions and do-in-tank-sr-tru-precip.
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Result of Checking Modification:
Verificd that the reactions listed in the all-reactions.txt as an output from the model

contains the correct reactions

Modeler Name: RS Wittman
Verifier Name: SL Orcutt

HTWOS Model Modification Form

Modification Title: Initial Inventory

Description of Modification:

Date that BBI quarterly update was issued:

Starting tank inventories represents the contents of the tanks as of April 2004 per RPP-
22760. This is identified as the "FY 2004a” inventory and is based on Best Basis
Inventory (BBI) downloaded from TWINS circa 8/10/2004. Adjustments were made in
the HTWOS mode! for historical transfers through 12/31/04.

Method Used to Check Modification:
Check historical transfer file to ensure that it begins after 4/2004.

Result of Checking Modification:
Historical transfers begin in 6/2004.

Modeler Name: RS Wittman
Verifier Name: SL. Orcutt

HTWOS Model Modification Form

Modification Title: Waste Scgregation or Blending.

Description of Modification:

Fecd Controls:

The feed controls (which specify specific blending and waste segregation requirements)
from HNF SD WM OCD-015, Rev 13, are modified as needed to support the other
mission assumptions and summarized below:

* Blend off high-sulfate supernate (FCL Issue # 1):

A portion of supernate from AZ-102 will be decanted and blended with lower [SO4]
supernate, so that the final [SO4]:[Na] ratio in AZ-102 and in any other tank receiving
significant quantities of the high [SO4] supernate will be less than a target level of 0.048
mole SO4/mole Na after blending and any evaporator campaigns are completed.
Constrain the blending of AZ-102 supernate to start after 4/1/2007.

E-11
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* Blend off high 233U solids (FCL Issue # 2):

The solids from C-104 will be blended with the solids in AY-101 so that the resulting
[233U] is less than a target level of 2.0E-04 Ci/100 grams equivalent of waste oxides.
The two source tanks and the resulting blend will be kept segregated from other sources
of solids.

* Prepare and protect hot commissioning feed (FCL Issue # 3):

The supemate in AY-102 will be removed and replaced with supernate from AP-101,
without concentration. It is assumed that the TFC will successfully demonstrate the
supernate in AP-101 should be consolidated with the solids in AY-102 using the
stipulated “Special process to release controls. No other waste, other than process
condensate, will be mixed with the hot commissioning feed staged in AY-102.

* Segregate Envelope C (FCL Issuc # 4):

The AN-102 and AN-107 supernatants must be scgregated from all other waste until it
has been pretreated to remove St/TRU components. Do not store this pretreated
supernate with any other HLW or TRU solids.

* Segregate TRU sludge from complexed waste (FCL Issuc # 5):

Envelope C waste or other waste capable of complexing TRU shall not be stored with the
insoluble solids currently in AW-103, AW-105 or SY-102. For purposes of this control,
waste will be considered to be Envelope C if the [TRU]:[Na] ration exceeds 13 pCi/mole
or the [90Sr]:[Na] ratio exceeds 1.19E+03 pCi/mole in the liquid phase.

* Scgregate waste destined for TRU or LLW packaging (FCL Issue # 6):

No additional waste shall be added or stored with the insoluble solids currently in
AW-103 and AW-105, except that the addition of remote-handled TRU from SSTs or
SY-102 is permitted. Avoid mixing the waste in SY-102 with additional solids (other
than remote-handled TRU). Do not transfer contact-handled TRU waste into the DST
system. Kecp the remote-handled TRU waste scgregated from insoluble non-TRU solids.

* Scgregate low-cesium SST waste for supplemental treatment (FCL Issue # 7):

Waste from the candidate SSTs containing low-curie waste should be managed to
maximize the amount of low-curie (less than 0.05 Ci/liter 137Cs). The low-cesium
fraction designated for feed to supplemental LAW treatment should be kept segregated
from any high-cesium waste.

Method Used to Check Modification:

The above assumption was confirmed for the development run.

OP-Case 2 transfer file is identical with the development run through §/2/2011.
Additionally, the RH-TRU and low Cs-137 staging occurs as in the development run.

E-12
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Result of Checking Modification:
Verified that there are no differences in transfer file through 5/2/2011 in comparison to

the Development Run.

Modeler Name: RS Wittman
Verifiecr Name: SL Orcutt

HTWOS Model Modification Form

Modification Title: LAW Feed Delivery Plans

Description of Modification:
LAW Feed Delivery Sequence and Envelope Designation:

Source Tank (Envelope)
AY-102 (containing concentrated AP-101; A/D) 1-3 tanks from AP-Farm (A)

AN-104 (A)
AN-102 (C) **Treat as Envelope A for model assumption
AN-105 (A)
AN-107 (C) **Trcat as Envelope A for model assumption
SY-101 (A)
AN-103 (A)

AW-101 (A)

Continue with liquid wastes made available from SST retrieval. Actual sequence and
timing for delivery of pretreated AN-102 (107) supernatants can be changed at the
modeler’s discretion.

Method Used to Check Modification:
The batches-delivered-to-wtp file shows the processing envelope to be A forall LAW
deliveries. The source of the delivered fecd in law-dcliver.csv.

Result of Checking Modification:
LAW Sequence in law-deliver.csv
AY-102

AP-101

AP-103

AN-104

AN-1901

AP-102

AP-102

AP-102

AP-105

AP-103

AN-105

AP-102

AP-102
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AP-107
AP-103
AN-103
AN-105
AW-101]

Modeler Name: RS Wittman
Yerifier Name: SL Orcutt

HTWOS Model Modification Form

Modification Title: Project Impacts on DST System Availability

Description of Modification:
AP 102 Outage

Mixer pump installation will require a 16 month outage.

Method Used to Check Modification:

Verify outage in AP-102 from transfer file

Result of Checking Modification:
Verified outage, and verified with Curtis Reick that tank AP-102 docs not have to be
empticd prior to installing the 150hp mixer pump in our modcling assumptions.

Modeler Name: RS Wittman
Verifier Name: SL Orcutt
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APPENDIX F

PROCESS DETAILS
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F1.0 PRECIPTIATION CHEMISTRY

F1.1 STRONTIUM REMOVAL

The addluon of Sr(NQO;); to tank AN-102 and AN-107 supernatants results in isotopic dilution of
strontium (*’Sr) and prcc1p1tat|on of strontium carbonate (SrCO;) (PNWD-3340). The addition
of permanganate (MnOQy) increases *°Sr decontamination, likely as a result of oxidation of the
chelating agents and precipitation of additional SrCO; (PNWD-3264, Secuon 3.1.1 and PNWD-
3340, Section 3.1). However, complexant oxidation is not the pnmary %S¢ removal mechanism.
Permanganate addition alone is not sufficient to reach the desired %S decontamination. Isotopic
dilution and SrCO; precipitation are the primary mechanisms for ®Sr decontamination (PNWD-
3340, Section 3.1).

Isotopic Dilution Reactions:
Sr(NO3); + ¥Sr-Chelant + Na,CO; «» Sr-Chelant + *°SrCO; + 2NaNO;

Sr(NO;); + N2,CO; & SrCO; + 2NaNO;

Since the tank AN-102 and AN-107 supematants contain significant carbonate concentrations
(>1.0 M at present storage conditions), the forward reaction is favored. Adding St(NO;); to
these wastes will increase the amount of soluble Sr, but ~94% of the added Sr does precipitate
(PNWD-3340, Section 3.1).

F1.2 TRU REMOVAL

Pcrmanganate treatment is most effective for removing the +3 valance TRU elements
(PNWD-3340, Scction 3.6). The removal of transuranic (TRU) (primarily americium (Am),
plutonium (Pu) and curium (Cmy)) occurs by addition of permanganate (MnOs) with a stepwise
manganese reduction: Mn(VII) to Mn(VI) to Mn([V); precipitation of MnQ,, and concomitant
TRU precipitation. Manganese dioxide is present in a hydrated form as
NaMn(O)(OH)(O)-xH,O. An example of the mangancse rcactions with formate (PNWD-3263,
Scction 3.1) are as follows:

2Mn¥"0, + HCO, + 30H" — 2Mn"'04% + CO;% + 2H,0
3MnY'0,2 4 2H,0 < 2MnY"'0,; + Mn'V O, + 40H"

Permanganate will react with other organic compounds, However, nitrite and oxalate have been
shown not to react with permanganate (PNWD-3263, Section 3.1).

Some TRU decontamination occurs when Sr(NO3); is added to tank AN-102 or AN-107
supernatants, For example, during a test conducted with AN-102 supernatant mixed with C-104
sludge leachate, a TRU decontamination factor (DF) of ~1.6 was achieved after adding Sr(NO3),
to a final concentration of 0.02 M Sr (PNWD-3264, Section 3.1.2). The added Sr likely
displaces some of the TRU elements from complexants present in these wastes. Addition of
Sr{NOs); alone is insufficient to achicve the desired TRU decontamination.

F.4
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F1.3 CO-PRECIPITATION OF ANALYTES

Based on the reaction chemistry, partial displacement from ligands (chelating agents) and co-
precipitation of BaCO; and CaCQ; during addition of St(NOj3); are expected and have been
observed during testing with actual tank AN-102 and AN-107 supematant samples (PNWD
3340, Section 3.2). Addition of MnQ, causes decomposition of ligands and precipitation of
MnQ;. Displacement of iron (Fe), chromium (Cr), Cm, and lanthanides (e.g., ccrium (Ce),
ncodymium (Nd), lanthanum (La) and europium (Eu)) from ligands and adsorption / co-

recipitation on MnO; are expected based on similar chemical behavior of these cations and

*Am. The removal of these cations from tank AN-102 and AN-107 supematant has been
observed after addition of MnQy, as noted in Table F-1 and Table F-2. Curium precipitation has
been measured to mirror that of 2! Am during the MnOj precipitation reaction (PNWD-3141,
Section 3.1 and PNWD-3338, Secction 3.2). The aluminum (Al) removal noted in Table F-1 and
Table F-2 is likely duc to entrained solids being captured by the precipitates and not due to co-
precipitation. The degree to which these analytes are scparated from tanks AN-102 and AN-107
supernatants is dependent on the concentration of reagents added to the waste.

F1.4 EFFECT OF EXCESS REAGENT ADDITIONS

The most notable effects of adding excess St(NQ3); is the increased volume of precipitate that
will form and the slight increase in **Sr decontamination. Adding excess NaMnQ; will also
increase the volume of precipitate formed and further reduce the total organic concentration in
these wastes.

F1.5 AMMONIA EVOLUTION

Ammonium ion is present in tank AN-102 and AN-107 supernatants and could potentially be
oxidized by MnQ; to ammonia gas. Ammonium ion concentration in the tank AN-102
supcrnatant was found not to be effected by addition of MnQ, to precipitate TRU elements
(PNWD-3338, Scction 3.8), providing evidence that ammonia does not volatilize from the
reaction mixture. Gases arc evolved from these supemnatants due primarily to radiolysis and
organic decomposition.

F-5
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F2.0 TIME DEPENDENCE OF REACTION

In testing with tank AN-102 and AN-107 supcmatant samples, the TRU removal reactions were
found to be independent of time. Transuranics decontamination was not significantly impacted
by reaction time or temperature (22 1o 31°C) for a mixture of AN-102 supernatant and C-104
sludge Icachate (PNWD-3264, Section 3.1.2). Also TRU decontamination was significantly
greater once permanganate was added. The permanganate reactions and TRU decontamination
were complete when first sample was removed at 18 minutes of reagent addition and mixing.

Strontium-90 decontamination increases significantly with time duc to continued SrCO;
precipitation. A reaction time of more than 4-hours has been shown fo be necessary to approach
the final Sr concentrahon in tank AN-102 supernatant' and AN-102 supernatant mixed with tank
C-104 sludge leachate? samples. Similar results were found during testmg of a tank AN-107
supernatant sample (PNWD-3340, Appendix B). The isotopic dilution of *°Sr has been shown to
be very rapid and complete within 18-minutes afier reagent addition and sample mixing
(PNWD-3264, Section 3.1). However, the precipitation of SrCQ; was shown to be incomplete
after 4-hours of reagent addition and mixing of the sample. Precipitation of SrCO; was
completed by 24-hours afler reagent addition if the sample was mixed. 1f the sample was not
mixed, additional contact time is nceded for SrCO; precipitation process completion. (PNWD-
3338, Scction 3.1).

F2.1 EQUILIBRIUM 90SR /SR CONCENTRATION

Table F-3 and Table F-4 provide the initial concentrations (RX-01-24 and SS-01-04) and final
concentrations of *Sr, total Sr, total alpha emitting TRU elements and other analytes mecasured
in the AN-102 samples (sample numbers RX-02-24 and RX-11-24) and AN-107 samples
(sample numbers SS-02-24 and SS-08-24) 24-hours after reagent additions. Upon adding
Sr(NO3); and NaMnO; to the AN-102 sample, the ratio of *°Sr to total Sr reached an equilibrium
value of ~0.018 microcuries per microgram, (nCi/pg) afler 24-hours (PNWD-3340, Section 3.1).
Similar results were obtained by treating a sample of AN-107 supernatant (PNWD-3340,
Appendix B).

''The AN-102 supernatant was ~5.5 M Na before addition of reagents. After adding reagents, the treated sample
contained 0,.02M MnO, and 0.02 M Sr. The samples were reacted at a temperature of 26 to 23°C (PNWD-3340,
section 3.1).

2 The AN-102 supematant / C-104 lcachate sample was ~5.5M Na before addition of reagents. After adding
reagents, the treated sample contained 0.02M MnO, and 0.02M Sr. The sample was reacted at a temperature of
31°C and cooled to 22 to 25°C for cell-unit filter (CUF) testing. The maximum **Sr DF was ~12. When the reacted
slurry was cooled to 22 to 25°C for CUF testing, the **Sr DF decreased to 6. After about 15 hours of mixing and
reaction at 22 to 25°C, the *Sr DF increased fo - ~10. The SI/TRU precipitate was removed from the CUF, retumed
to 31°C and dead-end filtered to measure final *Sr decontamination. The ®Sr DF for the dead-end filtered sample
was ~14, approximately 55.5 hours after addition of reagenis to the AN-102 / C-104 sample (PNWD-3264, section
3.1.1).

F-6
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F3.0 REACTION TEMPERATURE

The Si/TRU precipitation reaction has been successfully conducted at 15 10 50 £ 5°C
(PNWD-3033, PNWD-3035, PNWD-3141, PNWD-3189, PNWD-3263, PNWD-3264,
PNWD-3338, PNWD-3340, WSRC-TR-2000-00341, and WSRC-TR-2000-00506). The
removal of TRU elements from tanks AN-102 and AN-107 supernatants is not temperature
dependent. However, strontium precipitation is temperature and reagent concentration
dependent.

At 50 £ 5°C, less strontium is soluble in the tanks AN-102 and AN-107 supematants due to the
retrograde solubility of SrCO;, thus increasing %31 decontamination (PNWD-3035,

Section 3.1 and PNWD-3141, Section 3.1). However, if the Sr precipitation reaction is
conducted at an elevated temperature and the slurry is then cooled, some SrCOj; will re-dissolve,
thus reducing the overall **Sr decontamination. Similarly, if the precipitation reaction is
conducted at 15°C, more strontium remains soluble and the *Sr decontamination is reduced
(PNWD-3338, Section 3.1). If the slurry is then heated from 15°C to 25°C, additional strontium
will precipitate and the *°Sr decontamination will increase.

Heating and cooling tank AN-102 and AN-107 supernatants requires time and energy. Given
that these supernatants can not be maintained at an elevated temperature throughout storage and
processing, it is better to conduct the St/TRU precipitation reaction at ambient temperature and
allow sufficient time for the SrCO; precipitation reaction to be completed. Additionally, the
quantity of St(NOj3); added to these supernatants can be adjusted to achieve the desired gy
decontamination at ambient temperature. These results show good decontamination of both
wastes at low Ievels of reagent addition, 0.02 M Sr(NO;); and 0.02 M NaMnO,.
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Table F-3. Precipitation of Sr/TRU from Tank AN-102 Sample

AN-102 Waste Sample
Source of Sample (Diluted with 0.01M NaOH to ~5.5 M Na prior o reagent AN-102 Waste Sample
Data: PNWD- addition) (Afer precipitation with 0.02 M Mn and 0.02 M Sr)
3310, pages B.S, (0.14 M frce OLI, measured valuc)
B.6, B.1 RX-01-24 RX-01-24 dup Average RX-02-2 RX-11-24
(pe. B.5) (pg. B.5) (pg B.6) {pg B.11)

Mass Dilution
Factor {b) l | | 1.0803 1.0830
Volume Dilution
Factor 1.0 1.0 1.0 1.1 1.1

pg/ml pg/ml pg/ml pg/ml pg/ml
Al 6,160 6,190 6,175 5,300 5,740
Ca 253 256 254.5 185 183
Cd 334 338 336 29.1 30.7
Ce --(c) [5.5] [2.8] - (¢) - (¢)
Cr 106 106 106 74 735
Eu - (¢) - (c) - ) ~{c)
Fe 10.7 10.8 10.8 [2.6] [2.5)
K 1,180 1,190 1,185 1,030 1,140
la (8.4]) [8.6] [8.5) [2.2) [1.7)
Mg - (c) -{¢) - - (c) -
Mn [2.8] (2.9] [2.9] - (c) [1.6)
Na 124,000 {f) 126,000 (N 125,000 108,000 () 119,000
Nd [18.0] {19.0] [18.5] [6.1) [4.6)
Ni 229 232 230.5 201.0 205.0
P 1,040 1,050 1,045 897 928
Pb 104 106 105 84.1 83.6
Sr [1.4] (1.4] [1.4) 104 108
Zr [4.3) [4.4) [4.4) (1.5) (1.4]
Density, gw/ml |} 559 1.270 1.270 1.224 1.227
{calculated) (d)
*sr, nCilg 27.10 29.10 28.10 1.50 1.55
Sum of Alpha,
uCilg 7.72E-02 8.33E-02 8.03E-02 1.79E-02 1.78E-02
%Sr / Sr, uCilug 253 26.4 255 0.0177 0.0176
Percentage *°Sr
Removed (c) 94.2% 94.0%

Notes:

(a) Values in brackets [ ] are > method detection limit, (MDL}) but < estimated quantitation limit with errors likely to exceed 15%.
{b) Mass dilution factor = Final mass solution/initial mass solution. Source of data, page A.t, PNWD-3340.
{c) "--“indicates the value is < IDL, instrument detection limit.

{d) Calculated density value from page B.23, PNWD 3340,

{¢) Precipitation reaction conducted at 26 to 29°C. Final Sr and MnO, concentrations were each 0.02 M.
{f) Values listed were identificd as over range.
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Table F-4. Precipitation of St/TRU from Tank AN-107 Sample

Source of Sample Data:
PNWD-3340, papes B.31, B.32,

AN-107 Waste Sample

{Diluted with 1.1 M NaOl! to 3.6 M Na and then with
0.01 M NaOll to ~5.5 M Na and 0.55 M free OH)

AN-107 Waste Sample
(After precipitation with 0.02 M Mn and 0.02 M Sr

, stirred sample)

B35 §S-01-04 $S-01-04 dup Avcrage §5-02-24 §8-08-24 §S-08-24 dup
Mass Dilution Factor I 1 1 1.0823 1.0848 1.0848
Volume Dilution Factor 1.0 1.0 1.0 1.1 1.1 1.1

pg/mi pg/ml pg/m! pg/ml pg/ml pg/mL

Al 2,180 2,170 2,175 1,990 1,920 Sample was
Ca 420 418 419 311 306 not analyzed
Cd 34.1 34.0 34.1 3L 304
Ce [8.8] [8.5] 8.7 {c) {c)
Cr 53.8 53.5 53.7 389 385
Eu (c) (c) -~ (c) (c)
Fe 300 299 299.5 725 7.76
K 9170 914 915.5 870 815
La [7.2] [7.1] 7.2 [1.4] [1.3]
Mg {c) (c) - (c) ()
Mn 64.3 63.9 64.1 [1.7] [2.0]
Na 124,000 124,000 124,000 112,000 111,000
Nd [23] [23] [23] [4.9] [4.9]
Ni 278 275 276.5 249 250
P 378 376 377.0 343 334
Pb 128 126 1270 81.7 85.6
Sr [3.5] [3.5] [3.5] 93.8 105
Zr 18.6 18.5 18.6 [3.0] [3.0]
Density, gm/ml (calculated) | 1.270 1.270 1.270 1.24 1.22 1.22
%sr, nCi/g 311 294 30.3 1.55 L7 1.66
Sum of Alpha, pCi'g 1.25E-01 1.19E-01 1.22E-01 1.69E-02 1.64E-02 1.50E-02
%sr/ Sr, uCifpg 113 10.7 11 0.020 0.0199
Percentage **Sr Removed 94.5% 93.9% 94.1%

(a) Values in brackets [ ] are > MDL but < estimated quantitation limit with errors likely to exceed 15%.
(b) Mass dilution factor = Final mass solution/initial mass solution. Source of data, page A.1, PNWD-3340.

(c) *--*indicates the value is < IDL, instrument detection limit.

{d) Calculated density value from page B.23, PNWD 3340,
(¢) Precipitation reaction conducted at 26 to 29°C. Final Sr and MnQ, concentrations were each 0.02 M.
() Values listed were identified as “over range™,
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4.0 SR/TRUPRECIPITATE PHYSICAL PROPERTIES

F4.1 PARTICLE S1ZE

The particle size distribution was determined for the St/TRU precipitate formed from an
archived sample of tank AN-107 supemnatant reacted at 50° C with sodium hydroxide, sodium
permanganate and strontium nitrate. Testing of the St/TRU precipitate was performed for
crossflow filtration tests 1o demonstrate the performance of a 0.1 pm filter element. Cesium had
previously been removed from the archived tank AN-107 sample during a cesium ion exchange
test. The starting sodium and hydroxide concentrations in the archived AN-107 sample were 5
M and 0.126 M. After chemical additions, the sodium, hydroxide, sodium permanganate and
strontium nitrate concentrations in the archived sample were 5.68 M Na, 0.87 M OH, 0.05 M
NaMnOQ; and 0.075 M Sr(NO;)2. The tank AN-107 sample also contained entrained solids. The
sample was sonicated after completion of the precipitation reaction to simulate a high shear
environment. The particle size distribution ranged from 0.1 pm to ~3 pm (PNWD-3033). It is
belicved that the shearing of the pump breaks apart the precipitate and reduces the particle size.

The St/TRU precipitate particle size distribution was also measured for treated tank AN-102
supcrnatant mixed with C-104 sludge leachate. The AN-102 / C-104 sludge leachate
composttion was ~5 M Na, 0.2 M OH, 0.02 M Sr and 0.02 M MnOy; following addition of all
reagents. The slurry was reacted at 31°C and digested for 4-hours, cooled to 22 to 25°C and
filtered, then returned to 31°C for dead-end filtration, washing and sampling. For the washed
Sr/TRU precipitate, the number based mean particle size was 1.79 pm, ranging from 0.6 pm to
~10 pm (PNWD-3264, Section 3.4.4). The washed St/TRU precipitate was sonicated to
simulate shearing and the number based mean particle size was measured to be 1.13 pm, ranging
from 0.5 pm to ~10 pm (PNWD-3264, Section 3.4.4).

Bascd on this data, the number based particle size distribution for the St/TRU precipitation is
expected to range from 0.1 pm to ~10 pm.

F4.2 SOLIDS VOLUME AND DENSITY

A diluted and caustic adjusted tank AN-107 supernatant sample (7.54 M Na and 0.717 M OH)
was reacted with sodium hydroxide, sodium permanganate and strontium nitrate to yield final
treated waste concentrations of 6 M Na, 1.0 M OH, 0.075 M Sr and 0.05 M MnQ,. After 30-
minutes of mixing at ambient temperature, the sample was heated to 50°C and digested for
4-hours, cooled to ambient and processed in a cells unit filter (CUF) to measure filtration flux
rates. Samples of the St/TRU precipitate slurry were extracted from the CUF and analyzed for
physical properties (PNWD-3035, Section 3.5).

After settling for 3-days, the volume percent settled solids (includes interstitial liquid) in the
St/TRU precipitate slurry was 39 £ 1 volume percent. The weight percent settle solids in this
sample was 42 + 3 weight percent. The density of the scttled solids was calculated to be between
1.23 to 1.37 g/mL. Centrifuging the St/TRU precipitate slurry was conducted and the
centrifuged solids volume percent and density were calculated to be 12 volume percent and

1.36 = 0.0l gm/ml.
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F4.3 VISCOSITY

A diluted and caustic adjusted tank AN-107 supernatant sample (7.54 M Na and 0.717 M OH)
was reacted with sodium hydroxide, sodium permanganate and strontium nitrate to yield final
treated waste concentrations of 6M Na, 1.0 M OH, 0.075 M Sr and 0.05 M MnOQ,. After 30-
minutes of mixing at ambient temperature, the sample was heated to 50°C and digested for 4-
hours, cooled to ambient and processed in a CUF to measure filtration flux rates. Samples of the
St/TRU precipitate slurry were extracted from the CUF and analyzed for physical properties
(PNWD-3035, Section 3.5).

The viscosity of the St/TRU precipitate slurry (39 £ 1 volume percent settled solids) was
between 7 to 18cP for shear rates between 50 to 300 per sccond (PNWD-3035, Section 3.6).

F4.4 GAS GENERATION RATE AND
ENERGETICS

The thermal activation parameters for gas generation from water washed Sr/TRU precipitate
were measured to be 64 (262) kJ/mole for hydrogen, 79 (£26) kJ/mole for nitrous oxide, 14 (x7)
kJ/mole for nitrogen, 147 (£82) kJ/mole for methane, and 60 (x 32) k}/mole for total gas
gencrated. The radiolytic G-values, in molecules per 100eV, were determined to be 0.18 (£0.02)
for hydrogen, 0.0041 (£0.004) for nitrous oxide, 0.0006 (£0.001) for methane, and 0.19 (£0.023)
for total gas generated. The scatter in the nitrogen data precluded an accurate assessment for the
nitrogen G-valuc (PNWD-3257).

To assess the potential reactivity hazards of wasted St/TRU solids, energetics testing was
conducted and reported in PNWD-3257. Exothermic conditions (i.e., energetics) is a
requirement outlined in the safety screening Data Quality Objectives (DQO) (Dukelow et al.
1995) and is to ensure that there is not enough fuel to cause a safety hazard. The threshold limit
for energetics is 480 J/g on a dry weight basis.

The water washed St/TRU precipitate exhibited only endothermic thermal reactivity and thus the
Sr/TRU washed solids did not exhibit exothermic behavior exceeding the Hanford reactive waste
criterion of an exothcrmic waste as measured by differential scanning colorimeter (DSC), and
therefore would not be classified as reactive waste (PNWD-3257).

F-13



RPP-24809, REV 0

F5.0 SR/TRU PRECIPITATION TEST REPORTS SUMMARY

A scries of test reports have been prepared by Savannah River National Laboratory and Battelle-
Pacific Northwest Division and published for BNI® which demonstrate the effectiveness of the
%Sr and TRU precipitation process. Many of these studies were conducted with actual tank
waste samples of tanks AN-102 and AN-107 supernatants, using a range of experimental
conditions, and are cited below as they apply to each specific St/TRU process condition (i.e.,
precipitation chemistry, sodium concentration, reaction time and temperature, etc.).

a) PNWD-3141 (WTP-RPT-029), Optimization of Sr/TRU Removal Conditions with
Samples of AN-102 Tank Waste

This test report includes the results of testing performed to determine the effects of
temperature and low levels of reagent on Tank AN-102 waste liquids.
Decontamination factors were determined by comparing the **Sr and ' Am
concentrations " Am represents greater than 90% of the TRU content in the AN-102
samplec in the filtered, treated supernatant with the concentration of these isotopes in
the starting diluted waste. The recommended Sr/TRU removal process conditions for
waste from Tank AN-102 are:

« Dilute 10 a final target sodium concentration of 5M and do not add additional
sodium hydroxide.

« Conduct process at a temperature of 25+ 5° C, with stirring, add 0.02M strontium
nitrate followed by 0.02M sodium permanganate.

o Stir/digest precipitate at 25+ 5° C for 4 hours.

« The DFs" for precipitation of ®Sr varied between 5 and 7 at 26° C. The DFs for
2! Am were relatively independent of temperature and ranged between 5 and 6
with permanganate addition.

b) PNWD-3338 (WTP-RPT-091, Rev. 0), Assessment of Abnormal Process Conditions
for Sr/TRU Removal Using AN-102 Tank Waste Samples

The PNWD-3338 test report provides the results of experiments conducted to assess
the impact of abnormal process conditions on St/TRU removal. A primary focus was
to assess the impact of temperature, time, and reagent concentrations, since these
conditions have been shown to have significant impact in earlier studies. These
studies were conducted with AN-102 waste samples that were adjusted to
approximately 5.5 M Na with the addition of 0.3 M NaOH.

*Test plans and studies identified in Bechtel National, Inc. (BNI), 2002. Research and Technology Plan, 24590-
WTP-PL-RT-01-002, Rev. 1, U.S. Department of Energy, Office of River Protection, Richland, WA.

* Treated waste must meet Specification 2 of the Bechtel National, Inc: contract (WTP 2001) for removing *Sr and
TRU elements from the LAW solution, i.e., 20 Ci/m® for *Sr and 100 nCi/gm for TRU. Target decontamination
levels were established at 50% below the LAW requirements, which cotresponds 1o a *Sr DF of 10 and a TRU DF
of 2 for AN-102 waste.
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Strontium is greatly affccted by temperature. The removal of %3r for the
supernatant is more sensitive to process conditions, reagent level, temperature,
and reaction time.

The permanganate treatment for TRU removal is quite robust, with variation in
process conditions having little impact on meeting the ILAW requirement.

The non-radioactive Sr addition should be 0.02 M or higher to ensure low levels
of ¥Srin the ILAW.

« PNWD-3340 (WPT-RPT-082, Rev. 0), Assessment of Sr/TRU Removal Mechanisnis

Using AN-102 and AN-107 Waste Samples

This report discusses investigations into the mechanism of the Sr/permanganate
treatment process for removal of %Sr and TRU using actual waste samples from
AN-102 and AN-107. Conclusions reported include:

Oxidation is important for TRU decontamination in AN-102 supernatant (AN-102
has significantly more Ethylenediaminetetraacetic

acid/Hydroxyethylethylencdiaminetriacetic acid -type complexants than
AN-107).

TRU removal process is most effective for removing fri-valent actinide ions, Am
and Cm. These elements make up approximately 95% of the TRU in the waste.

Ligand exchange, precipitation, and sorption appear to be most important for
TRU removal from AN-107.

Time dependence of Sr and TRU removal: TRU precipitation is independent of
time and *°Sr precipitation is shown to be time dependent with an increased *°Sr
DF at 24 hours versus 4 hours.

d) PNWD-3264 Rev. 1 (WTP-RPT-044 Rev. 1), Combined Entrained Solids and

Sr/TRU Removal from AN-102 Waste Blended with C-104 Sludge Pretreatment

Solutions

The PNWD-3264 test report conducted studies to determine if low levels of reagent provide
adequate decontamination conditions for integrated process testing with a mixture of Tank AN-
102 waste and HLW sludge pretreatment streams (supernatant, wash, caustic leach, and rinse
solutions from HLW pretreatment of Tank C-104 wastes). The mixture is referred to as “AN-
102/C-104 waste blend.” Studies with the AN-102/C-104 waste blend include demonstrating
that reduced levels of strontium and permanganate addition provide decontamination of the
liquid waste (supernatant) to meet LAW requirements for vitrification. Seec Tables below
excerpted from PNWD-3264 showing the decontamination of Sr and TRU resulting from the
experiments with the AN-102/C-104 waste blend.
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Small-Scale Tests data in Table 3.2 is from an earlier test report and is cited in Table 3.2, Section
3.0 of this document,

Table 3.2, Comparizam of Sr-90 DFs and Total Sr Solubility for Treated Samnples of
ANIOXC-104 Wane Blend

Small-Scale Teuts! This Scudy’™
Test Condition | §+-90 DY | [Sr) posg | Sr-90 DF | [Se} pe/g.
Sr-Only 6.9 197 39 163
St + MnO. B8R 172 10.2 101

(2) 26°C and 4 hours siicr reagent sddition.
{b) 31"C andd 18 minutes aflor reagent addition.

Table 3.3. Comparison of Am-24 | and Cv-243+244 DFa for Treated Samples of
AN-102/C-504 Waste Blend

Feat Small-scule Tests This Study

Condltlon | Am-24L DF | Cm' DF | Am™ DF | Cm™ DF
Sr-Only L2 ] 1.4 0.8
Sr+ MnD,’ 2.7 L7 4.9 2.9
() Cmn = Cm-243+244.

L{b} Am = Am-241+Py-238,

Table 3.7 from PNWD-3264 shows that the treated superatant from all samples taken was
below the contract limits for ILAW glass.

Table 3.7. Sr-90 and TRU ILAW Glass Loading for 15 wt% Wasie Na,O

' Sample Sr-90 (C/m’) { TRU (nCi/g) |
TLAW Limits: 20 100
Inilial Waste Blend, LS-01 61 66
l'reated Samples (Average) 4-10(7 10-21 (16)

Other test reports, as cited in Section 3.0, confirm the process conditions identified in these test
reports and provide the basis for process conditions used in the material balance for this study.
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