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ESECUTIVE SURlRlARY 

The U.S. Dcpartmcnt of Encrgy, Office of River Protection -Waste Treatmcnt and 
Immobilization Plant baselinc for pretreating supernatant waste received from tanks AN-IO2 and 
AN-I07 includcs a prccipitation step for rcmoving radioactive strontium ("Sr) and transuranic 
(TRU) isotopcs before the waste is vitrificd. This report summarizes the application of the samc 
prccipitation process for rcmoving "Sr and transuranics in the double shcll tank system bcforc 
dclivery of the AN-I02 and AN-I07 supcrnatants to thc Waste Treatment and Immobilization 
Plant. This evaluation of the in-tank prccipitation is a dircct alternative to the Wastc Trcatmcnt 
and Immobilization Plant process. Study results indicate that implementation of the 
Sr/transuranic separation in the double-shell tank systcm provides an approximate G month 
schcdulc advantage to the ovcrall mission schcdulc as modeled by thc Hanford Tank Wastc 
Opcrations Simulator using the Developmental Run as a rcfcrence case. The Hanford Tank 
Waste Opcrations Simulator niodcling also indicates that thc Sr/transuranic process can bc 
implcmcntcd beginning in 2012 using tank AP-102 without impacting the mission cnd date or 
planned single-shell tank retrievals. The additional Tank Farm baseline cost for implcmcntation 
of this process system is approximately $2.GM. This cost is in addition to costs already in the 
planning baseline for double-shell tank systcm components that would bc rcquircd to implement 
thc Sr/transuranics separation process. 

Thc addition of strontium nitrate and sodium permanganatc to tanks AN-I02 and AN-I07 
supcrnatants precipitates strontium and TRU elements out of the supcrnatant and eliminates thc 
nccd to perform this timc constrained proccss in the Wastc Trcatmcnt and Immobilization Plant. 
Thc trcated tank AN-I02 and tank AN-I07 supernatants are expcctcd to mect wSr and TRU 
spccilications for immobilizcd low-activity wastcI. 

Whilc spccific process implementation tlccisions (Le. treatmcnt and dclivcry timing), and Tank 
Farm opcrational protocols ( i t .  waste compatibility scrccning) will be necdcd, this study 
concludes that thc concept of in-tank strontium and TRU treatment of tank AN-I02 and tank 
AN-I 07 supernatants is worth pursuing. This study also finds that some additional evaluations 
arc nccdcd lo confirm the concept viability bcfore implementation. An additional $2.6M in tank 
farm work scope and some added feed delivery complexity has the potential to save six months 
of Wastc Trcatmcnt and Immobilization Plant operating costs, currently estimated at 
approximately $1.2M pcr day. 

' The U S .  Dcpanmenl of Energy Ollice of River Protection, Conlnct No. DE-AC27-01RV14136, Specificalion 
2.2.2.8. Radio~iirclicl~ Conceitratioii Liniitatiom requires the concentrations ofQSr and TRU lo be less than 20 
CUm' and less tlian 100 qCi/gm, respectively in the ILAW. 

ES-I 



~~ 

RPP-24809, RCV. 0 

This pagc intcntionally tell blank. 

ES-2 



RPP.24809. Rev . 0 

CONTENTS 

I . 0 INTRODUCTION ............................................................................................................... 1 

2.0 SUMMARY ......................................................................................................................... 3 

3.0 PROCESS DESCRIPTION ................................................................................................. 7 
PAST TEST REPORTS SUMMARY ..................................................................... 7 

I 

3.1 
3.2 Ct12M HILL AT-TANK PRECIPITATION TESTING .......................................... 7 

4.0 PERFORMANCE REQUIREMENTS .............................................................................. 10 

4.1 OPERATING SPECIFICATIONS FOR DSTS ..................................................... 1 1  

5.0 PROCESS ANALYSIS ..................................................................................................... 14 
5.1 SrlTRU PRECIPITATION IN TANKS AN-I02 AND AN-I07 14 

5.1 . 1 
5.1.2 Tank Inventory and Input Data .................................................................. 14 
5.1.3 Calculation Rcsults .................................................................................... 15 

SUPERNATANTS IN TANK AP-102 ................................................. t ................ 17 
5.2.1 Altcrnatc Tank Sclcction ............................................................................ 17 
HANFORD TANK WASTE OPERATIONS SIMULATOR MODEL 
RUN ....................................................................................................................... 23 
HANFORD TANK WASTE OPERATIONS SIMULATOR OUTPUT 
DATA .................................................................................................................... 24 
MISSION LIFE-CYCLE IMPACTS ..................................................................... 26 

I 

I 
........................... 

Flowshect Analysis .................................................................................... 14 

5.2 S W R U  PRECIPITATION OF AN-I02 AND AN-107 

5.3 

5.4 

5.5 

I 

~ 

6.0 NEW EQUIPMENT REQUIREMENTS .......................................................................... 28 
6.1 CHEMICAL TRANSFER SYSTEMS 28 

6.2.1 Transfeddecant pumps ............................................................................... 29 
6.2.2 Mixing Pump ............................................................................................. 29 
6.2.3 Thermocouple Trees, Tank Liquid Level, Sludge Lcvcl Indicator 

and Leak Detection Instrumentation .......................................................... 29 
6.2.4 AP Tank Farm Ventilation ......................................................................... 30 
6.2.5 AN Tank Farm Ventilation ........................................................................ 30 
6.2.6 Transfer Lines ............................................................................................ 30 

I ................................................................... 
6.2 IN-TANK EQUIPMENT ....................................................................................... 29 

. .  



RPP-24809, Rev. 0 

6.3 EQUIPMENT ASSUMPTIONS ............................................................................ 31 

7.0 PROJECT COST ESTIMATES ........................................................................................ 32 

8.0 STUDY FlNDINGSlRESULTS ........................................................................................ 35 

9.0 REFERENCES .................................................................................................................. 37 

APPENDICES 

APPENDIX A STRONTIUMlTRU PRECIPITATION FLOWSHEET AND 
CALCULATION ...................................................................................... A-1 

APPENDIX B HTWOS MODELING CONSTRAINTS, REQUIREMENTS, AND 
ASSUMPTIONS ........................................................................................ B-1 

APPENDIC C HTWOS RESULTS ................................................................................. ..C-1 

APPENDIX D DETAILED COST ESTIMATE ............................................................... D-l 

APPENDIX E 

APPENDIX F 

HTWOS MODEL ASSUMPTION VALIDATION .................................. E-1 

PROCESS DETAILS ................................................................................ F-1 

i i  



RPP-24803, Rev. 0 

LIST OF FIGURES 

Figure 2-1. Sr/TRU Precipitation of AN-102 and AN-IO7 Supcrnatants in Tank AP-102 ........... G 

Figure 5-1. Process Flow Diagram .............................................................................................. I3 

Figurc 5-2 Devclopmental Run .................................................................................................... 27 

LIST OFTABLES 

Tablc 2-1. Concentrations of% and TRU in Low-Level Wastc Glass Resulting from 
Treatmcnt ofTanks AN-IO2 and AN-IO7 Supcrnatants and Volumc 
of Resulting Prccipitatc ................................................................................. 5 

Tablc 4-1 Conccntrations of OH'. NO;, and NO; in Prctrcated Tanks AN-IO2 and AN- 
107 Supernatants Comparcd to DST Wastc Chcmistry Limits ................... 13 

Tablc 5-1. Initial and Final Supcrnatant Volumcs in Tanks AN-IO2 and AN-IO7 ..................... 16 

Tablc 5-2. Rcagent Volumcs Added to Tanks AN-IO2 and AN-IO7 for SriTRU 
Precipitation ................................................................................................ I G 

Tablc 5-3. Concentrations of MSr and TRU in Low-Level Waste Glass Resulting from 
Trcatmcnt of Tanks AN-IO2 and AN-IO7 Supernatants and Volumc 
of Resulting Precipitate ............................................................................... 21 

Tablc 5-4. HTWOS Output for S rnRU Study Run .................................................................... 25 

Table 5-5. HTWOS Output for Dcvclopmcnt Run ...................................................................... 25 

Tablc 7-1. Capital Cost Estimate ................................................................................................. 34 

Table 7-2. Non-Capital Cost Estimate ......................................................................................... 34 

Table 8-1. SdTRU Separation ofTanks AN-IO2 and AN-107 Supcmatants .............................. 35 

iii 



RPP-24809, Rev. 0 

LJST 01TTERRlS 

Abbreviations and Acronyms 

BBI 
BNI 
CHZM HILL 
DF 
DST 
ENRAF 
H LW 
HTWOS 
ILAW 
LAW 
ORP 
TRU 
TWINS 
WFO 
WTP 
Units 
OC 
Cc 
Ci 
CP 
O F  

g 
g P  
in 

kJlmole 
M 

mL 
MT 
qCi 
PS 
pCi 
wto/u 
Pm 

Jlg 

2 

bcst-basis inventory 
Bcchtcl National, Inc. 
CHZM HILL Hanford Group, Inc. 
decontamination factor 
doublc-shcll tank 
Enraf-Nonius Scrics 854 
High-Levcl Wastc 
Hanford Tank Waste Opcrations Simulator 
immobilized low-activity wastc 
low-activity wastc 
U.S. Department of Encrgy, OMicc of Rivcr Protection 
Transuranic 
Tank Wastc Inventory Network Systcm 
Waste Feed Operations 
Wastc Trcatmcnt and Immobilization Plant 

dcgrccs Cclsius 
cerium 
Curies 
ccntipoisc 
dcgrccs Fahrenheit 
gram 
gallons pcr minute 
inch 
joulcs per gram 
kilojoules per mole 
molar concentration (molcs pcr litcr) 
cubic mctcr 
millilitcr 
mctric ton 
nanocurics 
microgram 
microcuries 
weight percent 
micrometer (micron) 

iv 



RPP-24809, Rev. 0 

1.0 INTRODUCTION 

The supcrnatants storcd in tanks 241-AN-IO2 (AN-102) and 241-AN-IO7 (AN-107) contain 
solublc strontium-90 (?3) and transuranic (TRU) elements that require rcmoval prior to 
vitrification to comply with thc Waslc Trcatmcnt and Immobilization Plant (WTP) immobilizcd 
low-activity wastc (ILAW) spccification and with thc I997 agrccmcnt* with thc Nuclear 
Regulatory Commission on incidcntal waste. A precipitation process has bccn dcvclopcd and 
tcstcd with tank waste samplcs and simulants using strontium nitrate (%(NO&) and sodium 
pcmmanganatc (NaMnO,) to scparatc %r and TRU from thcsc wastes. 

The U.S. Dcpartmcnt of Encrgy Officc of Rivcr Protection (ORP) and CH2M HILL Hanford 
Group, Inc. (CH2M HILL) havc agrccd to perform a lifc-cycle optimization study to evaluatc 
conducting thc Sr/TRU prccipitation process in the double-shcll tank (DST) systcm and is a 
dircct alternative to thc process to be performed at thc WTP. The separation of Sr/TRU from thc 
supcrnatant in tanks AN-IO2 and AN-107 is currently planned to be pcrformcd in the 
ultrafiltration system within thc WTP. While the Sr/TRU precipitation proccss is bcing 
pcrfornicd within the WTP. high-lcvcl waste (HLW) sludge cannot be pretrcatcd bccausc thcsc 
two prctrcatment processes use the samc vessels and ultrafiltration system. Thc WTP is 
projected to cxpcriencc a 6 to 24 month’ interruption in HLW pretreatment processing along 
with a reduction in HLW melter throughput duc to the process limitations when prctrcating thc 
AN-IO2 and AN-IO7 supcrnatants. This optimization study evaluates the separation of mSr and 
TRU in an cxisting DST prior to dclivcry to thc WTP and dctcrmines the rcsulting change (i.e., 
expcctcd rcduction in HLW processing schedulc) as compared to thc Dcvelopmcnt Run uscd as 
thc rcferencc case. Lifc-cyclc cost saving can only be realized if a similar rcduction in LAW 
proccssing can bc achieved for thc complction of thc overall wastc treatment mission. Thc 
acccptability of the pretreated supcrnatants and ?3/TRU prccipitates for mecting WTP contract 
requircmcnts, criticality safcty limits, and hydrogen generation rates were not includcd in thc 
study scopc. 

Letter. NRC to DOE-RL, “C1ms~cafion of Ilm~ford Lon~-Acfivify Tank lYasle Fracfion ”, June 9, 1997. C. J. 
Papericllo. Director of Nuclear Material Safety and Safeguards, to J. Kinzer, Assistant Manager, Ofice ofTank 
Wastc Remediation System, U. S. DOE, Richland Operations Ofice. 

’ ORP-I 1242. Revision 2.2003, River Profrcfion Projrcf Symm Plan. page 2-19, CIl2M HILL Ilanford Group, 
Inc.. Richland, Washington. 

I 
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Work presented in this rcport was performed by CH2M HILL and COGEMA Engineering 
Corporation (COGEMA) and its subcontractors Lucas EMS, Inc. and DMJM Technology. 
COGEMA and its subcontractors pcrformed this work undcr B CH2M HILL Contract No. 21843, 
Rclcase 3, "Engineering Optimization Study Support". 
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2.0 SURlhlARY 

The ORP-WTP baseline for prctrcating supernatant waste received from tanks AN-102 and 
AN-I07 includes a precipitation step for removin wSr and TRU isotopes 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-I07 supernatants to the WTP, using the same proccss as was 
developed for the ORP-WTP baseline. This process will be a direct alternative to the current 
WTP process for these fced streams. 

The SrlTRU precipitation process had becn dcvclopcd through a series of laboratory tests. These 
test rcports, prepared by Savannah River National Laboratory and Battellc Pacific Northwcst 
Division and published for Bcchtel National, Inc. (BN1)4, have demonstrated the effcctivencss of 
the 'MSr and TRU prccipitation process. Trcatcd wastc must meet Specification 2 of the BNI 
contract' (WTP 2001) for removing ?Sr and TRU elements from the low-activitywastc (LAW) 
solution, i.c., 20 curics pcr cubic nicter (Cilm') for and 100 nanocuries pcr gram (qCi/g) for 
TRU. Target decontamination levels for the SrnRU removal process have been established at 
50% below the LAW rcquircmcnts6, which requircs percent removals of 90.3% for wSr and 
38.3% for TRU for tank AN-I02 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 
%rand 88.3% for TRU in both AN-102 and AN-I07 tank wastcs. These mass balance 
calculations, along with the AN-I07 sample test results, demonstrate that the pretreated 
supernatant mccts the WTP ILAW "Sr and TRU spccifications. 

The design basis used in this report for the Sr KRU removal process analysis is the addition of 
strontium nitrate (3 molar 
Envclope C (Le. AN-I02 and AN-107 supernatants) to produce 0.02 M Sr and 0.02 M MnOJ in 
solution. Addition of Sr(N03)z results in isotopic dilution ofgoSr and precipitation of SrCOj. 
Addition of sodium permanganate results in manganese reduction, precipitation of MnOz, and 
concomitant TRU precipitation. The prccipitation process is performed at a 5.5 M sodium 
concentration. 

Based on the SrmRU precipitation process criteria, the SrlTRU precipitation process cannot be 
conducted in tanks AN-102 or AN-I07 due to the volume of dilution water required to achieve a 

k 

Sr(N0j)Z) and sodium permanganate (3.83 M NaMn0.t) to diluted 

'Test plans and studies identified in Ueclitel National, Inc. (UNI), 2002. Research aid 7 e c h 1 1 o / o ~  Plan. 24530- 
\VTP-PL-RT-01-002, Rev. 1. U.S. Department of Energy. Of ice  of River Protection, Richland, WA. 

' Thc U.S. Department of Energy Oflice of River Protection, Contnct No. DE-AC27-01RV14136, Specification 
2.2.2.8. Radiotirrclirle Concentration Linriratians requires the concentrations of%r and TRU to be less than 
20 CUm' and less than 100 qCig, respectively in the ILAW. 

The sodium oxide concentration is assumed to be 1 5 ~ 1 %  in these low-level waste glasses and the glass density is b 

assumed to be 2.76 dmL. 

3 
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5.5 M sodium conccntration in the supcrnatant and addcd rcagent volumes. Adcquate tank space 
is not available to perform these addition operations in tanks AN-102 or AN-107. Howcver, tank 
241-AP-102 (AP-102) is suitable to rcceivc and process batch transfers of AN-IO2 and AN-I07 
supernatants. Based on thc total supernatant volumes for treatment and required chcmical 
addition, a batch volumc equal to approximately % of the existing tank(s) supernatant volumc 
was considcred suitablc to accommodate the rcquircd process volume. 

The Sr/TRU prccipitation process can bc conducted in tank AP-102 by transferring scparate 
batches of tanks AN-102 and AN-IO7 supernatants into tank AP-102 for trcatmcnt. Tank AP- 
102 supernatant is assumed to bc removed, except for a residual supernatant heel of 10 inchcs. 
Prior to treatment of AN-I 0211 07 supcmatants, these batches are modeled as separate material 
balances (Appcndix A, Attachments 4,5,6 and 7). Treated supernatants are transfcrrcd into an 
availablc LAW tank for storagc and/or delivery to the WTP. Strontium and TRU prccipitatcs arc 
accumulatcd on top of thc existing AP-102 sludge laycr. Thc accumulated solids/sludgc is 
diluted to IO wt% solids and transferred into an available HLW staging tank. 

Figurc 2-1 is a simplified proccss flow to treat tanks AN-I02 and AN-IO7 supernatants in tank 
AP-102, showing primary transfedflow lines and major equipmcnt requirements. Tablc 2-1 
summarizes the resulting concentrations of %r and TRU in the LAW glass from each of the four 
batchcs of trcatcd supernatants and the volumc of Sr/TRU precipitate generated for each batch. 

4 
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AN- I02 
AN-102 Supernatant 

Batch #2 Units Batch # I  Treated Supernatants 

Table 2-1. Concentrations of 90Sr and TRU in Low-Level \\'ask Class Resulting from 
Treatment of Tanks AN-102 and AN-107 Supernatants and Volume of Resulting 

Precipitate 

AN-107 AN-IO7 Supernatant Supematant 
Batch #3 Batch #4 

TRU in g~ass"""" 

')o Sr in glass 'ah'b' 

TRU in-gIass'r' 
'%r in e ~ x r  

qCVg 11.52 12.11 61.77 62.05 
CVm' 5.84 6.14 6.59 6.59 

qCig 15.4 16.2 82.4 82.7 
C V ~ ?  7.78 8.19 8.79 8.79 

I "Sr Concentration (in 1 riCi/nlL I 2.38 I 2.51 I 2.69 I 2.69 I 
treated supernatant) 
Sum of TRU 
Sr/TRU Precipitate 
Volume Settlcd Solids 

pCVmL 0.01 0.01 0.07 0.07 
inches 3.42 3.44 4.22 4.19 
gallons 9.4 I lit03 9.47I303 1.16l304 I .  I SEt04 I (precipitate)'" 

Notes: 
") The US. Dcpartnient of Energy Oflice of River Protection, Contract No. DE-AC27-01RV14136. 

Specification 2.2.2.8, Rediolionriclirlc Conciwtration Limitations requires the concentrations of "Sr and 
TRU to be less than 20 CVm' and less than 100 qCVg respectively in the immobilized LAW. 

Concentrations of% and TRU at 20 wt% Na2O in the LAW glass are provided for comparison and 
shows the sensitivity to increased sodium oxide loading. Assumes a glass density of 2.76 hlT/m'. 

Ib' Assumes a glass density of 2.76 MT/m' and 15 wi% Na20 in the low-level waste glass. 

'" Assumes 2.750 gallons per inch for AK tanks. 

5 
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3.0 P r t o c E s s  DESCRIPTION 

The WTP has idcntificd the optimal conditions for precipitating "Sr an' TRU from tanks 
AN-IO2 and AN-IO7 supernatants through a series of WTP test rcports. These test reports 
identify and detail a prccipitation process using Sr(NO,)z to separate "Sr by isotopic dilution 
with prccipitation of SrCO,; and NaMnOd to prccipitatc TRU from these wastes. In addition, 
recently additional laboratory tests werc conductcd on a sample of tank AN-IO7 supcrnatant to 
quantify proccss conditions important to conducting thc Sr/TRU prccipitation process in the DST 
system (prccipitation bchavior of undiluted waste, gravity settling rate of the prccipitates, and 
physical propcrties of settled precipitates). A scparatc report will provide detailed results of thc 
laboratory tests conducted with the tank AN-IO7 supernatant sample. A summary of rcsults 
from prcvious testing and availablc results from the most recent testing arc givcn below. 
Appcndix F providcs detailed information on the Sr/TRU prccipitation process which includes 
thc basic chcmistry, time, and tcmperaturc dcpcndcncy of thc prccipitation rcaction. 

3.1 PAST TEST REPORTS SURlhlARY 

A serics of test reports prcpared for BNI (Appcndix F) from process tests performed on tanks 
AN-IO2 and AN-IO7 samples dcmonstrated the mechanism of the Sr/TRU prccipitation process 
and dctcrmine optimal process conditions. The optimal conditions for precipitating Sr/TRU 
from the tank AN-IO2 and AN-I07 supcrnatants 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(N0,)l and NaMnO, to 
achieve a final concentration ofO.02 M each, with precipitation reactions conducted at 26 to 
29°C. These precipitation conditions have bccn demonstrated to reduce the "Sr concentration by 
-94% and the TRU concentration by 75% to 85% (PNWD-3340). which corresponds to 
concentrations of "Sr and TRU in the LAW glass of-5 Ci/m3 and less than 25 qCi/g, 
respcctivcly. This optimization study uses conservative estimates for "Sr and TRU percentages 
rcmovcd from the supernatants, resulting in higher %r and TRU concentrations in the ILAW 
glass. 

3.2 CllZRlIIII,L AT-TANK PRECIPITATION 
TESTING 

Testing of the at-tank prccipitation method using represcntativc samples of supernatants from 
AN-I 07 wcrc conducted indcpcndent of this study (Tesf Resirlfsfor Af-Tunk Condifiottsfr 
Slro/irito/i/Tm/isumnic Rertroval front Tmik 241-AN-107 Supernufatif, CH2M HILL intcroflice 
memo 7S1 IO-RWW-05-017, datcd May 9,2005, from R.W. Warrant lo M.E. Johnson). The 
WTP has already identified the optimal conditions for precipitating "Sr and TRU from AN-102 
and AN-IO7 supernatants (PNWD-3141, PNWD-3264, PNWD-3338, and PNWD-3340). 
Thereforc, precipitation reaction conditions were not evaluated. Instead, process conditions 
important to conducting the Sr/TRU precipitation proecss in the DST system were quantified, 
including gravity scttling ratc of the precipitates and physical properties of settled precipitates. 
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Two strontium and TRU prccipitation tests were conducted with an archived sample of tank 
AN-IO7 supcrnatc. In the first test, the archived tank AN-IO7 samplc was used as-is and had 
analyzed sodium, "Sr and "'Am concentrations of 8.7 h4.62.1 pCi/ml and 0.466 pCi/ml, 
rcspcctively. Approximatcly 100-ml of the tank AN-I07 samplc were pipctted into a flask that 
containcd a magnetic stir bar. The sample was stirrcd and 1.25-1111 of 3.0 M Sr(NO3)I and I .O-ml 
of 3.8 M NaMnOJ were addcd to result in -0.037 &j Sr and -0.037 M MnOJ concentrations. The 
Sr and MnO, concentrations in the AN-107 are cquivalent to -0.02 M when AN-IO7 samplc is 
normalized to 5.0 M Na concentrations. Small, very fine white colored solids were observed to 
form ancr several minutes of mixing, indicating precipitation of strontium carbonate and 
manganese oxidc solids was occurring, as expcctcd. The mixing of thc sample was stopped ancr 
-4 hours. No solids werc initially observed to have settled in the samplc. Ancr approximately 
thrcc days of scttling, a thin layer of white solids was observed in this sample. Analysis of thc 
supcrnate in the treated sample indicated that -81% of thc "Sr and -67% of the 2J'Am were 
rcmovcd. Assuming thc treated AN-107 samplc was inco orated into an ILAW glass waste 
forni at 15% wt sodium oxide concentration, thc "Sr and Am conccntrations in this glass 
wastc form would be 16.5 Ci/m' and -80 qCi/gram, respcctively. The %and "'Am 
concentrations in the AN-107 ILAW glass arc 17.5% and 20% lowcr than the WTP ILAW glass 
h i t s  for these radionuclidcs. 

A 73-ml sub-samplc of thc archived AN-107 supernate was diluted by addition of42-ml ofO.O1 
- M NaOH to a sodium concentration of approximately 5.9M to prcparc 115-ml ofdilutcd AN-IO7 
sample. A 15-1111 sample of the diluted AN-IO7 sample was analyzed and thc "Sr and 2J'Am 
conccntrations in the dilutcd tank AN-I07 sample were 41.4 pCi/ml and 0.324 pCi/ml, 
indicating no significant precipitation of "Sr and 241Am occurred during sample dilution. 
Approximately 100-ml of thc diluted tank AN-I07 sample was pipctted into a flask that 
containcd a magnctic stir bar. The sample was stirred and 0.07-ml of 3.0 M strontium nitrate and 
0.55-ml of 3.8 M sodium permanganate were added to result in -0.02 M Sr and -0.02 M MnOJ 
conccntrations. Solids were initially visible in the diluted AN-IO7 sample. Analysis of the 
supcrnate in the treatcd sample indicated that -82% of thc "Sr and ""Am were rcmovcd. 
Assuming thc treated AN-107 sample was incorporated into an ILAW glass wastc form at 
15 wt% sodium oxide concentration, the "Sr and "'Am conccntrations in this glass wastc form 
would be 15.5 Cilm' and -58 qCi/gram, respectively. Thc "Sr and 24'Am concentrations in the 
AN-IO7 ILAW glass arc 22.5% and 42% lowcr than the WTP ILAW glass limits for these 
radionuclidcs. 

Thcsc two tests demonstrated that the Sr/TRU precipitation process can bc conducted without 
diluting tank AN-I07 supcrnate. Due to the opacity ofboth samples, solids settling rate 
information could not be obtained. However settling ofthe S rnRU precipitate is not required 
for conducting this process. The pretreated tank AN-107 (and AN-102) supcrnate, containing 
suspended Sr/TRU precipitates can be processed along with HLW sludges in the WTP 
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Prctrcatment ultrafiltration system. By selecting the HLW to be processed along with the 
prctrcatcd AN-IO7 (and AN-102) supcrnate, the resulting HLW glass formulation can be 
optimizcd. The need and scope of additional testing for conducting the Sr/TRU precipitation 
proccss in the DST system will bc evaluated during subsequent phascs. 
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4.0 I'ERFORRIAIVCE REQUIREnlENTS 

Bcchtcl National, Inc. has targctcd dccontamination levels at 50% bclow thc LAW requiremcnts' 
which corrcsponds to "Sr and TRU concentrations in thc supcrnatants of lcss than 7.48E-0.1 Ci 
pcr molc of sodium and 1.03E-05 Ci per molc of sodium, rcspcctivcly by performing in-tank 
prccipitation at the WTP. Thcsc values assume a 15 wt% sodium oxide loading and a glass 
dctisity of 2.76 MT/m'. An increasc in sodium oxidc loading in LLW glass to 19 or 20 wl% 
would result in increased "Sr and TRU concentrations in the LLW glass, below the contract 
spccification 2.2.23 limits, but above a 50% target limit for TRU concentration. The 
pcrformancc of the Sr/TRU prccipitation process flowshcct for treatment of tanks AN-102 and 
AN-I07 supcrnatants in the DST system is also evaluated at 50% bclow thc LAW rcquircmcnts 
and provides concentrations of 90Sr and TRU lcss than 20 Cilm' and 100 qCi/gm, respcctivcly in 
the ILAW. 
A scrics of test reports havc bccn prepared by Savannah River National Laboratory and Battelle- 
Pacific Northwest Division and published for BNI' which demonstrate thc effcctivencss of the 
"Sr and TRU prccipitation process. Many of thcsc studies were conducted with actual tank 
waste samplcs of AN-I02 and AN-IO7 supernatant, using a range of expcrimcntal conditions, 
and arc citcd in Appcndix F as thcy apply to each specific Sr/TRU process condition (i.e., 
precipitation chemistry, sodium concentration, reaction timc and tcmpcraturc, etc.). Thc results 
and/or conclusions of selcctcd tcst reports containing data inputs for use as pcrformancc 
rcquircmcnts in this optimization study are given bclow. 

Dilute to a final target sodium concentration of 5M and do not add additional sodium 
hydroxidc. Basis: PNWD-3141 

Conduct process at a tempcraturc of 25* 5" C, with stirring, add 0.02M strontium nitratc 
followed by 0.02M sodium permanganate. Basis: PNWD-3 141 

- Stir/digcst precipitate at 25* 5" C for 4 hours. Basis: PNWD-3141 

- The Decontamination Factors (DFs) for precipitation of ?Sr varied bctwccn 5 and 
7 at 26' C. The DFs for 24tAm were relatively independent of tempcraturc and 
rangcd bctwccn 5 and 6 with permanganate addition. Basis: PNWD-3141. 

- The non-radioactivc Sr addition should bc O.02M or higher to cnsurc low Ievcls of 
"Sr in thc ILAW. Basis: PNWD-3338. 

7Thc U.S. Department of Energy Oftice of River Protection, Contract No. DE-~C2%01RVI4136. Specification 
2.2.2.8, R~ii/ionacliilc Concoirrarion Limirarions requires the concentrations of Sr and TRU to be less than 20 
CUm' and less than 100 qCigm, respectively in the ILAW. 

&rest plans and studies identified in Ueclitel National. Inc. (BNI). 2002. Research and techno log^ P/iin. 24590- 
W"-PL-RT-01-002. Rev. I ,  U.S. Department of Energy, Ofice of River Protection, Richland, W.4. 
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TRU removal process is most effective for rcmoving tri-valent actinide ions Am and Cm. 
Thcsc clcmcnts make up approximately 95% of thc TRU in the waste. Basis: PNWD- 
3340 
Time dependence of ?Sr and TRU removal: TRU precipitation is indc cndcnt of time 
and "Sr precipitation is shown to be time dcpcndcnt with an increased Sr DF at 24 
hours versus 4 hours. Basis: PNWD-3340 

L 

4.1 OPERATING SPEClFlCATlOXS FOR DSTS 

The opcrating specifications for the DSTs identify requirements and limits for processing and 
storagc opcrations applicable to the AN and AP tanks (OSD-T-I51-00007, Rcv. 1-9). 
Rcquircmcnts and limits pcrtaining to wastc transfcr or rcceipt of wastc or chemicals within thc 
DST Fami System arc identified in the Toirk I.'ariiis IYrrste Transfer Conrpntibilify Prograrir 
document (HNF-SD-WM-OCD-OI 5 ,  Rev. 15). 

Thc following limits and/or rcquircmcnts arc idcntified as applicable to thc proposcd 
prccipitation process: 

a) Tank Bump Controls, OCD Section 3.1.3.2: Prior to )vasle transfirs into the DSTs. 
Engiireering shall evaltra/e the end s/a/e ojthe receiving tank to verifv that at least 
oire of the followirrg criteria is nrel: 

Total tank Ireat load is < 58,000 Btir//rr 

The calculated heat load of the combincd Sr/TRU precipitate and tank AP-102 
sludge is 11,304 B t u h  (includes decay heat contribution from "Sr, '"Cs, and 
24'Am). 

. No~~-co~rvective layer tlrickiress is < 12 iir. 

Thc cumulative solids layer in AP-102 ancr treatments is 23.7 in. 

Srrperm/ont deptlr is < 39 in. 

During batch treatments, height ofsupcmatant varies from 264 in. to 312 in. 

The rtoir-condensable gas gerreration rate at satrrration terr,iperature in the IJOII-  

convective layer is sirjjicieritly low. sltcli that the ratio ofvertical voidjrac/ioir 
projile to tlre irerrtral biroyirit void fraction (brroyancy ratio) is 1.0 (RPP-6213. 
Addettdttnr I .  Table 4-2). 
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A Waste Compatibility Asscssmcnt was not prepared as part of this report. Once 
specifics of transfer and process parameters are dctcrmincd, a Waste 
Compatibility Asscssment will be required prior to implcmcnting any Tank Farm 
opcrations. 

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

b) Wastc Group Re-evaluation Rcquircmcnts, OCD Section 3.1.3.3, IINF-IP-l2GG. 
Sectiorr 5. IO,  requires tlrat tlrejiiral state (Waste Grorrp) of the receivirrg tank be 
evulmted rising the nretlrodology described in RPP-10006prior to the following 
operat iorrs: 

JYrrstc trairsfers irrto DSTS that are CVaste Groirp B airrl C (receiving tank). 
N/A (rcquircmcnt is applicable to wastc transfcrs from SSTs into DSTs 
and is therefore not applicablc for this study, which is restricted to waste 
transfcr between DSTs) 

Lorge water udditiorrs (>1O,OOOgallons) to DSTs llrar are Waste Group C. 
A Waste Compatibility Assessment was not preparcd as part of this rcport. 
Oncc specifics of transfer and process parametcrs arc determined, a Waste 
Compatibility Assessment will havc to be pcrformcd prior to 
implcmcnting any Tank Farm opcrations. 

Large clreriricol additions (> 10,000 gallons ofsorliunr Iy(lro.de or sodirtin 
tritrire) to DSTs flint are I+'aste Grorrp B aird C. 

HNF-IP-1266, Section 5.10.A, Rev. Oa providcs thc following Waste 
Group designations: . AP-102 - Waste Group C 

AN-I 02 - Waste Group B 
AN-I07 - Waste Group C 

. . 
Thc rcquircments of thc Wastc Compatibility Assessment that must bc pcrformcd prior to 
Sr/TRU processing will cvaluate and identify the Waste Group(s) for thc receiving tanks. 

c) DST Waste Chemistry Controls, OCD Section 3.1.4.1: The receipt or transfr of 
it'aste !/rat does riot nreet clretiristty coirtrol limits coir occw orrly iftlre receivirrg DST 
will reinnin w i t h  spccr$catioir lirrrits aJer the trarrsfer or as part of actionsfor tlre 
nritigatioir of orit-oj-specijicatiorr waste. 

Chemistry limits for DSTs are provided in thc Tank Farm Waste Transfer Compatibility 
Program, Table 3.3. DST Waste Clreriristry Limits. The concentrations of OH-, NO;, and NO; 
arc taken from thc mass balance for the pretreated supcrnatant (Le., dilutcd supcrnatant with 
rcagents addcd) batches and arc shown in Table 4.1. 
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Variable 

Table 4.1. Concentrations of 011; NO;, and NO; in Pretreated Tanks AN-I02 and AN- 
107 Supernatants Compared to DST Waste Cliemistry Limits. 

Pretreated 
Batch # I  

Units (Tank AN- 
102 

Supernatant) 

Pretreated 
Batch #2 

(Tank AN- 
I02 

Supernatant) 

[Oil.] 0.338 

1.38 
Conipariron M 0.74 
Value: (0.4 * 
NO,' 

pretreated Pretreated DST Waste 

(Tank AN- (Tank AN- (T467'F)(p) 
Batch #3 Batch #.I Chemistry Limits 

107 107 
Supernatant) Supernatant 

0.293 

1.03 
1.87 
1.32 
0.53 

0.1 '([NO,']S[011'] 
0.638 5 l0.0M 0.626 

0.879 0.873 Nh 
2.06 2.07 Nh 

I .5 1.51 20.4 ([NO;]) 
0.60 0.60 

"' DST Waste Chemistry Liniilr for [NO,] nngc I .O M< [NO,] 5 3.0 Mfor T 167' F. obtained from Table 3-3 of I INF-SD- 
Whl-OCD-015. Rev. I S .  

Basis: HNF-SD-WM-OCD-OI 5 ,  Rev. 15 

d) Liquid Levels, OSD Section 2.1.1 

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

Basis: OSD-T-151-00007. Rcv. 1-9. 
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5.0 PROCESS ANALYSIS 

The design basis for the Sr/TRU rcmoval process analysis is the addition of a 3 M strontium 
nitrate solution for isotopic dilution and prccipitation o f ? %  as SrCOj, followed by the addition 
of a 3.83 M sodium pcrmanganatc solution for precipitation of the TRU elements. The tank 
AN-IO2 and tank AN-IO7 supernatants ilre diluted to a sodium concentration of 5.5 M prior to 
chcmical addition for prccipitation. 

5.1 Sr/TRU PRECIPITATION IN TANKS AN-I02 
AND AN-I07 

The fcasibility of conducting the SriTRU precipitation proecss for tank AN-IO2 supematant in- 
tank AN-IO2 and treatment oftank AN-I07 supernatant in-tank AN-I07 was based primarily on 
an evaluation of tank capacity, Le., the available capacity to rcccivc thc rcagcnt volumes and 
dilution water necessary to conduct the SriTRU rcmoval proccss. 

5.1.1 Flowsheet Analysis 

The niatcrial balance for performing the in-tank SriTRU prccipitation process for tanks AN-102 
and AN-IO7 supcrnatant assumes treatment of 100% of thc in-tank supematant inventory and 
associatcd volumc as provided by thc best-basis inventory (BBI) data. The normal operating 
limit for AN tanks is 416 inches (1.14 E+OG gallons)'. As discussed in Scetion 3.0, the optimal 
conditions for precipitating SriTRU from the tank AN-I02 and AN-I07 supematants havc becn 
established through experimental testing and include dilution of thc \vastc to approximately 5.5 
- M Na, mixing thc waste, addition of Sr(NO3)r and NaMnOJ to a final concentrations of 0.02 M 
each, with prccipitation reactions conducted at 2G to 29 'C. 

5.1.2 

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:OO am) and is thc basis for the tank composition data used for tanks 
AP-102, AN-I02 and AN-107. The BBI reports the density and volume of each phase 
(supematant and sludge) in the tanks. 

The BBI data does not identify certain supplemental analytcs for all wastc phascs. For this mass 
balance. two supplemental analytcs, Rhodium and Tantalum have supernatant inventory values 
for tank AN-107, but no values listed for tank AN-102. The BBI supplemental analytes are in 
addition to the standard list of analytes and are providcd if values were available. 

Tank Inventory and Input Data 

The CI IZM IllLL volume calculator (RPP-13019) is used lo convert between inches and volumes for tanks. 9 
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5.1.2.1 hletliod of Analysis 

Thc method of analysis for this calculation uses a Microsoft Oflicc Excel@ 2003 spreadsheet 
dcsigncd to estimate supcrnatant and solids compositions based on thc given design inputs and 
assumptions for the Sr/TRU precipitation process. The mass balance calculation and sprcadshcet 
wcrc prcparcd in compliance with the TFC-ENG-DESIGN-C-10, “Enginecring Calculations” 
and TFC-ENG-CHEM-D-33, Rev 13, “Spreadshcct Verification”. The rcquircd sprcadshcct 
verification form is provided as part of Appendix A. An evaluation was performed for in-tank 
trcatmcnt of the entire supernatant contents of tanks AN-IO7 and AN-102, resulting in two mass 
balance workshccts: 

Treat in AN-102 (Appendix A, Attachmcnt 4) 
Treat br AN-I07 (Appcndix A, Attachmcnt 5 )  

Appendix A idcntifics the spccific calculations pcrformed and provides the mass balance 
workshccts. The specific input data and assumptions wcrc used to: 

I .  Calculate the volume of water addition necessary to dilute tank AN-I02 and tank AN- 
107 supernatants to a sodium concentration of 5.5 M. 

2. Calculatc the volume of rcagcnt addition, NaMnOJ and Sr(NOJ2, nccessary to 
pcrform the SrlTRU precipitation of 100% of the supernatant volume in tanks 
AN-I02 and AN-107. 

3. Calculate thc composition of AN-102 and AN-107 supernatants after addition of 
Sr(N0J)Zand NaMnOJ lo achieve a final concentrations of 0.02 M in the treated 
supcrnatant. 

4. Calculatc thc resulting volume of precipitate for each tank. 

5.  Calculatc the ? S r  and TRU concentration in thc LAW glassi0 resulting from the 
prccipitatcd ”SrRRU concentrations in the treatcd wastc (Le., solids phase). 

The Calcrrkrtiort P ~ g e  worksheet, Appendix A, Attachment 3, dctails thcsc computations and 
idcntifics thc specific cells or rows of the material balance workshccts which perform thc 
mechanical opcrations. 

5.1.3 Calculation Results 

Trcatment of thc entire supernatant contents in tanks AN-IO7 and AN-102, rcspcctivcly, would 
cxcccd the normal operating limits (416 inches) of the AN tanks (OSD-T-151-00007. Rev 1-9). 

I” The U.S. Depanment of Energy Of ice  of River Protection, Contract No. DE-hC27-01RV14 136, Specification 
2.2.2.8. Rndiolitrclidc Conccnfrrrfion Lintifmiom requires the concentrations of Srw and TRU to be less than 20 
CVm’ and less than 100 qCigm, respectively in the ILAW. In addition, the sodium concentniion is assumed to be 
I5  wt% in these low-level waste glasses and the glass dcnsity is assumed lo be 2.76 dmL. 

15 
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The volume ofdilution water added to achieve the optimal sodium concentration of 5.5 M 
(PNWD-3 141) and the required reagent volumes exceed the availablc tank capacity. 

Table 5-1 summarizes thc initial and final supernatant volume conditions for SrlTRU 
precipitation in tanks AN-102 and AN-107. Table 5-2 summarizes thc volumc of reagent 
addition required to achicvc the optimal process conditions. 

Reagent Addition Units AN-IO2 

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

AN-IO7 

Ib’ 

‘‘I Source: ODs-T-151-00007, Rev. 1-9. 
The volume conrribution due to solids precipitation will increase the final volume in the lank. 

3 M Sr(N0,)2 

40 wt% NaMnO, (3.83 M) 
Gallons 1 .I I Et04 9.60E+03 

Gallons 8.76E+03 7.58Et03 

I ivarcr I Gallons 17.13Et05 15.57Et05 I 
‘’I SrnRU prccipitation process conditions arc 5.5 &j Na in the pretreated supernatant with Sr(N0,)2 and NaMnO, 

addition to achieve LI final concentration of 0.02 M in treated supernatant. 
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5.2 SNTRU PRECIPITATION OF AN-I02 AND 
AN-IO7 SUPERNATANTS IN TANK AP-I02 

The calculation results from the treatment of the entirc supernatant contents in tanks AN-I02 and 
AN-I07 exceed the normal operating limits. However, the removal of SrlTRU from AN-102 and 
AN-I07 supcrnatants can be conducted in an alternate DST tank by transferring batches of AN- 
102 and AN-I07 supernatants into a suitable tank for treatment. Tank AP-102 was dctcrmined to 
bc a suitablc tank for performing thc precipitation process. 

5.2.1 Alternate Tank Selection 

Tank AP-I02 was sclcctcd as the tank to conduct thc SrlTRU removal from tanks AN-I02 and 
AN-I07 supernatants bascd on the following benefits: 

. Tank AP-102 is in good condition. 

. AP-102 alrcady contains sludge (23,000 gallons) so the addition of a wSrlTRU 
precipitate laycr will not impose extra cost. 

. Thc central pump pit on tank AP-102 has bccn cquippcd with a mixer pump (currcntly 
inopcrativc). 

Feed transfer to WTP will be available through equipment supplied by Project W-211 
and Project W-3 14. 

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

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

5.2.1.1 Flowsheet Analysis 

The material balancc for conducting the SrmRU 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 5 of thc supcrnatant volume 
in each tank ( i s . ,  AN-I02 and AN-107) was considered suitable to accommodatc the required 
process volume. The batch size volumes arc identified in the mass balancc calculation, 
Appcndix A. Tank AP-102 supernatant is assumed to be rcmoved into an availablc LAW DST 
for storage before the treatment process is initiated. A residual AP-102 supernatant hccl of 10 
inches is assumed to remain and is included in the first batch of supernatant for treatment. 

Trcatcd supcrnatants arc transferred into an available DST for storage and/or delivery to the 
WTP. Strontium and TRU precipitates arc accumulated on top of thc existing tank AP-102 
sludgc laycr. Ancr completing the treatment of the tank AN-102 and AN-I07 supcrnatants, the 
soliddsludgc accumulatcd in tank AP-102 is dilutcd to 10 wt% solids and transferred into an 
available DST. 
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A proccss flow diagram, shown in Figure 5-1, was dcvelopcd to identify thc proposed batch 
transfers from tank AN-IO2 and AN-I07 supcrnatants 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 Effcctivc Date is April 4,2004 (12:OO am) is the 
basis for thc tank composition data for tanks AP-102, AN-IO2 and AN-IO7 and reports the 
dcnsity and volumc of cach phasc (supcrnatant and sludge) in the tanks. The BBI data does not 
idcntify ccrtain supplemcnt analytcs for all waste phases. For this mass balance, two 
supplcmental analytes, Rhodium and Tantalum have supcrnatant inventory values for AN-107, 
but no values are listcd for AN-102. 

5.2.1.3 hlelliod of Analysis 

The mcthod of analysis for this calculation uses a Microsolt Office Excel” 2003 spreadsheet 
designed to estimate supcmatant and solids compositions based on the given design inputs and 
assumptions for the SrjTRU precipitation process. The mass balance calculation and spreadshcet 
were prepared in compliance with thc TFC-ENG-DESIGN-C-I 0, “Engineering Calculations” 
and TFC-ENG-CHEM-D-33, Rev B, “Spreadsheet Verification”. The required spreadsheet 
verification form is provided as part ofAppendix A. Using the results of the in-tank AN-I02 and 
AN-I07 mass balance, thc same calculation process was performed on batches of AN-102 and 
AN-IO7 supernatant transferred into tank AP-102. A mass balance was performed for each of 
the four batches: 

Batch # I  treatment of AN-IO2 supcmatant in tank AP-102 (Appendix A, Attachment 6) 

Batch #2 trcatment ofAN-102 supernatant in tank AP-102 (Appcndix A, Attachment 7) 

Batch #3 treatment of AN-I07 supcrnatant in tank AP-102 (Appendix A, Attachmcnt 8) 

Batch #4 treatment of AN-I07 supernatant in tank AP-102 (Appcndix A. Attachmcnt 3) 
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Appendix A identifies thc spccific calculations performed and provides the mass balance 
worksheets. The specific input data and assumptions were used to perform the following 
calculations: 

I ,  Calculatc the volumc of water addition nccessary to dilute the AN-IO2 and 
AN-I07 supcrnatant batches to a sodium conccntration of 5.5 M. 

2. Calculate the volumc of reagcnt addition, NaMnOa and Sr(NO,)Z, necessary to 
perform the SrlTRU prccipitation of thc supcrnatant volume transferred to tank 
AP-102. 

3. Calculate the composition of AN-IO2 and AN-107 supcrnatants ancr addition of 
Sr(N0,)Z and NaMnOJ to achieve a final concentrations of 0.02 M in the trcatcd 
supcrnatant. 

4. Calculate thc rcsulting volumc ofprccipitatc for each tank. 

5.  Calculatc the "Sr and TRU concentration in the LAW glass rcsulting from treated 
AN-102 and AN-107 supcrnatants (Le., "Sr and TRU precipitation reactions have 
occurred with rcsulting decontamination of supcrnatant). 

Thc Culculolio/i Puge workshcet, Appendix A, Attachment 3. details these computations 
and idcntifies the spccific cclls or rows of the material balancc worksheets which perform 
thcsc mathematical operations. 

5.2.1.4 Results 

Thc rcsults of the material balance demonstrate that four batches ofsupcrnatant (two batches 
from tank AN-I02 and two batches from AN-107) can be treated to meet the requirement of less 
than 50 Ci/m3 for "Sr and 100 qCi/gm for TRU in the ILAW. A conservative target TRU and 

Sr conccntration of 50% bclow the LAW requirement was also used to evaluate results. The ani 

pcrccnt removals required to meet target values of 50 q C V p  for TRU and IO Ci/m3 "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 IO data uncertainties (e.g. NazO 
loading, SrmRU 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 SrmRU precipitate generated for 
cach batch. Tank AN-I07 supcrnatant docs not meet the target value of 50 qCi/gm TRU in the 
ILAW glass, but still meets the WTP contractual concentration limit of 100 qCi/gm TRU. 
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Table 5-3. Concentrations of WSr and TllU In Low-Level Waste Glass Resulting from 
Treatment of Tanks AN-102 and AN-107 Supernatants and Volume of IZesulling Precipitate 

Specification 2.2.2.8. Radionrrflirle Concentration Liniitations requires the concentrations of "Sr and TRU It 
be less than 20 CVm' and less than 100 qCdgm. respectively in the ILAW. 
'b)Assumes a glass density of 2.76 MTh' and 15 wl%Na20 in the low-level waste glass 

5.2.1.5 Uncertaintics 
Low ?Sr and TRU Decontamination: The %r and TRU precipitation reactions and DF have 
been demonstrated using liter quantities of actual tank supernatant samples. Pilot-scale 
demonstrations of the SriTRU precipitation process have been conducted with tens of gallons of 
simulants with the primary purpose to demonstrate crossflow filtration of the precipitated solids. 
The Sr/TRU precipitation process has not been conducted at the scale proposed for processing in 
the DSTs. Difficulties could be encountered in achieving effective mixing of the rcagcnts with 
tank AN-I02 or tank AN-I07 supernatants leading to reduced ? S r  and TRU decontamination. 

Effective mixing of the tank AN-I 02 (or AN-107) supernatants with reagents may be achicvcd 
using a replaccmcnt 300-hp mixer pump installed in tank AP-102. Previous testing o f a  150-hp 
mixer pump in tank AP-102 for the now defunct grout treatment program demonstrated this 
pump is capable of achieving a homogenous waste mixture in tank AP-102 supernatant". 
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 SriTRU 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. 

" WIIC-SD-WM-TRP-I68,1994. T. L. Welsh, Tank 241-AP-IO2 Chancteriution 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 pcrmanganate in the treated supcrnatants (PNWD-3338). Similarly, if the 
desircd "Sr and TRU decontamination is not achieved, additional strontium nitrate and/or 
sodium pcrmanganate can be added to the supernatant to achieve furthcr "Sr and TRU 
decontamination. Therefore, the risk of not achieving thc desired "Sr and TRU decontamination 
is also categorized as low. 

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

Sodium Concentration: The process flowsheet assumes a target sodium concentration of 5.5 M 
in the tank AN-102 and tank AN-IO7 supcrnatants prior to treatment. The sodium concentration 
of thcsc supernatants are identified from BBI data as 9.68 M and 9.02 M sodium, respectively. 
Laboratory tcsts conducted to determine the "Sr and TRU dccontamination achieved in an 
undiluted sample of AN-I07 supcrnatant. Results from these laboratory tests (see Section 3.2) 
indicatc addition ofdilution water to achieve 5.5 M sodium may be eliminated. Further 
optimization of thc precipitation process is considered a low risk for meeting dccontamination 
requiremcnts, but may benefit DST space management. 

5.2.1.6 Process Operation Deseriptioii 

As identified earlicr, tank AP-102 is a candidate tank for conducting the proposed SrlTRU 
separation. Conceptual operation sequences are dcscnbed 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 suficicnt storage space. Once that is accomplished, a portion 
of the tank AN-I02 (or the first batch) supernatant will be transferred to tank AP-102. The 300- 
hp mixcr pump installed in tank AP-102 will be operated to mix the tank contents. Then, the 
necessary quantities of 3 MSr(N03)2 and 3.8 M (40 wt%) NaMnO, would bc added to tank AP- 
102 via thc chemical addition systems and a tank riser. Aner mixing these chemical reagents 
with the transfcrrcd supernatant in tank AP-102 for a minimum of4-hours, the mixer pump will 
be stopped to allow the precipitates to settle. A grab sampling of the treated supernatant will be 

precipitation has been achieved. If% and/or TRU present in the AP-102 sludge is 
inadvertently dissolved by the AN-I02 or AN-107 supernatants or inadequate precipitation 
occurs, then additional 3 M Sr(NO3)2 and 3.8 M (40 wt%) NaMnO, will be added and the tank 
content will bc mixed to further rcduce the "Sr and TRU concentration in the pretreated 
supernatant. 

obtained and analyzed to verify the desired level of "Sr and TRU (Le. 24'Am and 239-240p4 
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ARer 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 
fecd staging, depending on the WTP waste processing schedule. Processing of the remaining 
batches of tanks AN-I02 and AN-IO7 supematants would bc conducted in a manner similar to 
that described above when space is available in the DST system. 

5.3 IIANFORD TANK II’ASTE OPERATIONS 
SlRlULATOR RIODEL RUN 

The impacts to the mission life cycle and feed delivery dates to the WTP of treating the AN-IO2 
and AN-IO7 supernatants in the DST systems were evaluated using the Hanford Tank Waste 
Opcntions Simulator (MTWOS) model”. The HTWOS model simulates the waste storage, 
retrieval, and treatment processes to provide an integrated flowsheet and mission scenario using 
agrccd upon modeling assumptions. Key assumptions and inputs used in the HTWOS model run 
to support this optimization study were prepared and submitted to CH2M HILL using the 
HTWOS Model Change Summary Form and Assumptions Matrix to 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 SrRRU 
removal process. 

Appendix E presents thc approved HTWOS Modcl Modification form supporting this 
optimization study. Key HTWOS model assumptions includc: 

Segregate pretreated tank AN-102 and tank AN-107 supematants from other DSTs that 
contain HLW solids to avoid potential for solubilization of %r/TRU precipitates. 
Sr/TRU precipitate settles in tank AP-102. 
Pretreated tank AN-IO2 and tank AN-IO7 supernatants are further processed in the WTP, 
including solids-liquid separation, cesium ion exchange, evaporation, etc. 
Start tank AN-102 pretreatment processing in thc tank AP-102 in the year 2013 unlcss 
restricted by other model constraints. The processing schedule was optimized in 
HTWOS. 
Sr/TRU precipitate can be blended with other HLW solids/supernate without impact; the 
HTWOS model assesses the HLW glass impact ofblending. 

The f ITWOS is programmed in G2, an object-oriented arlificial intelligence sonware package commercially 
available through the Gensym Corporation. G2 is a trademark of Gensym Corporation. A detailed description of 
the IITWOS model is available in RPP-7630, Configuration Mamgcment Plan for Hanfotd Tank Waste Operations 
Simulator Flowsheet Modeling 
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IIANFORD TANK WASTE OPERATIONS SIRIULATOR OUTPUT DATA 5.4 

The HTWOS modeling of the SrlTRU precipitation process in tank AP-102 results in a revised 
recd staging sequence and provides new WTP LAW fccd delivery dates for tank AN-IO2 and 
tank AN-107 supcrnatants. The HTWOS outputs include the initial and final supernatant 
compositions for the treatment of four supernatant batches, as well as the revised WTP LAW 
fecd dclivcry dates for the treated tank AN-102 and tank AN-107 supematants. Tables 5.4 and 
5.5 summarize the processing dates and volumes optimizcd by the HTWOS model run for thc 
Development run and this study. The HTWOS model was set up to avoid conflicting transfers 
and allowes a five day delay between users. Thcse runs determined there was no conflict due to 
staggered transfer schedule. An assessmcnl of these fccd delivery dates is provided in 
Section 5.5. Thc IITWOS outputs for the rcvised WTP LAW fccd delivery arc provided in 
Appendix C, 1lTCYO.Y Resrilis. 

As shown by the HTWOS run, in-tank processing benefits the WTP production rate. The 
Sr/TRU precipitation processing of LAW Envelopc 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 SrlTRU precipitation process. 
In order to maintain HLW vitrification production, the WTP accumulates excess pretreated HLW 
solids before conducting the SrlTRU precipitation process. Due to vessel storage capacity 
limitations and HLW melter feed blending considerations, pretreatment of HLW solids and 
SriTRU precipitation processing of LAW Envelope C supernatants is alternated until all LAW 
Envelope C supcrnatant is processed. Under this operating scenario, there is the potential for 
insuficient pretreated HLW solids available to support full capacity opcration of the HLW 
vitrification facility. Using the HTWOS modeling reference, Development Run for comparison, 
the HLW vitrification facility could bc 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 timc for the HLW vitrification facility. 

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

Table 5-5. IITWOS Output for Development Run 

I 
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5.5 RllSSION LIFE-CYCLE IRlPACTS 

The HTWOS 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 (Le., schedule 
improvement) of the HTWOS output. The results of the HTWOS run compared to the 
Developmcntal Run, as shown in Figure 5.2, indicate that implementation of the Sr/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 SrfrRU precipitate process can be implemented beginning 
in 2012 using lank AP-102 without impacting the overall mission and date or planned SST 
retrievals. No impacts to other ORP mission requirements were identified. 
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6.0 NEW EQUlPhlENT REQUlRERlENTS 

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

No modifications to the existing transfer lines or pit jumpers are necded beyond those 
already includcd in Project W-3 14. 

The following upgradcs are necdcd to provide the propcr mixing and transferring 
capabilitics: 

- 
- 

New 300-hp mixer pump in AP-102 
One each transfddecant pump with adjustable suction in AP-102, AN-I02 and 
AN-107. 

It is also noted that the AP ventilation system may need to be upgraded. Furthcr analysis will be 
necdcd if implementation of the SriTRU scparation process is initiated, equipment needs should 
bc reviewed to assure timely integration with idcntified supporting projects. 

6.1 CllEhllCAL TRANSFER SYSTERlS 

Two chemical transfer systems will be rcquired. The chemical systems are Sr(NO& and 
NaMnOJ. Each of  the systems will have a dedicated 8 It. x 12 It. skid. The skids will be located 
at lcast IO 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 mountcd chemical storage and transfer systems are the basis for the design developcd in 
this study and cost estimate. Due to the relatively infrequent need for the chemical additions to 
the tanks, it may be possible to eliminate these skids with a tank-truck supplied chemical fecd. 
This option would require further investigation in later stages of design developmcnt. 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 gpni capacity at a maximum of 100 A. head. Voltage is 
230v/30/60 Hz and operating temperature is up to 120" F. The systcm is intcndcd for outsidc 
operation. 

Thc interface betwecn the chcmical 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 EQUlPhlENT 

In-tank equipment required for transfer of tank AN-102 and tank AN-I07 supernatants to tank 
AP-102 and conduct the Sr/TRU precipitation process in tank AP-102 include: 

1. transfer/decant pumps, 

2. mixer pump, and 

3. thcrmocouplc trees, tank liquid lcvel 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-I02 and AN-I07 to 
transfer both slurry and/or supernatant. All three tanks currently have transfer pumps with stick 
legs installed. However, the pumps are dated and arc underpowered to make the transfers 
required for this application. All three of these pumps are presently in the scope ofproject W- 
21 1 for replacement. The new pumps are scheduled for installation during the 2009 to 2012 
time frame. 

The pumps will be designed to dcliver the rated 140 gpm at 450 feet of head (normal opcrating 
point) for 1.25 spccific gravity (GO HP). The pumps design will include provisions for the 
addition ofdilution water at 100 psig or less pressurc, injected at the suction of  the pumps in a 
manner that directs the diluents into the pumps. 

6.2.2 hlixing Pump 

One mixing pump will be required in tank AP-102. Currently no mixing pump is installed in 
tank AP-102. Project W-211 is scheduled to install one mixingpump in the center pump pit 
(riser # I  1) of tank AP-102 during the 2OOG lo 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 
mixer 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 Tliermocouple 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-I02 and AN-IO7 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 includcd the replacement of the AP tank farm exhausters but project 
scope was reduced to excludc 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-I 02 during the mixing and transferring operations of  the proposed pretreatment process. 
This assumption will require further evaluation backed up by appropriate calculations on 
emissions control. 

Thc 241-AP Tank Farm consists of eight DSTs that are ventilated by a common exhaust system. 
The exhaust system provides ventilation by maintaining a negative pressure on thc tanks with 
rcspect to the outside atmosphere. Thc 241-AP Tank Farm Primary Ventilation System 
interfaces with various interlock control systems, including a high-efliciency 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 fl'/min. The isolation valves are used to 
direct the airflow through one of thc two indcpendent exhaust trains. 

6.2.5 AN Tank Farm Ventilation 

The AN tank farm exhausters are presently being upgraded with high capacity exhausters 
sufficient to ventilate tanks AN-102 and AN-IO7 during the operations in this study. No 
modifications are anticipated. 

6.2.6 Transfer Lines 

Transfer lincs and valving are required from tanks AN-I02 and AN-I07 to and from tank AP- 
102. Transfcr 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 installcd to make these transfers by the end of2005. 

The flow paths for the waste are as follows: 

. From 241-AN-I07 transfer pump, through 241-AN-A Valve Pit, through 241-AN-B 
Valve Pit, through TK-AN-IO1 Valve Pit, through 241-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-I02 transfer pump, through 241-AN-B Valve Pit, through TK-AN-IO1 
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. 

Thc HTWOS model output for this study determined there was no conflict due to the staggered 
transfer schedule. llimplcmentation of the SriTRU separation process in the DST system is 

30 



RPP-24809, Rev. 0 

initiated, equipment needs should be reviewed to assure timely integration with identified 
supporting projects. 

6.3 EQUlPRlENT ASSURIPTIOKS 

1) 

2) 

3) 

Project W-211’s time frame (2009 to 2012) of installing transfcr/dccant pumps in 
tanks AP-102, AN-IO2 and AN-107 will be funded and on schedule. 
Project W-211’s transfer Idccant pumps will have the rcquircd horse powcr to make 
the required waste Iransfcrs. 
Current Thermocouple Trees, Tank Liquid Level (ENRAFs), Sludge Level 
Indicators and Lcak Detection Instrumentation will be maintained and remain in 
good opcrating order. 
Current AP tank farm exhauster is of sufficient capacity to vcntilatc tank AP-102 
during opcrations and is maintained in good operating condition. Further evaluation 
of exhauster system will be required. 

4) 
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7.0 PROJECT COST ESTlRlATES 

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-I02 and tank AN-I07 
supcmatants within the DST system. The costs prescnted 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 providcd in Table 7-1 and Table 7-2, rcsulting in a total projcct 
cost of $2,597.521.00. 

Thc cost estimate includes Project management, Construction Management, Title I, I1 and 111 
Engineering 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 Operational Readiness Review and 
Systcm start-up. An allowance has also bccn 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: 

Concrete pads 
Tank interface equipment 
In-tank distribution head 

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

Flexible hoses from the skids to the tanks 
All powcr and instrumentation lines to the skids 

I t  is assunicd that all in-tank instrumcntation (Le. tcmpcrature, liquid lcvel, sludge lcvcl, pressure 
and lcak detection) are intact and will bc maintained adcquately such that no equipmcnt 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 engineering 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 considcred covered in the Tank Farm 
Contractor Baseline Cost Estimate. In addition, if execution of the Sr/TRU separation proccss in 
the DST system is pursued for implementation, an integration of the full scope of this process, 
with cxisting Waste Feed Operations (WFO) Projects, must be performed in order to ensure a 
realistic scope, schedule, cost, and risk basis. A detailed cost estimate is provided in 
Appendix D. 
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Othcr Project Costs 

Opcrations 
Closure 

TOrAL NOS-CAPITAL COSTS 

r~ Table 7-1. Capital Cost Estimate 

$171,255 

SO 

$137,517 

5308,772 

TOTAL PROJECT COSTS 
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Treated Supernatants (a) TRU in ILAW  ass(^) 
AN-I02 Batch # I  11.52 qCi/gm 
AN-I02 Batch #2 12.11 qCigm 
AN-IO7 Batch #3 61.77 nCiicm 

8.0 STUDY FINDINCSIRESULTS 

”Sr Concentration in ILAW Glass@) 

5.84 Cim’ 
6.14 Cum’ 
6.59 Cim’ 

I AN-107 Batch #4 I 62.0.5 nCi/Em I6.59Wm’ I 
(’) The U.S. Department ofEnergy Ofice ofRiver Protection. Conact  No. DE-AC27-01RV14136. 

Specification 2.2.2.8, Radionuciidc Corccntration Lirnitations requires the eoncentntions of”Sr and TRU 
to be less than 20 Cim’and less than 100 qCig respectively in the ILAW. 
Assumes a glass density of 2.71 hlT/m’ and 15 wl% Na20 in the low-level waste glass. Ib) 

The strontium and TRUprecipitates are accumulated on top ofthe 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.GM. 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-21 I ,  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 SrlTRU separation process will be an integration of the full process 
into the WFO projects. 
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In addition, for implementation of the Sr/TRU pretreatment process in the DST systems the 
following issueslitems will need to be addressed. 

Waste compatibility assessment. 

Evaluation of impacts of  SrmRU precipitate settling behavior. 

Long-term storage of Sr/TRU precipitate and mixing with other HLW 
solids/supcmatants. 

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

Assessment of permit modification and Authorization Basis modification. 

While specific process implementation decisions (Le. treatment and delivery timing), and Tank 
Farm operational protocols (Le. waste compatibility screening) will be needed, this study 
concludes that the concept of in-tank strontium and TRU treatment of tank AN-I02 and tank 
AN-107 supernatants is worth pursuing. An additional S2.6M 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 OBJECTlVElPURFOSE 

The purpose of this calculation is to calculate the changes in the quantity and composition of 
tank 241-AN-I02 and tank 241-AN-I07 supernatants aner addition of a calculated quantity and 
composition of sodium crmanganate (NaMnOA) and strontium nitrate (Sr(NO3)z) used to 
precipitate the soluble Sr and transuranics (TRU). The objective of this prccipitation process is 
to rcducc the conccntrations of"Sr and transuranics in the AN-102 and AN-107 supernatants to 
meet the Waste Treatment Plant contract limits' for these radionuclides. This calculation 
provides a basis for spccifying the amount of reagent and water addition necessary to achieve the 
optimal reaction conditions, calculating the quantity and composition of precipitate generated 
from treating AN-I02 and AN-I07 supematants, and the resulting decontamination factor of 
"Sr and TRU. 

The calculation addresses two operating scenarios: 

1. 

2. 

Qt 

Treatment of supernatant in tanks AN-I02 and AN-107, rcspcctively 

Treatment ofsupernatant, from tanks AN-102 and AN-107 in tank AP-102 

AI-I SCOPE 

The scopc of this calculation is limited to determining a mass balance for the feed and product 
compositions of treating AN-I02 and AN-107 supcrnatants and the estimated wSr and TRU 
loadings that would be expected in ILAW glass made from the treated supernatant. Solids 
generated by this process arc not dispositioncd cxcept to quantify the water dilution necessary to 
transfer 10 wt% solids slurry for DST storage. 

A2.0 SURlRlARY OF RESULTS AND CONCLUSIONS 

Based on the precipitation process criteria and data input, the precipitation process in tanks 
AN-102 or AN-I07 will not be suitable based primarilyon the volume of dilution water required 
to achicvc a 5.5 M sodium concentration for the process. Adequate tank space is not available to 
perform the operations. However, AN-102 and AN-I07 supernatant can be transferred into 
AP-102, aner removal of AP-102 supernatant, where the SrmRU precipitation process can be 
conducted in suitablc 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-I02 and AN-107 supernatants provides concentrations of"Sr and 
TRU in the low-activity waste glass below the specification limits of 20 Cilm' "Sr and less than 
100 qCi/gm TRU: 

' Thc US. Depz~nmcnt of Energy Oflice of River Protection, Contract No. DE-AC27-01RV14136. 
Specification 2.2.2.8. Radimirclidc Concenfmfion Limifafions requires the concentrations of"Sr and TRU to be less 
than 20 Cim' and less than 100 qCigm, respectively in the immobilized low-activity waste. 
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Dercriplion 

Total Volume 

. AN-102 Supernatant: 12.1 nCi/gm TRU, 6.14 Ci/m3 ? S r  (Batch #2) 

AN-107 Supernatant: 62.1 qCi/gm TRU, 6.59 Ci/m3 %Sr (Batch #4) 

Basis: Treat in AN-102 Worksheet . 
Basis: Treat in AN-IO7 Worksheet 

AN-IO2 AN-IO7 
Supernatant Supernatant 

In-Tank AN-102 In-Tank AN-IO7 

AN-IO2 AN-107 
Supernata”t Supernatant Treated \Vasle Treated \Vasle Initial Initial 

Liters 3.55EtOG 3.3OEt06 6.32EtOG 5.47Et06 
Gallons 9.38Et05 8.71Et05 1.G7EtOG 1.44Et06 

A2-1 SR/TRU PRECIPITATION IN-TANKS 241-AN-102 AND 241-AN-107 

Treatment of the entire supernatant volume in tanks AN-IO2 and AN-107, respcctively, would 
exceed the normal operating limit (416 inches) ofthc AN tanks (Ref. OSD-T-151-00007, 
Rev. 1-9). Table A2-1 provides the initiA and final volume conditions from reagent and water 
addition in AN-IO2 and AN-107. Table A2-2 summarizes the volume of reagent addition 
rcquircd to achieve the optimal process conditions. 

Table A2-1. Initial and Final Supernatant Volumes in Tanks AN-I02 and AN-107.* 

lleight of 
Supernatant 
Na concentration 

lnclies 31 I .  1 316.8 607.4 525.4 

hl 9.68 9.02 5.45 5.45 
~~ 

Gallons Nornwl Operating 
Limit 1.14Et06 I .14E+06 1.14Et06 I .14E+06 
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Reagent Addition 

3M Sr(h’OJ2, 

40 \\VI% NaMnO, (3.83M) 
Waicr Addilion 

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

Units AN-102 AN-107 

Gallons 1.11Et04 9.GOE+03 
G 3 I Ions 8.7GEt03 7.58Et03 
Gallons 7. 13Et05 5.57EtOS 

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

Thc Sr/TRU prccipitation process can be conducted in tank AP-102 by transferring scparatc 
batches of AN-102 and AN-107 supcrnatants into AP-102 for treatment. Tank AP-102 
supcrnatant is assumed to be removed, except for a residual supernatant heel of 10 inches, prior 
to treatment of AN-102/107 supernatants. The Sr/TRU precipitation process material balance is 
dcveloped as four scparatc batchcs. Treated supernatants are transferred into an available LAW 
tank for storage andor delivery to the WTP. Strontium and transuranic precipitates are 
accumulated on top of the existing AP-102 sludge laycr. The accumulated soliddsludge is 
diluted to IO wt% solids and transfcrrcd 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 trcatcd supernatants and the volume ofSr/TRU prccipitate 
generated for each batch. Attachmcnt 1, Sirmmvy, provides a more detailed summary for each 
batch material balance. 

Table A2-3. Concentrations of 90Srand TRU in Low-Level \\‘aste Glass Resulting from 
Treatment of AN-102 and AN-IO7 Supernatants and Volume of Resulting Precipitate. 

‘”The U.S. Deparlmcnt of Energy Oflice of River Protection. Contract No. DE-AC27-01RV14136. Specificalion 2.2.2.8, 
Radionuclide Concentration Limilalions requires the concentrations of90Sr and TRU lo be less than 20 CVm3 and lcss 
than 100 qCi/gm. respectively in the immobilizcd low-activily waslc. 

tb’As~ume~ a glass density of2.76 hlT/ml and IS wt% NaZO in the low-lcvcl wasle g l u .  
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A3.0 INTRODUCTIONIBACKCROUND 

Thc supernatants storcd in tanks 241-AN-IO2 (AN-102) and 241-AN-I07 (AN-107) contain 
soluble strontium40 ("Sr) and transuranic elcments (TRU) that rcquirc removal prior to 
vitrification to comply with the Waste Treatment and Immobilization Plant ( W P )  immobilized 
low-activity waste (ILAW) specification. A precipitation process has been developed and tested 
with tank waste samples and simulants using sodium permanganate (NaMnOJ) and strontium 
nitrate (Sr(N0,)Z) to separate wSr and TRU from thcsc wastes. The W P  includes this 
prccipitation step for removing "Sr and transuranic isotopes; however, the WTP is projected to 
experience a 6 to 24 month interruption in HLW pretreatment processing while AN-IO2 and 
AN-IO7 supernatants are pretreated. Conducting the SrlTRU precipitation process in the DST 
system may avoid the intcrmption in the WTP HLW pretreatment operations. 

This calculation provides an evaluation of pretreating AN-IO2 and AN-I07 supernatants in thc 
double shell tank system using thc optimal conditions for precipitation of "Sr and TRU 
identified from laboratory testing. A scrics of test reports have been prepared by Savannah River 
National Laboratory and Battelle-Pacific Northwest Division and published for Bcchtel National, 
Inc.' which demonstrate the effectiveness of the "Sr and TRU precipitation process. Many of 
these studies wcre conducted with actual tank waste samples of AN-IO2 and AN-I07 
supcrnatant, using a range of experimental conditions. These test reports were summarized by 
Mike Johnson, CH2M HILL' and provided as information to bc used as data inputs and in this 
calculation. The rcsults andor conclusions of selected test reports contain the data inputs for use 
in this calculation and are citcd as applicable. 

A4.0 INPUT DATA 

Specific information used for this calculation has bccn established through published laboratory 
input data as citcd, rcquircments for final concentrations of"Srand TRU in the treated 
supcrnatant, tank operating specifications, as well as assumptions used to perform the material 
balance. 

A4-1 DESIGN INPUTS 

I .  Tank Inventory Basis: . BBI Effcctive Date April 4,2004, 12:OO am is the basis for the tank composition 
data for tanks AP-102, AN-IO2 and AN-I07 (Reference: BBI is located on the 
Tank Waste Information Network System (TWINS) web page). 

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

vest plans and studies identified in Uechtcl National, Inc. (DNI), 2002. Research and Technology Pkm. 24590- 
WTP-PL-RT-01-002, Rev. 1, U.S. Department of Energy, Oflice of River Protection, Richland, WA. 

' E-mail correspondence dated April -4,2005 
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2. 
I 

3. 

4. 

5. 

A4-2 

1. 

Optimal Process Conditions: . Dilute supematant to 5.5 M Na by the addition ofwater 

Ambient Temperature (15°C to 50°C) . 
Basis: PNWD-3340, PNWD-3341, and PNWD-3338 

Reagent Addition . Sr(N03)Z addition to achieve a final concentration of 0.02M 

NaMnO, 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: 
- 
- 

Basis: (PNWD-3340, section 3.1) 

Sr(NO3)z + wSrChelant + Narc03 tf SrChelant + %rC03 + 2NaNOj 

Sr(N0j)Z + Na2COj t) SrCO, + 2NaNOj 

. An example of the manganese reactions with formate are as follows: 
- 
- 

Basis: PNWD-3263, section 3.1 

2MnV"O; + HCOi + 30H' + 2MnV'Oi2 + COY2 + 2H2O 

3MnV'OL2 + 21120 c) 2Mn 0 4  + Mn"O2 + 4 0 H  VI1 - 

Solids Density: . Sr/TRU prccipitate slurry is 39 weight percent. 

Basis: PNWD-3035, section 3.5. The weight percent settle solids in a diluted and 
caustic adjustcd tank AN-IO7 supernatant samplc was 42 f 3 weight percent. . 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 Wasre Clieniisfry Liniifs. The concentrations of OW, NOz, and 
NO, are taken from the mass balance for the pretreated supernatant (Le., diluted 
supernatant with reagents added) batches and are shown in Table A4-1. 



RPP-24809, Rev. 0 

Table A4-1. Concentrations of OK, NOz, and NO3 in Pretreated Tanks AN-I02 and 
AN-107 Supernatants Conipared to DST Waste Clremistry Limits. 

*DST Waste Chemistry Limits for [NO,] nngc 5 I.OM obtnincd fromTablc 3-3 of HNF-SD-\Vh(-OCD-OIS, Rev. 13. 

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

2. 

3. 

4. 

5. 

Normal Operating Limit for the AN and AP tanks is 416 inches (1.14EtOG gallons). 
Tank waste liquid level is defined as the surface level irrespective of the amounts of 
sludge, supernatant, or soliddcrust. 

Basis: OSD-T-15 1-00007, Rev. 1-9 

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 C 58,000 Btu/hr (Rev. 15) 

Non-convective layer thickness is < 12 in. 

Supernatant depth is < 39 in. 

The non-condensable gas generation rate at saturation Icmpcraturc in the non- 
convective layer is suficiently low, such that the ratio of vertical void fraction 
profile to the neutral buoyant void fraction (buoyancy ratio) is < 1 .O. 

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

%r/TRU Limits: The RPP-WTP contract requires that the immobilized low-activity 
waste ([LAW) product contain less than 100 qCi/g TRU and that the average %r be less 
than 20 Cilm’. 

Basis: WTP 2001 

The ? S r  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 ofsodium, respectively following the 
separation process. 

Basis: Statement of Work (Requisition #: 11 7038, Engineering Opriniizufiotr Sfirily 
Support) 

A-IO 



RPP-24809, Rev. 0 

A50 ASSURIPTIONS 

Assumptions used in this calculation are provided in Attachment 2. 

A6.0 hlETllOD OF ANALYSIS 

The method of analysis for this calculation uses a Microsolt Ofice Excel@ 2003 spreadsheet 
dcsigned to estimate supcrnatant and solids compositions based on the given design inputs and 
assumptions for the SrRRU precipitation (ppt) process. An evaluation of AN-IO2 precipitation, 
in-tank AN-102, was performed for AN-IO2 supernatant. The same evaluation was performed 
for AN-I07 supernatant, in-tank AN-107. Based on the results ofthe in-tank AN-IO2 and 
AN-107 evaluation, the same ppt process was performed on batches ofAN-102 and AN-107 
supernatant alter transfer into tank AP-102. A material balance was performed for each tank and 
each batch, rcsulting in six separate worksheets and provided as attachments for the calculation: . Treatment of AN-IO2 supernatant in tank AN-IO2 (Attachment 4) 

Treatment ofAN-107 supernatant in tank AN-IO7 (Attachment 5 )  

Batch # I  treatment ofAN-102 in tank AP-102 (Attachment 6) 

Batch #2 treatment ofAN-102 in tank AP-102 (Attachment 7) 

Batch #3 treatment ofAN-107 in tank AP-102 (Attachment 8) 

Batch #4 treatment of AN-IO7 in tank AP-102 (Attachment 9) 

. . . . . 
A process block diagram, Figure AG-I was dcvelopcd to identify the proposed batch transfers 
from AN-IO2 and AN-IO7 supernatants into AP-102 for treatment. 
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A6.1 CALCULATIONS 
Formulas and equations used to pcrform the material balance are shown in Attachment 3, 
Reugcnt Culcrtlutio/i and Calcttlutiori Page worksheets. Most of the analyscs pcrformed arc 
algebraic addition and subtraction operations. 

The Reagent Calcrr/ntion worksheet, Attachment 3, is used to determine volumes of stronfium 
nitrate and sodium permanganate that must be added to AN-IO2 and AN-I02 wastes to produce 
0.02M Sr and 0.02M MnO, in solution. The Sr and MnOJ molarities from the reagent worksheet 
arc linked to the six material balancc worksheets for use in calculating volume additions of 
reagent. 

The Cdctrlrrfiorr Pugc worksheel, Affachmcnt 3, identifies the calculations performed in specific 
cells, rows, or columns of the material balance worksheets. The specific input data and 
assumptions wcrc uscd to: 

1. 

2. 

Calculate thc volume of water addition necessary to dilute tanks AN-I02 and AN-I07 
supernatant batchcs to a sodium concentration of 5.5M. 
Calculate thc volumc of reagent addition, NaMnOJand (Sr(NOJ)I, ncccssary to perform 
the prccipitation of Sr and TRU in 100% of the supernatants in tanks AN-IO2 and 

Calculate the composition ofeach supernatant aner addition of Sr(N03)2 and NaMnOJ to 
achievc a final concentrations of0.02M each. 

Calculate thc resulting volume ofprecipitate for each tank, or each batch, as applicable. 

Calculate the '%r and TRU concentration in the low-activity waste glass4 resulting from 
thc %ir and TRU concentrations in the treated supernatants. 

AN- 107. 

3. 

4. 

5.  

A6.1.1 Definition of Batch Feeds 

Tablc A6-1 dcfines the source of the fccd batches uscd for each of the four material balancc 
worksheets. 

The U.S. Department of Energy Oflice of River Protection, Contnct No. DE-hC27-01RV14136, Specification 4 

2.2.2.8, Radionuclide Concenrrafion Liniifafions requires the concentrations of%r and TRU to be less than 20 
CVm' and less than 100 qCVgm, respectively in the immobilized low-activity waste. 
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Batch Number 

Table A6-1. Rlaterial Balance Feed Definitions. 

Total Volume for 
Trcslmcnt (gallons) Of lo Inch 'Icc1 Fccd Source 

Batch t l l  

Batch #2 

Batch 113 

Batch 114 

AN-IO2 supernatant 10 inches AP-I02 4.83E+05 
supernatant 

AN-IO2 supernatant IO inchcsofAN-I02 8.49€+05 
supernatant 

AN-107 supernatant 10 inches of Batch 112 1.7OE+OG 
treated supernatant 

AN-I07 supcrnatant 10 inches ofBatch 113 1.70EtOG 
treated supematant 

A7.0 USE OF COhIPUTER SOITWARE 

Microsoft Office Excel" 2003. 

A8.0 RESULTS 

Treatment of the entire supernatant Contents in tanks AN-I07 and AN-102. respcctively, would 
exceed the normal operating limits (416 inches) ofthe 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-I02 and AN-I07 supematants in tank AP-102 is modeled as four 
separate batches for treatment which generate a cumulative 15.3 inches of precipitated solids, 
with a total solids layer in AP-102 of23.7 inches. A heat load of 11,304 B T U h  is estimated 
from the precipitated solids and assumes contributions from "Sr, '"Am and '"Cs only). 

The results of the SriTRU decontamination oftanks AN-102 and AN-I07 supernatants are 
summarized in Table AS-1 and are shown to meet the LAW requirements to provide 
concentrations of Sr" and TRU less than 20 Ci/m' and 100 qCi/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 

Additional material balance summary detail is provided in Attachment 1, Sirnittimy worksheet. 

HNF-SD-WM-OCD-015. 
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Treated TRU in ILAW 
Units (b) Class (a) Supernatants 

AN-102 Batch # I  n C i / m  11.52 

%r Concentration 

2.38 
AN-I02 Batch #2 
AN-I07 Batch #3 
AN-IO7 Batch #4 

Percent rcniovals from supernatants for TRU and *Sr are modeled as 85% and 34%. respectively. 

Ib) Assumes a glass density of 2.76 hlTlni’ and IS wl% Na?O in the low-level waste gliss. 

qCigm 12.11 2.5 I 
~ i m ’  6 i .77 2.69 
Cim’ 62.05 6.59 

A9.0 CONC1,USIONS 

Thc addition of strontium nitrate (3M Sr(N0,)z) and sodium permanganate (3.83M MnOJ) to 
diluted Envelope C (Le., AN-I02 and AN-I07 supernatants) to produce 0.02M Sr and 0.02M 
MnOJ 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 
meet the requirement of less than 20 Cilin’ for ?3 and 100 qCi/gm for TRU in the immobilized 
low-activity waste. A targct concentration 50% below thc LAW requirement of 10 Ci/m’ for 
%rand 50 qCi/gm for TRU in the immobilized lowactivity waste can be also be met for treated 
tank AN-102 and AN-07 supematants with the cxeeption of tank AN-107. As shown in 
Table AS-1, trcatcd tank AN-107 supernatant results in approximately 62 qCi/gm TRU in thc 
ILAW glass. 

A1O.O RECOfilhlENDATlONS 

The process flowsheet assumes a target sodium concentration of 5.5M in the tank AN-102 and 
tank AN-I07 supcmatants prior to treatment. These supernatants are identified from BBI data as 
9.68M sodium and 9.02M sodium, respectively. Laboratory tests are being conducted lo 
determinc the ?Sr and TRU decontamination achieved in an undiluted sample of AN-I07 
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-I02 and in-tank AN-I07 may 
bc possible. 

A-15 



RPP-24809. RCV. 0 

A11.0 REFERENCES 

WTP. 2001. Dcsigri. Constnrction, atid Coniniissioriirig of the tlanford Tank Waste Treatnrent 
, and I//rnrobilizcctio,r Plant (IVTf). Contract Number DE-AC27-01 RV14136, U.S. 

Department of Encrgy, Office of River Protection, Richland, WA. 

HNF-SD-WM-OCD-015, Rcv. IS, Tank Farins Waste Trmsfer Conrpatibility frogranr 
document (Rev. IS) M.A. Knight, CH2M HILL Hanford Group, Inc., Richland, 
Washington. 

I 
I 
I 
I OSD-T-151-00007, RCV. 1-9. 

OSD-T-I 5 1-00007, Rev. 1-9,2003, Operating Spec$catio/rs for the Dorrble-Sl/ell Storage 
Tarrks. M.A. Knight, CH2M HILL IIanford Group, Inc., Richland, Washington 

PNWD-3338.2003, Assessment of Abnormal Process Conditions for SrmRU Removal Using 
AN-I02 Tank Wastc Samples, Battcllc, Pacific Northwest Division, Richland, 
Washington. 

PNWD-3340.2003, Asscssmcnt of Sr/TRU Removal Mechanisms Using AN-102 and AN-I07 
Tank Waste Samples, Battellc, Pacific Northwest Division, Richland, Washington. 
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A’ITACllhlENT 3 

ASSUMPTIONS 
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Sr/lRU Precipitation Process Calcuabon Worksheet lo  Support Material Balance Worksheets i 
lhe follanng eqqualms sre,appl cable. excep1,ybem no!& 10 all the maleMl balanw ~ s h e e l s .  Allachmenlo 3. 5.6. and 

. i  .. . . .  
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._ 
, , .  

. . 

Purpose: Delemine the adddilan 01 3.8M NaMnOI 

Inpyls: Assume a 3.83 M $Odium prmanpanals $oIullon Is usud (see column M. ROW 123) 
Fmm !he Reagenl Cakvlatim wrxsheel. chemclal addillon 01 5.308 pal of NaMnO. hn e~ty1MX) gal of waste k needed b achiew, a 
0.02M NaMnO. Mlution. 

Volume NaMO. additim. L = (wlume was19 fw Veamenl. L) x (wlume NaMnO.. pall 1MX) pal waste) 

Volume NaMnO, addivan. L. Is ckluaied h Column M. Rar  117 uslnp the mlume wasle f a  l rsatrne~l  from Column I. Ra* 1 I?. 
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I ~ ~ U I S :  Tm p~rceni removals la semled amyes are given h me A S S W ~ D I M S  nrhrheel. These r e m a l s  are bared on hlormalDn l r m  Vu, bbmalOly 
1es1iq (pNwD.3340). 

Reaged I * Sr(N03)2 = A 
Reagenl2 = NahlnO. = B 
T m l  healed supema~o = laupemabnl+ heel waler + rewnlsl 

Treated Supematanf Component Composilii. vCiml= (I-% removal) X U * '  
total L 01 treated suwmale 

Trealed Supemalanl Component Comporilii. M =(I-% remolal) X UmoK AX- I. El t Imo l t  BnaMeXW I SvDernalantU 
lotal L 01 trealed supemate 

For mosl amyes. me % removal hom supernatant to sold phase 1s zem. 

Le1 A - kp pmcipilaled mmpwnd 
8 = kplkp-mol lor mmponenl 
C =hW hp.moI lor SOmpovl4 
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Purpose: 
Determine mlumes of slmnlium nilrale and sodium permanganale lhal musl be added lo 
diluled Envelope C (i.e. AN-102 and AN-107 supemales) wasles lo produce 0.02u Sr and 0.02M MnO, In solulion 

Assumptions: 
1. 40 w(% lo 42 w(% sodium permanganale is commeficially available from Cams Chemical Company 

Assume lhal 40 w(% sodium permanganale is used. 

Slronlium nilrale is commercially available in sdid form. 99% pure per MIL-S-203228. 
(hllpJ~.sleroidcatalogcodsmo3~d.hlml) 

The solubility of slmnlium nilrale in waler Is 71 grams per 100 ml a1 18°C. 
(MSDS from J. T. Baker Chemicals. hllplAw.v.jlbaker.com) 
The solubilily of slmnlium nilrale in water is 40 grams per 100 ml al 0%. 
(ChemicalEnginoerr'HJndbwk, FiRh Edilion. 1973. page 3-23. Penyand Chillon. McGraw-Hill Book Company.) 

It is assumd lhal a commercial compaly will prepare a 3M Sr(NOlh solulion from the dry chemical. 

Molecular weighl of compounds are: 

2. 

3. 

4. 

5. 
NaMnO, 141.93 @mole 
Sr(N01h 21 1.65 @mole CAS 10042-76-9 MWI 211.63 
SrCO] 147.63 @mole 
NaMn(OMOH)(O)' nH20 126.94 @mole 

6. The densily of 40 w(% sodium permanganate is 1.36 lo 1.39 gdml al29C. 
Cams Chemical Company Sodium Permanganate (LiauoXq Fact Sheet, hllpJAw.v.camschem.cod 
Assume density is 136 @ml for 40 w(% sodium permanganate. 

7. Unils g =grams ml = millililcr 
L = liter 
hl = molesililer 

Calculations 
1. Delerrnlno molar mncenlrallon of 40 wi% NaMnO, solullon. 

htolarily =compound w(% * 1000 ' solulion density1 molecular weighl of compound 

40 w(% = 400 grams per 1000 grams of sdulion 

htolarily=(400gramsof NaMnO,I1OOOgramsofsolution)'( 1.36@ml)/141.93~mole)~(1000mvl) 

Molarlly 3.83 at ZSOC 

2. Detorrnlne molarlly of saluraled Sr(NOJ, solution at 18%. 

h4olarily = (solubility (@lo0 ml) in waler al 18OC) * (1000 m v l )  I molecular weighl 

h4olarily=(70@100ml)'(1000mVL)R11.65~mol 

htolarily 3.35 al 18% 
J M  
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3. Dotormine volumes of 3.83M NaMnO, and Sr(NO,), noedod per imO*allons of wasle l o  form 0.02M Sr and 0 . 0 ~  MnO, 
In waste. 

equation 1 

equation 2 

0.02M = (Sr(N0,k Molarity ' Added X Volume of Sr(NO,h) / (1OcO gallons + X + Y) 

0.02M = (NaMnO. Mdarily ' Added Y Volume of Na MnO.) /(lo00 gallons + X + Y) 
Subsliluling h e  Concenlralions d h e  reagents added la the wasle In equations 1 and 2 yields equations 3 and 4. 

equalion 3 0.02M=(3.0'AddedXVofumeofSr(NO,~)/(lOOOgallons+X+Y) 
equation 4 0.02M = (3.8 *Added Y Volume of Na MnO,) I(lOo0 gallons + X + Y) 

Equating equalion 3 with equation 4 yields equation 5 
equalion 5 3x = 3.8Y 

x = (3.W)Y 

Eauatina eaualion 3 with eauation 4 vields eauation 5 . -  , ~~. 
equalion 5 3x = 3.8Y 

x = (3.W)Y 

Subsliluing equalion 5 into equalirm 4 yields and solving for Y yields 
0.02 = (3.8Y)/(1000 + (3.813)Y + Y) 
0.02 = (3.8Y)I (1000 + (4.813)Y) 
0.02'(1000 +1.6Y)=3.8Y 
20 = 3.768Y 
Y =  5.308 gallons of 3.8M NaMflO, per 1,COO gallons of waste 

Substiluting lhe value for Y in equation 5 yields h e  value for X 

X = (3.J33Jy5.3079) 
X =  6.723 gallons of 3M Sr(NOJ2 per 1,000 gallons of wasle 

Based on these results. 6.723 gallons of 1 M  Slronllum Nilrale and 5.308 pallons of 3JM Sodlum Permanganate 

mu.1 ba added to every 1,000 gallons of waslo to nsull In a final Concenlratlonr of 0.02M Sr and 0.02M MnO,. 
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ATTACllRlENT 6 
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Terms 
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Abbreviations and Aeronyms 

BCR 
BBI 
BNI 
BN I/ WG I 
Ct12M HILL 
CSB 
DOE 
DST 
ETF 
FY 
GPM 
HLW 
HTWOS 
ICD 
IDF 
IHLW 
ILAW 
IMUST 
LAW 
LERF 
LLW 
MRS 
MSD 
ORP 
OSD 
PFP 
PUREX 
RCRA 
RL 
RPP 

SST 
STP 
SWL 
TFC 

SPG 

Baseline Change Request 
Best-Basis Inventory 
Bcchtel National, Inc. 
Bechtel National-Washington Group 
CH2M HILL Hanford Group, Inc. 
Canister Storagc Building 
U.S. Department of Energy 
Double-shell tank 
Effluent Treatment Facility 
Fiscal year 
Glass Properties Model 
High-level wastc 
Hanford Tank Waste Operations Simulator 
Interface Control Document 
Integrated Disposal Facility 
lmmobilizcd high-level wastc 
Immobilized low-activity waste 
Inactive miscellaneous underground storage tanks 
Low-activity waste 
Liquid Effluent Retention Facility 
Low-lcvcl waste 
Mobile Retrieval System 
Mission Summary Diagram 
U.S. Dcpartmcnt of Energy, Oflice of River Protection 
Opcrating Spccification Document 
Plutonium Finishing Plant 
Plutonium-Uranium Extraction Plant 
Resource Conservation and Recovery Act of 1976 
U.S. Department of Energy, Richland Operations Office 
River Protection Project 
Spccific gravity 
Single-shell tank 
Supplemental Treatment Plant 
Saltwell liquid 
Tank Farm Contractor 

Tri-Party Agreement Ilanford Federal Facility Agreenient and Consent Order 

TRU transuranic 
TWINS 

(or TPA) 

Tank Waste Information Network System 
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Abbreviations and Acronyms, continued 

voc Volatile organic carbon 
WESF 
WSCF 
WRF Waste Retrieval Facility 
WTP 
WVRF Waste volume reduction factor 

Units 

Waste Encapsulation and Storage Facility 
Waste Sampling and Characterization Facility 

Waste Treatment and Immobilization Plant 

Bq 
Ci 
n 
n3 
6 
d m L  
g-mol 
kg 
Kgal 
L 
M 
;;;’ 
m3 
Mga1 
MT 
MTG/d 
nCi/g 
wt% 

Bequerels 
Curies 
rcct 
cubic feet 
grams 
grams per milliliter 
gram mole 
kilograms 
kilogallons 
liters 
molarity or moles per liter 
square meters 
cubic metcrs 
million gallons 
metric tons 
metric tons of glass per day 
nanocuries per gram 
Weight percent 
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B1.0 INTRODUCTION 

Appendix B presents a detailed discussion of the assumptions used in the Hanford Tank Waste 
Opcrations 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 
modcl that reflects the case (or cases) being examined by Optimization Study 2, 
S~ronrirr~i~/Tronstrrorlic Separatiort Process in tlre Doirble-Sliell Tank Systenis. 

These tcchnical assumptions address the major functions, processes, and interfaccs that 
correspond with the River Protection Project (RPP) system. Only the subset specific to this 
study are shown in Figure B-I. The availability and capacities of the various systems and 
processes are dcfincd in the HTWOS modcl to determine a processing schedule for waste 
retrieval, delivery, and treatment. 

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

B1.l BRIEF DESClllPTION OF CASE AND ASSURlPTlONS 

Tcw of Ifern: The Developmcnt Run for the Refined Target Case is being used as a reference 
case for an optimization study that will model the pretreatment of AN-IO2 and AN-I07 tank 
supernatants by performing Sr/TRU separation in the double-shell tank system. The separation 
of SriTRU from the supernatant in tanks 241-AN-I02 and 241-AN-I07 is currently planned to be 
completed in the ultrafiltration system within the WTP. While the SrRRU 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 expericncc a 
G 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-IO2 and AN-IO7 
supernatants. This optimization study will evaluate the separation of Srw and TRU in an existing 
double-shell tank prior to delivery to the WTP and evaluate the resulting change (Le., expcctcd 
reduction) in lifecycle or schedule for the completion of the overall waste treatment mission. 

Disc~issio~~: The HTWOS model simulates the waste storage, retrieval, and treatment processes 
to provide an integrated flowsheet and niission scenario using the agreed upon modeling 
assumptions. 

' ORP-I 1242. revision 2.2003. River Profecriofr frojeer Sysfenr Plan, page 2-19, C112M IllLL Hanford Group Inc., 
Richland Washington 
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Tublc n-I. IlTWOS Model Change Summary Form 

case N~~~ 

Dbjectivc: Provide HTWOS model results to support an optimization study to conduct SrKRU separation in the 
DST svstem. 

SrKRU Separation in DSTs (Study2) I 
Scenario Change Sunimary - This section is focused on changes in key assumptions or key inputs to the model. 

Revise model assumptions (from the “Development Run for the Refined Target Case” case documented in RPP- 
234 12. tlanford Tank ll’a.ste Operations Sintrilalor Alodel Dora Package for lhe Dcvelopntenr Run for fhe Refined 
Turger Ca.se, Rev. 0. DRAFT) to incorporate the configuration and key assumplions for the optimization study. 
Run the IITWOS model and provide results. 

Software Change Sunininry -This section is focused on changes in the IITWOS model functionality and includcs 
derences 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 0-2. 

Ikcqucstor or Point of Contact: - Paul Certa 
For reponing modeling status and resolving issues. 

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

Projected composition of treated AN-IO2 and AN-IO7 supernatants from each o f  the four specific batches to 
be treated, Conipositions to include the treated supernatant and resulting solids phase for comparison to the 
mass balance tables prepared to perform SrmRU separation in tank AP-102. Negotiate level of detail and 
presentation format with the customer I’OC. 
Identify what waste staging actions had to be changed in order to accommodate in-tank separation. 
Feed Vector of delivered batches to the WTP. 
Identify impacts to SST Tank Retrieval Sequence and schedule by implementing the SrKRU separation in 
the DST System and compare to Developmental Run. 
ldcntify or indicate improvement to the project WTP outage or delays predicted by the Development Run 
compared to the Optimization Study 2 Run. 
Waste oxide loading and gl;iss limit report for the llLW batch(es) containing the precipitated solids. 
Other figures and tables that may be easily produced aner the HTWOS run and evaluation of impacts that 
can be used to support the Optimization Study 2 (Le., glass plots for SrmRU separation compared lo the 
Developmental Run, total waste volunie plot, elc.) 

(.‘h:in:r Approwl 

Tmiii Lcncl: I<. A. Kirlitiridc 4 2  ................. 3hJ& Man;i:er: h’. \V. Kirch @ ! & . .  5 &) 
................. .- ............ -. &3/%95- Custoiiirr Point of Coli Ciistunicr: hf. Thicn- 

Crislonirr: Mike Joliiiuxi f p  Coneiirrcnm: 1.ynnSwanson 

........................................................... .......................... 

...................... 3/1[L’s 
....................... - ~ .... 

b r 4 e  @ 
3/+0 s 3: /1pm 
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Case name: SrrTRU Separation in the DSTs (Shidy 2) 

AI.1.' Brief Description of Case 
Provide IITWOS model results to support an optimization study to conduct SrrTRU 
separation in the DST systcm. A simple schemtic of the overall process is shown in Figure 
B-I. 

Involves Model 
Cliange 'That 
Needs to be 
Verified? 

No 

* In  this wbk. the Scction numbers (AI.1, for example) refcr to corresponding section in Appendix A of  the Tank 
Farm Contractor Opcntion and Utiliwtion Plan (TFCOUP). If no corresponding section exists, a phceholdvr (X) 
section n3mc is assigncd. 

B-9 

5 KgaVyear 

No waste anticipated 
No waste anticipated 
20 KgaVyear 

PUREX - yearly nte for FYs 2010 
through 2017 
B-Plant -yearly n t e  
\VESF - yearly rate 
300 Area -yearly rate for FYs 2006. 
2007, and 2009. 

400 Area No wastes anticipated 
\vscI: No wastes anticipated 
100 Area 

Flusli for misc. waste 44% 

No wastes anticipated from LOON, 100-K 
Basin. 105-I: Basin. or 10541 Basin 

No 

No 
No 
No 

No 
No 
No 

A2.1.1. Ncw Waste Introduced 

A2.1.2. New Waste Introduced 
222-S Laboratory- yearly rate 
Flush for misc. waste 
WVRI: 
T-Plant 
Yearly rate (FYs 2018 through 2021) 
Flusli for misc. waste 
PFP stabilization - not calculated in 
yearly average dates 
Total volume 
Flush 
A2.1.3 Tank Farm Waste Generations 

Via 200 East Area 

Via 200 West Area 
IO KgaVyear No 
22% 
99?4 

15 KgaVyear 
22'1: 

No 

No 
2003-2005 
15 Kgal total 
22% 

Key features for modeling Key features of  the MP that will be modeled 
for purposes of mission planning and estimation 
of secondary waste stream include: 

No 
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Table B-2. Assumptions Matrix. (20 Sheets) 
nvolves Model 
Change That 
Needs to be 
Verified? 

LAW Feed Receipt Tanks 
(simplified - 1.5 Mgal lumped 
capacity) 
IILW Feed Receipt Tank 
Front End Evaporator (simplified - 
no feed tanks) 
Ultrafilter System (with modified 
[OH-] endpoint and oxidative 
leach) 
Pretreated IILW Lag Storage and 
Blend Tanks (simplified - 81 Kgal 
lumped capacity) 
Cesium Ion-Exchange (as a black- 
box) 
Back End Evaporator / Pretreated 
LAW Storage (simplified and 
product routing modified to 
interface with STP) 
HLW Melter Feed Prepantion 
(simplified) 
HLW Melter (model total capacity, 
not individual melters) 
LAW Melter Feed Prepantion 
(simplified) 
LAW Melter (model total capacity. 
not individual melters) 
Om-gas treatment systems (added 
N W t  for proper stoichiometry). 
Recycle of LAW SBS and WESP 
Condensate to back-end evaporator 
feed tank. 
Recycle of  IILW SBS and WESP 
to front-end evaporator feed tank. 
Transfer of LAW Caustic Scrubber 
solution to LERF via W P  PT 
facility. 

h e  basis for modeled chemical reactions, 
:xtents and split factors for estimating primary 
ind secondary waste streams will be the 24590- 
WTP-MDD-PR-01-002. Rev 6, with flowshcet 
ind operating mode modifications as needed to 
mplement the other assumptions for the System 

No 

sing 
start delivery of the first LAW feed batch on 
12/1/2009 and deliver remaining LAW feed as 
iceded to keep the WTP openting within 

No 

B-10 



RPP-24809, Rev. 0 

LAW Feed Receipt Tank Use I .5 Mgal Total Capacity; be capable of 
receiving 1 Meal without interruption while 
feeding out of the remaining 0.5 hlgal 

Table B-2. Assumptions hlatrix. (20 Sheets) 
:ase nanw: S r n R U  Separation in thc DSTs (Shldy 2) 

No 

LAW Pretreatment Ramp Up 

.AW WTP Process Model 

LAW Vitrification Ramp Up‘ 

There will be approximately 300 gallons No 
(2005 Ib.. air-dried) of merit cesium ion 

:omplete Waste Processing 

model constraints. The first LAW feed batch 
will be provided by a decant transfer of all 
supematant in AY-102 (less ten-inches above 
the HLW solids) to the LAW feed receipt tanks. 
From - To MT Na /vear (net 
& 
12/1/2009 - 1/31ROI I based on LAW meltcr’ 
2/1!2011-12/31/2028 2950 
- From - To MTGld (nrt 

3/112010 - 1/31/1 I 3.4’ 
2/12011- I2/31/2011 18.0 
1/1c2012- 12/3lnol2 24.0 
111L?O13 - 12/31/2014 28.8’ 
1/1/2015- 12/31/2028 34.0’ 
Goal is to complete waste processing 
by1213 1/2028. 

nvolves Model 
Change That 
Needs to be 
Verified? 

No 

No 

No 

exchangeresin generated for every 300,000 
gallons of supcrnate treated through the 

~~ 

’ LAW pretreatment will provide suflicient fccd at the rate needed to operare the LAW melter. 
Melter ramp-up is based on ORP-22339. River Proreflion Projecf Low-Acfivity li‘osfc Sirpplenieritul Treafrwrir 
Ti~clitiologies Reporr, Rev. A. 90% DraR. 

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-PO-03-001, Rev. 0) and is 
driven by the 16 week 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-generation melten 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 melten. 

4 

7 

* This assumes that all supernate 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 aRcr the IOIh regeneration cycle (24590-W“-MDD-PR-01-002, Section 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. s u m r y p a g e  2, the bulk density is about 50 pounds per cubic foot 
of resin 
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Table B-2. Assumptions hlntrix. (20 Sheets) 

3ase nanie: SrnKU Separation in the DSTs (Study 2) Involves Model 
Change That  

A2.2.4. ]LAW Formulation and 
ILAW Process 

cesium ion exchange system.' 
Spent cesium ion exchange resin will 
contain the following constituents after 
being prepared for disposalq: 

o Cr-67Opglg 

o Na - 83,800 pdg 
o p"rc - 6.74 pdg" 
0 =*U - 14.8 )ldgl0 

o "'Cs - 60 pCVg 

b 

o ~ - 2 2 0 p g l g  

0 %o- 1.31 pcvg 

Needs to be 

, During hot commissioning. the total 
sodium loading. sulfate volatilization and 
formulation of the LAW glass will be 
estimated using the Gimpel Model as > described in 24590-IVTP-MDD-PR-0 I-  
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: 

[NaO] I20wt% 
[Soil I0.81vf% 

During hot operations, the composition of 
the LAW glass will be estimated using a 
glass recipe model similar to that described 
in 24590-WTP-MRQ-PO-04-0065 
(DRAFT). Sulfate volatilization will be 
estimated using Equation 3.1-5f of 24590- 
\VTP-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 reponable quantities during rmall- 
scale column testing per 24590-PTF-3PS-MH'DO-TOT000), Rev I ,  Section 3.4.7.5, page IO. 
The reference states pglg. not pCi/g. 

This is an updated reference from 2459O-WTl'-MCR-PT-02-002, which was used in SPZ. 

9 

IU 

I1 
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Table B-2. Assumptions Matrix. (20 Sheets) 
Involves Model 
Change That 
Needs l o  be 

h e  name: SrmKU Separation in the DSTs (Study 2) 

ILAW Glass Density 
ILAW Package Net Mass 

i2.2.5. ILAW Interim Storage C 
ILAW Interim Storage Capacity 

t2.2.6. High-Levrl Waste Procrs 
ILW feed delivery dates 

ILW Vitrification Rampup” 

I Verified? 
remaining 80% will report to the melter 
om-gas system.’* 
One spent LAW Meltcr is assumed every 
2.5 years and contains 6900 gallons of  
glass,” not to exceed 9 spent LAW 

I 

me~ters.“ 
2.6 M T h ’  
5.92 MT 

No 
No 

parity 
No lag storage of ILAW in WTP. I No 

ng 
Start delivery of the first batch group of llLW 
feed on 12/15/2009 and deliver remining l lLW 
feed as needed to keep the WTP operating 
within model constraints. The first batch group 
of IILW feed will be provided from AY-I02 by 
adding sullicicnt water to the decanted solids to 
yield a solids loading between 10 and 200 
grams solids per liter of slurry (150 glliter 

No 

- - 
nominal). 

5/17/2010- 1/31/2011 0.69’‘ 
No I From - To 1II.W MTG/d (net ratel 

2/IROll - 12/31/2OIl 3.0 
1/1/2012- 12/31/2012 4.0 
1/1/2013-9/30/2027 5,017.18 

I* DNI is in the progress of updating tlie model design document for the WTP dynamic model. One of tlie 
parameters being updated is the melter splits for 1-129. The Configuration Management Group (DOE 2004) has 
concurred with ORP’s recommendation that we adopt the preliminary splits for 1-129 since this is a significant 
change (72.973 % retention. reduced to 20% retention) in a component imponant to performance of the disposed 
waste. 

I’ Melter failures (spent melters) are already accounted for in the assumed net production capacity assumptions. 
Assumes IWO melters, each with a 5-year minimum design life per 2459O-LAW-3PS-AEOO-TOOOI. Volume of 
glass in the melter does not include an allowance for increased volume due corrosion ofrefractory 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. 

I‘ Per 24590-WTP-ICD-MG-01-003, Section 4.2.1.2. 

Melter ramp-up is based on OW-22339, River ProIecIion Projecr Low-Acrivity lVusfc Supplenicnful Treurnteiir 
Trchnok~gies Report, Rev. A, 90% Dran. 

Commissioning. 

Facility Operations Research Availability Assessment,” (24590-HLW-RPT-IT-02-001, Rev. 0). The basis for the 
nameplate is the goal stated in Table C.G-5.1 of Standard 5 of the DNI Contract. 

”hlelter rate is the average needed to produce 56 canisters of immobilized high-level waste (glass) during Hot 

”This is based on a nameplate capacity of G MTG/d and a 0.84 TOE. The basis for the TOE is “lligh Level Waste 
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ILW WTP Process Model 

Table B-2. Assumptions Rlntrix. (20 Sheets) 
:ase name: SrmKU Separation in the DSTs (Study 2) Involves Model 

Change That 
Needs to be 

HLW pretreatment can provide sufficient 

42.2.7. l lLW Feed Receipt Tanks 
ILW Feed Receipt Tank Usage I Suffcient space to receive 160,000 gallons I Yes 

(600 m’) without interruption. 
All IILW batches must be at least 130.000 
pallons total volume and contain more than 

pretrcitcd HLW solids io produce up to 
571 canisters of IHLW per year.I9 
The water wash factors in the TWINS on 
8/24/2003 will be used for partitioning 
waste into solid and liquid phases during 
retrieval and staging. 
The caustic leach factors in the TWINS on 
8/24/2004 will be used as the basis for 
computing tlie caustic leach factors 
associated with each delivered batch of 
llLW solids and for tlie entrained solids. 
One spent tlLW Melter is assumed every 
2.5 years and contains I800 gallons of 
glass,” not to exceed 9 spent 11LW 
mclters. 
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 tILW 
glass. - 
An oxidative leach process that removes Cr 
from the tILW sludge without impact on 

Yes 

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

”This is based on 5.0 MTG/d per ORP-22339,365.24 d/yr and 3.2 MTG/canistcr (thin-walled canisters). Section 
C.7(b)( I)(ii) of the BNI contract requires IILW 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. 

Assumes two melten. each with a 5-year minimum design life per 24590-HLW-3PS-AEOO-TOOOI. Volume of 
glass in the melter includes an allowance for increased volume due corrosion of refractory per 24590-IILW-MSC- 
HMP-00002, Table 2; other contributions to source term such as plenum deposits are neglected. This will 
probably be a conservative (high) estinute of the content of the melter since the current plans are to purge IlLW 
from the melter if there is advance indication of impending failure and empty the melter as much as possible using 
tlie airlift. 

*’ Melter failures (spent melters) are already accounted for in the assumed net production capacity assumptions. 
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Case name: SrrrKU Separation in the DSTs (Study 2) 

cycle time or other species will be 
imDtemented in the ultmfilters. Reaction 

lnvolvcs ntodei 
Change That 
Needs to be 
Verified? 

A2.2.9. IHLW Formulation and 
Method for Estimatinc I ILW Waste 

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

- 
Oxide Loading 

No 

Mclter split factor for 1-129 

stoichiometry and endpoint (5,000 pg Cr I 
g dried solids) arc described in RPP-15552. 

Glass Properties Model modified as follows. 
Increase the maximum spinel liquidus 
ICmpCrJNrC constraint from 1050°C to 
I 100 "C. 
Increase the maximum viscosity constraint 
from 5.5 Pa*s to IO Pa-s. 
Increase the maximum 0 2 0 ,  constraint 
from 0.5 WI% to I .O wt%. 
Use a maximumzircon liquidus 
temperature limit of 1050 "C. 
Use a Product Consistency Test ( P a )  
upper limit o f 2  gm2. 

Assume that 20% of the 1-123 entering the 
melter is retained in the HLW glass product; the 
remaining 80% will report to the melter off-gas 

No 

_ _ _ _ _ _ ~  
7 7 MTIm' I No -. . .. . . . ... 

I No 3.2 MT (thin-walled canister) 

A2.3.1. TRULLW Sludge Packaging 
~~ 

Contact-Itandled Sludge Packaging 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 undiluted 
TRU tank waste per day." 
The system will first be located near B- 
Farm and then moved to T-Farm. There 
will be a IO-day outage between tanks and 
60-day outage to move equipment between 
farms. 

The SSTs assumed to provide contact- 

No 

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

"These arc operational considerations. 

treatment system capacity. 

B-15 



RPP-24809. Rev. 0 

Table B-2. Assumptions hlatrix. (20 Sheets) 
Ease name: SrmKU Separation in the DSTs (Study 2) 

Remote-llandled Sludge Packaging 

handled sludge are [O-201,0-202,0-203, 

I I I ,  T-110, and T-104, in the stated order 
except that the tank order within the 
[brackets] can be changed?' 

The waste from the 0-200 and T-200 series 
SSTS,T-IOJ.T-110.andT-lll will be 
retrieved without impact to DST space. 

I t  is assumed that this waste can be treated 
and packaged as contact-handled TRU and 
disposed ofat  WIPP. 

There will be no water or waste sent to the 
DST system. 
The process assumptions for the contact- 
handled sludge treatment system are 
discussed in the remote-handled section. 
The remote-handled Supplemental TRU 
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." 
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 
waste will be retrieved, transferred to a 
ZOOE 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. 

Supernatant liquid will be decanted from 
tank AW-103 in August 201 1 .  The waste 

0-20.11. [T-201. T-202, T-203, T-20.11. T- 

D 

e 

e 

e 

nvolves Model 
Change That 
Needs to be 
Verified? 

No 

'' The remote-handled Supplemental TRU Treatment and Packaging process is expected to be a re-deployment of 

" "Dry batch mode" is a continuous process. 

" This assumes that only 4 of the 5 feed tanks are used; the 5th tank is kept in reserve. 

""Carrier" refers to the material added to the waste in the dryer to form a stable mixture with appropriate handling 

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

** The final package configuration has not been established; the dried waste may also be directly loaded into the RIl 

the contact-handled system with additional shielding. 

properties. 

72B canister. 
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Table B-2. Assumptions hlatrix. (20 Sheets) 

:ase name: SrmRU Separation in the DSTs (Study 2) 

solids in tank AW-IO3 will be washed four 
times over a nine month period starting 
9//1/201 I using 273,000 gallons of 0.01 M 
NaOH solution each time. After each 
wash. the solids are settled to 40 wt% 
before decanting the wash solution for feed 
to the evaporator. The lint 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 
efftctivencss. 

Supernatant liquid will be decanted from 
tank AW-105 in September2012. 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 ofO.01 M NaOIl solution 
each time. Alter each wash. the solids are 
settled to 40 wt% before decanting the 
wash solution for feed to the evaporator. 
The l int  wash of AIV-105 wasfe 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 effectiveness. 
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 1 l l lR013 
using 290,000 gallons of 0.01 M NaOIl 
solution each time. After each wash, the 
solids are settled to 40 wt% before 
decanting the wash solution for feed to the 
evaporator. The first wash ofSY-I02 
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 
effectiveness, (Note: The solids in SY- 
102 m y  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.) 
The SSTs assumed to provide remote- 
handled sludge are T-105, T-107, T-112, 
0-107, D-1 IO, and D-I I I ;  the DSTs 
assumed to provide remote-handled sludge 
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Table B-2. Assumptions Matrix. (20 Sheets) 
Case name: SrTrRU Separation in the DSTs (Study 2) 

, 

are SY-102, AW-103 and AW-105. 
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: 

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

The slurry (either direct from the 
SSTs for CII-TRU or via a DST for 
water washed RH-TRU) will be 
transferred to the Feed Receipt 
Process System modeled as a single 
tank with a working volume of 
28.800 gallons?’ 

The slurry. carrielb and heat are 
continuously added to the dryer, 
while dried product is withdrawn to 
maintain a product with 20-w1% 
water and BO-%<% waste loading 
(both relative to waste. water and 
carrier). 

The CII-TRU dried waste product is 
packaged in standard waste boxes 
(SWB)”, each SWB holding 
approximately 2,760 Ib, waste. 

The RII-TRU dried waste product is 
assumed to be packaged in 55-gallon 
drums containing 700 Ib, of product 
per drum, which are loaded three 
drums to a RH-72B caniste?’. 

Secondary waste will be estimated using 
h e  dryer retention factors as slated 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 modeling) are 
presented in Table B-3 Ihe gaseous emucnt 
split factors are presented in Table 0-4. 

Liquid etlluent will either be transferred to 
the LERF via Tank Truck or recycled to the 
Retrieval project. For planning purposes. it 

o 

o 

o 

o . 

o 
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rase name: SrflXU Separation in the VSTs (Study 2 )  

Table B-2. Assumptions Matrix. (20 Sheets) 
involves niodei 
Change That 
Reeds to be 

I Verified? 
I will be assumed that the liauid ellluent is I 

I transferred only to LERF (ho recycle) and 
modeled as a continuous transfer. I 
The washed solids are assumed to be 
remote handled for packaging. 
I t  is assumed that this waste can be treated 
and packaged as remote-handled TRU and 
disposed of at WIPP. 

I 

A2.3.2. Supplemental LAW Pro 
Supplemental Treatment Demonstration 

Supplemental Treatment Process 

;sing 
A demonstration facility will be located in 
the 200 West Area (west of S-Farm) and be 
operated at a net rate of 3.92 MTG/d 
starting on 5/31/2005 to process 260 MT 
Na from the low-curie waste from tank 
s-109. 

The demonstration facility will be fed 
directly from S-109 with no solids 
entrained out ofS-109. The feed will be 
delivered at 5 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 
Retrieval ofthe low-Cs waste from S-109 
will generate about 100 Kgal ofCs-rich 
wastes that will be sent to tank SY-102.% 
The Supplemental Treatment 
Demonstration process assumptions (other 
than process rate) will be the same as that 
used for the full-scale Supplemental 
Treatment Process. 

~~~~ 

A production process facility will be 
located in the 200 East Area. 

The production facility, consisting of eight 
melter lines, starts operating on 1/31/201 I 
at a combined net rate of 3 1.4 MTG/day”. 

No 

No 

29Tl~e demonstration project will probably target a lower Cs-137 concentration in the low-curie feed from S-109 for 

lo The demonstration project is expected to increase the estimated amount of Cs-rich waste from S-IO9 to about 250 

’I If necessary, the treatment rate m y  be ramped up by two additional melter lines (for an increase of 7.84 

shielding considerations. 

Kgal. 

MTGIday) on a date agreed to by the requestor. 
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Table B-2. Assumptions hlatrix. (20 Sheets) 

:ase name: SrmRU Separation in the DSTs (Shldy 2) 

tVTI’ Process Consideralions 

;TI’ Process Basis 

. The feed to the Supplemental Treatment 
process includes: 

o Low-curie feed from the selective 
dissolution and solid/liquid 
separation of SST waste.)* 

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

Low-Cs waste in the ZOO West Area will be 
nioved cross-site to feed the process when 
dedicated DST space is available to transfer 
low-Cs waste without contamination 
(through SY-IO1 in to an East Area DST 
used as a feed tank). 

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 o f  
the SBS and WESP condensate. 
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 tlie process 
design criteria provided in 145579-A-DC-002, 
with the following exceptions: 

The Tr imer  scrubber (provides 
backup off-gas treatment) is 
assumed to not be operated. 
The splits for the dryer will be set 
equal to die splits used for the 
WTP evapora!ors.” 

lvoives niodei 
Change Tha t  
Needs to be  
Verified? 

No 

No 

The amount of low-curie feed may be increased if needed to finish waste treatment by 1201/2028, not to exceed 
the available amount of low-curie feed. The estimated amount o f  low-curie feed required is about 3,500 M T  Na. 

pretreatment capacity of 2,950 MT Ndyear and the demand from the \VTP LAW Vitrification facility expressed 
in h lT  Ndyear and depends on tlie glass formulation for each specific LAW melter batch. 

“The  referenced flowsheet assumes !hat 50% of the 1-129 in the dryer feed reports to dryer offgas stream - this is 
an overly conservalive value. Addilionally. only 1-129 is partitioned (not conservative). Since the dryer operates 
in a similar temperature and pressure regime as  bolh tlie 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 

”The  amount of“excess” pretreated LAW that is available is the difference between the assumed LAW 
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Table B-2. Assumptions Matrix. (20 Sheets) 
:ase name: S r n R U  Separation in the DSTs (Snidy 2) 

'ccd Staging'" and Solids Return 

20 wt% waste Na20  loading." 

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

FeedTank 
Dryer 
Condenser for Dryer Offgas 
Melter 
Sintered Metal Filter with recycle 
to dryer (modeled as to dryer feed 
tank) 
Hydrosonic Scrubber 
HEPA Filter 
Carbon Filter 
NOxRemoval 

The low-Cs tanks that are candidates for 
feedare: B-IO5,T-109.B-103,B-IOI.S- 

112, BY-105,BY-102,BY-lll,BY-108, 
TX-118, DY-109BX-lll,BY-l03,and 
TX-I 14. 

The following tanks can be considered 
candidate Low-Cs Tanks after l/lROlI: 
TX-I 12. TX-I 1 I ,  and TX-I IO. 

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

103,B-108. S-105,TY-102.TX-I 17, BY- 

Selective dissolution will be used during 
lhe 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 

nvolves hlodel 
Change That  
Needs to be 
Verified? 

No 

the flowsheet is updated or supplanfed. The Configuration Management Team provided verbal concurrence with 
this change on December 27.2004 with lhe 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. 

flowsheet refinements such as low-sodium soil to the nominal value of20-wt% assumed in ORP-22339. No 
allowance is made for potenfially lower oxide loadings during the supplemental treatment system demonstration. 

'' I f  is assumed that the target waste sodium oxide loading of 17.6-w% in 145579-A-DG002 is increased by 

"The list of candidate SSTs and selective dissolution assumptions are provided by 7F300-04-RER-001 RI. 
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Cesium and Strontium Capsules Cesium and strontium capsules arc disposed 
separately by RL and not incorporated into 
HLW glass in the WTP. 

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

Case name: SrmRU Separation in the DSTs (Study 2) 

No 

Product and Packaging 

Tank Selection Supernate from AN-IO2 and AN-IO7 will be 
treated in AP-102, based on the availability o f a  
central riser that is fitted for a mixer pump. 

A2.4. Waste Disposal Sites 
ILAW Facility Need Dates 

Yes 

(Integrated Disposal Facility; IDF) 

IHLW Facility Need Dates 
(Project W-464) 

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-curie fraction) will be retrieved 
and staged in a separate 200E area DST for 
delivery to the Supplemental Treatment 
Process. 

Uulk 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. 

Glass density is 2.7 MTIm’. 

Packaged in 35 rn’ roll-oflboxes. each 
filled with 43.8 MT glass. External 
volume ofbox is 1.920 n’(8 n by I O  n by 
24 n, - 54.4 rn’). 

The IDF is assumed to be operational on 
2/25/2006, The ILAW produced by the 
Supplemental Treatment demonstration can be 
safely stored until the IDF is available. 

The need date for IHLW interim storage facility 
(the Canister Storage Building) will be the date 
on which the I “  IIILW is produced (5/17/2010). 
The demand for interim storage space will be 
established assuming that 22 canisters of WTP- 
provided IllLW 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, f i s t  priority given to shipping the newly 
created IHLW from the W P  - any excess 
shipping capacity will be used to empty the 
IHLW stored in the CSB. 

Involves Model 
Change That 
Needs l o  be 
Verified? 

No 

No 

No 
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Table B-2. Assumptions Matrix. (20 Sheets) 

Case name: SrmRU Separation in the DSTs (Study 2) 

Remove AP-102 Supernatant 

Tank Treatment Sequence 

Start Date for SrmRU Separation 

Number of Batches 

Supernatant Hcels 

AP-IO2 Supernatant must be removed before 
transfer and treatment of AN-IO2 supernatant in 
AP-102. 

Assume that current pumping practices 
will leave IO inches of supernatant in 
AP-102 to avoid disturbing the 
existing solids during supernatant 
removal. 
The IO inches of waste remaining in 
AP-102 will be combined and treated 
with the first batch ofAN-I02 
supernatant. 

Assume AN-IO2 supernatant is treated first 
followed by transfer and treatment of AN-IO7 
supernatant. 
SrrrRU separation of AN-IO2 supernatant will 
be initiated based on the space availability 
predicted by IlTWOS and not Constrained to 
tlie start date for WTP processing ofAN-102 
and AN-IO7 supernatant used in tlie 
Development Run. The delivery of AN-IO2 
and AN-IO7 feeds to the W T P  is considered to 
be tlcxible. 

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 SrmRU 
processing in tank AP-102. Basis: 
Personal communications between 
Mike Johnson, John Van Ueek, and 
Curtis Rieck (January 2005). 

Target a delivery date of treated AN-102, 
Batch # I  for 2012, however, as noted, the 
delivery date to \VTP is flexible. 

Four batches are assumed for conducting the 
SrmRU precipitation in Tank AP-102. 

Tank AN-IO2 supernate will be treated 
in two eqwl  batches and the AN-IO7 
supernate will also be treated in two 
equal batches. 
Residual AN-102 supernate in tank 
AP-102 can be mixed with the AN-IO7 
supemate. 

Following the transfer of the last batch of 
supernate from tank AN-IO2 (or AN-107) lo 
wnk AP-102, add -100,000 gallons of water to 
tlie heel of supernatant in tank AN-IO2 (or AN- 

nvolver Model 
Change That  
Needs to be  
Verified? 

Yes 

Yes 

Yes 

Yes 

Yes 
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Table B-2. Assumptions Matrix. (20 Sheets) 
Case name: S r n R U  Separation in the DSTs (Stndy 2) 

SrfTIW Processing Sequence 

)isposition o f  SrrrllU Precipitate 

hsposition of tanks AN-I02 and AN-IO7 

107) and tnnsfer to tank AP-102. Assume no 
mixing of thc liquids with the existing solids. 
See Figure 1, Process Flow Seqvence/or 
SrmRU Separation 61 Tank AP-102. 
I )  Transfer. the first batch of AN-I02 into 

AP-I02 and conduct the SrmRU Separation 
process. 

2) Transfer the first batch of treated AN-I02 
supernate to W T P  in 2012, or as  
determined by the IlTWOS modeler. 

a) Transfer the second batch o f  AN-I02 
supernatant to tank AP-102. 

b) Add flush water lo AN-IO2 to dilute 
residual supemate heel and transfer to 
AP-102 for treatment with AN-IO2 
Batch #2. Treat. 

4) Transfer treated AN-IO2 supematant from 
tank AP-I02 to available DST for eventual 
delivery to \VTP. 

5 )  Transfer the first batch of AN-107 (Uatch 
#3) supernawnt to tank AP-102 and 
conduct the SrmRU removal process. 

G) Transfer the treated AN-I07 Uatch #3 
supernate to an available DST for eventual 
delivery to the WTP. 

a) Transfer the second batch volume of 
AN-I07 (Uatch #4) supernate from 
tank AN-I07 to tank AP-102. 

b) Add flush water to tank AN-IO7 to 
dilute remaining supernate hcel and 
transfer to AP-102 for treatment with 
the AN-I07 Batch #4. 

3) 

7) 

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

>) Retrieve AP-102 solids (SrmRU 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. 

IO) Retrieve AN-I02 and AN-I07 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. 

;olids shall be blended with other l lLW solids .~ ~~ 

or delivery to the WTP. 
letrieve AN-I02 and AN-I07 solids heel to 

Involves Model 
Change Tha t  
Needs lo  be  
Verified? 

Yes 

Yes 

Yes 

B-24 



RPP-24809, Rev. 0 

Case nanie: SrmRU Separation in the DSTs (Study 2) Involves hlodel 
Change That 
Needs lo  be  

Solids 
Verified? 

any available llLW tanks at the discretion of 
the modeler. Solids may be blended with other 

I IILW solids for delivery to the WTP. I 
A2.XI S r n R U  Process Conditions 
Srfl'llU Precipitation Process Uasis 

Eu'" = 85% 
Eu"'= 85% 
hTP')7 = 
85% 
PuZJs = 85% 
P U ~ ' ~  = 85% 
I'uz'o = 85% 
Am2" = 

Process Dilution water: Water is added to AN- 
102 and AN-I07 supernatant liquids to achieve 
a 5.5 M sodium concentration. Water addition 
is performed inTank AI'-102 on a batch basis. 

Pu"' = 85% 
Am"' = 85% 
~m"'= 85% 
CmZu = 85% 
Sr'O = 94% 
Sr  total = 
94% 
Ba = 19% 

Sodium permanranate (NaMn03 addition: 
5.308 gallons of 3.83M NahlnO, are lo be 
added per 1 .OOO callon of diluted supernatant 
(Uasis: RPP-24809. Appendix A) 

Strontium nitrate Sr(N0,b addition: 6.123 
gallons of 3M Sr(N0JZ are to be added per 
1.000 mllon ofdiluted tank supernatant (Basis: 
RPP-24809, Appendix A). 

Reaction Time: minimum of4  hours (PNWD- 
3340, Section 3.1) (Assume mixer pump 
installed in AP-102). 

85% 
Pu"' = 85% 

Percent Removals from Supernatants 

Ca = 19% 
Ce = 85% 

A2.X2. Sr/TRU Precipitation C 
Strontium Removal 

Reaction temperature: 26 to : 
conditions (PNWD-3340. Sec 
EU"' = 85% 1 Cm"' = 85% 

C, ambient 
on 3.1). 
Cr=21% 
Fe = 97% 
La = 85% 
Mn = 96%. AN- 
IO2 
Mn = 30%. AN- 
I07 
Nd = 85% 
Pb = 30% 
TIC as COJ= 
3.9% 
Zr = 82% 
TOC = 0% 

mistry 
The addition of strontium nitrate (Sr(N0JJ to 
tank AN-IO2 and AN-I07 supernatants results 
in isotopic dilution of (Sr'O) and precipitation of 
strontium carbonate (SrCOJ Isotopic Dilution 
Reactions: 
Sr(N03)z + %Chclant + NazCOJ c) 

SrChclant + 'OSrC03 + 2NaNOj 
+ NazCO3 c) S~COJ + 2NaNOj 

The reaction above implements the percent 

Yes 

Yes 

Yes 
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removals listed in previous assumption. Upon 
adding Sr(NOJ2 to tlie AN-IO2 (or AN-107) 
supernate. 94% of the total Sr is precipitated. 
This assumption applies only to the treated AN- 
102 and AN-IO7 supernate only and does not 
apply to other LAW supernate. The existing 
Sr-90 solubility correlation applies to all other 
LAW supernate. 

Involves hlodel 
Cliange That  
Seeds to be 
Verified? 

a.2. SSTTri-Party Agreement 
SST TPA hlilestone Dates 

None; saltwell pumping was completed in 
March 2004. 

A3.3. SST Retrieval Sequence B: 
ietrieval sequence basis 

No 

A3.4. Waste Retrieval Facilities 
Waste Retrieval Facilitv IWRF) .. 
4vailability Dates 

ilrstones 
Retrieve S-l I2 per TPA Milestone M-045-03C 
by 313 V2005. 

Retrieve S-102 per TPA Milestone M-045-05A 
by 3/31/2005. 
Retrieve C-Farm (Waste Management Area - 
C) per TPA Milestone M-045-00U by 
9/30/2006. 

S 
Give priority to the SST milestones listed 
above. then: 

Retrieve tlie remining Pool tanks, 
balancing logistics, tanks space and feed to 
the various treatment processes. 
Retrieve the remaining SSTs, risk-based, 
balancing logistics, tank space and feed to 
the various treatment processes. 

Table U-6 provides the list of SSTs in the SST 
retrieval pool. Table 8-7 provides starting 
assumptions for sequence and retrieved waste 
volumes for near term SST retrievals. 

T-Complex WRF: 6/1/2018 

Wastes retrieved from tanks in the B or T 
coniplexes before the WRFs are available will 
be at lower insoluble solids loadings as defined 

No 

No 

No 
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Case name: SrflXU Separation in the DSTs (Study 2) Involves Model 
Change That 

I \'crified? 
in the Retrieved Waste Composition 

Any SSr farm upgrades needed to support Ihe 
retrieval of SST waste will be completed before 
the retrieval dates projected by the IITWOS 

Availability Dates for Tank Farms 
Upgrades 

assumptions (see Section A3.8 of 
I INF-SD-WM-SP-0 12). 

NO 

Compliant transfer lines will be constructed to 
support retrievals from B and T complex before 
the WRFs are nude available; one line for each 
complex. 

model. I 
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Case name: SrmRU Separation in the DSTs (Study 2) Involves niodei 
Change That  
Needs to be 
Verified? 

A3.6. Constraints on Simullanea 
Simultaneous retrieval The most limiting condition(s) resulting 

from application of the following 
constraints:’’ 

No 

Retrieval and transfer systems in the NE and 
NW quadrants can support a maximum of 6 
simultaneous retrievals in each tank farm and a 
total of six simultaneous retrievals in each 
quadrant (aner the WRFs are constructed). 

SST Waste Retrieval Rates Minimum retrieval durations are given in 
Section A3.7 of IINF-SD-WM-SP-012 and 
based on proposed project schedules or  
technologies to be used to retrieve the waste. 

SST Waste Residuals 200 Series SSTs: 30 n’of‘‘selected phase” 
as defined in DOWORP-2003-02, 
Inventory and Source Term Data Package - 
Enviranniental Impact Statenlent for 
Retrieval, Treatment and Disposal of Tank 
IVuste, and Closure of Single-SheIl Tank 
Waste ot tltc tianhrd Site Richland JVA. 

Relrieval and transfer systems in the SE and 
S\V quadrants can support a maximum of 2 
simultaneous retrievals in each tank farm and a 
to~al  of two simultaneous retrievals in that 
quadrant. 

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

No 

No 

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

I The waste from up to two SSTs may be 
retrieved to one DST at one time. 

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

I Constraints also apply to retrievals going 
dircctly from SSTs to supplcmental treatment 

I .. 
processes. 

These constraints may be lifted by retrieving several source SSTs into one receiver tank if Ihe modeling indicates 
that they create a bottleneck in the system. 

17 
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43.8. Retrieved \\.‘rste Composition 
letrieval Solution Requirements 

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

Rev. 0; re-estimated using the current BBl. 
io0 Series SSTS: 360 n3 of35-wt% water- 
washed solids with %concentration ofbulk 
as-retrieved supernate for all tanks; except 
GI06 will use the UUI. 

The amount ofretrieval solution needed to 

Involves Model 
Change That  
h’eeds to be 

:ase name: SrKRU Separation in the DSTs (Study 2) 

I after the application of wash factors. 

A suflicient number of retrieval systems Retrieval System Availability 
arc available. 
Retrieval sys t em will be reused when cost 
effective. 

retrieve the waste from SSTs listed in 
Table A-14 in Section A3.3 o f  
IINF-SD-WM-SP-012 will be determined 
as the amount need to achieve the loWl 
retrieved volume given in the table alter the 
application of water wash factors. 
The amount o f  retrieval solution needcd to 
retrieve wastes from the S, SX, and U farm 
SSTs not listed in Table A-14 will be 
determined as the amount needed lo result 
in a Na concentration 5 5 M and an 
insoluble solids concentration 5 5 wt% (3.5 
volume %) aner the application of wash 
factors. 
The amount of retrieval solution needed to 
retrieve wastes from SSTs in the U or T 
farm complex before the WRFs arc 
available will be determined as  the amount 
needed to result in a Na concentration 5 5 
- M and an insoluble solids concentration 5 5 
wt% aner the application of wash factors. 
The amount of retrieval solution needed to 
retrieve wastes from SSTs in the I) or T 
farm complex aner the WRFs are available 
will be determined as the amount needed to 
result in a Na concentration 5 S M and an 
insoluble solids concentration 5 IO wl% 
aner the application of wash factors. 
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 5 M and an 
insoluble solids concentration 5 IO wt% 

NO 

No 
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SSTs will be interimclosed in the 10- 
month period immediately aner retrieval 
has been completed. 
Closure activities for each tank farm can 
begin after all tanks in  hat farm are interim 

SST Closure 

closed?' 

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

Case name: S r n R U  Separation in the DSTs (Study 2) Involves Model 
Change That  
Needs to be  

No 

No waste is assumed to leak from the SSTs 
during retrieval. SST Waste Leaks During Retrieval No 

Date that BUI quarterly update was Starting tank inventories represents the contents 
issued 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 FITWOS model 
for historical transfers through December 31, 
2004. 

500 Kgal total IMUST waste total volume (201 1-15) 

Yes 

No 

'* This is an enabling assumption that may need to be relined as closure strategies are developed. 

Caustic addition 
Planned Additions No near-term additions arc planned. Future 

Caustic Rules for SST Retrievals additions. 
evaluations may show the need for caustic 

Liquids associated with sludge retrievals 
need to have at least 0.05 M free 011. 
Saltcake retrievals do not require NaOH 
addition because waste in DSTs contains 
sumcient Oll'as a buffer. 

B-30 

No 

Table A-16 in Section A4.2.2 of 
1WT-SD-WM-SP-012 provides the flush 
volumes used in the FITWOS model. 

No 
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1 Design evaluation, records evaluation, and 
1 Ultrasonic Testing will confirm that AP farm is 

appropriate for increased fill height by 
11/1/20oj. Actual use oftlie increased fill will 
be managed through "In-Process Tests" during 
t ran~fers?~ No transfers that use the increased 
operating level are scheduled for calendar year 
2004. See Table ti-8 for a list of the maximum 
levels for each DST. 

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

:ase name: Sr/TKU Separation in the DSTs (Study2) 

44.2.4. hlaximum DST Level 
rlaximum DST Levels 

within 12 inches above the bottomofa 
DST. 
Wastes can be removed down to the bottom 
o f a  DST during final cleanout. 
Supernatants can be pumped down to 
within IO inches o f a  settled solids layer 
SY-IO1 can only be pumped down to 100 
inches (275 Kgal) between now and 
10/1/2013. Aner that date, the transfer 
pump will be replaced and the waste can be 
pumped down to 12 inches. 
SY-102 can only be pumped down to 200 
inches (550 Kgal) until the solids are 
washed before delivery for TRU 
packaging. Aner the solids are washed the 
waste can be pumped down to within 
I2 inches. 
The A Z A Y  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 to deliver feed to the WTP 
allowing the waste to be pumped down 
within I2 inches of the bottom. 

!nvolves niodei 
Cliange That 
Reeds to be 
Verified? 

No 

"The dates proposed for increasing the DST fill levels m y  be revised alter evaluating results from the model run. 
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Table B-2. Assumptions Matrix. (20 Sheets) 
Case name: SrmRU Separation in the DSTs (Study 2 )  Involves Model 

Change That 
Needs to be 
Verified? 

Solids Management Strategy 

~~ ~ 

Insoluble solids retrieved from C-Farm SSTs 
can be settled 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 lo  the same bulk solids 
volume observed in the SSTs or to an adjusted 
bulk volume based on mss dissolved during 
retrieval. 

Insoluble solids retrieved from other SSTs and 
currently in the DST system can be settled to 40 
WI% solids within 30 davs.“‘ 

~~~ ~~ 

Assume that the solids mnagement strategy for 
the DSTs will allow, on the average: 

DSTs supporting GFarm 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. 
DSTs not suppotling C-Farm retrieval arc 
assumed to hold up to ~O-WI% bulk solids 
based on the mximum operating level o f  
each DST. 

No 

No 

“The modelers will seek to apply the “wet sludge volume” approach used for the C-Farm retrievals lo insoluble 
solids retrieved from other SSTs if it can be implemented. If it cannot be implemented due to model logic issues. 
the current approach of settling to 40 wi% solids will be used. 
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Table B-2. Assumptions Matrix. (20 Sheets) 
Involves Model 
Cliange That 
Needs to be 

:ase name: SrfI'RU Separation in the DSTs (Sttidy 2) 

I Verified? 

94.2.6. Tank Space Allocation 
~~ 

Space Allocation Categories 

XT Usage 

Use the categories and reasoning given in Table 
A-19 in Section A4.2.6 of 
HNF-SD-WM-SP-012 to allocate and track 
head space above the waste in the DSTs. 

\\TP F C C ~  Staging tanks:" 
AN-101, AN-102, AN-103, AN-104. AN-105, 
AN-107, AP-101, AP-102. AP-103, AP-IOJ. 
AP-105, AP-106. AP-108, AW-101, AY-101, 
AY-102. AZ-101, and AZ-102 

\\TP Alternative (Back-up) HL\V Feed 
Staging t a n k  
AN-103, AN-I04 (cross-site receiver). and AN- 
105. AI the modelers' discretion, other DSTs 
equipped with dual mixer pumps can be used lo 
store and stage llLW 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 aner retrieving 
the solids currently in those farms. 

Supplemental Sludge Treatment Process 
Feed Staging Tanks: 
AW-103. AW-105, and SY-102 

Suppleniental LA\\' Treatment DST Usage: 
Provide feed directly from S-109 to the 
Demonstration Bulk Vitrification System. 
Transfer low-Cs wastes from the West Area and 
from East Area SSTs when sufficient DST 
space is available to tnnsfer cross-site without 
contamination and to 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-I01 and AN-I06 will acquire solids from 
C-Farm retrieval and require additional 
equipment to transfer a ponion of those solids 
into other DSTs for waste feed staging into lhe 
WTP. 
&IG This is emerging work scope and not 

" See Section 1\52  for information on project scopes regarding equipment needs. 
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Table B-2. Assumptions hlatrix. (20 Sheets) 

Case name: SrmRU Separation in the DSTs (Study 2) 

Emergency Space and LAW o r  llLW 
Waste Return Space 

TFC Emergency Space and 
Emergency Returns from WTP 
LAW or IlLW Non-Emergency 
Process Returns from WTP 
Contingency space 

WTP Returns (to the DST system) 

DST Space Allocation Categories 
8 Evaporator Operational Space 

0 Restricted TRU Ilead Space 
0 Restricted WTP Feed Tank Space 

0 Safety Basis Head Space 

A4.2.7. \Vaste Segregation or Eli 
k e d  Controls 

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

Ulend off high "'U solids (FCL Issue 
2) 

b Prepare and protect hot 

currently covered by current project scope or 
baseline dans.  
Emergency Space and Emergency Returns will 
be raised from 1.14 Mgal to 1.235 hlgal on 
I1/1/2005, and will be allocated as shown 
below: 

1.235 Mgal total 

None 

None 

No waste streams or wastewaters are returned 
to DST system from the WTP. 

Supports 242-A operation (AW-102, 
bottoms receiver, and dilute waste 
receivers, when used) 
TRU solids (AW-103 8: AW-105) 
Early WTP feed sources or DSTs used to 
stage WTP feed 
Waste has an associated safety issue 

ding 
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: 

A portion ofsupernate from AZ-IO2 will 
be decanted and blended with lower [SO,] 
supernate, so that the final [SO,]:wa] ratio 
in AZ-102 and in any other tank receiving 
significant quantities ofthe high [SO,] 
supernate will be less than a target level of  
0.04s mole SO,/molc Na aner blending 
and any evaporator campaigns are 
completed. Constrain the blending of AZ- 
102 supernate to start after 4/1/2007. 
The solids fromC-104 will be blended with 
h e  solids in AY-IO1 so that the resulting 
[233U] is less than a wrgct level of 2.OE-04 
CV100 grams equivalent of waste oxides. 
The two source tanks and the resulting 
blend will be kept segregated from other 
sources of solids. 
The supernate in AY-102 will be removed 

Involves nfodei 
Change That 
Needs l o  be 
Verified? 

No 

No 

No 

Yes 
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Table 8-2. Assumptions Matrix. (20 Sheets) 
Case name: SrfTRU Separation in the DSTs (Study 2) 

commissioning feed (FCL Issue # 3) 

Segregate Envelope C (FCL Issue # 
4) 

Segregate TRU sludge from 
complexed waste (FCL Issue # 5 )  

Segregate waste destined for TRU or 
LLW packaging (FCL Issue # 6 )  

Segregate low-cesium SST waste for 
supplemental treatment (FCL Issue # 
7) 

Blending 

and replaced with supernate from AI'-101, 
without concentration. It is assumed that 
the TFC will successfully demonstrate the 
supernate in AP-IO1 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 fecd staged in 
AY-102. 
The AN-IO2 and AN-IO7 supernatants 
must be segregated from all other waste 
until it has been pretreated to remove 
SrfTRU components. Do not store this 
pretreated supernate with any other IILW 
or TRU solids. 
Envelope C waste or other waste capable 0 1  
complexing TRU shall not be stored with 
the insoluble solids currently in AW-103, 
AW-105 or SY-102. For purposes oftliis 
control, waste will be considered to be 
Envelope C if the [TRU]:[Na] ntion 
exceeds 13 pCilmole or the [90Sr]:[Na] 
ntio exceeds 1.19EtO3 pCilmole in the 
liquid phase. 
No additional waste shall be added or 
stored with the insoluble solids currently in 
AIV-103 and AW-105. except that tlie 
addition of remore-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 DSTsystem. 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 C i i t e r  '"Cs). The low-cesium 
fraction designated for feed to 
supplemental LAW treatment should be 
kept segregated from any high-cesium 
waste. 

There is no deliberate blending of waste to 
optimize "I' 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 

:nvolver hlodel 
Change That 
Needs to be 
Verified? 

No 
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Case name: S r n R U  Separation in the DSTs (Study 2) Involves Model 
Change Tha t  
Needs to be I Verified? 

I Drovide benefits such as a significant reduction I 

A4.2.9. Spaee Optimization 
Tank Space Options Incorporated Concentrate waste to save space (to 1.44 

Release the O W  restriction on the use of 
the WTP feed restricted space. 
Allocate only 1.235 hlgal as emergency 
space. 
Implement tank level increases detailed in 
Table B-8. 

(h4-16-21 options) SPQ. 

A4.2.10. Aging Waste Farm Condensates 
IlTWOS docs not account for in-tank 
evaporation from or the recycle back to the 
aging waste tanks. 

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

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

A4.2.11. Common Use ofTransfer Lines 

A4.2.12. Waste Transfer Routes 
Essential Drawings for DST Waste 
Transfer System 

I in I ILW glass quantities. 
- 

I 
A4.2.8. Availability of DST Space 
DST Integrity I No DST failures or replacements are I No 

No 

No 

No 

No 

Cross-site Transfer Rate 

SST Retrievals 

Wastes transferred cross-site through the 
supernatant line can be transferred at rates 
between 50 and 60 gallons per minute. 
Wastes transferred cross-site through the 
slurry line can be transferred at rates 
between 100 and 120 gallons per minute. 

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

DST Transfer Rate I Wastes can be transferred between DSTs or to I No 

Transfer Durations 

Tnnsfer System Set-up Time 

I the \vTP at a rate of 140 gallons per minute I 
(excluding cross-site hanifers). 
Waste transfer durations will be calculated by 
dividing the total volume being transferred by 
the transfer rate. 
There is a 5-day delay between subsequent uses 
of transfer routes having common components 
staning on 111112007 to account for the 

No 

No 
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Case name: SrnKU Separation in the DSTs (Study 2) Involves Model 
Change That 
Needs to be 
Verified? 

I closeout ofone transfer route and the I 

Water is removed until the specific gravity 
set point is reached (as calculated by 
algorithms within the model). Recent 
issues with solids f o m t i o n  in the 
evaporator arc handled as pan of the 
historical transfer data. 

DST Waste Residuals 

No 

cstJblirhment of another route. I 
100 gallons having the composition ofthc last 1 No 
wask contained in the tank. 1 

A4.3. 242-A Evaporator 
A4.3.1. Evaporator Availability 
242-A Evaporator Shutdown 8: New I 242-A Evaporator is available until I No 
 evaporator^ Availability 9/30/2018 - 

No tank farm evaporator is available aner 
10/IR018 to support DST space 

I 
.. 

mana.gement. I 
A4.3.2. Evaporator Operation 

Training Volume 

Average Evaporation Rate 
Maximum Evaporation Rate 
Bottoms Set Point (dmL) 
Feed Staging Duration 
Yearly Evaporation of Waste 
SST w a s t ~ s  evaporated 

A4.3.3. Evaporator Process Clier 
Waste Volume Reduction 

82 Kgal of  water is evaporated lo train 
personnel if the evaporator has not been 
operated for I 1  months." Each training 
tun adds 50 Kgal of water to AW-102. 

The lesser of 50 gpm boil-onor 140 gpm 
feed 

500 KgaVmonth" 

1.44'. 
3 months minimum?' 
Yes 

No 

Evaporate retrieved waste as needed to 
manace DST space until the WTP StJnS. 

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 to make sure training 
runs occurred within a I2 niontli period. About 50 Kgal of water is sent to AW-I02 is from seal water (during the 
run) and emptying the evaporator vessel aner the training run. This will be modeled as a 50 Kgal addition after 
each training tun. 

42 

I' 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. B lower value may be used for waste containing high concentrations ofphosphates. 

44 

The evaporator feed may be sampled and staged in one or more DSTs, including AW-102. during the three-month 
period prior to being tun through the evaporator. 

45 
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Table B-2. Assumptions Matrix. (20 Slieets) 

h e  nanie: S r n R U  Separation in the DSTs (Study 2) 

?rocess Condensate Composition 

;aseous Effluent 

The waste volume reduction factor can be 
calculated using the following equation: 

Where: pu = Evaporator set point (bottoms 

pF = Specific gravity of evaporator 
s p a  

feed 
The volume of process condensate will be 
1.15 times the waste volume boiled ofTthe 
feed to account for seal water and the 
vacuum system steam jets. 
The composition of process condensate 
from the 242-A Evaporator will be 
estimated using the split factors calculated 
using the following equation: 

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 

IVVR = waste volume reduction factor 
Kp, = 242-A evaporator partition coeffcients 

from HNF-14755 and RPP-17239; in 
the case of tritium and water the Kp, 
values are equal to the IVF’R because 
they partition equally with water. The 
partition coefficients are provided in 
Table U-9. 

21,579 = a  numerical factor accounting for the 
15% volume increase and for the ntio 
of the volume of condensate as a vapor 
to the volume of condensate as a 
liquid. 

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

nvolves hlodel 
Change That  
Needs lo be 
Verified? 

No 

No 
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Table B-2. Assumptions Matrix. (20 Slieets) 

:ase name: SrmRU Separation in the DSTs (Study 2 )  

I Table B-4. 

Involves illode1 
Cliange That  
Needs to be 
Verified? 

b LERF Capacity 

ETF (nor the downstream facilities 
TEDWSALDS) capacity docs not constrain 
Tank Farm supplemental treatment, or 
\yTP operations. The processing rate m y  
be varied at the discretion of the modeler. 
The ETF will be modeled as a black-box. 
Overall partitioning of feed into solid waste 
and treated effluent will be approximated 
using overall removal etliciencies for the 
polisher.'6 The values used are reported in 
Table B-IO. 
The LERF will be modeled as two basins", 
each with a 7.8 Mgal volume. used to 
provide lag storage of liquid effluents from 
the 242-A Evaporator and the various 
trcatmcnt processes. One will be used to 
accumulate effluents while tlie other is used 
to feed the ETF. 

Source Tank (Envelone) 
AY-102 (containinc! concentrated AP-101: AID) 

No 

44.4. Waste Feed Delivery 
44.4.1. LAW Feed Delivery Plat 

LAW Feed Delivery Sequence and 
Envelope Designation'". 

1-3 tanks'from A P - h r m  (A) 
AN-IO4 (A) 
AN-I02 (C) **Treat as Envelope A for model 
assumption 
AN-IO5 (A) 
AN-IO7 (C) "Treat as Envelope A for model 
assumption 

AN-IO3 (A) 
SY-IO1 (A) 

AW- IO 1 (A) 
Continue with liquid wastes made available from 
SST retrieval. 
Actual sequence and timing for delivery of 
pretreated AN-I02 (107) supernatants can be 
changed at the modeler's discretion. 

Yes 

*Removal efficiencies reported in Table 0-7 are taken from HNF-4573, LiquidEfluent Retenrion Facility Basin 44 
Process Test Post-Report, Rev. OA. 

Two o f  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 tlie modcler. 

I 

47 

€3-39 



RPP-24809, Rev. 0 

Case name: SrfTRU Separation in the DSTs (Study 2) Involves Model 
Change That 
Needs to be  I Verified? 

I 
A4.4.2. LAW Feed Specifications 

I DNI contract Specification 7 will be used to No 

Entrained Solids Composition 

1 assess envelop; compliance. I 
A4.4.3. LAIV Entrained Solids 
Entrained Solids Quantity I 0.5 w% solids are entrained in decanted I No 

supematants. 
Supernatant liquids from dissolving salts 
will entrain the same solids concentration 
as exists in the tank after dissolution up to a 
maximum of 2 ~ 1 % .  

Entrained solids have the same composition as 
the averaye composition of solids in the tank. 

Allow 210 days to complete feed compliance 
verification starting from when each staging 
tank (DST) is fin1 filled with feed. 

Compliance Verification Sampling 

~~ 

A4.4.4. IIL\V Feed Delivery Plan 
HLW Feed Delivery Sequence and 
Retrieval Effi~iency‘~ 

No 

Retrieval 

AN-101-01A Pit work (W-314) 
241-A-A Pit work outage (W-314) 
AN Farmoutage (W-314) 

AP 102 Outage 

9/23/2004 - 4/7/2005 
9/23/2004 - 4/7/2005 
9/23/2004 - 4/7/2005 
Mixer pump installation will require a 16 month 

APFarmOutage(W-314) 9/23/2004 - 4/7/2005 

Source Tank Etliciency 
AY-102 (AI‘-IOI~w 90% 

No 
No 
No 
NO 
Yes 

AZ-IO1 90% 
AZ-102 80% 
C-l04/AY-I 01 100%/l00% 
Continue with FILW solids made available from 

No 

7 I SST retrieval. 
A4.4.S. IILW Feed Specifications 

I DNI contract Specification 8 will be used to I No I 

- ~~ I outage I 
Cross-site line outage connects I 9/23/2004 - 4/7/2005 No 1 

“The FILW 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 modeler. 

Consolidation of AP-IO1 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 llot Commissioning feed. 

” 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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AG.3. Volume of In-Process Streams 

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

Case name: SrmKU Separation in the DSTs (Study 2) 

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

Volumes of waste streams are calculated from 
m s s  using density correlations for liquids and a 
solid density of 3 F/mL. 

No 

No 

cross-site to AN farm (W-3 14) I 

Involves Model 
Change That  
Needs to be 
Verified? 

.., I 2224 direct routed to SY farm after 6/30/2005 I 
I PFP can no longer use 244-TX aner 3/30/2005 I 

AY Farm Electrical Upgrades I 12/1/2005 - 12/1/2006 No I 
to support C-IO4 retrieval I I 
AZ Farm Electrical Upgrades I 9/23/2001 - 12/31/2005 No 
A5.2. Feed Staging Tank Upgrades 

I The necessarv eaubmcnt will be available No 
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Table B-2. Assumptions hlatrix. ' (20 Sbeets) 
:asc name: SrmRU Separation in the DSTs (Study 2) 

The BBl reference decay date of 1/1/2005 
is used as the reference decay date in the 
model. 
Radionuclides are decayed to the date of 
delivery for feed specification compliance 
assessment. 
Ilalf-life values for decay calculations are 
taken from the Chart of Nuclides, ISh 
Edition. 

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 
011' and then by adjustment of CO;. 
TOC (less oxalate) shall be treated as C. 
IITWOS does not account for solids 
formation. 

e 

A6.6. Waste Chemistry and hlrss Balances 

A6.7. ILAW Package Production 
ILAW package production rates are based on 
the glass production rates, glass density, and 
package fill assumptions. 

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

A6.8. IIILW' Canister Production 

A6.9. hlission Summary Diagram 

Involves nlodel 
Change That  
Reeds to be  
Verified? 

No 

No 

No 

No 

B Schedule float 

n Transfer window 

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

r e m :  
BBl = Best Basis Inventory 
BNI = Bechtel National, Inc. 
BNI/WGI = Bechtel National-Washington Group 

"The strontium solubility model does not apply to AN-I02 and AN-IO7 supernatant treatment where specific 
strontium percent removals were provided. 
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:are name: SrmRU Separation in the DSTs (Study2) 

Table B-2. Assumptions nlatrix. (20 Sheets) 
Involves Model 
Change That  
Needs l o  be  
Verified? 
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I Table B-3. Transuranic IVaste Dryer Retention Factors. (2 Sheets) 
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Notes: 
1. Water and tritium rctcntion in the dried solids and partitioning to the condensate is based on thc water content ofthe dried 

solids with tritium partitioning in the same proportion as water. 

Where, 
SFi 
RFi 
i 
1100 

- The split hctor or component i. 
= The dryer rctcntion factor for component i expressed as a percent. 
= Index Cor the component list. 
= Converts the value from a percentage to a fraction 

Table B-4. Gaseous Effluent Split Factors for Generic 
Condenser. 12 Sheets) 
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Table B-4. Gascous Effluent Split Factors for Generic 
Condenser. 12 Sheets) 
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Table B-5. Selective Dissolution Separation Assumptions. 

Table 8-6. Single-Sliell Tank Retrieval Pool Tank List. 
A-102 
A-I06 

AX-101 
AX-I02 
AX-103 
AX-I04 
0-201 
0-202 
0-203 
0-204 
GI01 
c- 102 
C- 103 
c-104 
C- I05 
C-IO6 
C-107 

c-108 
GI09 
c-110 
c-11 I 
c-112 
c-201 
c-202 
C-203 
c.204 
s-I02 
S-103 
S-105 
S-107 
s-112 
sx-IO1 
SX-IO5 
SX-106 

SX-IO8 
sx-I 10 
SX-115 

t-110 
T-I I I 
T-I I2 
T-201 
T-202 
T-203 

u-112 
u-201 
u-202 
U-203 
u-204 
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Table B-7. Single-Shell Tank Retrieval hlodeling 
Assumptions. (2 Sheets) 
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Table B-7. Singlc-Sliell Tank Retrieval Modeling 
Assumptions. (2 Sheets) 

Notcs: 
I .  
2. 
3. 

Retrieval of waste from tank G I 0 6  has been completed. 
Sequence numbering applied to SST retrieval pool tanks. 
Volumes given are net impact to the DST system. The waste in thc C-Farm SSTs and 
tank S-102 will be retrieved using recirculation involving larger volumes. Volumes in 
brackets [ ] represent CH-TRU waste that is retrieved directly to the Supplemental TRU 
Sludge Treatment System without impact to DST tank space. 
Tank S-109 is not in the single-shell tank retrieval pool but some waste is being 
retrieved from tank S-109 to demonstrate supplementary low-activity waste treatment 
technologies to suppon other RRP mission requirements. The impact of the S-IO9 
retrieval to the DSTsystem was modeled as 100 Kgal with the bulk of the as-retrieved 
volunie being fed to a supplcmental treatment process. 

4. 
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Table B-8. Maximum DST Fill Levels 

I .  

2. 

Fill volumes are calculated from f i l l  heights and are rounded to the nearest 1,000 gallons 

Existing space and new available space from increasing levels in some DSTs may not be used immediately because of 
other constraints, such as safety basis constraints. for example. 
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-17239 Rev.0 

Notes; 
1. The partition cocllicient represents the vapor-liquid cquilibrium bchavior o f a  component. and is defined as the ratio of 

the concentrJtion of a component in the concentratcd bottoms to the concentration of that wmc componenl in the 
vapor. 
The entry "=\VVR" means "equals the waste volume reduction factor." The use of"=WVR" indicates that the affected 
component is split in the smic proponions as water. 

2. 

Table &lo. Liquid Effluent Retention Facility 

B-53 



RPP-24809, Rev. 0 

Table B-10. Liquid Effluent Retention Facility 

Note: Split factor values are based on Polishcr removal cllicicncies taken from HNF-4573. Liquid Eflrient 
Retentiorr Faci/;ty Basin 44 Process Test Post-Report, Rev. OA. 
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B1.Z ESCEPTIONS TO ASSURlPTlONS 

T e ~ r  of I tmi :  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 loo%, whercas the mass balance modeled removal of 
TIC as COJ as equal to thc amount of Sr removal (results are 3.9% rcmoval). Thc impact of this 
exception is taken to be negligible. 

No other discrepancies were idcntified. 
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APPENDIX D 

DETAILED COST ESTlRlATE 
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APPENDIX E 

IIT\VOS hlODEL ASSUhIPTlON VALIDATION 
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APPENDIX E 

ASSURlPTlON VALIDATION 

Appendix E contains the completed Hanford Tank Waste Operations Simulator 
(HTWOS) Model Modification Record forms along with any necessary supporting data. 
Thcsc forms were prepared in accordance with “I ITWOS Model Assumption Validation” 
(TFC-ENG-CWM-D-39) to verify that the approved assumptions were incorporated into 
the model. Any assumptions not incorporated are identified as deviations in the“Resu1t 
of Checking Modification” section of the form and are summarized in Appcndix A 
Table A-12. 

The CI 12M I IILL I Ianford Group, Inc. personnel who changed the model to incorporate 
the assumptions or who verified the model changes are listed bclow. Their signatures are 
recorded bclow and apply to a11 of the forms documented on pages E-5 through E-14. 

Modelcrs Names , 

R. S. Wiltman Date: 4/2!/0 5 

Verificr Namc 

~ a t c :  Y / ~ ’ l a o o s -  
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IIT\VOS Model Modification Form 
Rlodification Title: Check HLW Feed Receipt Tank Usage 

Description of Modification: 
Sufficient space to rcceive IG0,OOO gallons (GOO m3) without interruption. All HLW 
batches must be at least 130,000 gallons total volume and contain more than 2 wt% 
solids. 

Rletliod Used to Clieek Rlodilieation: 
HLW liquid and solid volumes delivered to WTP are in the file hlw-de1iver.c~~. 
Weight fraction of solids can be calculated. 

Result of Checking Rlodification: 
Other than end of mission DST heal rcmovals, all HLW batches are > 130 kgal. Verified 
that the total volumes are greater than 130 kgal for all batches (hlw-de1iver.c~~). The 
exception in the batch volumes is for the heals and the tank cleanouts. 

Modeler Name: RS Wittman 
Verifier Name: SL Orcutt 

IIT\\'OS Model Modification Form 
Modification Title: Check HLW Pre-Treatmcnt Process. 

Description of Rlodification: 
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 retrieval 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. 
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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 iniplemented in the ultrafilters. Reaction 
stoichiometry and endpoint (5,000 ug Cr/g dried solids) are described in RPP-I 5552. 

Rletliod Used to Check Rlodification: 
HLW WTP Process Model: 
The file study2-hlw-canisters-histoy.his shows that ( 5  MTG/day) or 571 canisters of  
IHLW per year is supported. 

Wash~Factors~08-24-2004-tcst.dat and Leach-Factors-08-24-2004-lest.dat are the input 
wash and caustic leach factors used by HTWOS. 

One 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 
dcvelopment run. 

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

Result of Clieeking Rlodification: 
Verified that thc IHLW canister count does not exceed the 571 candyear in the procedure 
study2-hlw-canisters-history.his. 

Verified that Cr is removed when the total Cr mass 

Modeler Name: RS Wittman 
Verifier Name: SL Orcutt 

0.005* (total solid mass) 

IITII’OS Model hlodifieation Form 
Modification Title: Implement SrRRU Precipitation Process for AN-IO2 and AN-IO7 
Supcrnatants in Tank APi102. 
Description of Modification: 
Tank Selection: 
Supernate from AN-IO2 and AN-IO7 will be treated in AP-102, based on the availability 
of a central riser that is fitted for a mixer pump. 

Remove AP-I 02 Supernatant: 
AP-102 Supernatant must be removed before transfer and treatment of  AN-IO2 
supernatant in AP-102. 
* Assume that current pumping practices will leave IO inches of supernatant in AP-102 
to avoid disturbing the existing solids during supernatant removal. 
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* The I O  inches of waste remaining in AP-102 will be combined and treated with the 
first batch of AN-I02 supernatant. 

Tank Treatment Sequence: 

107 supernatant. 

Start Datc for SriTRU Separation: 
SriTRU separation of AN-IO2 supcrnatant 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-I07 supematant used in the Development Run. The delivery of AN-I02 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-lip mixer pump in AP-102. Assume the replacement mixer pump is 
installed 16 months prior to the start of Sr/TRU processing in tank AP-102. Basis: 
Personal communications between Mike Johnson, John Van Beek, and Curtis Rieck 
(January 2005). 
* Target a delivcry date of treated AN-102, Batch # I  for 2012, however, as noted, the 
delivery date to WTP is flexible. 

Number of Batches: 
Four batches are assumed for conducting the Sr/TRU precipitation in Tank AP-102. 
* Tank AN-I02 supernate will be treated in two equal batches and thc AN-IO7 supern: 
will also be treated in two equal batches. 
* Residual AN-IO2 supcrnate in tank AP-102 can bc mixed with the AN-I07 supemate. 

Supernatant Heck 

tank AP-102, add -100,000 gallons ofwater to the heel ofsupernatant in tank AN-IO2 
(or AN-107) and transfer to tank AP-102. Assume no mixing ofthe liquids with the 
existing solids. 

SriTRU Processing Sequence: 
See Figure 1, Process Flow Sequence for Sr/TRU Separation in Tank AP-102. 
I )  Transfer, the first batch of AN-102 into AP-102 and conduct the Sr/TRU 

separation process. 
2) Transfer the fint batch of treated AN-102 supernate to WTP in 2012, or as 

determined by the HTWOS modeler. 
3) a) 

b) 

Transfer treated AN-I02 supernatant from tank AP-102 to available DST for 
eventual delivery to WTP. 
Transfer the first batch of AN-IO7 (Batch #3) supernatant to tank AP-102 and 
conduct the SriTRU removal process. 

Assume AN-IO2 supernatant is treatcd first followed by transfer and treatment of AN- 

Following the transfer of the last batch of supernate from tank AN-IO2 (or AN-107) to 

Transfer the second batch ofAN-102 supernatant to tank AP-102. 
Add flush water to AN-102 to dilute residual supernate heel and transfer to 
AP-102 for treatment with AN-IO2 Batch #2. Treat. 

4) 

5 )  
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Transfer the treated AN-I07 Batch #3 supernate to an available DST for eventual 
delivery to the WTP. 
a) Transfer the second batch volume of AN-107 (Batch #4) supernate from 

tank AN-I07 to tank AP-102. 
b) Add flush water to tank AN-I07 to dilute remaining supernate heel and 

transfer to AP-102 for treatment with the AN-107 Batch #4. 
Transfer the trcated AN-I07 Batch #4 supernate to available DST for eventual 
dclivery to WTP. 
Retrieve AP-102 solids (SrRRU 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-I02 and AN-I07 solids heel to any available IILW tanks at the 
discretion of the modeler. Solids shall be blended with other HLW solids for 
dclivery to the WTP. 

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

Disposition of tanks AN-102 and AN-I07 Solids: 

Retrieve AN-I02 and AN-I07 solids heel to any available IILW tanks at the discretion of 
the modeler. Solids may be blended with other HLW solids for delivery to the WTP. 
Rlethod Used to Check hlodification: 
The HTWOS related assumptions are only the transfer process and timing assumptions. 
rhey can be checked from the transfer file wvp-taf-file, law-deliver.csv, and: 
:omp-AN-l02-10-5-2012.csv 
:omp-AN- 107-8- 12-20 1 3.csv 
:omp-AP-102-bl f.csv 
:omp-AP-102-bl i.csv 
:omp-AP-lO2-b2f.csv 
:omp-AP-lO2-b2i.csv 
:omp-AP-lO2-b3f.csv 
:omp-AP-lO2-b3i.csv 
:omp-AP-lO2-b4f.csv 
:omp-AP-lO2-b4i.csv 
which contain the staged batches before (i) and after (0 SrRRU precipitation. 

Result of Checking nlodification: 
Verified that the desired outputs were obtained in the above files located on 
~common~samwise/resultdOP-Case2~3-17-2005. There were four total batches (2 from 
AN-102 and 2 from AN-107). 
Rlodeler Name: RS Wittman 
Verifier Name: SL Orcutt 
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IITWOS hlodel Rlodification Form 
Rlodilication Title: SriTRU Process Conditions. 

Description of Modification: 
SriTRU Prccipitation Process Basis: 

Process Dilution water: Water is added to AN-102 and AN-I07 supernatant liquids to 
achieve a 5.5 M sodium concentration. Watcr addition is performed in Tank AP-102 on a 
batch basis. 

Sodium permanganate (NaMn04) addition: 5.308 gallons of 3.83M NaMnO4 are to be 
added per 1,000 gallon of diluted supernatant (Basis: RPP-24809, Appendix A) 

Strontium nitrate Sr(N03)2 addition: 6.723 gallons of 3M Sr(N03)2 are to be added per 
1,000 gallon of diluted tank supernatant (Basis: RPP-24809, Appendix A). 

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

Reaction temperature: 2G to 28" C, ambient conditions (PNWD-3340, Section 3.1). 

Pcrcent Removals from Supernatants: 
Eu152 = 85% 
Eu154 = 85% 
E11155 = 85% 
Np237 = 85% 
Pu238 = 85% 
Pu239 = 85% 
Pu240 = 85% 
Am241 = 85% 
Pu241= 85% 
Cm242 = 85% 
Pu242 = 85% 
Am243 = 85% 
Cm243= 85% 
Cm244 = 85% 
SI90 = 94% 
Sr total = 94% 
Ba = 19% 
Ca = 19% 
Ce = 85% 
Cr = 21% 
Fe = 97% 
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Mn = 96%. AN-I07 
Mn = 30%, AN-I02 
Nd = 85% 
Pb = 30% 
TIC as C 0 3  = 3.9% 
Zr = 82% 
TOC = 0% 
Rletliod Used to Check Rlodification: 
The splits can be found in the data objects an-102-in-tank-tru-precip-fractions and an- 
107-in-tank-tru-prccip-fractions. The reactions are referred to in sr-tru-precip-reactions 
and do-in-tank-sr-tru-precip. 

Result of Checking Rlodification: 
Verified NaMnO4 and Sr(N03)2 additions in the procedure named d-in-tank-sr-tru- 
prccip. 

All Splits listed are correct except the following: Mn for AN-I02 = 30% and AN-107 = 
96%. TIC as C03 = 100%. The impact of these exceptions was taken to be negligible. 
Rlodeler Name: RS Wittman 
Verifier Name: SL Orcutt 

IITWOS Model Rlodification Form 
Rlodification Title: SrjTRU Precipitation Chemistry. 

Deseription of Rlodification: 
Strontium Removal: 
The addition of strontium nitrate (Sr(N03)2) to tank AN-102 and AN-I07 supcrnatants 
results in isotopic dilution of (Sr90) and precipitation of strontium carbonate (SrC03) 
Isotopic Dilution Reactions: 
Sr(N03)2 + 90Sr*Chclant + Na2C03 e--> Sr*Chelant + 90SrC03 + 2NaN03 
Sr(N03)2 + Na2C03 <-a SrC03 + 2NaN03 

The rcaction above implements the percent removals listed in previous assumption. 
Upon adding Sr(N03)2 to the AN-102 (or AN-107) supernate, 94% of the total Sr is 
precipitated. This assumption applies only to the treated AN-102 and AN-I07 supernates 
only and does not apply to other LAW supernates. The existing Sr-90 solubility 
correlation applies to all other LAW supernates. 
Method Used to Check Rlodification: 
The all-reactions.txt file shows that HTWOS has the above reaction. They arc referred to 
in sr-tru-prccip-reactions and do-in-tank-sr-tru-precip. 
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Result of Checking hlodificntion: 
Verified that the reactions listed in the all-reactions.txt as an output from thc model 
contains the correct reactions 
Rlodeler Name: RS Wittman 
Verifier Name: SL Orcutt 

HTWOS Rlodel hlodificntion Form 
Rlodification Title: lnitial lnvcntory 

Description of Rlodification: 
Date that BBI quarterly update was issued: 
Starting tank invcntories represents the contents of the tanks as of April 2004 pcr 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 
thc HTWOS model for historical transfers through 12/31/04. 

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

Result of Checking Modification: 
Historical transfers-begin in 612004. 

Rlodelcr Name: RS Wittman 
Verifier Name: SI. Orcutt 

IITWOS Rlodel Rlodificntion Form 
hlodification Title: Waste Segregation or Blending. 

~~ 

Description of hlodificntion: 
Fecd Controls: 
The feed controls (which specify specific blcnding 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 supemate (FCL Issue # 1): 
A portion of supernate from AZ-102 will be decanted and blended with lower [SO41 
supernate, so that the final [S04]:[Na] ratio in AZ-102 and in any othcr tank receiving 
significant quantities of the high [SO41 supernate will be less than a target level of0.048 
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. 
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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-IO1 so that the resulting 
[233U] is less than a targct lcvcl of 2.OE-04 CillOO grams equivalent ofwaste oxides. 
The two source tanks and the resulting blend will be kept segregated from other sources 
of solids. 

* Prcparc and protect hot commissioning feed (FCL Issue # 3): 
The supcrnate in AY-102 will be renioved and replaced with supernate from AP-101, 
without concentration. It is assumed that the TFC will successfully demonstratc the 
supernate in AP-IO1 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 mixcd with the hot commissioning feed staged in AY-102. 

* Segregate Envelope C (FCL Issue # 4): 
The AN-IO2 and AN-I07 supernatants must be scgregated from all other waste until it 
has been pretreated to remove Sr/TRU components. Do not store this pretreated 
supcmate with any other HLW or TRU solids. 

* Segregate TRU sludge from complexed waste (FCL Issue # 5): 
Envelope C waste or other waste capable of complexing TRU shall not be stored with the 
insoluble solids currcntly 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 1.19Et03 pCi/mole in the liquid phase. 

* Segregate 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-handlcd TRU from SSTs or 
SY-102 is pcrmitted. 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 segregated from insoluble non-TRU solids 

* Segregate 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 Cilliter 137Cs). The low-cesium 
fraction designated for feed to supplemental LAW treatment should be kept segregated 
from any high-cesium waste. 

nlethod Used to Check Rlodifieation: 
The above assumption was confirmed for the development run. 
OP-Case 2 transfer file is identical with the development run through 5/2/2011. 
Additionally, the RH-TRU and low Cs-137 staging occurs as in the development run. 
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Result of Checking hlodification: 
Verified that there are no differences in transfer file through 5/2/201 I in comparison to 
the Dcvelopment Run. 

hlodeler Name: RS Wittman 
Verifier Name: SL Orcutt 

IIT\\’OS nlodel hlodification Form 
RIodification Title: LAW Feed Delivery Plans 

Description of hlodification: 
LAW Feed Delivery Scqucnce and Envelope Designation: 

Source Tank (Envelope) 
AY-102 
AN-IO4 (A) 
AN- 1 02 
AN- 1 05 (A) 
AN- 107 
SY-IO1 (A) 
AN-I 03 (A) 
A W- I 0 I (A) 
Continue with liquid wastes made available from SST retrieval. Actual sequence and 
timing for delivery of pretreated AN-I02 (107) supernatants can be changed at the 
rnodcler’s discretion. 

hletliod Used to Check hlodification: 
The batches-delivered-to-wtp file shows the processing envelope to be A for all LAW 
deliveries. The source of the delivered feed in law-dclivcr.csv. 
Result of Checking hlodification: 
LAW Sequence in law-deliver.csv 

(containing concentrated AP-101; A/D) 1-3 tanks from AP-Farm (A) 

(C) **Treat as Envelope A for model assumption 

(C) **Treat as Envelope A for model assumption 

AY-102 
AP-IO1 
AP-IO3 
AN-I 04 
AN-I01 
AP- 102 
AP-I 02 
AP-102 
AP- 105 
AP-103 
AN-I05 
AP- I 02 
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AP-I 07 
AP-103 
AN- 1 03 
AN-I 05 
AW-IO1 

hlodeler Name: RS Wittman 
Verifier Name: SL Orcutt r 

IIT\\’OS hlodel hlodification Form 
hlodification Title: Project Impacts on DST System Availability 

Description of Modification: 
AP 102 Outage 

Mixer pump installation will require a 16 month outage. 

hletliod Used to  Check hlodification: 

Verify outage in AP-102 from transfer file 

Result of Cliecking hlodification: 
Verified outage, and verified with Curtis Reick that tank AP-102 does not have to be 
empticd prior to installing the 150hp mixer pump in our modeling assumptions. 

hlodeler Name: RS Wittmnn 
Verifier Name: SL Orcutt 
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APPENDIX I: 

PROCESS DETAILS 
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F1.0 PRECIPTIATION CIIERIISTRY 

Fl.1 STRONTIURI REhlOVAL 

Thc addition of Sr(N0,)2 to tank AN-IO? and AN-I07 supernatants results in isotopic dilution of 
strontium ("Sr) and precipitation of strontium carbonate (SrCO,) (PNWD-3340). The addition 
of permanganatc (MnOJ) increases "Sr decontamination, likely as a result ofoxidation of the 
chelating agents and precipitation of additional SrC03 (PNWD-3264, Section 3.1.1 and PNWD- 
3340, Section 3.1). Howcvcr, complcxant oxidation is not the primary "Sr rcmoval mechanism. 
Permanganate addition alone is not sufficient to reach thc desired ?Sr decontamination. Isotopic 
dilution and SrCO, precipitation are the primary mechanisms for "Sr decontamination (PNWD- 
3340, Section 3.1). 

Isotopic Dilution Reactions: 

Sr(N0,)z + "SrChelant + NazCO, c) SrChelant + wSrCO, + 2NaNO3 

Sr(N0,)Z + NazCO, c) SrCO, + 2NaNO3 
Since the tank AN-102 and AN-I07 supernatants contain significant carbonate concentrations 
('1 .O M at present storage conditions), the forward reaction is favored. Adding ST(N0j)z to 
thcsc wastes will increase the amount of soluble Sr, but -94% of the added Sr docs precipitate 
(PNWD-3340, Section 3.1). 

F1.2 TRU RERlOVAL 

Pcrmanganate treatment is most effcctivc for removing the +3 valance TRU elements 
(PNWD-3340, Section 3.6). The removal of transuranic (TRU) (primarily americium (Am), 
plutonium (Pu) and curium (Cm)) occurs by addition ofpermanganate (MnOJ) with a stcpwise 
manganese reduction: Mn(VI1) to Mn(V1) to Mn(1V); precipitation of MnOz, and concomitant 
TRU precipitation. Manganese dioxide is present in a hydrated form as 
NaMn(O)(O€I)(O)x€I~O. An example of the mangancsc reactions with formate (PNWD-3263, 
Scction 3.1) are as follows: 

VI -2 2MnV"O~- + HCOY + 30€r + 2Mn 0 4  + COY2 + 2Hz0 

3MnV'OY2 + 2HzO c) 2Mn 0, + Mn'"O2 + 4 0 K  
permanganate will react with other organic compounds. However, nitrite and oxalate have been 
shown not to rcact with permanganate (PNWD-3263, Section 3.1). 
Some TRU decontamination occurs when Sr(NOJ)Z is added to tank AN-I02 or AN-107 
supernatants. For example, during a test conducted with AN-I02 supernatant mixed with C-104 
sludge leachate, a TRU decontamination factor (DF) of -1 .G was achieved after adding Sr(N03)~ 
to a final concentration of 0.02 M Sr (PNWD-3264, Section 3.1.2). The added Sr likely 
displaccs some of the TRU elements from complexants present in these wastes. Addition of 
Sr(NO3)Z alone is insufficient to achieve the desired TRU decontamination. 

VI1 - 
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F1.3 CO-PRECIPITATION OF ANALYTES 

Based on the reaction chemistry, partial displacement from ligands (chelating agents) and co- 
prccipitation of BaCO, and C ~ C O J  during addition of Sr(N0J)Z are expected and have been 
observed during testing with actual tank AN-I02 and AN-IO7 supernatant samples (PNWD 
3340, Section 3.2). Addition of MnOJ causes dccomposition of ligands and precipitation of 
MnOz. Displacement of iron (Fe), chromium (Cr), Cm, and lanthanides (e.& cerium (Ce), 
neodymium (Nd), lanthanum (La) and europium (Eu)) from ligands and adsorption Ico- 

‘‘’Am. The removal of these cations from tank AN-I02 and AN-I07 supernatant has been 
obscrved ancr addition of MnOJ, as notcd in Table F-1 and Table F-2. Curium precipitation has 
been measured to mirror that of 24’Am during the MnOJ precipitation reaction (PNWD-3141. 
Section 3.1 and PNWD-3338, Section 3.2). The aluminum (AI) removal notcd in Table F-1 and 
Table F-2 is likely due to entrained solids being captured by the precipitates and not due to co- 
precipitation. The degree to which thesc analytes are separated from tanks AN-IO2 and AN-IO7 
supernatants is dcpcndcnt on the concentration of reagents added to thc waste. 

recipitation on MnOz are expected based on similar chemical behavior of these cations and 

F1.4 EFFECT OF EXCESS REAGENT ADDITIONS 

The most notable effects of adding exccss Sr(NO3)Z is the increased volume of precipitate that 
will form and the slight increase in ?Sr dccontamination. Adding excess NaMnOJ will also 
increase the volume of precipitate formed and further reduce the total organic concentration in 
these wastes. 

F1.5 AhlhlONIA EVOI,UTION 

Ammonium ion is present in tank AN-I02 and AN-I07 supernatants and could potentially be 
oxidizcd by MnO, to ammonia gas. Ammonium ion concentration in the tank AN-I02 
supcmatant was found not to be effected by addition ofMnOJ to precipitate TRU elements 
(PNWD-3338, Scction 3.8). providing evidence that ammonia does not volatilize from the 
reaction mixture. Gases are evolved from these supcrnatants due primarily to radiolysis and 
organic dccomposition. 
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F2.0 TlRlE DEPENDENCE OF REACTION 

In testing with tank AN-102 and AN-I07 supernatant samples, the TRU removal reactions were 
found to be independent of time. Transuranics dccontamination was not significantly impacted 
by rcaction time or temperature (22 to 31OC) for a mixture of AN-I02 supernatant and C-104 
sludge leachate (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. 
Strontium40 decontamination increases significantly with time due to continued SrCO, 
precipitation. A reaction time of more than 4-hours has been shown to be necessary to approach 
the final Sr  concentration in tank AN-I02 supernatant' and AN-I02 supernatant mixed with tank 
C-104 sludge leachate' samples. Similar results were found during testing of a tank AN-107 
supernatant sample (PNWD-3340, Appendix B). The isotopic dilution of WSr has becn shown to 
be very rapid and complete within 18-minutes aner reagent addition and sample mixing 
(PNWD-3264, Section 3.1). However, the precipitation of SrC03 was shown to be incomplete 
aner 4-hours of reagent addition and mixing of the sample. Precipitation of SrCO, was 
completed by 24-hours aner reagent addition if the sample was mixed. If the sample was not 
mixed, additional contact time is needed for SrCO, precipitation process completion. (PNWD- 
3338, Section 3.1). 

F2.1 EQUlLlBlllURl90SR I SR CONCENTRATION 

Table F-3 and Table F-4 provide the initial concentrations (RX-01-24 and SS-01-04) and final 
concentrations of '%r, total Sr, total alpha emitting TRU elements and other analytes measured 
in the AN-102 samples (sample numbers RX-02-24 and RX-I 1-24) and AN-I07 samplcs 
(sample numbers SS-02-24 and SS-08-24) 24-hours aner reagent additions. Upon adding 
Sr(NO3)z and NaMnO, to the AN-I02 samplc, the ratio ofWSr to total Sr reached an equilibrium 
value of-0.018 microcuries per microgram, (pcilpg) aner 24-hours (PNWD-3340, Section 3.1). 
Similar rcsults were obtained by treating a sample of AN-I07 supernatant (PNWD-3340, 
Appendix B). 

' The AN-I02 supernatant was -5.5 M Na before addition of reagents. After adding reagents, the treated sample 
contained 0.02M MnO, and 0.02 Sr. The saniplcs were reacted at a temperature of 26 to 28°C (PNWD-3340, 
section 3.1). 

reagents, the treated sample contained O.02M MnO, and 0.02M Sr. The sample was reacted at a temperature of 
31°C and cooled to 22 to 25OC for cell-unit filter (CUF) testing. The maximum"Sr DF was -12. When the reacted 
slurry was cooled to 22 to 25OC for CUF testing. the "Sr DF decreased to 6. Aner about 15 hours of mixing and 
reaction at 22 to 25T.  the POSr DF increased to -10. The Sr/TRU precipitate was removed from the CUF, returned 
to 3I0C 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 reagents to the AN-I02 / G I 0 4  sample (PNWD-3264. section 
3.1.1 ). 

The AN-I02 supernatant / C-104 leachate sample was -5.5M Na before addition of reagents. After adding 
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F3.0 REACTION TEhlPERATURE 

The SrlTRU precipitation reaction has been successfully conducted at 15 to 50 f 5°C 

PNWD-3338, PNWD-3340, WSRC-TR-2000-00341, and WSRC-TR-2000-00506). The 
removal of TRU elements from tanks AN-102 and AN-IO7 supernatants is not temperature 
dependent. However, strontium precipitation is temperature and rcagcnt concentration 
depcndcnt. 
At 50 f 5"C, less strontium is solublc in the tanks AN-102 and AN-IO7 supernatants due to the 
retrogradc solubility of SrCOJ, thus increasing %r decontamination (PNWD-3035, 
Section 3.1 and PNWD-3141, Section 3.1). However, ifthe Sr precipitation reaction is 
conducted at an elevated temperature and the slurry is then cooled, some S~COJ will re-dissolve, 
thus reducing the overall ? 3 r  decontamination. Similarly, if the precipitation reaction is 
conducted at 1S0C, more strontium remains soluble and the %Sr decontamination is reduced 
(PNWD-3338, Section 3.1). I f  the slurry is then heated from 15°C to 25'C, additional strontium 
will precipitatc and the wSr dccontarnination will increase. 
Heating and cooling tank AN-IO2 and AN-107 supernatants requires time and energy. Givcn 
that thcse supernatants can not be maintained at an elevated temperature throughout storage and 
processing, it is better to conduct the SrlTRU precipitation reaction at ambient temperature and 
allow sufficient time for the SrCO, precipitation reaction lo be completed. Additionally, the 
quantity of Sr(NO,)r added to these supernatants can bc adjusted to achieve the desired 90Sr 
decontamination at ambient temperature. These results show good decontamination of both 
wastes at low levels of reagent addition, 0.02 M Sr(N0J)z and 0.02 M NaMnOJ. 

(PNWD-3033, PNWD-3035, PNWD-3 141, PNWD-3189, PNWD-32G3, PNWD-3264, 
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Source of Sample 
Data: PNWD- 

3340. pages R.5, 
n.6. U.1 I 

Mass Dilution 
Factor (b) 
Volunie Dilution 
Factor 

AI 

Cd 

Ce 

Cr 

Eu 
FC 

K 
La 

Na 

Nd 

Ni 

P 
Pb 

Sr 
7. 

Density, g d m l  
(calculated) Id) 

Sum o f  Alpha. 
pCi/g 

Pcrccntagc %Sr 
Rcmovcd ( e )  
Notes. 

Table F-3. Precipitation of SrmRU from Tank AN-102 Sample 

AN-IO2 Il'ussrc Sample 
( M e r  precipitation with 0.02 M hln and 0.02 M Sr) 

(a) Values in brackets [ ] arc > mcthod dctcction limit, (MDL) but < cstimtcd qu3ntitation limit with mors l i lc ly to rxcccd IS%. 
(b) Mass dilution factor = Final nuss solutiodinitial mss solution. Source ofdata, page A.I. PNWD-3140. 
(c) "--"indicates the value i s  < IDL. instrumcnt detection limit. 
(d) Calculatcd density value from p q c  0.23, PNWD 3340. 
( e )  Prccipitation reaction conducted at 2G to 29°C. Final Sr and hlnO. concentrations wcrc each 0.02 M. 
(0 Values listcd wcrc idcntilicd as ovcr range. 
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A.+'-I07 IVaste Sample 

0.01 M NaOl I to -5.5 M Na and 0.55 M free 011) 

ss-01-04 SS-01-04 dup Avenge 

Source of Samplc Data: 
PNWD-3340* pages B.31* B.32. 

(Diluted with I .  I M NaOl I to 8.6 Na and then with 

n.15 

Mass Dilution Factor I 1 I 

Ah'-IO7 Waste Sample 

,stirred sample) 
(Aflcr precipitation with 0.02 Mn and 0.02 !Y! Sr 

SS-02-24 SS-08-24 SS-08-24 dup 

1.0823 1 .OS48 1.0848 

(a) Values in brackets I 1 are > MDL but < estimated cluantitation limit with errors likely to exceed 15%. 
. I  . -  
(b) Mass dilution faclor = Final mass solutiodinitial mass solution. Source ofdata. page A.1, PNWD-3340. 
(c) "--*' indicates the value is C IDL, instrument detection limit. 
(d) Calculated density value from page 0.23, PNWD 3340. 
(e) Precipitation reaction conducted at 2 6  to 29OC. Final Sr and MnO, concentrations were each 0.02 M. 
(0 Values listcd were identified as "over range". 
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F4.0 SIUTRU PRECIPITATE PIIYSICAL PROPERTIES 

F4.1 PARTICLE SIZE 
Thc particle sizc distribution was determined for thc Sr/TRU precipitate formed from an 
archived sample of tank AN-107 supcrnatant rcacted at 50°C with sodium hydroxide, sodium 
pcrmanganate and strontium nitrate. Testing of the SrmRU precipitate was performcd for 
crossflow filtration tests to demonstrate the pcrformancc of a 0.1 pm filter element. Cesium had 
prcviously bccn rcmovcd from the archivcd tank AN-IO7 samplc during a cesium ion cxchangc 
test. The starting sodium and hydroxide concentrations in the archived AN-I07 sample were 5 
- M and 0.126M. Aner chemical additions, the sodium, hydroxide, sodium permanganate and 
strontium nitrate concentrations in the archived sample were 5.68 M Na, 0.87 M 011,0.05 M 
NaMnOa and 0.075 M Sr(N0,)Z. The tank AN-IO7 sample also contained entrained solids. The 
sample was sonicatcd ancr completion of the precipitation reaction to simulate a high shear 
environment. The particlc size distribution ranged from 0.1 pm to -3 pn (PNWD-3033). It is 
believed that the shcaring of the pump breaks apart the precipitate and reduces the particle sizc. 
The Sr/TRU prccipitate particle size distribution was also measured for treated tank AN-I02 
supcrnatant mixed with C-103 sludge leachate. The AN-IO2 I C-104 sludge leachate 
composition was -5 M Na, 0.2 M OH, 0.02 M Sr and 0.02 &j MnO,; following addition of all 
reagents. The slurry was reacted at 3 1°C and digested for 4-hours, cooled to 22 to 25°C and 
filtcred, then rcturncd to 3 1°C for dcad-end filtration, washing and sampling. For the washed 
Sr/TRU precipitate, the number based mean particle size was 1.79 pm, ranging from 0.G pm to 
-1 0 pm (PNWD-3264, Section 3.4.4). The washcd Sr/TRU precipitate was sonicated to 
simulate shearing and thc number based mean particle size was measured to be 1.13 pm, ranging 
from 0.5 pm to -1 0 pm (PNWD-3264, Section 3.4.4). 
Bascd on this data, thc number based particlc sizc distribution for the Sr/TRU precipitation is 
expccted IO range from 0.1 pm to -10 pin. 

F4.2 SOLIDS VO1,URlE AND DENSITY 
A diluted and caustic adjusted tank AN-IO7 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 G M Na, 1.0 M OH, 0.075 M Sr and 0.05 M MnOJ. After 30- 
minutes of mixing at ambient temperature, the sample was heated to 50°C and digested for 
4-hours, cooled IO ambient and processed in a cells unit filter (CUF) to measure filtration flux 
rates. Samples of the Sr/TRU precipitate slurry were extracted from the CUF and analyzed for 
physical properties (PNWD-3035, Section 3.5). 

Aner settling for 3-days. the volume percent settled solids (includes interstitial liquid) in the 
Sr/TRU precipitate slurry was 39 f 1 volume percent. The weight percent settle solids in this 
sample was 42 f 3 weight percent. The density of the settled solids was calculated to be between 
1.23 to 1.37 g/mL. Centrifuging the SrmRU precipitate slurry was conducted and the 
centrifuged solids volume percent and density were calculated to be 12 volume percent and 
1.36 i 0.01 gm/ml. 
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F4.3 VISCOSITY 

A diluted and caustic adjusted tank AN-IO7 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 GM Na, 1.0 M OH, 0.075 M Sr and 0.05 M MnOd. 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 
SriTRU precipitate slurry were extractcd from the CUF and analyzed for physical properties 
(PNWD-3035, Section 3.5). 

The viscosity of the SriTRU precipitate slurry (39 f 1 volume percent settled solids) was 
between 7 to 18cP for shear rates between 50 to 300 per second (PNWD-3035, Section 3.6). 

F4.4 GAS GENERATION RATE AND 
ENERGETICS 

The thermal activation parameters for gas generation from water washed SriTRU precipitate 
were measured to be 64 (i62) kJ/mole for hydrogen, 79 (i26) kJlmole for nitrous oxide, 14 (*7) 
kJlmole for nitrogen, 147 (i82) kJlmole for methane, and 60 (f 32) W h o l e  for total gas 
generated. The radiolytic G-values, in molecules per IOOeV, were determined to be 0.18 (i0.02) 
for hydrogen, 0.0041 (i0.004) for nitrous oxide, 0.0006 (iO.001) for methane, and 0.19 (i0.023) 
for total gas generated. The scatter in the nitrogen data precluded an accurate assessment for the 
nitrogen G-value (PNWD-3257). 
To assess the potential reactivity hazards of wasted Sr/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 SrmRU precipitate exhibited only endothermic thermal reactivity and thus the 
SriTRU washed solids did not exhibit exothermic behavior exceeding the Hanford reactive waste 
criterion of an exothermic waste as measured by differential scanning colorimeter (DSC). and 
therefore would not be classified as reactive waste (PNWD-3257). 
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F5.0 S m R U  PRECIPITATION TEST REPORTS SUnlhlARY 

A series 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 
% and TRU precipitation process. Many of these studies were conducted with actual tank 
waste samples of tanks AN-102 and AN-IO7 supernatants, using a range of experimental 
conditions, and are cited below as they apply to each specific SrmRU process condition (Le., 
precipitation chemistry, sodium concentralion, reaction time and temperature, etc.). 

PNWD-3 141 (WTP-RPT-029). Opfiniizntiori o/Sr/TRU Reniovd Conditions wifh a) 
Snniples ofAN-102 T w i k  Wmfe 

This test report includes the results of testing pcrformcd to determine the effccts of 
temperature and low levels of reagent on Tank AN-I02 wastc liquids. 
Decontamination factors were determined by comparing the ? S r  and '"Am 
concentrations 24'Am represents greater than 90% of the TRU content in the AN-102 
samplc 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-I02 are: 

Dilutc to a final target sodium concentration of 5M and do not add additional 
sodium hydroxide. 
Conduct process at a temperature of25* 5" C, with stirring, add 0.02M strontium 
nitrate followed by 0.02M sodium Permanganate. 

Stir/digest precipitate at 25* 5" C for 4 hours. 

. The DFs4 for precipitation of %r varied between 5 and 7 at 26" C. The DFs for 
*"Am were relatively independent of temperature and ranged between 5 and G 
with permanganate addition. 

PNWD-3338 (WTP-RPT-09 I .  Rev. 0). Assessnioif o/Ahnorniol Process Conditions 
$or Sr/TRU Reniovol U . h e  AN-I02 Tunk IVoste Soniples 

The PNWD-3338 test report provides the results of experiments conducted to assess 
the impact of abnormal process conditions on SrmRU 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-I02 waste samples that were adjusted to 
approximately 5.5 M Na with the addition of 0.3 M NaOH. 

b) 

vest  plans and studies identified in Dechtel National. Inc. (BNI), 2002. Research and Technalogv Plan, 24590- 
WTP-PLRT-01-002, Rev. I ,  U.S. Department of Energy, Ofice 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 Cim' for %r and 100 VCigm for TRU. Target decontamination 
levels were established at 50% below the LAW requirements, which corresponds to a "Sr DI: of 10 and a TRU DI: 
of2 for AN-IO2 wastc. 
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. Strontium is greatly affccted by temperature. The rcmoval of wSr 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 Mor higher to ensure low levels 
o f% in the ILAW. 

PNWD-3340 (WPT-RPT-08, Rev. 0). Assessnrent ofSr/TRU Removal MecIrani.wts 
Usiit.~ AN-IO2 and AN-IO7 Waste Sanrp1e.s 

This rcport discusses investigations into the mechanism of thc Sr/permanganatc 
and TRU using actual waste samples from 

. 
trcatment process for removal of 
AN-102 and AN-107. Conclusions reportcd include: 

. Oxidation is important for TRU decontamination in AN-I02 supernatant (AN-I02 
has significantly more Ethylenediaminetetraacetic 
acid/€lydroxyethylethylcncdiaminetriacetie acid -type complexants than 

. TRU removal process is most effective for removing tri-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 ofwSr and TRU removal: TRU precipitation is independent of 
time and wSr prccipitation is shown to be time dependent with an incrcascd wSr 
DF at 24 hours versus 4 hours. 

AN-I 07). 

d) PNWD-3264 Rev. 1 (WTP-RPT-044 Rev. 1 ). Conrhined Entrained Solids and 
Sr/TRU Rentoval fiom AN-IO2 IVaste I3lended with C-IO4 Slridee fretreamtent 
Solrrtiorrs 

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 (supematant, 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. Sec Tables below 
excerpted from PNWD-3264 showing the decontamination of wSr 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 3.7 from PNWD-3264 shows that the treated supernatant from all samples takcn was 
bclow the contract limits for ILAW glass. 

I Table 3.7. Sr-90 and TRU 1LAW Glass Loading for IS wl% Wastc KalO 

Othcr 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. 

F-16 . 



RPP-24809, REV 0 

FG.0 REFERENCES 

PNWD-3033,2000, Denionstration ofthe Sr/TRU Renioval Process with Archived AN-107 

PNWD-3035, 2000, Conibitied Entrained Solids and Sr/TRU Removal from AN-I07 Dilrcied 

PNWD-3047,2000, Developnrent ofari Alternate Treatnrent Sclrenie for  Sr/TRU Removal: 

FVaste, (BNFL-RPT-026). Battelle, Pacific Northwest Division, Richland, Washington. 

Feed, (BNFL-RPT-027), Battcllc, Pacific Northwcst Division, Richland, Washington. 

Pernrangannte Treatnient ofArcliivcd AN-I07 Waste, Battelle, Pacific Northwcst 
Division, Richland, Washington. 

PNWD-3 141,2002, Optiniizatiorr ofSr/TRU Reinoval Conditions ivith Sanrples 0fAN-IO2 Tank 
FYm/e, Battcllc, Pacific Northwest Division, Richland, Washington. 

PNWD-3 189,2002, VerrJicatio/r of Process Coltditiorrs for Sr/TRU Reniovalfroni AN-102KIO4 
Waste Blend, Battellc, Pacific Northwest Division, Richland, Washington. 

PNWD-3257,2003, Gas Generation anti Energetics Studies ofair Envelope C Waste Treated by 
the Sr/TRU Precipita/ion Process, Battellc, Pacific Northwest Division, Richland, 
Washington. 

I PNWD-3263,2003. Assessnrent of the Sr/TRU Reinoval Precipitatioii Reaction dfechatrisnis 
Using lVas/e Sinriilan/ Solrr/ions, Battcllc, Pacific Northwest Division, Richland, 
Washington. 

PNWD-3264.2002, Conrbined Entrained Solids atid Sr/TRU Renrovalfionr AN-102/C-104 
rYnste Blend, Battellc, Pacific Northwest Division, Richland, Washington. 

PNWD-3338.2003, Assessnrerit of Abnornral Process Corrditiorrs for Sr/TRU Rentoval Using 
AN-IO2 Tank Waste Sanrples, Battellc, Pacific Northwest Division, Richland, 
Washington. 

Kink Waste Swnplcs, Battellc, Pacific Northwest Division, Richland, Washington. 

Resulfs, Westinghousc Hanford Company, Richland Washington. 

Crossflow Filtration of AN102 Sinal1 C, (SRT-RF'P-2000-00003), Westinghouse 
Savannah River Company, Aiken South Carolina. 

WSRC-TR-2000-00506,2000, Stroritiitni - Trarrstrrariic Precipi/ation and Crossflow Filtratioir 
01241-AN-I02 Large C, (SRT-~P-2001-00006), Westinghousc Savannah River 
Company, Aiken, South Carolina. 

I 

I , PNWD-3340,2003, Assessnrent ofSr/TRU RenrovalMecliatiisnrs Using AN-I02 and AN-IO7 

WHC-SD-WM-TRP-168, 1994, Tank 241-AP-I02 Characteriza/iott and Grorrt Prorliicl Test 

WSRC-TR-2000-0034 I ,  2000, Entrained Solids, Strontiuni - Transuranic Precipitation a d  

~ 

I 

1 

F-17 


	INTRODUCTION
	2.0 SUMMARY
	3.0 PROCESS DESCRIPTION
	PAST TEST REPORTS SUMMARY
	Ct12M HILL AT-TANK PRECIPITATION TESTING

	4.0 PERFORMANCE REQUIREMENTS
	OPERATING SPECIFICATIONS FOR DSTS

	5.0 PROCESS ANALYSIS
	5.1 SrlTRU PRECIPITATION IN TANKS AN-I02 AND AN-I07


	Flowshect Analysis
	Tank Inventory and Input Data
	5.1.3 Calculation Rcsults
	SUPERNATANTS IN TANK AP-102 t
	Altcrnatc Tank Sclcction

	RUN
	DATA
	MISSION LIFE-CYCLE IMPACTS
	NEW EQUIPMENT REQUIREMENTS
	6.1 CHEMICAL TRANSFER SYSTEMS
	6.2 IN-TANK EQUIPMENT
	6.2.1 Transfeddecant pumps
	6.2.2 Mixing Pump
	and Leak Detection Instrumentation
	AP Tank Farm Ventilation
	AN Tank Farm Ventilation
	6.2.6 Transfer Lines

	6.3 EQUIPMENT ASSUMPTIONS

	PROJECT COST ESTIMATES
	8.0 STUDY FlNDINGSlRESULTS
	9.0 REFERENCES
	CALCULATION

	ASSUMPTIONS
	HTWOS MODEL ASSUMPTION VALIDATION
	PROCESS DETAILS
	Figurc 5-2 Devclopmental Run
	Resulting Prccipitatc
	107 Supernatants Comparcd to DST Wastc Chcmistry Limits


	Tablc 5-1 Initial and Final Supcrnatant Volumcs in Tanks AN-IO2 and AN-IO7
	Resulting Precipitate

	Tablc 5-4 HTWOS Output for SrnRU Study Run
	Table 5-5 HTWOS Output for Dcvclopmcnt Run
	Tablc 7-1 Capital Cost Estimate
	Table 7-2 Non-Capital Cost Estimate
	Table 8-1 SdTRU Separation ofTanks AN-IO2 and AN-107 Supcmatants
	OBJECTIVElPURPOSE
	AI-1 SCOPE

	I A2.0 SUMMARY OF

	I A2.0 SUMMARY OF RESULTS AND CONCLUSIONS
	I A2-I SIUTRU PRECIPITATION IN-TANKS 241-AN-102 AND 241-AN-107
	SIUTRU PRECIPITATION IN TANK 241-AP-102
	A3.0 INTRODUCTION/BACKGROUND
	A4.0 INPUT DATA
	A4-1 DESIGN INPUTS
	A4-2 CRITERIA

	A5.0 ASSUMPTIONS
	METHOD OF ANALYSIS
	A9.0 CONCLUSIONS
	A1O.O RECOMMENDATIONS
	AI 1.0 REFERENCES
	ATTACtIMENT 1 SR/TRU PRECIPITATION SUMMARY
	AP-I 02 for Treatment

	Table A2.1 Initial and Final Supernatant Volumes in Tanks AN-I02 and AN-I07
	Precipitation
	Treatment of AN-I02 and AN-IO7 Supernatants and Volume of Resulting

	Table AG.1 Material Balance Feed Definitions
	Table A8.1 SriTRU Separation ofTanks AN-102 and AN-I07 Supernatants
	INTRODUCTION
	BRIEF DESCRIPTION OF CASE AND ASSUMPTIONS
	EXCEPTIONS TO ASSUMPTIONS

	B2.0 REFERENCES

	Table B.1 IITWOS Model Change Summary Form
	Table B.2 Assumptions Matrix (20 Sheets)

	Tablc B.3 Transuranic Waste Drycr Retention Factors (2 Sheets)
	Table B-4 Gaseous Effluent Split Factors for Generic Condenser (2 Sheets)
	Tablc B.5 Sclcctive Dissolution Scparation Assumptions
	Tablc B.6 Singlc-Shell Tank Retrieval Pool Tank List
	Tablc B.7 Single-Shell Tank Retrieval Modcling Assumptions (2 Sheets)
	Table B.8 Maximum DST Fill Levels
	Tablc B.9 Partition Cocflicients for thc 242-A Evaporator (3 Sheets)
	Tablc B.10 Liquid Effluent Retention Facility Powder Split Factors (2 Sheets)
	c-11

	F1.O PRECIPTIATION CHEMISTRY
	F1.l Strontium Removal
	F1.2 TRU Removal
	Co-Prccipitation of Analytcs
	Effect of Excess Reagent Additions
	F1.5 Ammonia Evolution

	TIME DEPENDENCE OF REACTION
	Equilibrium 9OSr / Sr Concentration

	F3.0 REACTION TEMPERATURE
	SWRU PRECIPITATE PHYSICAL PROPERTIES
	Solids Volume and Density
	F4.3 Viscosity
	Gas Generation Rate and Energetics

	SR/TRU PRECIPITATION TEST REPORTS SUMMARY
	F6.0 REFERENCES
	Table F.1 Analytes Separated from AN-I07 Supernatant During SrmRU Precipitation
	Table F.2 Analytcs Separated from AN-102 During SriTRU Precipitation
	Table F.3 Precipitation of SriTRU from Tank AN-I02 Sample
	Table F.4 Precipitation of SriTRU from Tank AN-I07 Sample


