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SUMMARY 

The o p e r a t i n g  c o n t r a c t o r ' s '  f u n c t i o n s  descr ibed i n  t h i s  P r i v a t i z a t i o n  
Process Techn ica l  B a s e l i n e  (PPTB) are supported by f lowsheet  work and 
s u b s t a n t i a l  p l a n n i n g  documentation developed p r e v i o u s l y  f o r  t h e  Tank Waste 
Remediation System (TWRS). The p r i v a t e  c o n t r a c t o r s '  f u n c t i o n s  are  modeled 
w i t h o u t  any s p e c i f i c  knowledge o f  t h e i r  process technology, b u t  w i t h i n  t h e  
l i m i t s  and i n f o r m a t i o n  c u r r e n t l y  a v a i l a b l e  th rough t h e  TWRS P r i v a t i z a t i o n  
Request f o r  Proposa ls  (DOE-RL 1996). 
f u t u r e  r e v i s i o n s  o f  t h e  PPTB when more i n f o r m a t i o n  about t h e  p r i v a t e  
c o n t r a c t o r s '  processes becomes a v a i l a b l e .  I n  t h e  meantime, t h e  reader  i s  
adv ised t h a t  t h e  p r i v a t e  c o n t r a c t o r  p o r t i o n  o f  t h e  PPTB i s  t e n t a t i v e .  

Phase 1 

T h i s  s i t u a t i o n  w i l l  be remedied i n  

I f  t h e  U.S.  Department o f  Energy (DOE) e l e c t s  t o  have one i t s  Phase 1 
p r i v a t e  c o n t r a c t o r s  immobi l i ze  h i g h - l e v e l  waste (HLW), then t h e  Hanford 
o p e r a t i n g  c o n t r a c t o r  w i l l  p r e t r e a t  se lec ted  HLW sludge. I n  any event,  t h e  
o p e r a t i n g  c o n t r a c t o r  w i l l  prepare batches o f  supernate f o r  f u r t h e r  t rea tment  
by p r i v a t e  c o n t r a c t o r s .  For t h i s  PPTB, t h e  DOE exerc ises  t h e  o p t i o n  t o  
purchase i m m o b i l i z a t i o n  s e r v i c e s  f o r  p r e t r e a t e d  HLW from one p r i v a t e  
c o n t r a c t o r .  DOE w i l l  l i k e w i s e  purchase serv ices  f o r  t h e  pre t rea tment  of 
supernates and t h e  i m m o b i l i z a t i o n  o f  l o w - a c t i v i t y  waste (LAW) from t h e  HLW 
p r i v a t e  c o n t r a c t o r  and from one o t h e r  p r i v a t e  c o n t r a c t o r .  F i g u r e  S-1 d e p i c t s  
t h e  p r i v a t i z a t i o n  concept f o r  processing HLW and LAW. F i g u r e  S-2 d e p i c t s  t h e  
p r i v a t i z a t i o n  concept f o r  p rocess ing  LAW on ly .  Throughout t h e  PPTB, P r i v a t e  
C o n t r a c t o r  #1 ( P C l )  r e f e r s  t o  t h e  HLW p r i v a t e  c o n t r a c t o r ;  P r i v a t e  C o n t r a c t o r  
#2 (PC2) processes supernate on ly .  

The o p e r a t i n g  c o n t r a c t o r  p r e t r e a t s  HLW sludges i n  AZ-101, AZ-102 and 
AY-102 ( i n c l u d i n g  r e t r i e v e d  C-106 sludge) and stages 375,000 kgs of  washed 
sludges ( o x i d e  e q u i v a l e n t ,  n o t  i n c l u d i n g  Na and S i )  i n  16 batches t o  t h e  HLW 
p r i v a t e  c o n t r a c t o r .  
h i g h - l e v e l  waste (IHLW) r e t u r n i n g  from t h e  HLW p r i v a t e  c o n t r a c t o r ,  assuming a 
standard c a n i s t e r  s i z e  (1,650 kg o r  0.62 m3) and a waste ox ide  l o a d i n g  of  25 
w t %  ( n o t  i n c l u d i n g  Na, S i ,  o r  p r i v a t e  c o n t r a c t o r  added m a t e r i a l ) .  Note t h a t  
t h e  HLW p r i v a t e  c o n t r a c t o r  does n o t  r e t u r n  separated s t r o n t i u m / t r a n s u r a n i c  
(TRU), cesium, and technet ium t o  t h e  o p e r a t i n g  c o n t r a c t o r  as i n t e r m e d i a t e  
p roduc t ,  b u t  i n c o r p o r a t e s  t h i s  m a t e r i a l  w i t h  t h e  IHLW produc t  (see F i g u r e  
S-1 ) .  M a t e r i a l  balances f o r  t h e  pre t rea tment  and i m m o b i l i z a t i o n  o f  each t a n k  
are  p r o v i d e d  i n  Sec t ion  2.4. 
more than t h e  minimum order  o f  245,000 kgs b u t  l e s s  than t h e  maximum o r d e r  of  
465,000 kgs. A d d i t i o n a l  feeds t o  meet t h e  maximum order  w i l l  be i d e n t i f i e d  i n  
f u t u r e  r e v i s i o n s .  

Table S - 1  summarizes t h e  c a n i s t e r  count o f  immobi l i zed  

The mass o f  washed s o l i d s  p r o v i d e d  t o  P C l  i s  

' "Opera t ing  c o n t r a c t o r "  i s  a gener ic  te rm having r e f e r e n c e  t o  t h e  
c o n t r a c t o r ( s )  who conduct n o n - p r i v a t i z e d  opera t ions  f o r  t h e  DOE. 
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Figure S-1 HLW and LAW Processing 
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Figure S-2 LAW Only Processing 
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Twelve batches of supernate are prepared and staged to each of the 
private contractors. Each private contractor receives -5,100 MT of soluble 
sodium for a total of -10,200 MT of sodium. 
solids and remove (as needed to satisfy DOE product specifications) 
strontium/TRU, cesium, and technetium. The pretreated LAW is immobilized in a 
currently unspecified waste form in 2.6 m3 ILAW packages. 
summarizes the radionuclide loading and ILAW package count for the 24 Phase 1 
supernate batches. 
batches, including the volume of intermediate radionuclide products returned 
to the operating contractor. 

The private contractors separate 

Table S-2 

Appendix 6 provides material balances for each of the 

Table S-1 Phase 1 IHLW Canister Count From PC1 

'This batch s a t i s f i e s  the HLU minimum order q u a n t i t y .  

10 
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Table S-2 Phase 1 ILAW Product Summary and Package Count 

Batch 

1 

2 

3 

4 

5 

6 

7a 

aa 
ga 

10 

11 
12 

a I n  p r a c t i c e ,  t h e  p r i v a t e  c o n t r a c t o r s  w i l l  t a r g e t  TRU c o n c e n t r a t i o n  w e l l  below 100 nCi /g  t o  ensure t h a t  ILAW i s  

bShaded values are Cs packages n o t  produced by HLW p r i v a t e  c o n t r a c t o r .  
s u i t a b l e  f o r  near-surface d i s p o s a l .  

11 
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Tab le  S-2 shows t h e  p r o j e c t e d  cesium i n t e r m e d i a t e  p roduc t  (CIP) package 
count f o r  PC2. 
a re  n o t  produced by t h e  HLW p r i v a t e  c o n t r a c t o r .  

Phase 2 

p r i v a t e  c o n t r a c t o r s  f o r  t h e  balance o f  t h e  t a n k  waste, expanding t h e  scope t o  
i n c l u d e  a l l  r e t r i e v a l  and pre t rea tment  i n  a d d i t i o n  t o  i m m o b i l i z a t i o n .  There 
i s  n o t h i n g  e q u i v a l e n t  t o  t h e  TWRS P r i v a t i z a t i o n  Request f o r  Proposals (DOE-RL 
1996) and feed s t a g i n g  p lans  (Manuel 1996, Cer ta  1996) t o  p r o v i d e  guidance f o r  
Phase 2. 
i n t o  a composi te feed stream, w i t h  adjustments t o  account f o r  Phase 1 
o p e r a t i o n s .  

Table S-2 a l s o  i n d i c a t e s  t h e  number o f  cesium packages t h a t  

For  Phase 2, DOE'S i n t e n t i o n  i s  t o  cont inue p r o c u r i n g  s e r v i c e s  f rom 

The feed t o  Phase 2 c o n s i s t s  o f  a l l  t a n k  waste r e t r i e v e d  t o g e t h e r  

The PPTB models Phase 2 i n  a manner s i m i l a r  t o  p rev ious  TWRS Process 
Flowsheets (Orme 1994, Orme 1995). The composite feed i s  separated i n t o  
s ludge and supernates by a s e t t l e / d e c a n t  opera t ion .  The sludges a r e  sub jec ted  
t o  c a u s t i c  l e a c h i n g  t o  s o l u b i l i z e  a p o r t i o n  o f  t h e  s o l i d s ,  then washed t o  
d i l u t e  t h e  c o n t e n t  o f  t h e  i n t e r s t i t i a l  l i q u i d .  The p r e t r e a t e d  s o l i d s  a r e  then 
immobi l i zed  i n  g l a s s .  
t h a t  chromium c a u s t i c  leach i s  n o t  very  e f f e c t i v e  f o r  c e r t a i n  wastes t h a t  were 
eva lua ted  f o r  t h e  f i r s t  t i m e  t h i s  year .  
wastes, t h e  n e t  e f f e c t  was a d r a s t i c  r e d u c t i o n  i n  t h e  o v e r a l l  mass-weighted 
chromium c a u s t i c  l e a c h  f a c t o r .  

The PPTB p r o j e c t s  a c a n i s t e r  count o f  22,420 standard c a n i s t e r s  (1,650 
kgs o r  0.62 m3 p e r  c a n i s t e r )  o r  12,890 proposed standard c a n i s t e r s  (2,870 kgs 
o r  1.08 m3 p e r  c a n i s t e r )  o f  IHLW from Phase 2 .  

The above r e s u l t s  a re  based on t h e  TWRS I n v e n t o r y  which was c a r r i e d  over 
f rom Rev is ion  1 o f  t h e  TWRS Process Flowsheet. The PPTB a l s o  cons iders  a 
second i n v e n t o r y  case which i s  based on d r a f t  standard i n v e n t o r y  values 
(Kupfer  e t  a l .  1996). Whi le t h e  standard i n v e n t o r y  i s  s u b j e c t  t o  change over  
t h e  n e x t  year ,  these t e n t a t i v e  values nonetheless i n d i c a t e  t r e n d s  f o r  c e r t a i n  
key components. There w i l l  be a s i g n i f i c a n t  inc rease i n  t h e  i n v e n t o r y  o f  
chromium. The c u r r e n t  chromium s o l u b i l i t y  l i m i t  d r i v e s  t h e  c a n i s t e r  count  t o  
49,500 and 28,460 f o r  t h e  standard c a n i s t e r  and proposed standard c a n i s t e r ,  
r e s p e c t i v e l y .  

Enhanced sludge washing l a b o r a t o r y  r e s u l t s  i n d i c a t e  

Due t o  t h e  l a r g e  volume o f  these 

A l l  l i q u i d  e f f l u e n t s  f rom s e t t l e / d e c a n t  separa t ions  are  p r e t r e a t e d  t o  

The p r e t r e a t e d  l i q u i d s  

remove cesium, thereby  removing t h e  pr imary  s o l u b l e  r a d i o n u c l i d e ,  137Cs. 
Subsequent r e v i s i o n s  o f  t h e  PPTB w i l l  r e f l e c t  a d d i t i o n a l  separa t ion  
requ i rements  when and i f  they  are  added t o  Phase 2. 
a re  l i k e w i s e  immobi l i zed  i n  g l a s s .  

The p a s t  y e a r ' s  i n v e n t o r y  and enhanced sludge washing developments focus  
f u t u r e  Phase 2 f lowsheet  e f f o r t s  on c o n t r o l l i n g  a burgeoning IHLW volume. 

12 
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1.0  INTRODUCTION 

Selected TWRS functions that are pertinent to the management and 
treatment of tank waste are depicted in Figure 1. Hanford's operating 
contractor will perform certain functions, but the DOE has elected to procure 
the services of private contractors for other functions. The DOE will pursue 
the privatization of waste treatment services in a two-phased approach. 
Figure 1 shows the current assignment of functions during the two phases of 
privatization. The TWRS PPTB is a summary-level flowsheet/mass balance of 
Phases 1 and 2. 

During Phase 1, the Hanford operating contractor prepares and stages 

The operating contractor also pretreats and transfers 
liquid wastes (supernates) to two private contractors that are providing LAW 
processing services. 
HLW sludges from selected tanks to one of the two private contractors. 
activities are categorized as LAW Staging Operations, and HLW Pretreatment and 
Staging Operations, respectively. The operating contractor ensures that waste 
is transferred to the private contractors on schedule and within contractual 
specifications. The private contractors receive waste transfers and treat the 
waste to contractual specifications, returning intermediate products and final 
products to the operating contractor for interim storage or disposal. Phase 1 
is intended to be a demonstration, processing up to 13% of the water-soluble 
inventory and 6% of the HLW inventory. 

These 

Phase 2 private contractor requirements have not been finalized, 
although work to identify a Phase 2 retrieval and processing sequence is 
proceeding (Penwell 1996). For the purposes of the Phase 2 flowsheet/mass 
balance, the post-Phase 1 tank waste inventory is composited as a single feed 
stream and processed through a settle/decant-sludge washing-radionuclide 
separation-immobilization process similar (but not identical) to previous 
revisions of the TWRS Process Flowsheet (Orme 1995). 

Table 1 compares some primary characteristics of the flowsheets for 
Phase 1 and Phase 2. 

2.0  PHASE 1 FLOWSHEET/MASS BALANCE 

Supernate preparation by the operating contractor generally consists of 
diluting double-shell tank (DST) supernates and batching appropriate amounts 
to the private contractors' receiving tanks. Both private contractors receive 
supernates, separate entrained solids, recover radionuclides (strontium/TRU, 
cesium, and technetium) from the supernates, convert them to intermediate 
products, and immobilize the decontaminated supernates. 

The operating contractor conducts sludge-washing operations to prepare 
PCl converts the sludges and intermediate radionuclide HLW sludges for PC1. 

waste products recovered from supernates into an IHLW form in a container 
suitable for disposal at a geologic repository. 

13 
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Figure 1 Privatization of TWRS Functions 
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Phase 1 

Table 1 ComE 

Phase 2 

Number o f  Streams 

Batch ing  Approach 

Major streams o n l y  

Batches from s p e c i f i c  
tanks  conform t o  feed 
s t a g i n g  p lans  and 
comply w i t h  Phase 1 
feed envelopes A, B, C 
and D 

Same l e v e l  o f  
d e f i n i t i o n  as Phase 2 

Devel oped s p e c i f i c a l l y  
f o r  Phase 1 feed tanks  

Developed s p e c i f i c a l l y  
f o r  Phase 1 feeds 

Sludge washing (removal 
o f  i n t e r s t i t i a l  l i q u i d  
components by d i l u t i o n )  

Separa t ion  requirements 
on ly ;  no s p e c i f i c  
techno1 ogy 
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i n t e r s t i t i a l  components 
by d i l u t i o n )  

Organic phase 
separa t ion  added t o  
TWRS Process Flowsheet 
technology 
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2 . 1  SUPERNATE STAGING OPERATIONS 

Single-she l l  t ank  (SST) pumping and waste evaporat ion cont inue f o r  
several  more y e a r s ,  so t h e  inventory p r o f i l e  of DSTs i s  changing. Shel ton 
(1996) has pro jec ted  $he supernate' content  of DSTs i n t o  t h e  Fiscal  Year 
(FY)-2002 time frame. The projected supernate  inventor ies  a r e  shown i n  
Appendix A .  
t h e  ac tua l  t r a n s f e r s  a r e  l i k e l y  t o  depar t  from S h e l t o n ' s  assumed t r a n s f e r s .  
Therefore ,  t h e  DST feed batches descr ibed below wi l l  be rev ised  one o r  more 
t imes before  Phase 1 s tag ing  begins. 

With S h e l t o n ' s  projected inventory as a s t a r t i n g  p o i n t ,  Certa  (1996) has 
developed a s tag ing  plan f o r  s e l e c t e d  Phase 1 superna tes .  Supernate s tag ing  
opera t ions  revolve around two tanks (AP-102 and AP-104) s e t  a s i d e  as  opera t ing  
c o n t r a c t o r  intermediate  s tag ing  tanks ,  and two tanks (AP-106 and AP-108) t h a t  
a r e  turned over t o  t h e  p r i v a t e  cont rac tors  as  LAW rece iv ing  tanks .  For 
i n s i g h t  i n t o  l o g i s t i c a l  cons idera t ions  and t h e  r a t i o n a l e  behind Phase 1 
supernate  feed s e l e c t i o n ,  t h e  reader  i s  re fe r red  t o  t h e  s tag ing  plan.  

t h e  supernate  rece iv ing  tanks with t h e  f i r s t  10 batches of Phase 1 Envelope A 
feed (each p r i v a t e  c o n t r a c t o r  rece ives  5 batches) .  Several prel iminary 
t r a n s f e r s  a r e  required t o  s e t  up t h e  i n i t i a l  batches of p r i v a t e  c o n t r a c t o r  
feed .  For example, t r a n s f e r s  #1 and #2 c l e a r  t h e  e x i s t i n g  waste out  o f  AP-102 
and AP-104, r e s p e c t i v e l y ,  t o  prepare them f o r  rece iv ing  Envelope A waste. 
Diagrams f o r  Envelope B and C a r e  not provided, but they would cont inue in  a 
very s i m i l a r  p a t t e r n .  

The opera t ing  c o n t r a c t o r  s tages  f i v e  batches of Envelope A ,  one batch of  
Envelope B, and one batch of Envelope C t o  each of two p r i v a t e  c o n t r a c t o r s  
(PCl and PC2) f o r  t h e  Phase 1 proof-of-concept (P-0-C). The Phase 1 extension 
provides  f o u r  addi t iona l  batches of Envelope C and one batch of Envelope B t o  
PC1. PC2 rece ives  f i v e  extension batches of Envelope C .  Tables Za and 2b 
summarize t h e  batch inventory.  These batches account f o r  d i l u t i o n  by 
r e t r i e v a l  water ,  r e t r i e v a l  i n e f f i c i e n c i e s  and heel mixing during t h e  s tag ing  
opera t ions .  

As tank  farm opera t ions  play out  over t h e  next few y e a r s ,  some of 

Figure 2 d e p i c t s  t h e  chronological order  of t h e  t r a n s f e r s  t h a t  s e t  up 

'The term "supernate"  i s  used r a t h e r  loose ly  in  this  contex t .  

Prec ip i ta ted  s a l t s  a r e  known t o  be present  in  some. 

3Shel ton ' s  supernate  pro jec t ions  a r e  based on t h e  near-term tank  farm 

16 

Many DST 
superna tes  a r e  highly concentrated,  being c l o s e  t o  o r  exceeding t h e  s o l u b i l i t y  
of some c o n s t i t u e n t s .  

opera t ing  scenar io  out l ined  in  Washenfelder (1996). 
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Figure 2 Diagram of Envelope "A" Staging Transfers 
in Chronological Order 
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Table 2a PC1 LAW Feed Batches (2 sheets) 
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Table 2a PC1 LAW Feed Batches (2 sheets) 
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Table  2b PC2 LAU Feed Batches ( 2  sheets )  
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Table  2b Pc2 LAU Feed Batches ( 2  s h e e t s )  
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2.1.1 Chemistry of Phase 1 Envelope A 

Envelope A feeds during dilution, as modeled with the Environmental Simulation 
Program (ESP). There are known deficiencies with the ESP software, so it is 
not fully validated, but for the most part ESP predictions are qualitatively 
(if not quantitatively) consistent with experimenta140bservation. The known 
deficiencies are discussed below, where appropriate. 

ranging from 10 to 15 mol/L. Concentrated solutions containing aluminum can 
exhibit unexpected precipitation when diluted. 
a complex function of hydroxide, as well as total ionic strength. The main 
purpose of this modeling was to identify tanks that have the potential to be 
problematical. The tanks are discussed below in the order of staging. 

2.1.1.1 AN-105 Staging 

and experimental work with actual AN-105 supernate are warranted to verify 
suitable conditions for its recovery and staging. 

The chemical and phase equilibrium of AN-105 supernate at 40 "C was 
modeled with the ESP. 
unit mass of AN-105 supernate as it is diluted with water. The presence of 
NaNO, precipitate indicates that this supernate is saturated at this 
temperature, so pipeline transfer without heating or dilution is not 
advisable. Dilution with water down to approximately 9.5M Na dissolves the 
salts. Dilution beyond 8.51 Na favors the precipitation of gibbsite 
(A1(OH)3). Continuing the dilution down to 7M Na, the concentration assumed 
for the staging plan (Certa 1996), generates approximately 0.14 kg gibbsite 
per kg diluted supernate (0.2 kg gibbsite per kg of supernate). 
extensive precipitation would exceed the allowable 5 vol% settled solids in 
feeds transferred to the private contractors. 

The following sections discuss the chemical and phase equilibrium of 

Envelope A tanks typically contain non-complexed waste with sodium 

The solubility of aluminum is 

The following simulation results suggest that further modeling studies 

Table 3 and Figure 3 depict the phase equilibrium for a 

Such 

4ESP is a trademark of OLI Systems, Inc. ESP results provide insight 
into the chemistry of high ionic strength mixtures, but experimental 
verification is advisable. For a discussion of how the ESP electrolyte 
simulation was used to support this work, refer to Appendix C. 
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Table 3 AN-105 Dilution @ 40 C 
Mass OHlON ALOH410N NAION N0210N N0310N ALOHIPPT NANOJPPT 
kgs moleslL moles l l  moleslL moles l l  moleslL moleslL moleslL 

1,000 3.180 1.635 10.823 2.450 2.600 0.000 0.309 
1,099 2.761 1.420 9.668 2.128 2.519 0.000 0.000 
1.198 2.460 1.265 8.605 1.896 2.241 0.000 0.000 
1.297 2.310 1.062 7.788 1.716 2.028 0.082 0.000 
1.395 2.218 0.866 7.117 1.568 1.853 0.180 0.000 
1.494 2.112 0.723 6.542 1.442 1.703 0.239 0.000 
1.593 2.006 0.616 6.050 1.333 1.575 0.273 0.000 
1.692 1,903 0.534 5.620 1.239 1.464 0.292 0.000 
1.791 1.806 0.469 5.246 1.156 1.366 0.302 0.000 
1.890 1.715 0.417 4.917 1.084 1.281 0.306 0.000 
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Figure 3 AN-IO5 Dilution @ 40 C 
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For t h e  t ime, being t h e  f lowsheet  acknowledges p r e c i p i t a t i o n  as a 
p o t e n t i a l  problem, b u t  does n o t  propose c o n t r o l   measure^.^ 
d i l u t i o n  by p r i v a t e  c o n t r a c t o r s  cou ld  p r e c i p i t a t e  more g i b b s i t e .  

d i l u t i o n  t o  generate a stream t h a t  i s  s u i t a b l e  f o r  p i p e l i n e  t r a n s f e r .  

2 .1 .1 .2  AP-104 Stag ing  

Subsequent 

The r e t r i e v a l  o f  AN-I05 supernate r e q u i r e s  mixer  pumps and i n - l i n e  

AP-104 c o n t a i n s  a d i l u t e  supernate t h a t  i s  evaporated d u r i n g  s t a g i n g .  
The concent ra te ,  r e s i d i n g  i n  AW-106, tops  o f f  t h e  n e x t  two batches o f  feed 
t h a t  o r i g i n a t e  f rom AP-106 (See Sect ion  2.1.1.3, "AP-106 S t a g i n g " ) .  

2.1.1.3 AP-106 Stag ing  

F i g u r e  2 d e p i c t s  t h e  c h r o n o l o g i c a l  o rder  o f  a s e r i e s  o f  t r a n s f e r s  whose 
n e t  e f f e c t  i s  t o  s e t  up t h e  LAW r e c e i v i n g  tanks w i t h  t h e i r  second ba tch  of  
p r i v a t e  c o n t r a c t o r  feed. 
o p e r a t i n g  c o n t r a c t o r  s t a g i n g  tanks. 
a s t a g i n g  t a n k  (AP-104). 

AP-106 i s  d i l u t e d  and s p l i t  between t h e  two 

The o t h e r  h a l f  reaches AP-102 v i a  AP-105. 
H a l f  o f  AP-106 i s  r e t r i e v e d  d i r e c t l y  i n t o  

Not be ing  q u i t e  as concent ra ted  as AN-105, AP-106 i s  m o b i l i z e d  w i t h  a 
r e c i r c u l a t i o n  l o o p  and equipped w i t h  i n - l i n e  d i l u t i o n  t o  generate a stream 
t h a t  i s  s u i t a b l e  f o r  p i p e l i n e  t r a n s f e r .  

The phase e q u i l i b r i u m  and chemis t ry  o f  AP-106 supernate d u r i n g  d i l u t i o n  

Coo l ing  t h i s  supernate t o  25 

a t  40 'C was modeled w i t h  t h e  ESP. 
e q u i l i b r i u m  f o r  a u n i t  mass o f  AP-106 supernate. 
i l l u s t r a t e d  by t h e  presence o f  NaF p r e c i p i t a t e .  
"C a l s o  p r e c i p i t a t e s  g i b b s i t e ,  so p i p e l i n e  t r a n s f e r  w i t h o u t  h e a t i n g  o r  
d i l u t i o n  i s  n o t  adv isab le .  
l a r g e  amount o f  g i b b s i t e  appear ing f o r  d i l u t i o n s  t o  7M Na, t h e  c o n c e n t r a t i o n  
assumed f o r  t h e  s t a g i n g  p l a n  (Cer ta  1996). The p r i v a t e  c o n t r a c t o r s  should be 
aware t h a t  f u r t h e r  d i l u t i o n  cou ld  cause p r e c i p i t a t i o n .  (Note: The ESP 
c a l c u l a t e d  i n i t i a l  c o n c e n t r a t i o n  o f  hydrox ide  i s  somewhat lower  than 
expected, a l though t h e  o t h e r  species appear t o  be c o r r e c t .  
c o n t r i b u t e  t o  t h e  e a r l y  onset o f  g i b b s i t e  fo rmat ion  i n  t h i s  model run, s i n c e  
h i g h e r  hydrox ide  he lps  t o  keep t h e  aluminum i n  s o l u t i o n ) .  

Table 4 and F igure  4 d e p i c t  t h e  phase 
The h i g h  f l u o r i d e  c o n t e n t  i s  

D i l u t i o n  down t o  " 9 M  Na generates g i b b s i t e ,  w i t h  a 

T h i s  may 

'Measures t o  deal  w i t h  p r e c i p i t a t i o n  w i l l  be addressed i n  f u t u r e  
r e v i s i o n s  o f  t h e  s t a g i n g  p l a n  and t h e  PPTB. Prevent ion  by chemical adjustment 
i s  one o p t i o n  f o r  d e a l i n g  w i t h  p r e c i p i t a t e s .  
p h y s i c a l  s e p a r a t i o n  i n  t h e  s t a g i n g  tanks  c o u l d  be a p r e f e r a b l e  a l t e r n a t i v e .  
E i t h e r  approach w i l l  change t h e  composi t ion o f  t h e  p r i v a t e  c o n t r a c t o r  feed, 
which must remain w i t h i n  t h e  c o n t r a c t u a l  feed composi t ion window. 

I f  t h e  p r e c i p i t a t i o n  i s  minor,  
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Table 4 AP-106 Dilution @ 40 C 
Mass OHION ALOH410N NAION N0210N N0310N ALOHBPPT NAFPPT 
kgs moles/L moles/L moles/L moles/L moles/L moleslL moleslL 

1.000 1.876 1.191 9.570 1.917 2.962 0.000 0.569 
1.107 1.761 0.928 8.398 1.681 2.593 0.117 0.478 
1.213 1.685 0.706 7.489 1.495 2.306 0.223 0.402 
1.320 1.588 0.561 6.749 1.343 2.071 0.273 0.335 
1.427 1.487 0.461 6.143 1.218 1.878 0.296 0.276 
1.533 1.391 0.388 5.637 1.112 1.715 0.303 0.223 
1.640 1.304 0.333 5.213 1.023 1.578 0.302 0.176 
1.746 1.224 0.291 4.853 0.947 1.461 0.297 0.133 
1.853 1.152 0.258 4.544 0.881 1.359 0.290 0.093 
1.960 1.087 0.231 4.277 0.824 1.271 0.281 0.056 

Figure 4 AP-106 Dilution @ 40 C 

+ALOH4lON molesll 
-A- NAION moles/L 
X N 0 2 1 0 N  moled l  
+N0310N moled l  
-0-ALOHJPPT moled l  

0 9  1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  
Mass (kg) 
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2.1.1.4 AN-104 Staging 

at 40 'C was modeled with the ESP. Table 5 and Figure 5 depict the phase 
equilibrium for a unit mass of AN-104 supernate. 
precipitate indicates that this supernate is saturated at this temperature, so 
pipeline transfer without heating or dilution is not advisable. Dilution down 
to 6M Na generates gibbsite, but no gibbsite appears for dilutions to 7M Na, 
the concentration assumed for the staging plan (Certa 1996). Subsequent 
dilution by private contractors could cause precipitation. 

The phase equilibrium and chemistry of AN-104 supernate during dilution 

The presence of NaNO 

2.1.1.5 AW-101 Staging 

The phase equilibrium and chemistry of AW-101 supernate during dilution 
at 40 'C was modeled with ESP. 
equilibrium for a unit mass of AW-101 supernate. The presence of KNO, 
precipitate indicates that this supernate is saturated at this temperature, so 
pipeline transfer without heating or dilution is not advisable. Dilution 
beyond 5M Na begins to generate gibbsite, but no gibbsite appears for 
dilutions to 7M Na, the concentration assumed for the staging plan (Certa 
1996). Subsequent dilution by private contractors could cause precipitation. 

Table 6 and Figure 6 depict the phase 

2.1.1.6 AN-103 Staging 

The phase equilibrium and chemistry of AN-103 supernate during dilution 
at 40 OC was modeled with ESP. 
equilibrium for a unit mass of AN-I03 supernate. 
amounts of precipitated salt is consistent with this tank's designation as a 
Double-Shell Slurry (DSS) tank. Pipeline transfer without heating or dilution 
is not advisable. Dilution down to 7M Na, the concentration assumed for the 
staging plan (Certa 1996), appears to be possible without gibbsite formation, 
but gibbsite precipitates at a slightly lower sodium concentration. 
Subsequent dilution by private contractors could cause precipitation. 

DSS was concentrated beyond the phase boundary where NaAlO should have 
formed. A known deficiency of the current version of ESP is that it does not 
predict the existence of NaA10, precipitate when that compound should 
obviously be present. 
deficiency, but the fix will not be available in time to include in this 
release. The equilibrium at the dilute end of Figure 7, however, should be 
Val id. 

Table 7 and Figure 7 depict the phase 
The presence of large 

The ESP data banks are being corrected to fix this 
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Table 5 AN-I04 Dilution Q 40C 
Mass OHION ALOH410N NAION N0210N N0310N ALOHJPPT NANOJPPT 
kgs moleslL moleslL moleslL moleslL mo les l l  mOleSlL moleslL 

1,000 4.015 1,320 10.590 1.822 2.547 0.000 0.375 
1 107 3.420 1.124 9.552 1.552 2.483 0.000 0.000 
1.213 3.024 
1.320 2.711 
1.427 2.454 
1.534 2.257 
1.640 2.133 
1.747 2.016 
1.854 1.907 
1.960 1.806 

0.994 8.443 1.373 2.194 
0.891 7.564 1.230 1.964 
0.806 6.844 1.113 1.777 
0.722 6.255 1.017 1.624 
0.615 5.768 0.938 1.497 
0.533 5.348 0.870 1.389 
0.468 4.983 0.810 1.294 
0.416 4.663 0.758 1.211 

0.000 
0.000 
0.000 
0.014 
0.064 
0.097 
0.119 
0.133 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

- 

Figure 5 AN-IO4 Dilution Q 40 C 

+ALOH410N rnoles1L 
4 N A I O N  moledl  
-X-N0210N moledl  
+N0310N moledL 
+ALOH3PPT rnolesll 

09 1 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 
Mass (kg) 
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Table 6 AW-101 Dilution @ 40 C 
Mass OHlON ALOH410N NAION N0210N N0310N ALOH3PPT KNO3PPT 
kgs moleslL rnoleslL mo les l l  molesll rnoleslL moleslL molesll 

1,000 3.392 0.964 9.227 2.067 3.139 0.000 0.051 

0.000 0.000 1.225 2.584 0.734 7.023 1.574 2.428 
1.112 2.932 0.833 7.969 1.786 2.754 0.000 0.000 

1.337 2.308 0.656 6.273 1.406 2.166 0.000 0.000 
1,450 2.085 0.592 5.688 1,270 1.956 0.000 0.000 
1.562 1.899 0.540 5.162 1.157 1.783 0.000 0.000 
1.674 1.777 0.467 4.749 1.064 1.640 0.029 0.000 
1.787 1.672 0.406 4.399 0.985 1.519 0.054 0.000 
1.899 1.576 0.357 4.094 0.917 1.414 0.071 0.000 
2.012 1.489 0.318 3.827 0.857 1.322 0.082 0.000 

Figure 6 AW-IO1 Dilution @ 40 C 

+ALOH4lON moleslL 
-A-NAION moledl  
X N O P I O N  moledL 
+N0310N moledl 
+ALOH3PPT moles/L 

0.9 1 1 1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 
Mass (kg) 
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Table 7 AN-I03 Dilution @ 40 C 
Mass OHION ALOH410N NAION N0210N N0310N ALOHJPPT NANOZPPT NANOBPPT 
kg rnoles/L rnoles/L moleslL rnoleslL rnoles/L rnoles/L rnoles/L rnoles/L 

1.000 6.445 2.162 
1.086 5.345 1.793 
1.173 4.699 1.576 
1.259 4.268 1.432 
1.346 3.905 1.310 
1.432 3.598 1.207 
1.519 3.335 1.119 
1.605 3.107 1.042 
1.692 2.908 0.975 
1.778 2.758 0.896 

12.143 
11.596 
10.703 

9.721 

8.193 
7.594 
7.073 
6.619 
6.229 

8.895 

1.995 1.201 
2.520 1.570 
2.215 1.890 
2.012 1.714 
1.841 1.567 
1.696 1.443 
1.572 1.337 
1.465 1.245 
1.371 1.165 
1.290 1.096 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.021 

1.043 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

1.405 
0.587 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

13 

12 

11 

10 

9 

8 

,$ 7 
m - 
2 6  

5 

4 

3 

2 

1 

0 

Figure 7 AN-IO3 Dilution @ 40 C 

t A L O H 4 1 0 N  moledl 
-A- NAlON moleslL 
X N0210N moleslL 
+N0310N moledl 
t A L O H 3 P P T  moledl 
+ NANOPPPT moledl 

0 9  1 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 

Mass (kg) 
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2.1.2 Chemistry o f  Phase 1 Envelope B 

n o t  modeled. P a r t  o f  AY-101 i s  r e t r i e v e d  f o r  Phase 1 P-0-C batches; a t h i r d  
ba tch  i s  r e t r i e v e d  a t  t h e  end o f  t h e  ex tens ion .  

2.1.3 Chemistry o f  Phase 1 Envelope C 

a v a i l a b l e ,  so t h e  d i l u t i o n  o f  Envelope C was n o t  modeled. 
known, t h e y  would a l s o  have t o  be present  i n  t h e  ESP database. The 
p r e c i p i t a t i o n  phenomenon has been observed i n  t h e  l a b o r a t o r y  w i t h  some 
samples. F u r t h e r  t e s t i n g  i s  adv isab le  t o  i d e n t i f y  p o t e n t i a l  problems. 

Since t h i s  supernate i s  s u i t a b l e  f o r  s t a g i n g  w i t h o u t  d i l u t i o n ,  i t  was 

R e l i a b l e  s p e c i a t i o n  da ta  f o r  t h e  organ ics  i n  Envelope C i s  n o t  
I f  t h e  spec ies  were 

2.2 LOW-ACTIVITY WASTE PRIVATE CONTRACTOR OPERATIONS 

I n f o r m a t i o n  p e r t a i n i n g  t o  t h e  processes w i t h i n  t h e  Phase 1 p r i v a t e  
c o n t r a c t o r  envelope w i l l  be a v a i l a b l e  a t  some f u t u r e  date.  
de legated  t o  p r i v a t e  c o n t r a c t o r s  t h e  r e s p o n s i b i l i t y  f o r  s e l e c t i n g  and 
dep loy ing  t h e i r  own process technology. Consequently, t h e  PPTB does n o t  
address p r i v a t e  c o n t r a c t o r  technology s p e c i f i c s ,  as i t  would i n  a more h i g h l y  
devel  oped f l  owsheet. 

The DOE has 

The f o l l o w i n g  d i s c u s s i o n  p e r t a i n s  t o  t h e  process b l o c k  diagram d e p i c t e d  
F i g u r e  8.  Compliance w i t h  reques t  f o r  p r i v a t i z a t i o n  (RFP) requ i rements  has 
been t h e  p r i m a r y  o b j e c t i v e  i n  deve lop ing  t h i s  b l o c k  diagram and t h e  assoc ia ted  
mass balances. 
i s  t y p i c a l .  
Appendix B. 

c o n t r a c t o r  i s  r e q u i r e d  t o  accomplish r a t h e r  than "how". Each column o f  
process b locks  p e r t a i n s  t o  an i n t e r m e d i a t e  p roduc t ,  LAW produc t ,  o r  secondary 
p roduc t  t h a t  t h e  p r i v a t e  c o n t r a c t o r  i s  r e t u r n i n g  t o  t h e  DOE. 
streams i n  F igure  B are  n o t  ac tua l  process streams, s i n c e  t h i s  i s  n o t  a t r u e  
process f l o w  diagram. 

Whi le supernate i s  in tended t o  be a l i q u i d ,  entrainment o f  some s o l i d s  
w i t h  t h e  LAW i s  i n e v i t a b l e .  
d u r i n g  r e t r i e v a l ,  and p o s s i b l y  f rom p r e c i p i t a t i o n  d u r i n g  d i l u t i o n .  The 
p r e c i p i t a t i o n  phenomenon was discussed p r e v i o u s l y .  

The mass balance i n  Table 8 i s  f o r  t h e  f i r s t  ba tch  o n l y ,  b u t  
A complete s e t  o f  24 batch mass balances i s  p rov ided i n  

Each process b l o c k  i s  geared toward d e f i n i n g  "what" t h e  p r i v a t e  

Some o f  t h e  

These streams are  f o r  mass balance purposes o n l y .  

The s o l i d s  come from i n a d v e r t e n t  resuspension 

I t i s  incumbent on t h e  o p e r a t i n g  c o n t r a c t o r  t o  ensure t h a t  a v i s i b l e  
s ludge l a y e r  o f  s e t t l a b l e  s o l i d s  occupies no more than 5 v o l %  o f  t h e  t o t a l  
t r a n s f e r ,  as r e q u i r e d  by t h e  Request f o r  Proposals (DOE-RL 1996). 
N o n - s e t t l i n g  s o l i d s  (c loud iness)  may be present  i n  some t r a n s f e r s  
never the less .  
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S ince  c u r r e n t  i n v e n t o r y  and DST supernate p r o j e c t i o n s  are  l a c k i n g  s o l i d s  
compos i t ion  i n f o r m a t i o n  f o r  many DSTs o f  i n t e r e s t ,  and s i n c e  t h e  e x t e n t  of  
en t ra inment  i s  a m a t t e r  o f  con jec ture ,  Stream 1 i s  assigned a "SOLIDS" 
component e q u i v a l e n t  t o  1 w t %  o f  t h e  supernate. 
2 .5  spg. 
s o l i d s  s i n c e  t h e  l a t t e r  depends on t h e  e x t e n t  o f  t h i c k e n i n g .  Based on 
e x p e r i m e n t a l l y  observed " f l u f f i n g  , 1 w t %  s o l i d s  should be around 3 v o l %  
s e t t l e d  s o l i d s ,  which i s  w i t h i n  t h e  RFP requirement o f  t5 v o l %  s e t t l e d  s o l i d s .  

Stream 1 o f  F i g u r e  8 i s  t h e  t r a n s f e r  o f  custody t o  t h e  p r i v a t e  
c o n t r a c t o r ' s  r e c e i v i n g  t a n k  (AP-106 o r  AP-108). As discussed above, t h e  feed 
s t a g i n g  p l a n  has i d e n t i f i e d  24 d i s c r e t e  feed batches f o r  Phase 1 LAW 
processing, 12 batches f o r  each c o n t r a c t o r .  The conten t  o f  t h e  batches (sans 
t h e  "SOLIDS" component) was p r e v i o u s l y  t a b u l a t e d  i n  Tables 2a and 2b. 

The s o l i d s  have an assigned 
There i s  no d i r e c t  c o r r e l a t i o n  between w t %  s o l i d s  and v o l %  s e t t l e d  
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Figure 8 Phase 1 Private Contrator LAW Processing 
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Mass Balance -- Phase 1 LAW -- Batch PC1/1 ( 6  sheets) Table 8 

VOlUre (L) 
h i t y  (am 

3 . m  3 . m  I.t6wyI 4.oyto5 4 . m  3 . m  3 . m  
1.44303 l . W  1 . m  1 . m  1.oBtm 1.44303 1 . 4 4 3 3  

TotalMass FLar(kg) 4.- 

1 . 0 3 3 6  1 . m  5 . l H  5.10303 l . m  l . m  
6.6aE1(II 6 . M  3.2EtO1 3.2EtO1 6.- 6 . M  
2 . n w  2 . m  1 . m  1.34Etm 2 . m  2 . m  
2 . m 1  2 . m 1  1.18-01 1.18-01 2 . m 1  2.yEtol 

4 . m  2 . m  4.- 4 . B H 6  4 . m  4 . m  

4.S.o.  4 . 8 1 W  
3.- 3.EeCc 
1.1R.01 l.lR.O1 
1.76-07 1.Tp.07 
7 . w  7 .yEoe  

2.31W1 2.3oEto1 
3 . a m a  2 . m  
1 . m  l . W  
8 . U - 0 1  8 . a - 0 1  
4.4%-01 4.4E-01 
3 .m-01 3.7lE-01 
5 . m  5 . 7 m  
2 . m  2.51EKX 

4.31E-10 
1 .m 
4 . U - M  

7.51E-ffi 
1.4%-ffi 
7 .V-05  
1 . x - 0 8  
5 . 8 - 0 8  
3.61E-m 
6.m-DL 
8.93371 

2 . m  
1.61wll 
5 . m - c e  
8.58-10 
3.74wx) 

1.16-01 
1 .m 
6 . m 1  
4.1E-@3 
2 . m - m  
1.M-CB 
2.- 
1 . 8 - 0 2  

1 .?&a 
2.01- 
1 .m-05 

6.yH(E 
I.%-03 
2.5Mo1 
1 . m - m  
1 . z - 0 7  
8.W-m 

6.91w)l 
2.s-a 
l . S - 0 1  
4.31E-10 
4.17Eto1 
5.51E-03 

4 . w - m  

2.15~-08 

2.1%-08 

~ 

4.31E-10 
1 .m 
4 . U - M  
4.15505 
7.5lE-ffi 
1 .e-& 
7.17E-E 
1 . x - m  
5 . 8 - 0 5  
3.61E-m 
6.m-ffi 
8.93371 

2 . m  
1.61w)l 
5.m-rE 
8.58-10 
3.74wx) 

1.16-01 
4 . m  
6.2EtOI 
4.1E-03 
2 .m-m 
1.M-03 
2.ti%Kl3 
1 . 8 - r E  

l.a4wn 
2.01E.m 
1.m-05 

6.YEtoe 
I.%-C6 
2.5Mol 
1 . e - m  
l . z - 0 7  
8.9tE-m 
2.1%-08 
6.9lw)I 
2.3%-ffi 
1.3%-01 
4.31E-10 
4.1Mo1 
5.51E-03 
2.1%-08 

8.W-ob 

1.51E-01 
2.m-rE 
1.4-a? 
2.m-05 

7.m-01 
1.38-01 
1 . 8 1 W  

4 .81W 

1.1FHo1 
1 .?E07 

2 . m 1  
2 . m  
1 . W  
8.&-01 
4.47E-01 
3.7lE-01 
5.7mm 
2.51EKX 

2.4- 

2.ltE-ob 

3.1E-01 

3.4.~-05 
1.81Hoo 
4.H-ct 

2.61EtO1 
8.68-oe 
8 . m  
1.11wx 

__ 
8.68-05 
3 . 4 1 W  
8.W-ob 
8.X-m 
1.51E-01 
2 .m-rE 
1.44E-rE 
2.m-c6 
I.M-(6 
7.m-01 
1.38-01 
1 . 8 1 W  

4 . 8 1 W  
3.E€m 
1.1FHo1 
1.24-07 
7 . m  

2 . m 1  
2.sfEHx 
l . W  
8 .m-01 
4.47E-01 
3.7lE-01 
5 . 7 w  
2.51EKX 

2 . 4 M  
4 . m  
2.1s-ffi 

1 .M 
3.1E-01 
5.1- 
2.6%-01 
3.4.S-05 
1.81EKX 
4 .H-05 
1 .m 
4.7K-oe 
2.61w)l 
8.68-08 
8.- 
1.11wa 
4.52-ct 
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Table 8 Mass Balance -- Phase 1 LAW -- Batch Kl/1 (6 sheets) 

7 (b) 4.81EKX I 4.81- I 4.7- I 
1 2 3 4  5 6 7 8 9 7 1  

4 . 7 w  4.81- 4 . 8 1 W  

$.81Et@2 i . 7 w  4 .81W ; . 8 1 W  

3 4  



volrne (L) 
h i t y  (SR) 

Total Pas FLM tkg) 

~ 

8.68-m 
3.41- 
8.W-ffi 
8.X-03 
1.51E-01 
2.m-02 
1.44-02 
2.a-06 
1 .otE-ffi 
7.27-01 
1.38-01 
1.81Ea 

4.81W 
3.M*II  
5.lE-Oe 
1.m-07 
7 . w  

2 . m 1  
2 . m  
1.2tea 
E.&-01 
4.4E-01 
3.7lE-01 
5 . 7 M  
2.51Em) 

2.4935 
4 . w  
2.ltE-ffi 

1 .zElc6 
3.1E-01 
5.1EUB 
2%-01 
3.&-ffi 
1.81Em) 
4.B-ct  
1 .m 
4.74E-Oe 
2 . m 1  
8.68-oe 
8.4atco 
1.11Em) 
4.z-05 

3.33w16 3.mul3 3.ooHoB 3.3p1c6 4.mt05 1.m-09 1.03-09 
1.- 3 . m  3 . m  1.44Et(13 1.- 1.- l.aEtoB 

4.- 1.01E104 I.OlE+% 4 . m  4.63335 1.03-09 1.m-09 

I.16301 

!.6p-O1 

1.03-09 

__ 

1.m-09 
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Table 8 Mass Balance -- Phase 1 LAW -- Batch Kl/1 (6 sheets) 

Total bkss Flw (kg) 4.81W.Q 5 . M  5 . M  4.81- 9.- 

i.81- 

i . M  '.M 

.81W 

~ 

9,s-08 
1 .z(Iw15 
9.aE-ffi 
1.28E-@ 
4.87E-01 
3.21E-0e 
4.01E-@ 
2.soE-ct 
l.oeEtm 
1.3%-01 
2.ccwII 
5.m-0e 
2.16-07 
3.28W)l 

1 . 5 m  
1.3sHoo 
7.08-01 
5.B-01 
7 . m  
3 . m  
2.4%-e4 
3 . m  
3,s-01 
3.Z-01 
5.B- f f i  
3 . m  
5.4%-M 
1.16w4 
4.81- 
5%-@2 
2.4tEto1 
1.4%-07 
l.llf4J 
5.M-05 
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Table 8 Mass Balance -- Phase 1 LAW -- Batch Kl/1 (6 sheets) 

volure (L) 
mity (a) 

~ 

4 . M  l.M 3.1-  3.GWl3 3.W-10 I.[xHc6 
1.- 1.- l.aErm 3 . m  3 . m  l . u E t m  

PGt 
AL(M4-  
pMt3 
Asts 
Bt3 
w 2  
B32 
B1+3 
C-14 
w2 
ax;' 
a- 
a2 mz 
m-2 
[R(M)4- 
cst 
w2 
F- 
F2 
FE+3 
Ha, 
K+ 
Mitz 
Fu*4 m 
N4+ 
N1+3 
Me 
Me- 
No- 
w m 
M- 
w 
F a - 3  w 
916 
SI44 
p(t4 
a - 2  
w 2  
Tm- 
TI44  
TlX 
ue+2 
an4 

.%€+E 

. l [f105 . I -  I 
;.E€-10 

: . M - 1 0  
I .m 
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Table 8 Mass Balance -- Phase 1 lAW -- Batch K1/1 (6 sheets) 

Total kss Flw (kg) 9.- 3.61- 4.6336 

~ 

9 , ~ c - m  
1 .tl?€tc6 
9.m-a 
1 .BX2  
4.87-01 
3.21E-02 
4.01E-02 
2.93-M 
1 .m 
1.E-01 
2.Cei3a 
5.a-02 
2.ltE-07 
3.28HO1 

1 . 5 m  
1 .m 
7.08-01 
5.W-01 
7 . m  
3.54Etco 
2.4%-OL 
3 . m  
3.5%-01 
3.2&-01 
5.W-(6 
3 . m  
5.4%-ct 
1.16324 
4.81W 
5.5s-02 
2.4&01 
1.4%-07 
1 . 1 m  
5.8*-M 

3.61- 

~ 

9 . ~ - m  
1 .Bp*cs 
9.m-OL 
1.Z-02 
4.87-01 
3.21E-02 
4.01E-02 
2.93-c6 
1 .m 
1.5s-01 
2.ctwl3 
5.a-02 
2.ltE-07 
3.28HOl 
3.61- 

1 . 5 m  
1 .m 
7.08-01 
5.E-01 
7 . m  
3.54Etco 
2.4%-OL 
3 . m  
3.E-01 
3.24E-01 
5.5%-(b 
3 . m  
5.45Fc6 
1.16324 
4.81W 
5.5s-02 
2.46331 
1.4%-07 
1.1- 
5.M-05 
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2.2.1 Entrained Solids Intermediate Product 

Process block SOLIDS-1 thickens entrained solids, distributing 1% of the 
solids to Stream 2 and 99% to the thickened Stream 3 .  Stream 3 is allowed to 
contain 160 g Na per kg of solid, the Specification lo6 allowance for sodium 
in the Entrained Solids Intermediate Product (ESIP). The extent to which 
liquids (and sodium) can be displaced from a thickened sludge is limited 60 to 
70 vol% by the natural void fraction of a porous bed, which is in the range of 
30 to 40 ~01%. 
function of the displacement fraction (volume fraction of sludge occupied by 
solid) and the density of the solid. For a sludge containing 7M Na liquid and 
2.5 spg solids, the solids must displace at least 50 vol% of a sludge to 
achieve the desired residual sodium content. 

Figure 9 illustrates the residual Na content in a sludge as a 

The Stream 3 emerging from process block SOLIDS-1 is much too dense and 
viscous for pipeline transfer; bulk density of 1.9 kg/L or higher is typical. 
Process block SOLIDS-2 dilutes the high bulk density sludge with water to 
yield slurries containing 10 wt% solids, which should be in the range of 20 to 
30 settled v01%', and t1.5 spg in accordance with Specification 9. ESIP 
returning from PCl's twelve batches of supernate will contain 420,000 kgs of 
solids in 3,700,000 L of liquid. PC2 returns virtually the same amount. 

6All specifications in the PPTB have reference to Specifications 1 
through 10 in the RFP (DOE 1996). Typical washed solids contain more sodium 
than Specification 10 allows. For the PPTB, Specification 10 was interpreted 
to apply to the interstitial liquor only. 

70bviously, sludge thickening by itself cannot displace enough sodium to 
satisfy the requirement if the interstitial liquid is highly concentrated. 
Additional measures such as washing would be required. 

'There is a correlation between wt% solids and vol% displaced by solids, 
Therefore, given a wt% but there is no correlation with vol% settled solids. 

solids, one can only estimate the vol% settled solids. 
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Table 9 Displacement of 7M Na Interstitial Liquid by Solids 

df solid spg solid spg solid spg solid spg solid spg 
2 2.25 2.5 2.75 3 

Kgs Residual Sodium per Kg of solid 
0.01 7.970 7.084 6.376 5.796 5.313 
0.03 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 

. .. - . .. . . ~ 

F igure 9 Residual Na vs. Displacement Fraction 
7 M Solut ion 

1.893 1.735 
1.112 1.020 
0.527 0.483 
0.332 0.304 
0.234 0.215 
0.176 0.161 
0.137 0.125 
0.109 0.100 
0.088 0.081 

2.603 
1.530 
0.725 
0.456 
0.322 
0.242 
0.188 
0.150 
0.121 

2.314 2.082 
1.360 1.224 
0.644 0.580 
0.405 0.365 
0.286 0.258 
0.215 0.193 
0.167 0.150 
0.133 0.120 
0.107 0.097 

+solid spg 2.25 
+solid spg 2.5 
+solid spg 2.75 

df 

Na content of <0.06kgs Nalkgs solids required by Entrained Solids specification 
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2.2.2 Strontium/TRU Intermediate Product 

Supernate that would cause either 90Sr or TRU to exceed ILAW 
concentration limits (20 Ci/m3 or 100 nCi/g, respectively) invokes process 
blocks SRTRU-1 through -3. SRTRU-1 is a coprecipitation operation. Process 
blocks SRTRU-2 and SRTRU-3 are analogous to SOLIDS-1 and SOLIDS-2, i.e., a 
thickening step to displace sodium from the precipitate, and a dilution step 
to prepare slurry for return to the operating contractor. 
SRTRU-2 distributes 1% of the Strontium/TRU solids to Stream 8 and 99% to 
Stream 9. 
solid, the Specification 10 allowance for sodium in Strontiuin/TRU Intermediate 
Product. 
with water to yield slurries containing 10 wt% solids, which will be in the 
range of 20 to 30 settled vol%, and <1.5 spg in accordance with 
Specification 9. PC2 returns 12,000 L Sr/TRU intermediate product. More than 
likely it would be combined with the ESIP. 

2.2.3 Cesium Intermediate Product 

Supernate that would cause the ILAW concentration of 137Cs to exceed 
3 Ci/m3 invokes process blocks CESIUM-] and -2. 
removes the requisite amount of radiocesium. Process block CESIUM-2 produces 
the dry, free-flowing cesium product (Stream 15). Specification 10 allows for 
a t o t a l  of 10 kg of miscellaneous oxides (excluding sodium and silicon) to be 
added to the intermediate product streams, per metric ton of Na in the feed. 
The entire allowance of miscellaneous oxides (Stream 14) is added through 
process block CESIUM-2 to become part of the CIP. Process block CESIUM-1 also 
distributes 1% of the technetium and 10 kg Na per metric ton of feed sodium to 
Stream 13, the maximum allowance in Specification 4 and Specification 10, 
respectively. PC2 will return 31 standard Cs packages, based on the maximum 
heat load of 1,500 watts per package. 

2.2.4 Technetium Intermediate Product (TIP) 

Supernate that would cause the ILAW concentration of 99Tc to exceed 0.3 
Ci/m3 invokes process block TECH-], which removes the requisite amount of 
radiotechnetium. Process block TECH-] distributes 10 kg Na per metric ton of 
feed sodium to Stream 17, the maximum allowance in Specification 10. Process 
block TECH-1 also distributes all of the remaining ' 7Cs to Stream 16 so that 
Stream 19 will contain less than 0.0015 Ci/L of gamma emitters, as required 
per Specification 5. Only four of PC2's twelve batches require Tc treatment; 
15,000 L of Tc concentrate are returned. 

Process block 

The interstitial liquid in Stream 9 contains <60 g Na per kg of 

Process block SRTRU-3 dilutes the Strontium/TRU high density sludge 

Process block CESIUM-1 
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2.2.5 Immobi l i zed  Low A c t i v i t y  Waste 

technet ium as needed, t h e  p r e t r e a t e d  LAW (Stream 16) i s  s u i t a b l e  f o r  
i m m o b i l i z a t i o n .  Process b l o c k  VIT-1 v o l a t i l i z e s  water,  f l u o r i d e ,  i o d i d e ,  
c h l o r i d e ,  carbonate,  n i t r i t e  and n i t r a t e  t o  t h e i r  gaseous e q u i v a l e n t ,  and 
conver ts  n o n - v o l a t i l e  c o n s t i t u e n t s  t o  t h e i r  ox ide  e q u i v a l e n t .  Process b l o c k  
VIT-2 i s  a g a s / s o l i d  separa t ion  t h a t  rou tes  t h e  v o l a t i l e  species t o  
condensat ion and t h e  ox ide  e q u i v a l e n t s  t o  i m m o b i l i z a t i o n .  The f i n a l  Packaged 
volume i s  d i c t a t e d  by t h e  amount o f  sodium i n  t h e  feed stream (3.18 m /1,000 
kg sodium f o r  Envelopes A and C, and 7.95 m3/l,000 kg sodium f o r  Envelope B).  
The f i n a l  packaged volume i s  f i l l e d  t o  80 v o l %  w i t h  ILAW and 20 v o l %  w i t h  
f i l l e r .  To f i n i s h  t h e  i m m o b i l i z a t i o n ,  process b l o c k  VIT-3 adds a s u f f i c i e n t  
mass o f  f o r m e r / f i l l e r  m a t e r i a l  t o  produce a f i n a l  b u l k  d e n s i t y  o f  2 . 5  kg/L 
w i t h i n  t h e  waste package. 
s e n s i t i v e  t o  t h e  va lue  assumed f o r  t h e  b u l k  d e n s i t y .  

m3) y i e l d s  t h e  ILAW standard package count .  
produces 6412 packages. 
o f  Envelope B processed by PC1.  

A f t e r  t h e  removal o f  e n t r a i n e d  s o l i d s ,  strontium/TRU, cesium, and 

The a d d i t i o n  o f  f o r m e r / f i l l e r  m a t e r i a l  i s  o b v i o u s l y  

The f i n a l  packaged volume d i v i d e d  by t h e  standard package volume (2.59 
PC1 produces 6745 packages; PC2 

The d i f f e r e n c e  i s  p r i m a r i l y  due t o  t h e  l a r g e r  volume 

2.2.6 Condensation 

The v o l a t i l e  species d i r e c t e d  t o  Stream 20 by process b l o c k  VIT-2 are  
separated i n t o  t h e  non-condensables (Stream 24) and t h e  condensables (Stream 
25) by process b l o c k  CONDENSE. 

2.3 HIGH-LEVEL WASTE PRETREATMENT AND STAGING 

The o p e r a t i n g  c o n t r a c t o r  p r e t r e a t s  and stages Envelope D HLW sludge t o  
one p r i v a t e  c o n t r a c t o r .  The pre t rea tment  process e n t a i l s  s e p a r a t i n g  water 
s o l u b l e  components f rom sludges by washing, s e t t l i n g ,  and decant ing .  The HLW 
feed s t a g i n g  p l a n  (Manuel 1996) i d e n t i f i e s  t h r e e  tanks  f o r  s t a g i n g  (AZ-101, 
AZ-102, AY-102). These tanks  are i n v o l v e d  i n  a near- term i n - t a n k  r e t r i e v a l  
t e s t  ( P r o j e c t  W-151), a r e t r i e v a l  demonstrat ion ( P r o j e c t  W-320), and waste 
c o n s o l i d a t i o n  a c t i v i t i e s  (Bacon 1996) t h a t  have been i n t e g r a t e d  w i t h  t h e  
process f l o w  diagram and mass balance. Pretreatment and s t a g i n g  a c t i v i t i e s  
f o r  each t a n k  are  descr ibed below. U n l i k e  LAW, p r e t r e a t e d  HLW i s  pumped 
d i r e c t l y  f rom t h e  source tanks  t o  t h e  p r i v a t e  c o n t r a c t o r ' s  f a c i l i t y .  
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Appendix D tabulates the inventory of AZ-101, AZ-102, and AY-102, as 
well as C-106 (which is retrieved into AY-102). Appendix D also shows how the 
inventory distributes between liquid and solid. Due to physical 
characteristics, the susceptibility of these solids to retrieval by mixer-pump 
technology differs from tank to tank. Retrieval efficiencies with two 300 hp 
pumps have been estimated for each of the Envelope D source tanks, as noted 
below. The retrievable fraction is 95% of the liquids, plus one of the 
following for solids: 90% of AZ-101, 60% of AZ-102, 36% of AY-102, and 99% of 
C-106. The retrievable fraction comprises Stream 1 on the following sludge 
washing flowsheets. 

To be conservative, all of the solids in a tank were assumed to occupy a 
20 wt% settled solids layer, and the best combinations of wash repetitions and 
wash ratio were determined to optimize schedule and wash volume (Washenfelder 
1996). The wash volume in the following flowsheets is sized for complete 
mobilization, even though the feed stream itself is based on a fractional 
retrieval efficiency. Consequently, the wash volume depicted in these 
flowsheets is adequate even if actual solid retrieval efficiency is better 
than expected. 

pretreatment feed stream. 
The residual waste in these tanks is composited with the Phase 2 

2.3.1 AZ-101 

Figure 10 is the process flow diagram’ for AZ-101 waste and Table 10 
shows the associated mass balance for the retrievable portion of the waste. 
Stream 1 consists of 95% of the liquids and 90% of the solids in AZ-101. 
Stream 1 supernates concentrate to 5M Na (Stream 3) by in-tank evaporation 
prior to an in-tank mixer pump test. The mobilized slurry settles and a 20 
wt% solids layer (plus 1 ft of supernate liquid) remains (Stream 6), after the 
balance of the supernate is decanted to AY-101 (Stream 5). The decanted 
supernate is suitable for Envelope B feed. 

solids, followed by settling and decanting, yields a sludge with sufficiently 
dilute interstitial liquid (Stream 10). With transfer solution added back to 
satisfy Specification 8 (HLW feed slurry parameters), AZ-101 produces two 
540,000 L (143,000 gal) batches of HLW feed (Stream 12). 

A single wash with three volumes of dilute caustic per volume of settled 

9Note that this diagram depicts a series o f  operations in the same tank. 
Each effluent stream represents the contents of the tank after each operation 
is completed. The waste does not actually flow from tank to tank. 
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Figure I O .  In-Tank Sludge Washing of DoubleShell Tank 241-AZ-101 
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Table 10 Phase 1 In-Tank Sludge Washing o f  DST 241-Az-101 (10 sheets) 
S T R W I I M  1 2 3 4 5 6 7 8 9 1 0  

Total Hass FLw (kg) 4 . M  4 . M  3 . m  
VOlUre (L) 3 . m  4 . M  2.8wo6 
w i f i c  Gravity 1 . m  1.oMoo 1.EwJl 

.. .. 

EZ 1 .omiJl 1 .m 
Rr240 
Rr241 
SV5U 2 . M  2 . M  
Y-5U 2 . M  2 . M  
TC-W 6.41W 6.41W 
Totat Dries l.lBto7 1 . 1 M  

~ 

3 . m  
2.8wo6 
1 .m 

~ 

__ 
~ 

8.aW 
1 .M 
1 .em01 
5 . i m a  
5 . m  

1.omiJl 

2 . M  
2 . M  
6.41W 
1 . 1 M  

~ 

3.osHc6 6.1ptcs 1 . W  2 . 1 M  1 . m  6.OCWb 
2 . m  4.9ytcs 1.51- 2.01- 1.4EUX 5.c6Hm 
l.xf+Dl 1 . m  l.oMoo l.m 1 . m  1 . m  

8.2-01 

2.24E105 
2.24Etm 
5.31W 
9 . M  

1.m-01 1 I 1.n-01 I 1.m-or I 4.98-CE 

4.- 
4 . m  

2.(11Etc6 
1.1CH(E 1 4 . m  

4 . t m a  
1.lcHae 
2 . m  

3 . m  
3.34wyI 
7.VZUI1 
1.4CEtc6 

1.31W 
1.31W 
3.10301 
5 . m  

OXmicaLs (kg) 

Bi+3 

m 2  
EW3 
Fet3 
WZ 
K+ 
La*3 
Li+ 
w 2  w 
w 
Ne+ 
Ni+3 

E 
Rlt4 
Re7 
rmt3 
m 3  
Bt5 
se*6 
S i 4  

2.x-01 
2.51Eto) 
8.5%-01 
9.m-Oe 
1.E-73 

1.5EOI 
5.5R-C.Q 
2 . m  
2.M-LYt 
7.1Z-LYt 
2 . m  
1.98-01 

I 4.m-01 I 
6 . W  
1.73-01 
4.Z-01 
8.X-(E 
4.21E-CE 
1.31Ho1 
3.31- 
1.21E-01 

9.m-01 
I.&-@ 
2.1%-01 
1 .m 
7.X-01 
1 .xElal 
3.7lEto) 
5.mto1 

2.x-01 
2.51W 
8.pE-01 
9.m-(E 
1 .E-m 
1.5- 
5.5E-m 
2 . m  
22%-LYt 
7.12X4 
2.6atm 
1.98-01 

4.m-01 

6.4832 
1.x-01 
4.Z-01 
8.24-(E 
4.21E-(E 
1.31Wl 
3.31- 
1.21E-01 

9.0%-01 
I.@€-@ 
2.1%-01 
1 .awe 
72%-01 
l.m 
3 . 7 l m  
5.mto1 

2.x-01 
2.51Ho) 
8.53-01 
9.m-(E 
l .E -73  

1 sac0 
5.93-(E 
2 . m  
2.My-LYt 
7.12E-LYt 
2 . m  
1.98-01 

4.m-01 

6.4332 
l .m-01 
4.Z-01 
8.24E-(E 
4.21E-CE 
1.31W1 
3.31- 
1 .21E-Ol 

9.07E-01 
I.@€-@ 
2.13501 
1 .m 
7.R-01 
1 .m 
3 . n m  
5.mto1 

1.98-01 
2 . m  
7.Ct€-01 
7.51E-(E 
8.51E-LYt 

1 .m 
4.m-(E 
1.9a100 
1.a-0% 
5.m-Iyt 
2.1% 
1.M-01 

3.81E-01 

5 . m  
I.&-01 
3.Y-01 
6.aE-CE 
3.48-CE 
1 .Ol 
2.7- 
1.m-01 

7.51E-01 
1 3 - ( E  
l . n - 0 1  
1 . m  
6.M-01 
1 .m 
3 . m  
4.45W)l 

4.11E-CE 
4.S-01 
1.4iE-01 
1 .YE-@ 
1.n-Oc 

2.61E-01 
9.61E-03 
3.93-01 
3.a-ffi 
1.z- f f i  
4 . W 1  
3.4%-(E 

7.m-(E 

1.11W 
2.97-Q 
7.w-(E 
1.a-(E 
7.E€43 
2.24Hoo 
5 . m  
2.08-(E 

1.s-01 
2 . a - m  
3.6iE-02 
2.a-01 
1.M-01 
3.U-01 
6.37-01 
9 . 2 W  

~ 

4.11E-(E 
4.H-01 
1.47E-M 
1.55-@ 
1.77E-LYt 

2.61E-01 
9.61E-(8 
3.95311 
3 .a - f f i  
1.m-(YI 
4 . W 1  
3.4%-@ 

7,s-CE 

1.11W 
2.m-CE 
7.B-CE 
1.m-CE 
7 . a - m  
2 . m  
6.(moc 
2.08-02 

1.55-01 
2.m-(8 
3.67E-CE 
2.t.E-M 
1.M-01 
3.4%-01 
6.3%-01 
9.2- 

__ 
2.wE-CE 
3.11E-01 
1.m-01 
1.lE-CE 
1.m-C4 

1.88-01 
6.9lE-(8 
2.w-01 
2.E-ff i  
8.8a-m 
3.21Ho1 
2.u-re 

5.68-CE 

8.01Wl 
2.16-(E 
5 . Z - ( E  
1.E-(E 
5 .a -73  
1.61Eto) 
4 . m  
1.4%-(E 

1.18-01 
2.m-(8 
2.M-CE 
1 .&E41 
9.01E-@2 
2.4-01 
4.53-01 
6.6WCII 

~ 

l.l&-CE 
1 . z - M  
4.W-CE 
4 . x - m  
4.m-ffi 

7.B-(E 
2.m-(8 
1.llE-01 
1.m-m 
3 . 4 - m  
1 . m 1  
9.57-m 

2.z-CE 

3.13Ho1 
8 . S - m  
2.m-CE 
3.5%-(8 
2.w-03 
6.31E-01 
1.71W 
5.m-(3 

4.x-(E 
8.E-LYt 
I.(I3E-@ 
7.m-a? 
3.53-(E 
9.m-CE 
1.7%-01 
2 . m  
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Table 10 Phase 1 In-Tank Sludge Washing of DST 241-AZ-101 (10 sheets) 
m h w r E  1 2 3 4 5 6 7 8  9 10 

LIWIO COrPOlOlllS 

sr+2 
let6 
Tht4 
T i 4  
T 1+3 
m 2  
w5 
vt6 
w 2  
2rt4 
Al(M4- 
C l -  
m - 2  
CNM%- 
F- 

9 . m  
3 . m  
3.21Hm 
1.1- 
3.57301 
8.81Hm 
1.m-or 

2.035-01 

1.1% 
5 . m  
9 . m  
4 . m  
5.63%3 
3.z-01 
1.533% 
2.2- 
3.1- 
3.72301 
2.oR*ol 
6.24Ho1 
3 . m  4.ocws 
3.0303 
1.z-01 

9 . m  
3 . m  
3.21Hm 
1.1- 
3 . m l  
8.81Hm 
1.m-or 

2.E-01 

1.15w)5 
5 . m  
9 . m  
4 . m  
5 . 6 3 3 3  
3.S-01 
1.533% 
2 . 2 w  
3 . 1 H  
3.72301 
2 . m 1  
6.24Ho1 
2.- 
3.42wIJ 
1.z-01 

9 . m  
3 . m  
3.21Hm 
1.14Hoo 
3.9EtO1 
8.81Hm 
1 .m-or 

2.m-01 

1.1% 
5 . m  
9.- 
4 . m  
5.6333 
3.S-01 
1 .533% 
2 . m  
3.1- 
3.72301 
2 . m 1  
6.24Ho1 
2.663% 
3.42333 
1.z-01 

~ 

7 . m  
3 . m  
2.f6Hoo 
9.U-01 
3.ig101 
7 . 3 0  
1.1%-01 

1.m-01 

9.5ma 
4 . m  
8.01rn 
3 . m  
4 . 6 M  
2.m-01 
1 .M 
1 .esw15 
2.6owyI 
3 . M 1  
1 . m 1  
5.1Mo1 
2 .zO5  
2 .awn  
1.m-01 

~ 

1.61Hm 
6.m-01 
5.51E-01 
l . % E O l  
6.- 
1 sac0 
2.w-02 

3.4%-ce 

1 . w  
9.95EtOl 
1 .&tu 
7 . W 1  
9 . m  
5.R-Q 
3.31W 6 . M  
3.E€a 
5.41W3 2 . M  
6.3WCC 
3 . m  
1 . o m 1  
4.61- 1.51W 
5 . & € a ?  
2.11E-@2 

1.61Hm 
6.m-01 
5.51E-01 
1 .PcE-Ol 
6.8Mm 
1.5Mm 
2.B-a? 

3.4%-@2 

1 .w 
9.5301 
1 .&tu 
7.&€4+31 
9 . w  
5.55E-@2 
3 . m  
3 . m  
7.9€@3 
6.3WCC 
3.5wim 
1 . m 1  
1 .m 
5 . m  
2.11E-Oe 

1.16Eto3 
4.m-01 
3.W-01 
1.41E-M 
4.9oHa) 
1 .m 
1 .&€-a? 
2.51E-0e 

1.4aC4 
7.1W1 
1 . m  
5 . m 1  
6.5SH2 
4.01E-@2 
2.&+u 
2.7- 
5 . 7 m  
4.- 
2.5etco 
7.7lHm 
1.4MC6 
4 . m  
1.M-CQ 

~ 

4.s-01 
1 .%-Ol 
1 .Yx-Ol 
5.M-ce 
1.923m 
4.Z-01 
6.m-03 

9.m-03 

5.54303 
2 . m 1  
4.- 
2.21w1 
2 . m  
l.5?-@2 
9.5ZuB 
1 . m  
2.25303 
1.8a*n] 
1.01Hm 
3.@ztcIl 
5.5% 
1 . m  
5.s-03 
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Total P a s  Flw (kg) 1.1'333 

Table 10 Phase 1 In-Tank Sludge Washing o f  DST 241-AZ-101 (10 sheets) 
1 2 3  4 5 6 7 8 9 1 0  

1 .1sw6 3 . m  

1 .m 
6.5- 
l.lswI1 
3.51EUB 
9 . m  
1.14Etce 
7 . m  
1 .m1 
9.3HOl 
1 .m 
5 . m  
3 . m  
l.ZElO3 
1 .W 
4.1- 
2 . m  
l . M  
1.- 

1 . 1 w  1 . 1 w  3 .9 lw  1 . 1 w  

~- 
I .E€m 
7 . m  
1.21wp 
6.39301 
1.57wp 
3 . m  
5.2rwp 
1.B303 
2 . W  
7.m-03 
7.52-ffi 
1.7lHoe 
9 . m  
9 .pHal  
2 . 1 m  
6 . m  
8 . m  
1 .%+ill 
1 .m 
6 . m  
1.1swI1 
3.51EUB 
9.% 
1 . 1 m  
7.- 
1 .z€+Ol 
9.pHa1 
1.5ma2 
5 . m  
3 . m  
1 .zi€+5 
1 .&€a 
4.1yIoe 
2.65w2 
l . M  
1.- 
_ _ _ ~  

1.61E*a) 

l . M  
l . M  
4.YE-M 
3 . z e c 4  

~ 

1 . 1 9 3 5  
~ 

~ 

~ 

2.51- 
1 . m 1  
6 . 4 W  
2 . 1 M  
2 . M  

4 . m  

4 . 6 M  
4.6- 
1 .m 
9 . m  

~ 

~ 

~ 

1 .E€m 
7 . m  
1.21wE 
6.39301 
1 . 5 m  
3 . m  
5 . 2 6 3 2  
1 .m 
2 . W  
7 .m-03 
7 . 5 z - a  
l . 7 l W  
9 . m  
9.3HO1 
2 . 1 m  
6 . W  
8 . m  
1 . m 1  
1 .m 
6.5y1(12 
1.1swIl 
3.51H(II 
9 . m  
1 . 1 m  
7.85wa 
1 . m 1  
9 . w O 1  
l . m  
5 . m  
3 . m  
1 .zi€+5 
l.&€a 
4 . 1 W  
2 . m  
l . M  
l . m  
____ 

4 . m  4 . m  l . tOK0 4 . m  

4.- 4 . m  1 . m  4 . m  
4.tsEtc6 4.- 1.- 4.- 
1.Htoe 1 . m  4.3%-01 1.31- 
9 . m  9 . m  3.mtoL 9 . m  

~ 

8.2R101 
4 . m - m  
2 . 1 M  
7 . 1 m  
6 . M  

~ 

2.51- 
1 ,39301 
6 . M  
2.1- 
2 . M  

~ 

8 . W 1  
4 , s - 0 2  
2 . 1 m a l  
7 . 1 1 W  
6.7cEtoe 

__ 
2 . m  
1.39301 
6 . 4 1 W  
2 . 1 m  
2.- 

~ 

3.49301 
2.42-ce 
3 .m-01 
2.11E-01 
5.1%-01 
1.2%-02 
1 . 7 W  
4.06HoO 
8 . M - M  
2.6%-E 
2 . m - s  
5 . a - 0 1  
3.E-ce 
3.08-M 
7.16301 
2.1Rm) 
2 . n m  
5 .m-02 
4 , s - 0 1  
2.llf+m 
3.8%-ce 
1 . 1 ~ 1  
3 . 1 M  
3.7tE-M 
2 , s - c e  
4 .m-ce  
3.m-01 
6 .B-01  
1 .W 
1 .m 
4.@z+ol 
5.3%-01 
1 .m 
8.78-M 
4.m-01 
4 . m  

~ 

~ 

1 .Lw+c4 
7.3a*a) 
1.2lHoe 
6 . M 1  
1 . 5 M  
3 . m  
5 . m  
1 .zi€+5 
2.61wE 
7.w-G3 
7.4R-oc 
1 .7 lwp 
9 . 6 m  
9.3Mo1 
2 . 1 m  
6 . W  
8 . l m  
1 .pH01 
1 .m 
6 . m  
1 . 1 m 1  
3 . m  
9 . m  
1.14Etce 
7 . m  
1.2aXll 
9.33301 
1.pIwE 
5 . m  
3 . m  
1.2lEUB 
1.61wE 
4 . 1 W  
2 . m  
l . W  
1.IZUB 

~ 

~ 

1 .w 
7 . m  
1 . 2 1 W  
6.yW)l 
1.57wp 
3.78Ha) 
5 . m  
1 .Btm 
2 . 6 1 W  
7 . w - 0 3  
7.4%-ffi 
1 .7 lwE 
9 . 6 M  
9.33301 
2 . l tWx 
6 . W  
8 . 1 M  
1 .m 
1 .m 
6 . m  
1 . 1 m  
3 . m  
9 . m  
1.1- 
7 . m  
1 .zMo1 
9.yHo1 
1 .9lw 
5.- 
3 . m  
1 . 2 1 m  
1.61- 
4 . 1 W  
2.t6Etoe 
1.42Etm 
1.42Hm 

~ 

~ 

3 . W 1  
2.41E-0e 
3 , s - 0 1  
2 .m-01 
5.1iE-01 
1.2%-Oe 
1 .m 
4 . m  
8.61E-01 
2.&-06 
2.4iE-05 
5.m-01 
3.1R-CQ 
3.07E-01 
7 . 1 M 1  
2 . 1 m  
2 . m  
5 .w-02 
4.3%-01 
2.15HoD 
3.m-ce 
1.15W)l 
3.15HoD 
3 .m-01 
2.58-02 
4.w-02 
3 . a - 0 1  
6.31E-01 
1 . W  
1 .m 
4.01HC 
5 . 8 - 0 1  
1 .ywxI 
8.m-01 
4.m-01 
4 . m  

~ 

~ 

1 .w 
7 . z 3 3 a  
1 .zowE 
6.34w11 
1 .m 
3.7iEtol 
5 . m  
1 .Btm 
2 . m  
7.9lE-OB 
7 . 4 E - a  
1 .m 
9 . w  
9 . m 1  
2 .193a  
6 . m  
8 . 1 W  
1 . m 1  
1.31- 
6.51- 
1.17wll 
3.49303 
9 . m  
1 . 1 W  
7 . m  
1 . m 1  
9 . W 1  
1.5lEtoe 
5 . m  
3 . w  
1 . 2 1 m  
1 . 6 1 W  
4 . 1 W  
2.- 
1 . W  
1 .IZUB 

~ 

47  



WHC-SD-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table 10 Phase 1 In-Tank Sludge Washing o f  DST 241-AZ-101 (10 sheets) 
M I W r E  1 2 3 4 5 6 7 8  9 10 

.yt(u 

.44Eto3 

.m1 

.41€@1 

.m 

.w 

.aE-Ol 

. 5 m  

.24Hoo 

.9fto1 

.m+Ol 

.5cwn 

.m1 

.81Hoo 

.m 

~ 

I .m 
j.44Eto3 
3.TP101 
!.41Eto1 
5.m 
I .Tea 
!.=-or 
I .M 
1 . M  
;.,%f+Y. 
j.C!Z+Ol 
i.scH00 
I.ml 
1.81rn 
I .m 

I .m 
i.blwa 
l .Zf31 
!.41Eto1 
1.m 
I .Tea 
! .M-01 
I . 5 H  
I .M 
6 . W  

i . m 1  
i.m 
1.m1 

1.81rn 
I .m 

.yt(u 

.4ftcc 

. m l  

. 4 5 0 1  .= .= 

.24E-o1 

.ma 

.24E+@ 

.M 

.m 

. 5 m  

.am01 

.81Hoo 

.m 

__ 
I .M 
i A 1 W  
L67W)l 
t.4501 
i.m 
I . 3 z a  
!.z€E-Ol 
1.51- 
I.24EUl3 
1 . m  
, . % B O 1  
;.woo 
I .am0l  

I .em03 
I .%€a 
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Table 10 Phase 1 IkTank  Sludge Washing o f  DST 241-AZ-101 (10 sheets) 
1 4 5 6 2 3  7 8 9 1 0  
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Table 10 Phase 1 In-Tank S l W  Washing of  DST 241-AZ-101 (10 sheets) 
m w  11 12 13 14 15 16 17 

L W l D  m S  

1.1- 
1.1- 
1 .COHO3 

Volm (L) 

h 2 4 1  
C-14 
m u  
CS-137 
Ba-137 
Ev154 zz 
b 2 4 c  
b 2 4 1  
Sr-So 
Y-So 
Tc-59 
Total Oris 

I __ 
3.97E*o1 
8.6- 
8.8%-01 
2 . M  
2 . M  

4.58-c2 

1.31W 
1.31W 
3.1oHo1 
5.7;5tm 

7.0%-03 
4.m-Lyt 

2 . m  
2.6€+% 
2.42E-Ce 
1.8%-07 
1.58-03 
3 .w-w  
3.m-03 
1 .r&E+m 
1 .m 
2.yloe 
5.- 

&+ 
m 3  
Ans 
w3 
Bat2 
Bet2 
Bi+3 
w2 
w 2  
cp3 
m 3  
cot3 
csr 
m 2  
EW3 
Fet3 
w 2  
K+ 
Lat3 
Li+ 
w 2  
hht4 
Mn6 
Nat 
Ni+3 

E 
w 
Ret7 
ml+3 
FW3 
Bt5 
se16 
S i 4  

l.ltE-e? 
1.z-01 
4.13-c2 
4.x-03 
4.5%-E 

7.35-a? 
2.m-m 
1.11E-01 
1 .a - f f i  
3 .u - f f i  
1 . m 1  
9 3 - 0 3  

2.22-c2 

3.13331 
8.X-03 
2.07E-c2 
3.m-03 
2 .w-m 
6.31E-01 
1.71EUX 
5.&-03 

4 . x - c 2  
8.m-N 
1.rn-Q 
7.m-02 
3.53-c2 
9.57E-c2 
1.m-01 
2.coHco 

1.31E-06 
2.M-06 
1.m-06 
1.a-C6 
1.X- f f i  
1.1CE-13 
2.m-06 
2.x-ce 
4.74E-06 

3 . m 1  
1.78-06 
9.ltE-08 
3.E-c2 
2.31E-06 
1.61E-01 
1 . X - N  

5.M-cf 
1.1E-02 
1. rn-E 
1 .m 
1.78-c2 
2.59-07 
7.22-03 
2.B-cf 

8.W-08 
8.7%-N 
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Table 10 Phase 1 In-Tank Sludge Washing o f  DST 241-AZ-101 (10 sheets) 
m I w I E  11 12 13 14 15 16 17 

LIa!lD a%u€m 

9n4 
sr+2 
Te16 
mt4 
T i t 4  
T1+3 
u E t 2  
w5 
ut6 
m2 
Zr*4 
AL(MY- 
CL- 
m - 2  
Cr(CH%- 
F- 
I -  
Me- 
NB- 
a- 
Fw-3 
a - 2  
T&- 
mJ 5.1- 
m i c  cartm 
Me:m 
Hs 
CL2 
me 
R 
I2 
P 
N3 
w 

~ 

4 . s - 0 1  
1.m-01 
1.5%-01 
5.5z-a? 
1.9Mm 
4.X-01 
6.M-O? 

9.m-O? 

5 . W  
2.8ato1 
4.61fl(II 
2.21Eull 
2.73322 
1.57E-a? 
9 . 5 m  
1 .cma 
2.25H(II 
1.KEUJI 
1 . 0 1 m  
3.cE+co 
1 . O M  
1 .ttwlz 
5.9%-m 

~ 

6.a-16 
7.yE-cn 

8.m-m 
7.1%-03 

2 .R-cf  
1 .m-a 
7 . S - 0 7  
2 . m  
1 .%Eo1 
4 . m  
2.9%-a? 
1 .E-Ol  

5 . y w n  
1 .%Em1 
1 . 2 1 m  
2.65501 
8 .R-01  
2.47W)l 
5.57303 
2 . m  

1 . 1 m  

2 .3 i~ -m 
5.21Ho1 
1 . 3 1 W  
4.csHo2 
2.3%01 
1.4iEUB 
9.EmB 
2.p6Ho1 
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Total h&s Flar (kg) 1 . 1 W  9.01E-01 1.81w15 3 . 1 1 W  

sheets) 

lhr24l 
C-14 
m 2 4 4  
C.5-137 
Ba-137 
Eu154 zz 
b 2 4 0  
b 2 4 l  
SV90 
Y - 9 0  
Tc-59 
Total D r i e s  

~~ L- 

1 . 6 M  

7.Mwn 
l.cRwa 

6 . M  
6 . M  

1.3mCE 
~ 

I I 2s- 1 I 

Al+3 
m 3  

w 
Bat2 

w 2  

Ni+3 

Ret7 

sr+2 
T& 

T i t 4  

5 . M  
3.&€@2 
1 . 2 1 m  
1 . 6 1 W  4.9lE-01 
4.1- 
2 . m  
1 .4M02  
1 .w 
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Table 10 Phase 1 In-Tank Sludge Washing o f  DST 241-Az-101 (10 sheets) 
S T R W r l w  11 12 13 14 15 16 17 

=ID O W X N S  

~ 

1 .pH(II 
5.41Eto3 
3 .6M1 
! . W 1  
3.zBa3 
1 .m 
!.E€-01 
1.51- 
1 . 2 m  
i.sat(yI 
i.sRtol 
j.g?E*Oo 
1 . m 1  

1 .Em03 
1 .m 

L H - 0 1  

i.arw0 

I 

T 
1 . m  ~ 

1.41E-C6 
2 . m  
B.OMa)  
1 .L6Eto2 
1 .m 
1 . 7 W  
1 . m 1  
z.zLE-l% 
7 . m  
1 .m 
3 . m  3.m-m 
1 . m - m  
2 . m  
5.7&01 
l.lCE*oe 
1.W-07 
3 . m  
3.3ftoe 
9 . 5 w  
3.11- 
2.18Etoe 
1 .m1 
6 . M  
1 .M 
2.m-07 
3.88101 
1.31- 
3 . m  
1 .!%+a1 
1 . 1 W  
2.yEloe 
7 . m  
6 . 1 H  
1 .t6Ho5 
6.mWn 
1.pIExE 
3 . m 1  
5.6- 
3.01ExE 
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Table 10 Phase 1 In-Tank Sludge Washing o f  DST 241-Az-101 (10 sheets) 
11 12 13 14 15 16 17 I"" =ID OXCENTS 
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The number o f  batches r e s u l t i n g  f rom a t a n k  o f  washed sludge i s  
c o n t r o l l e d  by t h e  assumed volume o f  a p r i v a t e  c o n t r a c t o r  r e c e i v i n g  tank, and 
t h e  S p e c i f i c a t i o n  8 requirement o f  no more than 100 g o f  ox ide  e q u i v a l e n t  o f  
n o n - v o l a t i l e s  p e r  l i t e r  o f  HLW feed." 

2.3.2 AZ-102 

F i g u r e  11 i s  t h e  process f l o w  diagram f o r  AZ-102 waste and Table 11 
shows t h e  assoc ia ted  mass balance f o r  t h e  r e t r i e v a b l e  p o r t i o n  o f  t h e  waste. 
Stream 1 c o n s i s t s  o f  95% o f  t h e  l i q u i d s  and 60% o f  t h e  s o l i d s  i n  AZ-102. 
Stream 1 i s  a l lowed t o  s e l f - c o n c e n t r a t e  t o  5M Na (Stream 3 ) .  A compacted 
sludge l a y e r  o f  50 w t %  s o l i d s  ( p l u s  1 ft o f  concent ra ted  supernate) remains 
(Stream 5 ) ,  a f t e r  t h e  balance o f  t h e  supernate i s  decanted (Stream 4) .  

c a u s t i c  p e r  volume o f  s e t t l e d  s ludge i s  a p p r o p r i a t e  f o r  AZ-102. 
s o l u t i o n  added back t o  s a t i s f y  S p e c i f i c a t i o n  8 (HLW feed s l u r r y  parameters),  
AZ-102 produces two 415,000 L (110,000 g a l )  batches o f  HLW feed (Stream 16).  

Manuel (1996) determined t h a t  two washes w i t h  two volumes o f  d i l u t e  
With t r a n s f e r  

2.3.3 AY-102/C-106 

F i g u r e  12 i s  t h e  process f l o w  diagram f o r  AY-102 and C-106, and Tab le  12 
shows t h e  assoc ia ted  mass balance f o r  t h e  r e t r i e v a b l e  p o r t i o n  o f  t h e  waste. 
Stream 1 c o n s i s t s  o f  95% o f  t h e  l i q u i d s ,  36% o f  t h e  AY-102 s o l i d s ,  and 99% o f  
t h e  C-106 s o l i d s .  
s ludge l a y e r  (36% o f  AY-102 and 99% o f  C-106), p l u s  1 f t  o f  supernate,  remain 
(Stream 5 )  a f t e r  t h e  balance o f  t h e  supernate i s  decanted. 

c a u s t i c  p e r  volume o f  s e t t l e d  s ludge i s  a p p r o p r i a t e  f o r  t h i s  b lend o f  s ludges. 
Wi th  t r a n s f e r  s o l u t i o n  added back t o  s a t i s f y  S p e c i f i c a t i o n  8 (HLW feed s l u r r y  
parameters),  AY-102/C-106 produces twe lve  430,000 L (113,OO g a l )  batches o f  
HLW feed (Stream 1 6 ) .  

A compacted sludge l a y e r  (64% o f  AY-102) and a f l u f f e d  

Manuel (1996) determined t h a t  two washes w i t h  one volume o f  d i l u t e  

"Assumptions have n o t  been made about t h e  p r i v a t e  c o n t r a c t o r ' s  f a c i l i t y ,  
b u t  assuming t h e  s i z e  o f  t h e  HLW r e c e i v i n g  t a n k  i s  unavoidable.  
e q u i v a l e n t  l i m i t  (100 g /L )  f o r  HLW t r a n s f e r s  a l s o  has r a m i f i c a t i o n s  f o r  t h e  
number o f  c a n i s t e r s  t h a t  r e s u l t  f rom a batch. The A Y / C  s ludge i s  h i g h e r  i n  
sodium t h a n  AZ sludge. 
batch, AY/C s ludge produces around 45 c a n i s t e r s  p e r  batch, because o n l y  t h e  
non-sodium/non-si l icon ox ides  are counted toward 25 w t %  waste l o a d i n g .  

The o x i d e  

Whi le AZ sludges produce around 85 c a n i s t e r s  p e r  
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1.44€lct. 
1.44Etc6 
1 . m  

Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-Az-102 (€OX Retrieval) (12 sheets) 
m N W  1 2 3 4 5  6 7 8 9 1 0  

1.7lHob l .7 lW l.lM 5 . m  
1.- 1 . m  l.G€+% 5 . 5 M  
l.m l.m l.m l.m 

LlaJID CIMU€VTS 

volure (L) 

R a j i o r c l i d s  (Ci) 

h 2 4 1  1 .K€+m l.K€+m l.m 
C-14 1.2iElCe 1 . m  l.ojwp 
CS-137 3 . m  3 . m  2 . m  
63-13.? 2.87Etc6 2.87Hc6 2 . 4 m  
Ev154 

3.E€iQ1 3.EMll 3 . m 1  
RrM 
Rr241 
SP-W 8.49333 8 . 4 W  7.29333 
Y-So 8 . 4 W  8 . 4 W  7.EEm3 
TC-W 2.CYfe2 2 . m  2 . 4 W  
Totat mi- 5.91EK-6 5.5lHo6 5 . m  

~ 

2 . M  
2.1- 
1 .m 

~ 

~ 

~ 

2.26-01 
1.m1 
4 . m  
4 . m  

5.41Hm 

1 . m  
l.ZoH(II 
4 . W 1  
8 . M  
~ 

7.- 
7.- 
2 . m 1  
5.5433 

4 . m  

1 .MI 
2.Emc6 

4.m 1 
rmicals (kg) 

pm3 4.ttE-ffi 
An5 3 . w  
B+3 2 . 1 w  
Bat2 3.E-01 
Bet2 2.01E-02 
Bi+3 
w 2  1 .oytol 
M 2  3.49-01 
cer3 3 . m  
m3 3.5%-05 
k+ 1 .m 
m 2  2.m-01 
EW3 
FE+~ 2 . m  
w 2  
K+ 2.- 
La3 6.Z.EO1 
Li+ 2.m-01 
w 2  3,s-01 
M*4 2.M-01 
w 6.41- 
Na+ 1.7yla5 
Ni+3 6.6iE-01 

1 .m 
6.17'-01 Rn4 

Ret7 2.E-01 
w3 2 . m  
Rut3 6.m-01 
% 3 . Z E a  
S i 6  1.7lM 
9*4 
Sr+2 8.X-01 
Te16 8.24E-01 

E 

~ 

4.e-ff i  
3.94Hoo 
2 . 1 m  
3.E-01 
2.OlE-02 

1 .oytol 
3.49-01 
3 . m  
3.5%-05 
1 .m 
2.m-01 

2 . m  

2.4EwE 
6.Z-01 
2.m-01 
3.%-01 
2.M-01 
6.41Hm 
1.75Hm 
6.67E-01 

1.3ma 
6.1iE-01 
2.08-01 
2 . m  
6.6%-01 
3.24wx) 
l . 7 l M  

8.X-01 
8.24E-01 

~ 

4.0%-ffi 
3.?s+Xl 
1 .E€+m 
2.a-01 
1.m-02 

9.1pto3 
2.9%-01 
3.EtCo 
3.E-05 
1 . 1 m  
2.m-01 

2.4- 

2 . 1 m  
5 , s - 0 1  
2.m-01 
3.01E-01 
2.26-01 
5.51Hm 
1.5(Hm 
5.m-01 

1 . 1 m  
5.s-01 
1.7%-01 
2 . m  
5.6iE-01 
2.- 
1.4ma3 

7.4E-01 
7.09-01 

~ 

6.58-E 
5.m-01 
3.m-01 
4.31E-02 
2.m-m 

1 . m  
4.6%-02 
5.47E-01 
5 . a - M  
1.9231 
3.W-Q 

4.m-01 

3.51EUll 
8.m-02 
3.w-02 
4.m-02 
3 . z - a ?  
9.W-01 
2 . 4 W  
9.49-ce 

1.9s-01 
8.m-02 
2.w-oe 
3.7tE-01 
9.33-oe 
4.58-01 
2.4acE 

1.z -01  
1.1iE-01 

l.m l.m 
4.55-oe 4.6%-oe 
5.4iE-01 5.4iE-01 
5.m-06 5.E-M 
1 . m 1  1.9231 
3.E€-02 3.9%-02 

I 4.R-01 1 4.m-01 

3.51E.01 3.51Wl 
8.m-02 8.m-02 
3.w-02 3.w-oe 
L.E€X-02 L.E€-x-02 
3.m-02 3 .z -oe  

1 .%so1 1 .9s-o1 
8.Z-02 8.Z-oe 
2.w-02 2.9%-ce 
3.76501 3.76501 
9 3 - 0 2  9.3?€-02 
4.9%-01 4.58-01 
2.4acE 2 . m  

1.z-01 1.z-01 I 1.1iE-01 I 1.m-01 

~ 

4 .B-m 
3.M-01 
2.E-01 
2.8%-02 
1 .m-m 
9.9%-01 
3.21E-0e 
3.a-01 
3.35-05 
1 . m 1  
2.61E-02 

2.7lE-01 

2.H101 
5.81E-0e 
2.a-oe 
3.B-oe 
2.4iE-02 
6.0%-01 
1 .as+u 
6.M-0e 

1 .ze-or 
5.78-02 
1 .E€-@ 
2.4%-01 
6.18-C2 
3.m-01 
1 .m 
8.14E-02 
7.m-oe __ 

~ 

2.m-m 
1.w-01 
1.M-01 
1.m-Oe 
9.61E-ffi 

5.OiE-01 
I.&-Oe 
1.m-01 
1.m-M 
6 . 4 w  
1.33-oe 

1.x-01 

1.18Ho1 
2.w-02 
1.545-02 
1.6iE-[E 
1.26-E-oe 
3.W-M 
9.5933 
3.18E-Oe 

6.58-E2 
2.9%-re 
9.W-m 
1 . z - 0 1  
3.1%-02 
1.5%-01 
8.17Ho1 

4.1%-02 
3.W-0 
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1 .m 
1 .(IEt(u 
4.5oHm 
1.1%-@ 
l.Z%UX 
1 . W  
7 . m  
4.wwa 
7.51WB 
3 . 0  
1.Wam 
6.WM2 
1.s-01 

Table 11 Phase 1 In-Tank Sludge Washing of DST 241-AZ-102 (60% Retrieval) (12 sheets) 
S T R U W M  1 2 3 4 5  6 7 8 9 1 0  

LIWJID 0DFI)BIIS 

6.- 

2 . w  

1.49 

Tit4 
Tlt3 
-2 
VI5 
u16 
m 2  
2r+4 
AI((H)4- 
Cl- 
m - 2  
Cr(M)4- 
F- 
I -  
KE- 
KII- 
a- 
m-3 
a - 2  
T6Yt- 
w) 
m i c  catm 

__ 
2.32-01 
5.m-01 
5.4Em 
2.4591 

1.32-01 

1 .m 
8 . M  
7 . m  
3.18303 
8.13E-Oe 
8.81- 
7 . m  
5 . 1 M  
3.14Ho1 
5.31- 
2 . m  
3.31- 
4 . m  
l.lZ+% 

~ 

2.32-01 
5.m-M 
5.4Em 
2.m-m 

1.8-01 

1 .m 
8 . M  
7 . m  
3.18303 
8.13-[E 
8.81W 
7 . m  
5 . 1 M  
3.1W1 
5.31- 
2 . m 1  
1 .M 
4 . m  
l.lZ+% 

__ 
2.m-01 
428-01 
4.7own 
2.m-01 

1.w-01 

1 . 4 m  

7 . m  
6.24Etm 
2.7mB 
6.58-[E 
7 . 5 m  
6 . m  
4.41- 
2 . m 1  
4.- 
2 . m 1  
1.1- 
4 . m  
9.M-01 

~ 

3 . X a  
8.W-[E 
7.7- 
3.4tE-Q 

l.m-Ce 
2 . m  

__ 
3.X-[E 
8.C4E-ce 
7.7- 
3.4tE-[E 

1.m-[E 

2 . m  

1 .m 
1 .(IEt(u 
4.5oHm 
l.l%-Ce 
1.31W 
1 . W  
3.13333 
4.wwa 
7.51- 
3 . 0  
1.19to5 
6 . 6 W  
1.5%-01 

~ 

3.X-cQ 
8.W-Oe 
7.7- 
3 .e - [E  

1.m-[E 

2 . m  

1.- 
1 .(IEt(u 
4.5oHm 
1.1%-[E 
1.31- 
l.W 
3.13333 
4.wwa 
7.51- 
3 . 0  
1.6flC6 
6 . W  
1.R-01 

2.1E-Oe 
5.H-[E 
5 . 1 W  
2.X-[E 

1 .M-[E 

1 .m 
8.41- 

2.Z€+a? 
7.61E-08 
8 . M  
6.8iE+O3 
2.1MoB 
2.5wal 
4.5933 
2.61wxI 
l.af+O5 
4.4axQ 
1.a-01 

~ 

~ 

l.llE-[E 
2.7lE-[E 
2 . m  
1.m-[E 

6.31E-08 

8.ocHoe 

4.23303 
3 . 4 m  
1 .m 
3.m-08 
4 . w  
3 . m  
1 .m 
1 .m 
2.54HoB 
1 .m 
5 . M  
2.Zece 
5.x- [E 

__ 
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Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-AZ-102 (60% Retrieval) (12 sheets) 

Total W Flor (kg) 

1 2 3 4 5 6 7 8  9 10 I I- w€ 

1.1plm 1.1plm 3 . m  1 . 1 m  1 . 1 m  1 . 1 m  3 . M  1 . 1 m  

chenicals (kg) 

A1+3 
pmt3 
Ans 
Bt3 
ea2 
Bet2 
w 2  
w 2  
w 3  
m 3  

cr+3 
cs+ 
m 2  
Fet3 
K+ 
La+3 
Li+ 
w 2  
Mlrq 
Mnb 
Na+ 
Ni+3 
F!34 
Rn4 
Ret7 
w 3  
lhr3 
seI4 
S i t 4  
sr+2 
Tet6  
T i t 4  
Tl+3 
m 2  
w.5 
7nt2 

cot3 

R a l i c n r l i d s  ( C i )  

CS-137 
Ba-I37 

b 2 4 0  
b 2 4 1  
Sr-SO 
Y-SO 
TC-W 
Total Wia 

9 . m  
2 . m  
9 . M 1  
8.34W)l 
9.5a101 
2.31Hoo 
4 . m  
2 . m  
1 .m 
4.01E-03 

2 . 1 m  
7.7- 
6.0€+31 
2.269% 
2 . m  
7 . 7 w  
4 . w  
1 .m 
4 . w  
4 . m  
7 . 1 W  
1.53Et(II 
1 .€?ea? 
4 . 6 W  
1.24301 
7.14301 
3 . M 1  
1 . m  
7 . m  
7 . W 1  
5 . W 1  
1 . m 1  
9 . m  
2 . m  
5.4- 
2.4pto1 

3.2i~-m 

1.01- 
7.4tEto3 
3 . m  
1 . M  
1.64Hcs 

2.8jEt(p 

1 .M 
1 . W  
8.8p101 
3 . m w  

9.21Hm 
2 . m  
9 . W l  
8.31EtO1 
9.47301 
2 . m  
4.- 
2.58303 
1 . m  
4.m-m 
3.aE-c5 
2.1cWp 
7 . m  
5.56301 
2 . m  
2 . m  
7 . m  
4 . m  
l.m 
4 . m  
4 . m  
7.11- 
1.5- 
l.m+a? 
4 . m  
1 . ~ 1  
7.11Ho1 
3 . W l  
1 . m  
7 . m  
6.56301 
5.8eExll 
l.m 
9.4moI 
2 . m  
5 . 4 m  
2.4Mo1 

1.01EtC4 
7.4tEto3 
3 . m  
l.M 
1 .m 

2.8jEtOe 

l.M 
l.M 
8 . m  
3 . 5 l w  

9.21- 
2 . m  
9 . W 1  
8.31Ho1 
9.47301 
2 . m  
4 . m  
2 . M  
l.m 
4.m-m 
3.z-c5 
2 . 1 M  
7 . m  
5.56301 
2 . m  
2 . m  
7 . m  
4 . m  
1.- 
4 . m  
4 . m  
7.11- 
1.5- 
l.m 
4 . m  
1 . m 1  
7.11EtO1 
3.0Lf101 
1.- 
7 . m  
6 . W 1  
5 . M  
l.m 
9 . 4 m  
2 . m  
5 . 4 m  
2 . m 1  

~ 

9 . m  
2.54EtCu 
9.94Hol 
8.34HOl 
9.33301 
2.31Hoo 
4 . m  
2 . m  
1 . m  
4.01E-03 
3.21E-(6 
2 . 1 m  
7 . 7 w  
6 . W 1  
2 . m  
2 . m  
7.74wE 
4 . w  
1 .m 
4.- 
4 . m  
7.1- 
1 .m 
1 .m 
4 . 6 W  
1 . m 1  
7.14301 
3.IBXl1 
1 . m  
7 . m  
7 . W 1  
5 . W 1  
1 .Htal 
9.yHo3 
2 . m  
5 . 4 m  
2.4p41 

3 . W 1  
2.4iE-a? 
1 .07EtCo 
5 . m  
5.42Hce 

9.55-01 

5.8mo3 
5.8mo3 
2.VlE-01 
1 .&€+c4 

1 .m 
7 . 4 m  
3.2- 
1 .M 
1.64Hcs 

1 . m  1 . m  
7.4- 7 . 4 m  
3.x+ce 3 . m  
1.7233 l.M rr l.m l.m 

2 . m  I I 2 . m  I 2 . m  

1 .TIE*c6 
1 .m 
8.8Mo1 
3 . m  

__ 
3.31HO1 
2.46502 
1.07EtCo 
5.&€m 
5 . m  

9.51E-01 

5.8swB 
5.EsHo8 

1.- 
2.m-M 

__ 
1 .m 
7.cBOl 
3 . m  
1 .7233 
l.hp+m 

2 . m  

1.TIE*c6 
1 .m 
8 . W 1  
3.a33a 

~ 

3.mEto1 
9.m-03 
3.28-01 
2.m-01 
3.14-01 
7.61E-03 
1.61Hoo 
8.5- 
4.X-01 
1.H-(6 
1.w-07 
7.1cE-01 
2.w-a? 
1.54%-01 
7.4iEUl1 
6.6iE-01 
2 . m  
l.toE-a? 
5.rn-01 
1.6moI 
1,s-02 
2.yE41 
5 . m  
6.24,-01 
I.%-02 
4.cE-a? 

l.m-01 
5.m-01 
2.4oEtoo 
2.31E-01 
1.s-01 
4.x-a? 
3.14E-Oe 
7.81Hoo 
1.81E-a? 
8.01E-a? 

2 . x ~ ~  

~ 

__ 
9.21Hm 
2 . m  
9 . W 1  
8.31EtO1 
9.4iEUlI 
2 . m  
4 . m  
2 . M  
1 .m 
4.m-03 
3 .z - (6  
2.1&@2 
7 . m  
5.56301 
2 . m  
2 . m  
7 . m  
4 . m  
1 .m 
4 . m  
4 . m  
7.11- 
1.- 
1 .m 
4 . m  
1.2?€tOl 
7.11EtO1 
3 . m 1  
1 . M  
7 . m  
6.56301 
5.88w11 
1 . m 1  
9 . 4 W  
2 . m  
5 . 4 w  
2.4mOl 

~ 

3 . W 1  
9.6%-m 
3.m-01 
2.74-01 
3.1%-01 
7.5R-03 
1 .to 
8 . m  
4.38-01 
1 .H-E 
1 .w-o7 
7.1%-01 
2.E-02 
1 .m-o1 

6.m-01 
2.y*1co 
I.%-02 
5.m-01 
1.6moI 
1,s-02 
2.39301 
5 . m  
6.Z-01 
1 .%-a? 
4.w-a? 
2.w-01 

5.m-01 
2.KHm 
2.3%-01 
1 .%E-01 
4.x-02 
3.1s-02 
7 . m  
1.81E-02 
7.R-a? 

7 . 4 m i  

1.m-m 

~ 

9 . 1 M  
2 . m  
9.87ho1 
8 . m 1  
9 . W l  
2 . m  
4.aWce 
2.- 
1 .Htoe 
3.54%-03 
3.1%-13 
2.15Hoe 
7.&€+a 
5 . m  
2 . m  
2.01- 
7 . 6 u e  
4.81Hoo 
l.E€+Z 
4.%E+Cz 
4 . m  
7.oiwB 
1.5- 
1 .Em@ 
4.6moI 
1 . m 1  
7.IBXl1 
3 . W 1  
1.74Etoe 
7 . 2 I w  
6 . W I  
5 . W 1  
1.31W)l 
9.44wa 
2 . m  
5 . 4 m  
2.41wll 
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Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-M-102 (WL Retrieval) (12 sheets) 
S T R E P H H  1 2 3  4 5 6 7 8 9 1 0  

!.%E401 
1.39xG 
!.14Eto1 
1.e-01 
5 . y 1 o e  
1.81wE 
L E e a  
5.ml 
!.3iE+x 
3.toHoo 

: . 7 m  
j . 4 W  

3.38-02 
;.45Ho1 
7.m-02 
;.Tp-ffi 
!.lt€tOl 
5.m-01 
1.4032 
1.B-01 
?.WE-03 
!.%E-@ 

1.57Eto3 
1.81EtOl 

~ 

! . m 1  
I .m 
!.14Ho1 
I.&-01 
> . 5 m  
l.81wE 
,.24E+% 
t.lEUl1 
!.rn 
1.57Eto3 

,.m 
t.49303 

~ 

2 . m 1  
1 .m 
2.14Ho1 
1.4%-01 
5 . 5 m  
1.81W 
5.- 
5.18301 
2.m 
5 . m  

I . 7 3 x z  
5.4- 

~ 

__ 
3.3%-@ 
;.4?€t01 

+.7iE-ffi 
1 . 1 m  
5.m-01 
I ,4032 
I.7lE-01 
7.7%-03 
?.E€-@ 

I .m 
1 . m 1  

!.E-@ 

~ 

~ 

!.5Z@1 
1.34Hoc 
!.13w)1 
1.435-01 
5 . m  
I .BMoe 
;.mw, 
i.lM 
!.rn 
3.54wn 

;.i-lwE 
5.- 

~ 
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9.w-03 

I.&-02 
8.3%-03 
2.a-03 
3.61E-02 
8.E-03 
4.R-02 
2 .Bto l  

1.1E-02 
1.18-02 
3.1%-03 

Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-AL-102 (WL Retrieval) (12 sheets) 

1.E-02 
1.5lE-07 
5.a-03 
2 .w-E 

6.a-08 
6.Y-W 
5.1oE-16 
5.52E-M 

6.S-08 

I = H  11 12 13 14 15 16 17 18 19 ZU I 
~LIWID oapoorts I 

volun? (L) 

Tc-W 
Tota l  Dr ies 

~ 

7.a-02 
6.08m) 
1 . m  
1 .M 

1 .m 

4.mwp 
4.c6Hoe 
1 .m1 
2.8ma 

~ 

___ 
5 . e - 0 2  
4 . m  
1 .oms 
9.- 

1.31W 

2 . m  
2 . m  
9.7rEuU 
2.oBHcs 

~ 

~ 

2.175-02 
1.- 
4 . 1 W  
3.mwx 

5.W-01 

1.1ytoe 
1.15Etoe 
3 . m  
8 . m m  

lenicals (kg) 

net 
m 3  
Asts 
Bt3 
Ba*2 
Bet2 
Bi+3 
&+2 
w 2  
w 3  
m 3  
5+ 
m 2  
EW3 
Fe+3 
w 2  
K+ 
La3 
Li+ 
w 2  w 
M 6  
Nar 
Ni+3 

E 
pw4 
Re7 
FW3 
Fw3 
se16 
S i t 4  
sn4 
sn2 
T& 
T i 4  

3.6m.n 

Z.Z - (15  
1.88-m 
1 .w-m 
1.&-02 
9.61E-LYt 

5.OiE-01 
1.U-02 
I.&-01 
1 .m-M 
6.4- 
1.S-02 

I.%-01 

1.1mo1 
2.w-02 
1.3.-02 
1.675-02 
1.26-02 
3.W-01 
1.523u 
3.E-02 

6.5E-02 
2.w-02 
9.w-03 
1.m-or 
3.1%-02 
1.w-01 
8.1mO1 

4.155-02 
3.9%-02 
1.11E-02 

1.w-(15 
1.3%-01 
7.475-02 
1.W-02 
6.88% 

3.a-01 
1.175-02 
l.H-01 
1.21E-M 
4 . m  
9.%-03 

9.m-02 

8 . m  
2.E-02 
9.m-03 
1 .ax-@ 
9.ME-03 
2.1R-01 
9.44Ho8 
2.E-02 

4.675-02 
2.11E-02 
7.1I-03 
9.1oE-02 
2.26502 
1.1 1E-01 
5.L6Ho1 

2.m-02 
2.a-02 
7.5%-03 

6.31E-06 
5.x-02 
2.E-02 
4.1%-03 
2.zf-LYt 

1.4-01 
4.&-03 
5 .a -02  
4.81E-07 
1 .&E+al 
3.x-03 

3.m-02 

3 . m  
8.41E-03 
3.R-03 
4.74E-03 
3.575-03 
8.H-02 
3.7- 
9.w-03 

1.&-02 
8 . 3 9 3  
2.a€-03 
3.61E-02 
8.5%-03 
4 . x - 0 2  
2 . m  

1.1E-02 
1.1I-02 
3.1%-03 
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Table 11 Pnase 1 In-Tank Sludge Washing o f  DST 241-M-102 (m Retrieval) (12 sheets) 

'.M 

iTREIwwE 11 12 13 14 15 1 

.laJIO awQpIls 

1.m-03 

2.ZEa 

1.ZWB 
9.83301 
4.31Ho1 
1.1E-03 
1.49303 
9 . w  
9.5WQ 
4.8-01 
7 . m  
3.X-01 
8.2735 
6.3;EtOl 
I.%-@ 

ao-2 
Cr(M%- 
F- 
I-  
Np- 
NB- 
M- 
FQ-3 
93-2 
l a -  
w) 
m i c  Mm 
2m:m 
Ils 
c12 
me 
R 
I2 
P 
N3 
ce 
MI3 

6 . W  

2 . m  

1 . m  

2.7lE-02 
2 . w  
1.1iE-oe 

6.31E-03 

8 . W  

4 .Xa3  
3 . 4 m  
1.52Xe 
3.88-03 
5.EEnB 
3 . m  
3.51- 
1 .m 
2.54Et(u 
1 .was 
1.583m 
2 . m  
5.X-oe 

4.w-03 

5 . 7 m  

3.03333 
2.4LHoe 
1 .mice 
2.78-03 
3 . M  
2.51- 
2.51- 
1 .oZ+!3 
1 .- 
9.51E-01 
1 .- 
1.61Hoe 
3.81E-oe 

7.7lE-03 
7.- 
3.3i~-m 

1.R-03 

2.zBwE 

1 .zwci3 
9.83301 
4.31Ho1 
1.m-03 
1.45303 
9 . w  
9.%3@2 
4,s-01 
7 . m  
3.m-01 
5.6p105 
6.35Ho1 
1.E-Oe 

16 17 18 19 ZU 

~ 

5.X-03 

2.a-E-m 
7.x-05 
5.z-07 
2.- 
1.1E-M 
3 . m  
2.a-oe 
8.m-02 

4 . l Z € a  
l.l(yo1 
9.oowB 
1.59501 
6.74E-01 
1 . m  
4.1833 
1 .m 
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Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-M-102 (60% Retrieval) (12 sheets) 

Total HBSS Flar  (kg) 

I- t&w 11 12 13 14 15 16 17 18 19 I 

1 . 1 M  3 . m  1 . 1 M  1 . 1 M  6.X-01 1.- 2 . 6 W  

1 . m  
7 . m  
3.ze.a 
1.7235 
1.6p.05 

Rajiolelids (Ci)  

h 2 4 0  
h 2 4 1  

3.33301 
2.a-02 
1.07E93 
5.67wp 
5 . m  

9 . m  
7.4oE*u) 
3 . m  
l.7lHo5 
1 .t9to5 

2.EiEQ 9.a-01 

l.ii€+@ 5.fEnB 
1 . m  5.- 
8 . m 1  2.m-01 
3 . m  l.Z€la 

1.zsEtoe 9 . m  
7.403al 
3 . m  
1.7lHo6 
1 .(9t(16 

9.1- 
2.p1W 
9 . M 1  
8 . m 1  
9.41HO1 
2.28E*o3 
4.FzlCz 
2.5733 
1 .H*o2 
3.m-m 
3. lE-E 
2.1%@2 
7.67Hm 
5 . w 1  
2 . m  
2.aEtoz 
7 . 6 W  
4.mUll 
1.6332 
4 . m  
4.01Hoo 
7.07WB 
1 .51m 
1 .m 
4.taxu 
1 .ma 
7.03301 
3.CWOl 
1 . 7 M  
7.1- 
6 . w 1  
5 . m 1  
1.31HO1 
9.41Hoo 
2 . m  
5 . w  
2 . 4 0 1  

8.74301 
3 . m  

3.m-02 

9.m-oe 

3.68-01 

2 . M  5 . m  I lmxm I 
1.7636 5.1- 
1.7- 5.1- 
8.74301 ~ ~ 

3 . m  1.cwc6 

2.31W 

1.81E-Oe 
1.M-07 

2.m-m 
1.81EK-6 
1.81EK-6 

8 . 1 W  

m 3  
A& 
w3 
Lw2 
Bet2 
cat2 
w 2  
cet3 
om3 
cor3 
cr+3 

3.16-E 1.&-07 
2.1ytoe 7.11E-01 
7 . m  2.w-02 
5.-1 1.m-01 
2 . M  7.42301 
2.01W 6.6%-01 
7 . m  2 . w  
4.81Hoo I.%-02 
1.6332 5.s-01 
4 . m  l.m 
4.ooE*(a 1.s-02 
7.Gswa 2.3301 
1 . 5 H  5.01wxI 
1 . m  6.S-01 
4.6mcm 1.5332 
1 . m 1  4.m-02 
7.oiFto1 2,s-01 
3.OiEKI1 1.01E-01 
1 . 7 M  5.X-01 
7.21- 2 . m  

2.X-01 
5 . m 1  1.w-01 
1.31HO1 4.E-02 
9.- 3.1ZE-Oe 
2.35Hl3 7.7cHoo 
5 . 4 m  1.80E-Oe 
2.41HO1 7.W-Oe 

~ 

9.1933 
2.9lHoo 
9 . m 1  
8.26301 
9.41Ho1 
2 . a M l  
4 . m  
2.5733 
1 .m 
3.m-m 
3.18-E 
2.1532 
7.6EKll 
5 . w 1  
2.24Ba 
2.mUe 
7.6- 
4 .XHo 
1 .6332 
4 . m  
4.01W 
7.07WB 
1.51wB 
1 .m 
4 . m  
1 .m 
7.07E.rO1 
3.MHo1 
1 . 7 W  
7 . 1 W  
6.93301 
5 . W 1  
1.31HO1 
9.41Hoo 
2 . m  
5 . m  
2.4JMl 

~ 
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' . m l  .m 
' . l r n 1  
. e - o 1  
l.m 

.am2 

. 2 1 W  

Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-M-102 (6% Retrieval) (12 sheets) 
TREpMhwrE 11 12 13 14 15 16 17 18 19 

TID aXQ&YlS 

1.76-01 

2 . m 1  
1 .m 
2 . 1 m 1  
1.49-01 
5 . m  
1 .am2 
6.- 
5.17301 
2 . m  
5 . m  

6.nw 
5.- 

3 . s - @  
:.4Mo1 
7.cE-@ 
i.m-LyI 
!.14Wl 
5.W-M 
1 .m 
1.7lE-01 
7.76-03 
!.82E-oe 

I .m 
1 . M l  

!.5iw)1 
I .%!+a 
! . l r n l  
l . e - 0 1  
j.4Btm 
I.BoEtm 
; . 2 1 m  
i.15301 
!.m 
3.51Ha) 

,.m 
i.4mB 

1.w 

1.51- 

7.EmC2 

1 .c6E-c6 
1 . 7 M  
3 . 2 W  
1.51Hoe 
1 . 4 W  
1.05E*Oe 
6 . W  
1.nE-m 
6.7- 
2 . 9 m a  
1 . m  
4.yE-03 
4 . B - m  
3 . m  
3.5iEul1 
7.43301 

3 . 2 1 W  
2.4- 
8.- 
2 . 6 M  
2 . m  
6 . 1 W  
3 . 1 M  
2.13YB 
2.1E-07 
3 . m  
2.ltEtoe 
5 . m  
1 .%mol 
8.7M01 
3 . m  
2 . m  
1 . 5 W  
6.- 
8.21Ho1 
2.61Eto1 
8.lY,ElO1 
2.11E41 
1 .mho1 
2 . m  
9 . m  

2 . M  
4.19333 

7 . 5 ~ ~ 0 3  

2.82~-m 

6 4  
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Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-AZ-102 (6% Retr ieval )  (12 sheets) 

RaJiaulicks ( C i )  

rr241 
9-90 
Y-90 

Total mies 

VmiCalS tkg) 

pet 
m3 
a5+5 
Bt3 
Bat2 
Bet2 
e1+3 
w2 
w2 
cet3 
c013 
cst 
m2 
Eut3 
Fet3 
w2 
K+ 
1at3 
Li+ 
w2 w 
w 
Nat 
n1+3 c 
RJt4 
Ret7 
w3 
1bn3 

Si+$ 
mt4 
w2 
T& 
t14 

65 
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Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-M-102 (WA Retrieval) (12 sheets) 

M 
CI2 
me 
F2 
I2 
u? 
tu 
a2 
NIB 

8 . m  

1.Z-06 
2 . m 1  
I.ZtE+% 
6 . M 1  
1.e-01 
2.15€tcL? 
1.4633 

4.41- 

66 
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Table 11 Phase 1 In-Tank 

IRa j iO l r l i k  (ci) 

S1 @e Washing of DST 241 -Az-102 (60% Retrieval ) 

mnicals (kg) 

a1+3 
pm3 
M 
w 
Bat2 
Bet2 
Catz 
w2 
cet3 
(M3 
c013 
cr+3 
w 
art2 
Fet3 
K+ 
1at3 
Li+ 
w2 w 
M3t6 
Nat 
n1+3 
Fbt4 
Rn4 
Ret7 
m 3  
m 3  
5et6 
51t4 
5r+2 
Te t6  
t1t4 
t1+3 
e 2  
w5 
1w2 

sheets) 
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Table 11 Phase 1 In-Tank Sludge Washing o f  DST 241-AZ-102 (60% Retrieval) (12 sheets) 

CI -  
m-2 
F- 

68 



Figure 12. In-Tank Sludge Washing of DoubleShell Tank 241-AY-I02/SST 241-C-106 
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to AP Tank Wash Solution 

A 
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(7 days) 
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5 . m  

Table 12 Phase 1 In-Tank Sludge Washing o f  DST 241-AY-l02/SST 241-C-106 (36%/%/99% Retr ieval)  (12 sheets) 

5 . m  

I- WE 1 2 3 4 5  6 7 8 9 10 I 
/LI(UID oLEp(hEhllS I 

l.W l.W 1.4- 2.- 1.4%C6 1.- 
1.U€+% I 1 . M  1 1.- 12.8EtC6 I 1 . 4 M  I 1.- 1 
1.01HOo 1.01HOo l.m l.m l.m l.uEm) 

h 2 4 1  
C-14 
h 2 4 4  

CS-137 
63-137 
Eu154 

corn 

EZ 
Rrw 
Rr24l 
SFSo 
Y-So 
Tc-W 
Total Wig 

l.Y-Oe 
4 . 5 m  
6.- 

~ 6 . 5 H  

I I.- I 
3 . m  
3 . m  I ::E2 I 

~ 

1.59301 

1.Y-(E 
4 . 5 m  
6 . W  
6.5Z+% 

1 .m 

3 . m  
3 . m  
6.1cHo1 
1.- 

~ 

9.ifEm 

8.48-03 
2 . m  
4.3fl(yI 
4.11wyI 

9.m101 

2 . m  
2 . m  
3 . m 1  
8 . m  

~ 

5 . m  

4.w-03 
1.- 
2.- 
2.41wyI 

5 . W 1  

1 .m 
1 .m 
2 . m 1  
5.zac4 

2 . m  

2.%-03 
8.4%-01 
1 .m 
1.21wyI 

2.89301 

6 . M  
6 . M  
1 . 1 m  
2.633% 

~ 

2.Ewm 

2.m-03 
8.38-01 
1.ZECYI 
l.m 

2 . m 1  

6.81Hoe 
6.W- 
1 .1m1 
2.593% 

45+ 
m 3  
9n5 
B+3 
Bat2 
Bet2 
Bi+3 
cat2 
Mt2 
m 3  
tot3 
&+ 
m 2  
Eut3 
Fe3 
w 2  
K+ 
Lat3 
w 2  
tw4 
bI6 
N e  
Ni+3 

82 
w 
se16 
Si* 
snt4 
SW2 
T i 4  
ue+2 
MI6 
w 2  

2 . m 1  
6.52E-03 

5.1- 
6 . m  

1 . m 1  
5 . m 1  
1 . m 1  
1.e-07 
4.w-05 
L.l(E.rO0 
1.55Erm 

1 . 1 m  

3 . m  
1.a-01 
1.13W)l 
5.11Wa 

5 . m  
3 . W 1  

4.5PWJ1 
2.483aI 

1 .m 
5.rnp-01 

1.7- 

?.tW+Ol 
;SI-03 

i.14HOo 
;.m 
I . m 1  
i.78W)l 
I . m 1  

r.w-05 
;.1- 
1.55wa 

1.1Em 

3 . m  
1 . a -o1  
1.1m1 
5.11HOo 

5 . W  
3 . M 1  

6.5PWJI 
2.- 

1 .w 
5.9ml1 

1 . 7 W  

! .&€-07 

1 . m 1  
2.&-03 

3.2- 
3.11Ha) 

9 . m  
3.69301 
7.9cHa) 
1.m-07 
2.5%-05 
2 . m  
9.76E-01 

7.X-01 

2.1ace 
1.W-01 
7.1- 
3 . m  

3 . m  
2.10301 

2 . m 1  
1 .m 
l.lmu3 

3.74E-01 

l.law 

1 . w 1  
1.6iE-03 

1 .m 
1 .m 
5 . m  
2.1m1 
4.6twa 

1.4%-05 
l.Yla1 
5.7lE-01 

4.2iE-01 

1 . 2 w  
6.M-@ 
4.18103 
1 .s€+ol 

2 . m  
1.23301 

1 . a t 0 1  
9.1%-01 

6 . 5 M  

2.1%-01 

6.41w12 

6.1~-08 

1 . w 1  
1.6iE-03 

1.5a100 
1 .m 
5 . m  
2.1ptol 
4 . 6 t w a  

1.4%-05 
1 .m 
5.7lE-01 

4.m-01 

1.24w.2 
6.M-Oe 
4.1- 
1.- 

2 . m  
1.23301 

1 . a t 0 1  
9.1%-01 

6 . 5 M  

2.1%-01 

6.41W 

6.1~-08 

.t€€+o? 

1 . w 1  
1.6iE-03 

1 .soHm 
1 .m 
5.7axc 
2 .1m1 
4.- 

1.4%-05 
1 .m 
5.i7E-01 

4.m-01 

1 . 2 w  
6.M-Oe 
4.1- 
1 .&€la 
2 . 5 M  
1 .23301 

1 . a t 0 1  
9.1%-01 

6.57Hoi 

2.1%-01 

6.41W 

6.11-a 

5 . m  
E.&-05 

9.5%-01 
9.1%-01 

2.91wx) 
1.07W)l 
2 . w m  

7.51E-07 
7.m-01 
2.m-01 

2.1%-01 

6.23301 
3.mE-oe 
2.latco 
9.45€-01 

1 .Zma 
6 . 1 W  

8 . 4 M  
4.61E-01 

3.31W 

1.1s-01 

3 . M  

3.m-08 

__ 
5 . 1 m  
8.Z-05 

9.a-01 
9.W-01 

2 . m  
1 . m 1  
2.31HOo 
3.w-08 
7.41E-07 
7.e-01 
2.m-01 

2.1z-01 

6.15Ho1 
3.01E-Oe 
2.08HoO 
9.3%-01 

1 . m  
6.lato3 

5 . m  
4.5%-01 

3 . m  

1 . ~ - 0 1  

3 . 1 W  

7 0  
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Table 12 Phase 1 In-Tank Sludge Washing o f  DST 241-AY-102/241-C-106 (36%/Wk Retr ieval)  (12 sheets) 
S T R V W H  1 2 3 4 5 6  7 8 9 1 0  

LlaJID COrpOiWTS 

28-4 
Al(M%- 
C l -  
033-2 
cr(MY- 
F- 

1 . 1 m  1 9.5Mo1 
2.61Wn 

1 . 4 M  
6.2oHoe 
3.28w10 
1 .C6w10 
7.11- 
1 .m 
5.- 
6 . a w O  
3.8oE*c6 
6.12WB 
4.W-01 

~ 

7.yHo1 
5.awI1 
l.m 

?.ZiEtOl 
3 . m  
!.m 
1 .OiEm 
k.4- 
1.- 
3 . m  
3.m 
2.403a 
3.EHB 
3.1E-01 

~ 

4.31E41 
3.51Hal 
9.6?u.2 

5.42301 
2 . 3 1 W  
1 . 2 1 m  
6.6€+@ 
2.6fl(u 
6 . m  
2.2lH(B 
2.2lWxI 
1.403a  
2 . m  
l . a - 0 1  

~ 

b.t4Etc 

!.W 

4.31Wl 2.17W)l 
3.51Ha1 l.?Z+Ol 
9.6ptoe 1 4..Ei+a 

5.42301 2.73331 
2.31- 1.163% 
1.Emo3 9.44E+a? 
6.RUQ 3 . M  
5 . m  2 . m  
6 . w t o e  3.XEtG 
2.21HOD 1 . 1 1 m  
2.21WxI l.llEt03 
2.16wIs 1.- 
2 . m  1.14Hco 
1 . a - M  9.E-CQ 

1.74301 

1.41EK6 

9.w-oe 

7 1  
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Total k s s  Flw (kg) 3 . M  3 . M  l.C%tlB 3 . M  3.ZrftE 3.a€tm l.cma3 3.2735 

dimclicks (Ci)  

h 2 4 1  
C-14 
(mu 
CS-137 
Ba-137 
EU154 

~~ 

corn 

zz 
Rrm 
Rr241 
W-SO 
Y-So 
T C - 9  
Total b ics  

2 . m  
3.5%-01 

1.4.Sce 
2.- 
2 . m  

3 . m  

2.81W 
2.81W 
2 . m  
6.ZUX6 

2 . m  I 3.5%-01 
7.4sHm 
l.lE-Ci3 

I 3.- 1.13301 

2.81E.a 9 . M  
2.81- 9 . M  
2 . m  6.m-M 
6.ZUX6 2 . W  

2.2t€nB 
3.5%-01 

1.4.Sce 
2.91- 
2.7633 

3.41- 

2.81Hc6 
2.81W 
2 . m  
6.1- 

2.2fwII 
3.5%-M 

1 .UBce 
2.9lHo5 
2.7- 

3.41- 

2.81- 
2.81- 
2 . m  
6.1- 

2.2t€nB 7 . 4 m  2 . m  1 3.5%-01 I 1.V-Ci3 I 3.X-01 1 1.- 1 4.a-01 1 1.- 
2.91- 9.mtCe 2.5Etm 
2.7- 9 . 1 m  2.i5Et(6 

3.4Em 

2.81W 9 . m  2 . m  
2.81Hc6 9.2t€nB 2 . m  1 2.0732 1 6.m-01 1 2.coHoe 
6.183% 2.WtU 6.1- 

w 
Al+3 
Am3 
Bt3 
Bat2 
Ei+3 
w 2  
w 2  
w 3  
cr+3 
csr 
art2 
Fe3 
K+ 
La3 
w 2  
M*4 
N a  
Ni+3 
FtdI 
wI2  
Rlt4 
S i 4  
sr+2 
@2 
w 2  
Z r t 4  
CL- 
F- 
Np- 
NJB- 
M- 
a - 3  
a - 2  
T&- 
me 

9.- 
4 . s m a  
6.m-01 
1 . m 1  
5.- 
5 . m  
1 .m 
4 . m  
5 . m  
1.21- 
1 . m 1  
1 .m 
5 . M  
1 . m  
2 . m  
5.91- 
2.43wB 
5.- 
l.lt€m 
2.51- 
1 .m 
5.5Mo1 
7 . m  
1.67wE 
9.42+@ 
4 . M l  
2 . m  
5.tflEUll 
6.i'lwll 
1 . m 1  
1 .crzUll 
1 .m 
7 . w  
1 .m 
2.0841 

9.pHoe 
4 . m  
6.m-01 
1 . m 1  
5 . m  
5 . m  
1 .m 
4.ocHoe 
5.oLHoo 
1.21Ea 
1 . m 1  
1 . m  
5 . m  
1 .%e5 
2 . m  
6.91- 
2.43wB 
8 . 4 m a  
l.lt€m 
2.51- 
1 .m 
5.5Mo1 
7 . m  
1.67wE 
9.4232 
4 . M l  
2 . m  
5.tflEUl1 
6.71W1 
1 . m 1  
1 . m 1  
1 .m 
7 . w  
1 .m 
2.0841 

3.cRxn 
1 . 4 W  
2.W-03 
5.4%-02 
1.7W1 
1.7- 
4 . M 1  
1 .Ea 
1.68-Oe 
3 . m  
5.W-02 
4.4231 
1 .%?a 
4 . m  
6.M-01 
2 . m 1  
8.MHOO 
2 . m  
3 . m  
8 . m  

1.a-01 
2.5aXe 
5.51E-01 
3.11HOO 
1.61E-01 
7 . m  
1 .w-01 
2.m-01 
4.1%-02 
3.3%-02 
4.48301 
2.6Mo1 
4.1s-01 
6.67E-Oe 

5.YE-a 

9 . m  
4 . m  
6.6%-01 
1 . m 1  
5 . M  
5 . M  
1 .M 
4.01W 
5 . m  
1 .21m 
1 . m 1  
1 . m  
5 . W  
1 . 4 M  
2 . m  
6.- 
2.42303 
8.- 
1 . 1 m  
2 . m  
1 .tmie 
5 . m 1  
7.61W 
1 .m 
9 . m  
4.876301 
2 . m  
5 . m l  
6.bRtOl 
1 . m 1  
1 .cmo1 
1 .m 
7.91- 
1 .m 
2.0841 

__ 
9 . m  
4 . m  
6.a-01 
1 .fBtol 
5.24E+G3 
5 . M  
1 .M 
4 . M W  
5 . m  
1.21wn 
1 . m 1  
1 .%E+@ 
5 . m  
1.4- 
2 . m  
6.- 
2 . m  
8.4cIx4 
1.15wn 
2.5333 
1 .tmie 
5.53301 
7.61W 
1 .m 
9 . m  
4 . m  
2 . m  
5.6z+o1 
6.6Rto1 
1.5301 
1 .crzUll 
1 .m 
7.91- 
1.2632 
2 . m 1  

__ 

9 . m  
4.533% 
6.6%-M 
1 .t6E*o1 
5 . M  
5 . m  
1 .m 
4.01EKC 
5 . m  
1.21Em 
1 . m 1  
1.- 
5.- 
1 . 4 M  
2 . m  
6.- 
2.42303 
8 .4mU 
1 . 1 w  
2 . m  
1 .m 
5 . m 1  
7.61W 
1 . m  
9 . m  
4.876301 
2 . m  
5.6Mo1 
6.bRtOl 
1 . m 1  
1 .084l 
1 .m 
7.91Hco 
1 .m 
2 . m 1  

3.07HoO 
1.4- 
2.1E-03 
5.49-02 
1 . m 1  
1.- 
4.38Hol 
1 .Htoo 
1.67E-02 
3 . m  
5.m-m 
4.41E-01 
1 . W  
4.pMu) 
6.m-01 
2 . m  
7 . m  
2 . m  
3.81HOO 
8 . m  
5.X-01 
1.a-M 
2.51W 
5.4%-M 
3 . l W  
1.61E-01 
7 . m  
1.w-01 
2.2lE-01 
4.1E-Oe 
3.B-02 
4 . M 1  
2.61wl1 
4.1%-01 
6.a-Oe 

__ 
9 . m  
4.4- 
658-0' 
1 .t4Ekul 
5.233G3 
5.24EtCe 
1 .s€+c4 
4.ooHce 
S.CE€iOI 
1 . m  
1 . m 1  
1 .pH(E 
5 . m  
1 . 4 M  
2 . w  
6.8'EUB 
2.41- 
8 . m  
1 . 1 m  
2.4- 
1.67wE 
5.4Rto1 
7 . M  
1 .tf€tce 
9.36wE 
4 . W l  
2 . 1 M  
5.61HM 
6 . 6 M  
1 . m 1  
l.OlE+Ol 
1 .m 
7.&€+03 
1 . M  
2 . ~ ~ 1  
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apwhwlE 1 2 3 4  5 6 7 8 9 1 0  

__ 
2 . m  
1.m-00 

~ 

5.m 
5.W-M 

~ 

2 . m  
1.88-00 
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Total W Flor (Irs) 
Mllne (L) 
SFgific C a y i t y  

Table 12 Phase 1 In-Tank Sludge Washing o f  DST 241-AY-lO2/241-C-106 (36k/W% Retr ieval)  (12 sheets) 
1-H 11 12 13 14 15 16 17 18 19 

1.453% 2.- 1.4- 1 . W  3.7pIc6 5.1EHc6 6.aJX& 1.- 
l.W 2.87E*c6 1.4- 1.- 3.7pIc6 5.1- 2.- 1 . 5 3 3  
l.CC€+OI 1.aEt00 l.aEt00 1.oMoo l.mEtm l.aEt00 2.41Em) l.aEt00 

ILIWID a w v w r s  I 

2.&-03 
8.E-01 
1.- 
1 . m  

1.24E-03 1.m-03 
4.Z-01 4.1%-01 
6 . W  6 . W  
6 . M  5.- 

I I I I I I I 1 1 1 1 I 

b.81wE 
5.81wE 
1.13901 
2 . M  

RaJiaulicks (C i )  

h&l 
C-14 
lilt& 

CS-137 
Ba-137 
EWE4 
W-m Rrm 
Fwzc 
R r l l  
Sr-SO 
Y-SO 
Tc-59 
Total Osie 

co-to 

3.- 
3 . w  
5 . m  
1.31EC4 

2 . m  
4.11E-ffi 

4.6iE-01 
4.4~-01 

1 . M  
5 . m  
1.1wol 

3.68-07 
3.83-01 
1.41E-01 

1.a-01 

3.05HO1 
1.4%-02 
1 . 0  
4.U-01 

8 . 1 M  
3 . m  

4.1- 
2.a-01 

l.m 
5.3%-02 

l.m 

i s i ~ - a  

2.Emo1 14Mo1  1 m 1  I .  I .  I 

2.m-c6 
4.12E-05 
2.3%-06 
2.m-06 

2.Z-13 
4.1E-06 
4.4iE-02 
9.5oE-c6 

3 . ~ ~ - 0 6  

6.4y101 
3.57E-c6 
1.82E-07 
6.5%-02 
4.m-c6 
3.Z-01 
3.xE-ffi 
1.OlE-ffi 
2.1R-@2 
2.m-Gi 
3 .2tea 
3.w-02 
5.1E-07 
‘I.&-@ 
5.43-06 
l.7lE-07 
l.m-03 
1.X-15 
1.4iE-06 
1 .e47 
1.&-@2 
5.97-06 
2.m-ffi 

.t6H(II 

3 . m  

5 . 6 0  
1 .m 
3.- ~ 

2.m-01 

6.15E.101 
3.01E-CQ 
2 . m  
9,s-01 

l.m 
6.1- 

8 . m  
4.w-01 

3.2%+@ 

1.m-01 

3.18Etoe 

~ 

1.41Eto3 

1.Z-03 
4.1%-01 
6.2- 
5 . m  

1 . m 1  

3.53342 
3 . m  
5 . 6 0  
1 . m  

1.41E-@2 
8.1iE-ffi r 

chenicals (kg) 

Pg 
h 3  
Ans 
8*3 
k+2 
Bet2 
Bi+3 
cat2 
w 2  
m 3  
cot3 
w 
Qi+2 
EM3 
Fet3 
w 2  
K+ 
La3 
w 2  
M*4 
Mr6 
N3t 
Ni+3 

E 
Fw4 
se*6 
S i t 4  
9n4 
s*2 
T i t 4  
LIB2 
ut6 
w 2  

8.Z-01 

9.42-01 
9.0%-01 

2 . m  
1 .ct€lal 
2.31Etco 

7.41E-07 
7.e-01 
2.M-01 

3 . w - a  

~ 

2.61WX 
4.18-ffi 

4.m-01 
4.W-01 

1.- 
5.34wn 
1.17wn 

3.74E-07 
3.a-01 
l.m-01 

1.oiE-01 

3.10331 
1.52E-ce 
1 .mwa 
4.m-01 

8 . W  
3 . 0 W  

4 . m  
2.x-01 

1 .tM4e 

5.48-02 

1.61wE 

1 , s - a  

__ 
2.57wn 
4.11E-ffi 

4.6iE-01 
4.4%-01 

1.4mm 
5 . m  
1 . 1 m  

3.68-07 
3.a-01 
1.41E-01 

1.m-01 

3 . W 1  
1.4R-m 
1 .m 
4.M-01 

8.1- 
3 . m  

4.1CHal 
2.M-01 

1 .m 
5.3R-02 

1.5EE*oe 

i s i ~ - m  
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1- WE 11 12 13 14 15 16 17 18 19 20 I 
ILICUIO awumiTs I 

6.64Hoe 

2.4&@3 

1.- 

__ 
I .oEwI1 
1.m 
! .41W 

! . 3 H l  n.m 
1.m 
l.5ptoe 
!.51E+O3 
I .m 
i.5ptoe 
;.%E-01 
I .4m% 
i.fE€Ke 
,.m-ce 

~ 

1 .wen1 
8.64Hoo 
2 . m  

1 . y 1 0 1  
5.65Ho1 
7.9lHm 
1 .xwae 
2 . 4 W  
1 .m 
5 . w  
5.m-01 
1.4M06 
5 . m  
4.4R-ce 

1 . m 1  I 8 . m  
2 . m  

1 . m 1  
5.65Hol 
7.91Hm 
1.5owE 
2 . 4 W  
1 .m 
5 . w  
5.m-01 

.M 5.1% 
5 . m  
4.4%-ce 

~ 

1.aE-W. 
5 . m  
3.1%-01 
8 . m  
5.m-ce 
2.1%-01 
1 . m 1  
3.16901 
2.41- 
5.31E-01 
1 .KE+xl 
4.94Ho1 
1.1- 
5.11Hoo 

~ 

I .Ear6 

7 5  



WHC-SD-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 
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3.4oHoB 

2 . m  
2 . m  
2 . m  
6.1- 

1-H 11 12 13 14 15 16 17 18 19 I 

1 .1m1 

9.- 
9.- 
6.81E-01 
2.033% 

d i m l i d s  (C i )  

9 . m  
4.45wYk 
6.5%-01 
1 . W 1  
5.DHoD 
5.24Em 
l.m 
4 . m  
5.- 
1.zmci3 
1 . m 1  
1 . w m  
5 . m  
1 . 4 M  
2.oylm 
6.87303 
2.41- 
8 . m  
1.1533 
2.4- 
1.67€+@ 
5.4W1 
7 . M  
l.m 
9 . m  

h&l 
C-14 
(mw 
ma 
C.-137 
Ba-137 
€W1% 

EZ 
Rrwl 
Rrbl 
sr-SO 
Y-SO 
Tc-W 
Total a r i e s  

3.oytco 
1.4[f1oe 
2.1E-G3 
5.41E-0e 
1 . m 1  
1.7zeol 
4.yHo1 
1.- 
1.6E-Oe 
3 . m  
5.M-m 
4.3%-01 
1.- 
4.soHoo 
6.G-01 
2.mtol 
7.%f+%l 
2 . m  
3.8a100 
8.21wx) 
5.51-01 
1.81E-01 
2 . m  
5.4E-M 
3.oiwa 

2.- 
3.m-01 

1 . 4 w  
2 . m  
2 . M  

3 . m  

2 . m  
2 . m  
2 . w  
6.1- 

~ 

2.MtoD 
3.B-01 

1.4% 
2 . m  
2.75E*o5 

3 . m  

2 . m  
2 . m  
2 . m  
6.1- 

1 . m 1  
3 . m  

1 .= 
1.3hWJs 

2 . m  

~ 

2.93303 

1 . z - m  
1.48H02 
5.88Hc6 
5 . m  
4 . f E m  
3.5%-07 
3.4mo3 
3 . m  
6.M-03 
2.933ct 
2.53305 
7.1R1oe 
1 . m  __ 

w 
Al+3 
prm3 
B+3 
Bar2 
Bi+3 
w 2  
cd+2 
w 3  
cr+3 
cst 
m 2  
Fe+3 
K+ 
La3 
w2 w 
Nat 
Ni+3 
w 
Wt2 
Rlr4 
Sit4 
sr+2 
m 2  
w 2  
2rt4 
CL- 
F- 
Me- 
IXB- 
M- 
m - 3  
a - 2  
T&- 
w 

~ 

9 . m  
4 . 4 w  
6.B-01 
1 .@€to1 
5.21- 
5 . m  
1 .m 
3 . m  
5.o3zal 
1 . m  
1 . m 1  
1 .wm 
5 . m  
1 .&im 
2.c€€@ 
6.81w13 
2.4oHm 
8 . m  
1.1533 
2.4Etm 
1.6- 
5.43331 
7 . m  
1 .m 
9.3332 
4 . M 1  
2 . 1 m  
5.59301 
6.t6E*o1 
1.24W)l 
1.01Ho1 
1 .m 
7 . m  
1 .M 
2 . m 1  

~ 

. y E - O l  

.&-01 

.&-01 
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M h w r E  11 12 13 14 15 16 17 18 19 Zl 

- 
!.E+ 
.m- 

!.m 
1.m-G3 

).19303 

~ 

9.9y102 
8 . 4 W  
8.m-01 
3.5%-06 
4 . m  
5.82Erm 
6.1E-13 
5.BEt(E 
1.84H(YI 
4 . m  

7 . m  
1.7cEtm 
8.74331 
1 .m 
2.11E-07 
8.4oH(yI 
1 . m  
2.41W 
9.19303 
1 . 1 w  
4.x-c6 
1 . 6 M  
1 .a333 
5.R-07 
5 . 5 w a  
2 . m  
1.9iEtOe 
6.8101 
2.m-07 
4 . 6 M  
5.5wce 
1 .m 
6.69301 
2.m-07 
1 . 1 m  
7.53-ffi 
6.mW)l 
2 . m  

I.CCE-CE 
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I- 21 

R a d i a l i d s  (ti) 

5 - 1 9  
Ba-I37 
Eu154 

w240 
Rr241 
5r-93 
Y - 9 3  
Tc-59 
Total O x i s  

aet 
m3 
An5 w 
Ea2 
Bet2 
b1+3 
w 2  
w2 
m 3  
m 3  
cst 
m2 
EW3 
Fe+3 
w 2  
K+ 
1a+3 
w2 
w 
1434 
Nz+ 
n1+3 

E 
Rn4 
5e16 
514 
5x4 
5r+2 
t14 
m 2  
u16 
m 2  

7 a  
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5 . 1 M  

4 . G - M  
2.5!%m 
9 . m  
1 .m 
7.mwll 
4 . n m  

1.4mCo 
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.umicals (kgs) 

m 
A1+3 
pm3 
Bt3 
w2 
b1+3 
b+2 
w2 
ca3 
cr+3 
cst 
a*2 
Fe+3 
K+ 
1e3 
w2 
M*4 
N;* 
n1+3 
Fbt4 
wt2 
R*4 
51t4 
5v2 
m 2  
m2 
zrt4 
C I -  
F- 
w- 
NB- 
M- 
f0-3 
a - 2  
TOY.- 
w 
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2.4 HIGH-LEVEL WASTE PRIVATE CONTRACTOR OPERATIONS 

The Phase 1 HLW c o n t r a c t o r  r e t u r n s  e n t r a i n e d  s o l i d s  t o  t h e  o p e r a t i n g  
c o n t r a c t o r ,  b u t  i n c o r p o r a t e s  t h e  o t h e r  i n t e r m e d i a t e  waste produc ts  
(strontium/TRU, C I P  and TIP) i n t o  IHLW. 
c o n t a i n s  " I X  M a t e r i a l "  t h a t  i s  assumed t o  become p a r t  o f  t h e  dry ,  f r e e - f l o w i n g  
produc t .  Since t h e  HLW c o n t r a f t o r  p robab ly  would n o t  produce a dry ,  
f r e e - f l o w i n g  C I P ,  " I X  M a t e r i a l  i s  d e l e t e d  from t h e  C I P  stream t h a t  i s  r o u t e d  
t o  HLW i m m o b i l i z a t i o n .  

on F igures  10, 11, and 12. S ix teen batches o f  p r e t r e a t e d  HLW s o l i d s  a re  
t r a n s f e r r e d  t o  t h e  HLW c o n t r a c t o r :  2 f rom AZ-101, 2 f rom AZ-102 and 12 from 
AY-102. For t h i s  model, t h e  HLW c o n t r a c t o r  d i v i d e s  t h e  i n t e r m e d i a t e  waste 
produc ts  e q u a l l y  between t h e  16 HLW feed batches. 

The PPTB mass balances account f o r  t h e  v i t r i f i c a t i o n  o f  375,000 kgs 
( o x i d e  e q u i v a l e n t )  o f  washed HLW. T h i s  exceeds t h e  minimum o r d e r  q u a n t i t y  
(245,000 kgs) ,  b u t  f a l l s  s h o r t  o f  t h e  maximum o r d e r  q u a n t i t y  (465,000 kgs) .  
Fu ture  r e v i s i o n s  o f  t h e  PPTB w i l l  i d e n t i f y  a d d i t i o n a l  s o l i d s  f o r  Phase 1. 

Glass formers (Stream 14 on F igure  10 and Stream 18 on F igures  11 and 
12) a re  added t o  reach 25% waste ox ide  l o a d i n g  i n  t h e  IHLW. 
s i l i c o n  o r  p r i v a t e  cont rac tor -added m a t e r i a l  counts toward t h e  waste ox ide  
l o a d i n g .  The mass balance a l s o  accounts f o r  oxygen consumed i n  t h e  c o l d  cap 
and v o l a t i l e  species.  
0.62 m3 p e r  c a n i s t e r ,  PC1 r e t u r n s  910 standard c a n i s t e r s  (350 from A Z - l O I / A Z -  
102 and 560 from AY-102/C-106). The number o f  c a n i s t e r s  f rom each ba tch  was 
p r e v i o u s l y  summarized i n  Table S-1. 

2.5 ENHANCED SLUDGE WASHING ADJUSTMENT 

The C I P  (Stream 15 on F i g u r e  8) 

The major  feed streams and produc ts  o f  HLW i m m o b i l i z a t i o n  are  d e p i c t e d  

No sodium, 

With standard c a n i s t e r s  c o n t a i n i n g  a n e t  1650 kgs o r  

The PPTB does n o t  model enhanced sludge washing (ESW) o f  Phase 1 HLW 
s o l i d s ,  b u t  t h i s  s e c t i o n  es t imates  t h e  ESW e f f e c t  on r e s i d u a l  HLW s o l i d s .  The 
TWRS Process Flowsheet used DST c a u s t i c  leach f a c t o r s  o f  85%, 75% and 70% f o r  
A l ,  C r ,  and P, r e s p e c t i v e l y .  Since no new ESW da ta  s p e c i f i c  t o  NCAW i s  
a v a i l a b l e ,  t h e  same f a c t o r s  were used f o r  AZ-101 and AZ-102. Exper imental  
c a u s t i c  l e a c h  f a c t o r s  f o r  C-103 (same waste t y p e  as C-106) waste are  
a v a i l a b l e :  44%, 11%, and 43% f o r  A l ,  C r ,  and P, r e s p e c t i v e l y .  These were used 
f o r  AY-102/C-106 waste. 

AZ-101 and AZ-102 ESW waste ox ides  are  approx imate ly  75% o f  t h e  water  
washed amount. 
water washed amount. The corresponding c a n i s t e r  count i s  725 (265 from AZ- 
101/AZ-102 and 460 from AY-102/C-106). 
washed HLW oxides, which exceeds t h e  minimum o r d e r  q u a n t i t y  o f  245,000 kgs. 

d a t a  t h a t  i t  i s  based on. 

AY-102/C-106 ESW waste ox ides  are approx imate ly  82% o f  t h e  

T h i s  i s  e q u i v a l e n t  t o  300,000 kgs o f  

T h i s  e s t i m a t e  should be regarded c a u t i o u s l y  i n  view o f  t h e  t e n t a t i v e  ESW 
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3 .O PHASE 2 FLOWSHEET/MASS BALANCE 

The o p e r a t i n g  c o n t r a c t o r ' s  Phase 2 f u n c t i o n  i s  l i m i t e d  t o  day-to-day 
management o f  t a n k  waste (see F igure  l ) ,  w h i l e  DOE w i l l  p rocure  a l l  r e t r i e v a l  
and t rea tment  s e r v i c e s  f rom p r i v a t e  c o n t r a c t o r s .  There are  some programmatic 
p l a n n i n g  assumptions a v a i l a b l e  f o r  Phase 2, b u t  n o t h i n g  e q u i v a l e n t  t o  t h e  
Phase 1 RFP (DOE-RL 1996) t o  p r o v i d e  guidance on feed envelopes, s e p a r a t i o n  
requirements,  p roduc t  s p e c i f i c a t i o n s ,  o r  how t o  d i s t r i b u t e  and schedule 
p rocured s e r v i c e s  among t h e  Phase 2 p r i v a t e  c o n t r a c t o r s .  

I n  t h e  absence o f  s p e c i f i c  guidance, t h e  PPTB models Phase 2 p rocess ing  
i n  a manner s i m i l a r  t o  t h e  TWRS Process Flowsheet (Orme 1995). 
stream t o  Phase 2 i s  a composite o f  t h e  t o t a l  t a n k  i n v e n t o r y  w i t h  a p p r o p r i a t e  
adjustments t o  account f o r  p r i o r  Phase 1 processing. 
u n d e r l y i n g  t h e  Phase 2 flowsheet/mass balance i s  t h e  TWRS Process Flowsh7Ft 
ASPEN PLUS model t h a t  s imu la tes  waste process ing  i n  cons iderab le  d e t a i l .  

p re t rea tment  i s  i n - t a n k  enhanced sludge washing. Dur ing  FY-1995, a proposed 
change t o  o u t - o f - t a n k  enhanced sludge washing was postponed because o f  DOE'S 
preference t o  m a i n t a i n  t h e  same process b a s e l i n e  d u r i n g  t h e  e a r l y  stages o f  
p r i v a t i z a t i o n  n e g o t i a t i o n s .  The change t o  an ou t -o f - tank  enhanced sludge 
washing a r c h i t e c t u r e  w i l l  be completed i n  FY-1997, and r e f l e c t e d  i n  Rev is ion  1 
of  t h e  PPTB. A s tudy  addressing t h e  t r a d e o f f s  o f  i n - t a n k  vs. o u t - o f - t a n k  
pre t rea tment  i s  a v a i l a b l e  (Raytheon 1995). 

The feed 

The c a l c u l a t i o n  engine 

The TWRS Process Flowsheet (Orme 1995) b a s e l i n e  a r c h i t e c t u r e  f o r  s ludge 

A conceptual  i n - t a n k  a r c h i t e c t u r e  i s  shown i n  F igure  13. 

3.1 THE PHASE 2 FEED STREAM 

3.1.1 I n i t i a l  Wash 

The r e t r i e v a l  o f  waste f rom d i f f e r e n t  tanks  c o n s t i t u t e s  an i n i t i a l  wash. 
The i n i t i a l  wash occurs d u r i n g  r e t r i e v a l  w i t h  d i l u t e  c a u s t i c ,  as s a l t s  a r e  
d i s s o l v e d  and i n s o l u b l e  so l  i d s  are m o b i l i z e d  and d ispersed th rough t h e  s l u r r y .  
The o u t p u t  f rom severa l  s imultaneous r e t r i e v a l  opera t ions  i s  accumulated i n  
m i l l i o n - g a l l o n  s t a g i n g  tanks .  Blending occurs when s l u r r i e s  f rom d i f f e r e n t  
sources are  combined i n  t h e  accumulat ion tanks .  The energy and t u r b u l e n c e  
impar ted  t o  t h e  s l u r r i e s  by s l u i c e r s ,  m ixer  pumps, t r a n s f e r  pumps, and t h e  
ensuing temperature r i s e  are f a c t o r s  t h a t  a f f e c t  t h e  e x t e n t  o f  t h e  i n i t i a l  
wash. T h i s  i n i t i a l  stage o f  washing and b l e n d i n g  i s  a c t u a l l y  a l l o c a t e d  t o  t h e  
r e t r i e v a l  f u n c t i o n .  SY Tank Farm prov ides  s t a g i n g  c a p a c i t y  f o r  200 West Area. 
Two 200 East Area DSTs are s e t  as ide  f o r  r e c e i v i n g  r e t r i e v e d  waste. 

l l F i g u r e  14 (Phase 2 Waste Processing) and t h e  assoc ia ted  mass balance i n  
Table 13 r e f l e c t  major streams, o r  combined streams e x t r a c t e d  from t h e  
d e t a i l e d  model, t o  p r o v i d e  a summary l e v e l  f lowsheet  o f  Phase 2. 
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F i g u r e  13 I n i t i a l  Wash and In-Tank Processing Conceptual Conf igura t ic  
,.......................~~~~............. 

Single-Shell Tank Farms 
West Area 

RetrievalslQuad 

and In Facility 

Washed Solids I 

AP104 AP108 
Staging Vender 

Waste Flow and Double-Shell Tank Asslgnments 

"This tentative configuration has been used for sequence modelling 
studies (Penwell et a l .  1996). 
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3.1.2 T o t a l  Composite Feed Stream 

For f lowsheet  c a l c u l a t i o n s ,  t h e  r e t r i e v e d  waste i s  a 5M sodium s l u r r y  
composited f rom t h e  conten ts  o f  a l l  DSTs and SSTs. A l l  o f  t h e  water s o l u b l e  
components o f  t h e  waste are  i n  s o l u t i o n  as a r e s u l t  o f  t h e  i n i t i a l  r e t r i e v a l  
wash. The t o t a l  t a n k  i n v e n t o r y  (Stream 1 on F igure  14) i s  c o n s i s t e n t  w i t h  t h e  
t o t a l  i n v e n t o r y  f rom t h e  TWRS Process Flowsheet (Orme 1995). 
s o l u b l e  p o r t i o n  o f  t h e  SST waste has been r e v i s e d  i n  accordance w i t h  t h e  
l a t e s t  e v a l u a t i o n  o f  water s o l u b i l i t y ,  i n c o r p o r a t i n g  da ta  f rom 18 a d d i t i o n a l  
SSTs ( C o l t o n  1996) than t h e  27 SSTs t h a t  were eva lua ted  p r e v i o u s l y  (Co l ton  
1995). 
new data  was n o t  a v a i l a b l e .  

The water 

The l i q u i d  and s o l i d  d i s t r i b u t i o n  o f  DST waste was n o t  r e v i s e d  because 

3.1.3 Ad jus ted  Composite Feed Stream 

For F i g u r e  14 and Table 13, t h e  t o t a l  t a n k  i n v e n t o r y  i s  a d j u s t e d  t o  
account f o r  t h e  Phase 1 sludge-washing opera t ion ,  f o r  t h e  supernates and 
s o l i d s  f e d  t o  t h e  Phase 1 c o n t r a c t o r s  (Stream 5), and f o r  t h e  i n t e r m e d i a t e  
p roduc ts  (Streams 2 and 3) r e t u r n e d  by t h e  Phase 1 p r i v a t e  c o n t r a c t o r s .  The 
r e s u l t i n g  Stream 6 on F i g u r e  14 i s  t h e  composite feed t o  Phase 2. 
FARMS process b l o c k  on F igure  14 performs t h e  adjustment.  

3.2 SOLID/LIQUID SEPARATIONS 

TWRS Process Flowsheet steps o f  (1)  i n i t i a l  separa t ion  o f  waste l i q u i d s  f rom 
s o l i d s  by s e t t l e / d e c a n t ,  (2)  l e a c h i n g  of c a u s t i c  s o l u b l e  components, and (3) 
adjustment o f  t h e  i n t e r s t i t i a l  l i q u i d  c o n c e n t r a t i o n  by repeated  washings w i t h  
d i l u t e  h y d r o x i d e l n i t r i t e  s o l u t i o n .  To prevent  adverse e f f e c t s  on downstream 
opera t ions  f rom organ ic  phases t h a t  migh t  be r e t r i e v e d  from some SSTs, t h e  
PPTB adds a new cont inuous decanter c a p a b i l i t y  t o  separate o rgan ics  f rom 
decanted supernates, leachates ,  and wash s o l u t i o n s .  The amount o f  separable 
o rgan ic  has been d i f f i c u l t  t o  es t imate  and t h e  assumed f lowsheet  v a l u e  i s  
78,000 kg (Klem 1996). 

c a u s t i c  s o l u t i o n  t o  remove se lec ted  components ( p r i m a r i l y  aluminum, chromium, 
phosphorus and sodium) f rom t h e  t a n k  waste sludges, f o l l o w e d  by d i l u t e  c a u s t i c  
washes t o  remove t h e  i n t e r s t i t i a l  d i s s o l v e d  components. The process i s  based 
on exper ience a t  t h e  Savannah R i v e r  S i t e ,  and p r e l i m i n a r y  c a u s t i c  washing 
r e s u l t s  w i t h  a l i m i t e d  number o f  Hanford s ludge samples (Co l ton  1996). 
I n i t i a l  i n d i c a t i o n s  f rom process mass balance c a l c u l a t i o n s  are  t h a t  t h e  HLW 
ox ides  remain ing  a f t e r  enhanced sludge washing w i l l  be approx imate ly  75% o f  
t h e  amount remain ing  a f t e r  s imp le  water washing alone. 

The TANK 

The SOLID/LIQUID (S/L)  SEPARATION process b l o c k  i n c l u d e s  t h e  e s t a b l i s h e d  

The enhanced sludge-washing process u t i l i z e s  l e a c h i n g  washes w i t h  3 M 
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Figure 14 Phase 2 Waste Processing 
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Table 13 Phase 2 Mass Balme w i t h  W Inventmy 
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1. m m i  
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R F P M M  1 2 3 4 5 6 7 8 9 10 

mtlMowr; 
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Table 13 Phase 2 Mass Ealamx w i t h  lW.5 Inventory 

9.37EtW 4.U-04 

1.27EW5 1.2EiC€ 
1.2oEto5 l.FE+OO 
1.3oE-02 5 . E - 0 7  

6.m-01 2.7%-05 

1 . 4 0 ~ ~ 3  6.72-02 
i . 4o~m3 6.72-02 
3 .23~ to i  I . ~ ~ E - ( u  
2.5oEto5 2.4%+X 

5.6ZtW 2.m-04 

z.mm 1.m-04 
8.o~m 3 .56 -04  

h 2 4 1  
C-14 
Cs-137 
Ba-W? 

R.-%O 
R.-241 
S r90  
Y-90 
TC.99 
Totsl k i e z  

3%; 

m M  11 12 l3 14 15 16 17 18 19 20 

, T o m  mt.KNmF 

4.17E-01 4.76Eto3 l . lS-05 4.76Em3 
2.m-07 2.87EM3 6.8E-06 2.87~m3 
1 7 2 - 0 3  1.39EiO7 1.1OE-02 1.XEW7 5.84EM5 1.OzE-02 3.4OEiC 
l . E - 0 3  1.3zEx17 
5.76J-10 6.57EtoO 

2.7%-06 1.16Em i.m-0~ 1.mm3 

9.6%-06 4.073W3 
2.m-08 3.19Em 
3 . 5 7 ~ ~  4.0nm3 
6.m-05 7.1mm5 1.6%-03 7.loEW5 
6 . 7 2 4 5  ?.1mm5 1.6%-03 7.1oEt05 
i . u ~ - 0 6  i .64~m4 8.67E-05 1.64Em 1.6%+04 
2.m-03 2.8ZMJ 2.4%-02 2.5%M7 2.5%06 1.9%02 6.83+05 

I.O~E-OZ i . m m 7  5 . 5 5 ~ ~ 3 5  9 . 6 ~ - 0 3  3 . 7 3 ~ ~ 1 5  
3.27E-06 6.57EW 2.79~m3 

7.57E-07 3.19~m2 

6.2E-04 2.76J-08 
2.733-06 1 .Z-10  

3.4E-05 1.m-09 
1.54E-03 6.82-08 

1 lzE-L2 CL-CI 
5 98u-32 1 I%-% 
1 -9E-91 6 62-01 
L i7E 33 7 06E-01 

L d 7 E : c  128E 13 
f 9E-03 1 &E-07 
1 10E-3- 6 dlE-09 
? -9-11 7 4P-07 

2 9zE-06 1.3oE-10 
7.62E-01 3.3%-05 
3 . 4 2 - 0 4  I 1.5%-08 

9.527-08 4.24E-12 
1.7E-02 7.633-07 
2.m-13 
6.67Eto2 2.5E-02 
1.033-02 4 . Z - 0 7  
l .m-05  8.16J-10 
1.3%-02 6.K-07 
3.97EE 1.77E-09 
4 727-07 2 1oE-11 

4.51E-10 7.64E-17 
1.mWO 1.1%-05 
7.lbE-04 3.1%-08 

2.77E-11 
1.72-13 

LYE-12 
6.W-11 

3.32-10 
1.19E-09 
6.62-10 
2.K-10 

1.26-l3 
1.61E-10 
4 .  m-u 
7.9zE-10 

1.3oE-U 
3.3%-08 
1.5%-11 

4.24E-15 
7.64E-10 
4.7E-22 
2.5E-05 
4.5E-10 
8.16J-u 
6.17E-10 
1.77E-12 
2.lE-14 

7.64E-20 
1.1%-08 
3.1%-11 

5.4E-09 

8.14E-07 
1.56-15 
1.26-07 
1.26-07 
4.m-08 
9.07E-08 
?.e&-u 
5.033-07 
2 6E-05 
1.16E-06 
4.17E-07 
1.4E-07 
1.4oE-10 

1.14E-07 
6.m-10 

5 ,  i 4 ~ m 3  

~ 

3.m-01 
1.35-03 

1.7%-02 
7.m-01 

3.77~mo 
i . 3 6 ~ m i  
7. mmo 
2 . 3 ~ m o  

1.46E-03 
1.84E+OO 
5 . x - 0 2  
9.04EWO 

1.4E-03 
3.87€*2 
1.7Z-01 

4.84E-05 
8.7Em 
5.41-13 
6.5EW4 
5.2EtW 
9.3%-03 
7.04Etoo 
2.m-02 
2.4oE-04 

8.7zE-10 
1.36EW2 
3.64E-01 

6.2%iO1 

9.29EW3 
1.7E-05 
4 . 7 ~ m 2  
1 4 4 ~ ~ 3  
4.72m2 
1 04~103 
8.97E-02 
5 74EW3 
9.rnW4 
1.33EW4 
4.7Eto3 
1.6EW3 
1.60Em 3.3oEm5 

3.36Em 
7 . 5 ~ m o  

~ 

7.4%-10 
3.2%-12 

4.m-11 
1.m-09 

8.96J-09 
2.7%-06 
2.47E-08 
5.58-09 

3 . m - 1 2  
1.4zE-09 
1.m-10 
2.m-08 

3.m-12 
9.2%-07 
4.m-10 

1 . lS - l3  
2.07E-08 
2.OzE-14 
5.17E-04 
1.24E-08 
4.68-09 
2.3%-08 
4.7E-11 
5.6%-l3 

3.24E-11 
3.2%-07 
8.6%-10 

1.m-07 

2 . a - 0 5  
6.62-07 
9.097-06 
9.4E-07 
1.m-06 5.6zE-06 
1 .X-08  
1.3E-05 
5.7%-04 
2 6 x 4 5  
1.34E-05 
3.84E-06 
8.44E-09 
1.rnW4 
4.7%-10 
2.m-06 
1.7E:-08 

~ 

3.l6E-01 
1.3%-03 

1.7%-02 
7.m-01 

3.77EWO 
1.36EtO1 
7 . 5 Z r n  
2.3ZW 

1.46J-03 
7.74E-02 
5.56-02 
9.04EtW 

1.W-03 
3.WW 
1.7%-01 

4 .  84E-05 
8 . 7 E m  
5.62-l3 
6.5%m4 
5.z1Etoo 
9.31E-03 
7.04EtW 
2.ozE-02 
2.4oE-04 

9.OZ-10 

3.64E-01 
1 . 3 6 ~ ~ ~  

6.mm1 

9.29Em 
1.m-05 
4.78Em 
1.09EtO3 
4 . 7 2 m i  

8.97E-02 

9 . m m 4  
1.35304 
4.76Em3 
1.6EiU3 
1.6OEm 
4.09EtO5 
4.7%-10 

7.5E+X 

1 . 0 4 ~ ~ 1 3  

5 . 7 4 ~ 4 3  

3.36~m2 
~ 

1.3%-09 

1.18E-01 

1.2E-09 

1.036-07 

1.1o~mi 

7.4Ern 

- 

i . 5 8 ~ m 3  
3.9%* 

4 .  E - 0 2  

2.7E+X2 

5.  29EW 

1 . E - 0 5  
8.99EW2 

3.  96Em 
3.84EW 

1.8%-02 

3.  m*2 
i . 87~m3 

1.WX13 

1.18EW4 

1.24EM3 

1.6EWO 
7.94Eto5 

9 152x0 

1.34~to2 
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Table 13 Phase 2 Mass Marre w i t h  'IWS Inventory 

~ 

2.9fiQ9 
1 . X - l 2  

5.9E-08 

2.09EtoO 
~ 

__ 
5.OZ-16 

1 01E-14 

1.5oE-06 

~ 

5.m-19 
2.m-22 

1.01E-17 

1 . z - 0 9  

5.73E-09 
2.9%-12 

1.16E-07 1 

__ 
2.m-10 
1.11E-l3 

4.30E-09 

4.7oE-08 

__ 
5.94.E-09 
3.1oE-12 

1 . Z - 0 7  

1.71EtOl 

__ 
:.9oE-O7 
1.46E-05 
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T d a l  Mus F h  M) 

~ 

1.46-01 ' .36+02 
.7bE-o2 

..53?+02 

..34Etoo 

I. 64E-06 
, .53-02 
.mm2 
.74E-O1 

.ZBE~OZ 

. .mmz 

. n ~ m z  
I. 70.-02 
..66+01 
..lQEWl 

.14EiQ2 
6lE-02 
.64Eto3 

1.7E-02 
..rnMl 
,.65E-O1 
..9%-02 
, .7Ztoo 

,.57Eto1 
. . 4 9 E t w  

.55Em3 
,.4%-01 
l.7Etoo 

,.7lEffll . rn-03 

immo 

..mm2 

. 6mmz 

8.IzEmi 

l.mmi '. mmz 
1.46m3 
.45~m2 
ilFtoi 
I.VE-01 

1.19EtO1 
17EM3 

1.4EM4 i.96~mz 6.mm2 8.64Eto2 1.9lE+% 

~ 

1.3lE-03 

1.34E-04 
t.zmi 

3.4o~mo 
t.7mmo 
1.llE-02 
3.09EtoO 
1.5lE-08 
i 7m04 
L.68EtM1 
I.3Z-03 

1 lbE-03 
3.m-01 
I .  79E-01 
1.47E-02 

1 m-04 

3.9xmo 

I mmo 
I .  lami 
z.66~mo 
L .  17E-03 
1.46-01 
i . e&-03 
3 .  %-04 

,,73EfflO 
1.7%-01 
3.3%-02 

1.07EMl 
i.5%-03 
1.1le-01 
1.mwo 
3.94E-01 
1.3bE-05 
7 .  %E-01 

!.rn-02 

~ . m m i  
i.3l~mi 
1.94EtoO 
1.47E-01 
1. NE-02 

1.09EtW 
1.56EtO1 

~ 

I .  46Em 

3.3%-01 
~ 

- 
J.3lE-03 
1.zEtol 
2.34E-04 

3.4QEm 
1.7QE40 
3 . n a  
3.WEtoO 
7.5lE-08 
4.1QE-34 
1.68Emo 
2.3Z-03 

8.9%+00 
1.1bE-03 
3.z-01 
2.16-01 
1.4le-02 
2.3ZWO 
2.m-34 
2.1Effl1 
2.6bE+00 
1.1le-03 
3.46-01 
4 m-03 
3.532-04 
3 . 6 Z a  
6.73EWO 
4 7%-01 
3.3Z-02 

2 ommi 
4 . a - 0 3  
1.m-01 
1.2zEtoo 
8.94E-01 
1.363-05 
7.e4E-01 
1.3QEtO1 
1.3lEW1 
1.94Em 
5 .m-01  
1.14E-02 

i.o6mo 
1.56EtOl 

7 46EMO 

5.3%-01 __ 

~ 

3.17Em 

4.93-05 

4.77~mo 

1.9lEm 
3.7%-03 

7.a-01 

1.4602 
2.58E42 
2.13E43 
7.m-05 

3.6E-02 
3 . X - 0 1  
7.45ENX 

9.mmz 
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mN4e 11 12 I3 14 Is 16 17 18 19 20 

LmaMamiE 

2.66EW 
5.33E-01 

3.73EM1 
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CS-137 
8a-137 

Et-240 

T o t a l  ayles 

~ 

7.34E-08 
3.23E-10 

4.03E-09 
1.82-07 

8.76'-07 
3.7E-04 
2.66-06  
5.48-07 

3 39E-10 
2.77i-08 
1 29E-08 
2.10E-06 

3.4Z-10 
9.1oE-05 
4.0E-08 

l.m-11 
2.0%-06 
2.74E-l2 
4 . E - 0 2  
1.2E-06 
9.24E-07 
2 . E - 0 6  
4.6%-09 
5.53-11 

4.3%-09 
3.16E-05 
8.4E-08 

1.46'-05 

2.16'-03 
8.96'-05 
1.0%-03 

l.loE-04 
6.6%-04 
2.lbE-06 
1.34E-03 
5.16'-02 
2.29E-03 
1.40E-03 
3.7%-04 
7.4%-07 
9 7zm5 
1,lE-I6 
2 24E-04 
17E-06 

~ 

__ 
7.3%-11 
3.73-u 

4 .  WE-u 
1.82-10 

8.  7E-10 
3.7E-07 
2.6E-09 
5.4E-10 

3 4oE-13 
2.m-11 
1.3oE-11 
2.1E-09 

3.46E-u 
9.1E-08 
4.0E-11 

l.m-14 
2.0%-w 
2.74E-U 
4.46'-05 
1.2E-09 
9.25-10 
2 . E - 0 9  
4.7OE-12 
5.Z-14 

4 . 3 8 - 1 2  
3.u-08 
8.4E-11 

1.46'-08 

2.16'-06 
8.9E-08 
l.loE-06 

l.lE-07 
6.6%-07 
2.16'-w 
1.34E-06 
5.1E-05 
2.2%-06 
1.4oE-06 
3.76'-07 
7.46'-10 
1 0EN4 
1.m-19 
2 74-01 
1.7E-09 

~ 

1.7%-02 
7.m-01 

3.7Etoo 

1.46'-03 
1.1%-01 
5.X-02 
9.04Eto0 

1.4E-03 
3.91Em 
1.7E-01 

4.84E-05 
8.7Eto0 
1.1E-05 
6.64EW4 6.64E-01 
5.2lEto0 
3.9Jetoo 
1.09E101 
2.02E-02 
2.40E-04 

t . m105 

3.9%tw 

4 .  m-02 

2.mm2 

5.29Eto0 

1.89FE-02 

.9OEnl2 

.OEm 

. lEt04 , , 73m 

1.3Eto4 

1.0E-10 
4.e-u 

5.m-12 
2.5E-10 

1.2E-09 
3.m-07 
3.34E-09 
7.5E-10 

4.67i-U 
1.W-09 
1.7E-11 
2.9oEE-09 
1.7E-01 
4.76'-u 
1.X-07 
5.6E-11 

1.5E-14 
2.79FE-09 
2.74E-15 
6.9%-05 
1.6E-09 
9.X-10 
3.m-09 
6.46E-U 
7.6%-14 

4.3%-12 
4.36'-08 
1.1E-10 

2.0E-08 

2.9E-06 
8.9E-08 
1.22E-06 
1 . X - 0 7  
1 . Z - 0 7  7.6oE-07 
Z.1Je-09 
l.W-06 
1.1oEffll 
3.4E-06 
1.m-06 
5 1Je-07 
8.m-10 

1 llE-19 
3.3E-07 
2.41E-W 

i.6nto4 

__ 

__ 

1 . Z W  
3.9%W 

4 .  m-02 

2.7Eto2 

5.29Etw 

LlE-05 
8.99742 

3.96'40 
3.84E40 

1.89EOZ 

3.85toZ 
1.8Eto3 

1.Wto3 
9.1%+X 

1.1E+Q4 

1.24EW 

1.6Etoo 
3.14Eto5 

1.34~102 

~ 
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R U Y I M  21 22 23 24 25 26 21 28 29 30 

~ 

6.8%-14 
1 .53-11  

2.197-14 

3.9%-06 
__ 

~ 

6.9E-17 
1 . a - 1 4  

8.OZEtoZ 

2.197-11 

3.99E-09 

__ 

~ 

2.96E-07 
6.46E-05 

1.20E-07 

1.7lEto1 
~ 

2.623-03 
1.29Etoo 

3 MEW3 

2 .96~to6  

1.3%W2 
8.2.5302 
8.5zEx15 
9.JzEto2 

5.3mto4 

1.4Eto4 

1.wEWl 
1.7EW3 

3.8E-17 

5.49E-w 
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Total Miss Flow W) 

7.31E-03 
1.mffl1 
2.34E-04 

3.4o~m0 
3.19Em2 
3.11E-02 
3.09Ei00 
7.51E-08 
4.7m44 
l.&EWQ 
2 3Z-03 

8.9JErnQ 
1.16E-03 
3.53-01 
2.7%*l 
1 . c - 0 2  
2.3ZtO0 
2.m-04 
2.18Em1 
2 . w m  
1 .m-03  
3.4%-01 
4.W-03 
3.9oE-04 
3.6Z-02 
b . u E t w  
4 .7E01  
3 .E-02  

Z.QEW1 
4 . m - 0 3  
4.mm 
1.mm 
1.9ZWZ 
3. lE-03  
?.&E-01 
1.3oEW1 
7.3lEiOl 
1.94Eto0 
5.47E-01 
1.w-02 

7.36E-01 
1.09Em 
1.56Em1 
1 . 6 - 0 2  
2 53to2 
2.13Eto3 
7.52-05 

3.6E-02 
3 37E-01 

9.39~m2 

7.46~m2 
~ 

2.WEW4 3.4oEM5 4.4Zm5 8.98EtO3 966Eto3 6.2DEM3 1.0Em4 

3E-05 

30em 

CQEW1 
8E-m 

I m - 0 1  

0 x 4 3  
mm 

I m-05 

77E-02 
m-01 

1 55Em 

03~m3 

4%m2 

~ 

MU1 
C-14 
e-137 
EL-137 

KI; 
R-240 
R-241 
-90 Y-90 
Tc-99 
T d  Cvries 

3.17Em2 

2.X-05 

2.47Em 

1 . 7 E m  
1.9%-03 

3.8E-01 

7 3 - 0 3  
1.34Em 
l.loEt03 
3.9oE-05 
4.m- 
1.9lE-02 
1.75E-01 
3.86~mz 

1.04EtO3 5.57Em3 1.1JEm2 1 mm 1.mmz 
2 . 7 e m i  

9.28Eto4 6.21~to5 1 . 2 6 ~ ~ 4  i .36~to4 1.36Et04 
8.rn-01 825-01  1.6s-02 1.m-02 1. m-02 
3.3%+02 1.44EtO3 2.5ZW1 3.14EMl 3,14Et01 
9.94eto1 4.ozEtoz 8.16EWO 8.78EN0 8 . 7 E W  
l.XXffl3 4.9EM3 1.0lE+O2 1 . 0 E m  1.09Em 
6,16E+05 1.27EW6 2.53m4 2.78Eto4 2.7EW4 
6.16EM5 1 . 2 7 ~ ~ 6  ~.mm 2 . i ~ m 4  Z.JEM4 
8.UEtoZ 1.bEM4 3.3%+02 3 . 6 E m  3.61Et02 

9.76Em4 b.54EW5 1.33EX14 1.43EW4 1.43Eto4 

1.43EiC6 3 . 8 ~ ~ 6  7 mm4 8 . 4 ~ m 4  8 . 4 ~ m 4  
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1.55Sto5 

1.8%-01 
1.397-01 
1.W-09 
5.933-05 
6.6zEMo 
1.843-03 
1.m-03 
5.6Z-01 
5.7Z-05 
5.9%-07 
l . 0ZMl  
1.m-02 
5 m-02 
1 . 7 2 4 2  
1.37E-06 
7.04E-06 
1.93E43 
2 4z-01 
1.86E-01 
6 . Z - 0 4  5.73-06 
1.05S-05 
1.27E-03 

2.e3Fm 
2.16E-02 
3.34E-02 
8.25304 
1.933W 
1 . X - 0 4  
3.9oE-01 

5.57~43 

~ 

1.8%-01 
1.3%-01 
1 .m-W 
5.933-05 
6.6zEtM) 
1.84E-03 
1 .m-03  
5.m-01 
2.6Z-03 
5.9E-07 

1.17E-02 
5.82-02 
1.72-02 
1 3 - 0 6  
7.04E-06 
1.93543 
Z.4Z-01 
1.86E-01 
6 . m - 0 4  
5.73-06 
1.0%-05 
1.27E-03 
5.57Et03 
2.aEMO 
2.1E-02 
3 . w a Z  
8.2s-04 
1.93300 
1.m-04 
3.90-01 

i.o.zmi 

. w m 3  

.4mm3 
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I S I R W l M  31 32 33 34 35 36 37 38 99 m I 

h 2 4 1  
C-14 
CS-131 
Ba-131 

E2 
&-240 
&-241 
sr90 
Y-90 
Tc-99 
T d  arrLes 

Ium - I 

4.64E-04 3.9%-06 3.94E-09 9.38Etw 1.YE-06 
z .9o~m3 2 . a - 0 4  2.37E-06 2.37E-W 5.6%to0 
1.33-02 6 . 6 4 E 0 2  5.34E-02 5.3%-05 1.27EM5 
1.27E-02 6.30EM2 5.0E-02 5.0E-05 1.21Em5 
1.46E-05 6.66E-01 5 44E-09 5.4%--12 1.3E-02 
3.72E-07 1.1%-04 9 5 % 4 7  9.5%-10 2.mmo 
1.m-01 3.11E-05 2.6'3E-07 2.64E-10 6 .m-01  
i.3m-m 3.9X-04 3 3 s - 0 6  3.3~3-W 8.01EtoO 
2 .m-04  6.9zE-02 5.86E-04 5.87E-01 1.4Efl3 
2 .m-04  6.92E-02 5.86E-04 5.87E-01 1.4EM3 
9.16E-05 4.36E-01 1.37E-05 1.37E-08 3.27ENl 
3.4EM3 1 . 2 9 ~ ~ 1 3  1.0%-01 I . Q ~ E - O ~  z.mm5 

~ 

1.01E-10 
4.4%-13 

5.563-1z 
2.51E-10 

1.2lr-09 
3.13-01 
2.31E-00 
7 . X - 1 0  

4.67E-U 
1.7%-09 
1.7E-11 
2.9OE-09 
1. lE-01 
4 . X - U  
1. YE-07 
5.61E-11 

1.5%-14 
2 79E-09 
6.16E-14 
7.44E-05 
1.67E-09 
2.QE-00 
2 . X - 0 0  
6.46E-12 
7.69E-14 

9.07E-11 
4 36E-00 
1 . 1 - 1 0  

2.01E-08 

2.9E-06 
2.01EQ6 
1.24E-05 
1 . Z - 0 1  
1 .m-01  
l.loE-05 
4.81E-08 
1.84E-06 
1.1oExl 
3.46E-06 
8 0zE-06 
5 . 1 - 0 7  
8.86E-10 

1.11E-19 
3.3E-01 
2.41E-09 

5 69~m4 

1.27E-10 

1.X-06 

1.97E-06 

!.E-08 
1.3m-06 

' .3lE02 

~ 

3.0%-08 
13X-10 

1.6%-09 
7.62E-08 

8.4%-07 
2.96E-06 
1.36E-07 
2.2%-07 

1.G-10 
8.1%-05 
5.4i2-09 
1.73-06 
2 . E - 0 5  
1 .G-10  
1.16E-04 
1.71E-08 

4.71E-12 
8.4%-01 

5.4%-02 
5.OE-07 
9.45E-10 
6 . W - 0 1  
1.963-09 
2.34E-11 

2.23-14 
5.71E-05 
3 . 5 - 0 8  

2.6E-05 

4.0oE-03 
4.563-10 
4.66E-05 
1.OX-09 
6.6%-05 
1.01E-04 
8.7%-09 
2.1E-03 
6.11E-02 14%-01 
6 . E - 0 4  
4.01E-04 
4 . B - 0 5  

7.5%-06 
2.3oE-04 
7 3zE-07 

1 mm3 

3.99E-14 4.0oE-17 9.m-08 
7.18-09 7.2oE--12 1.7ZE-oz 

LlE-22 2.m-u 
3.71E-04 3.71E-07 6.67Eto2 
4.3E-09 4 . W - 1 2  1.03-02 
7.7Z-12 7.72E-15 1.84E-05 
5.81E-09 5 . a - 1 2  1.3Z-02 
1.66E-11 1.67E-14 3.97E-05 
1.9E-13 1.9E-16 4.lzE-01 

2.m-07 I 2.21E-10 1 5.7bE-01 
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Table 13 Phase 2 Mass m e  with lW.5 Inventory 

mw 31 32 33 34 35 36 37 38 39 40 

wm- 

1.53-08 
6.46E-09 

2.04~m1 
4.1OEto3 

7.09Eto1 

3.0zEto6 

1.03Eto1 

9.7Ztol 
3.W-17 
3.2oEM1 

1.79Ernl 
5.4%-09 

i . 3 ~ 1 0  

8 . 6 ~ m s  T 1.39Etw 

1.04E-04 1 

~ 

1.M-15 

5.8E-07 

8.7s-07 
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Total k k s  F l m  W) 1.48EW4 2.533to4 2.m-01 5.JEto3 1.96Etoo 

3.933-10 

h 2 4 1  2.82-03 

3.31E-01 
C-14 

3.14!-01 
a-137 
h-131 

7.27E-04 
2.0%-04 
2.52-03 

1-240 

6.4s-01 
Rr241 
SL-90 

8.34E-03 
Y-90 
TC.99 
Total Oxim 1.9!iEm 

4.17E-07 2 s  
6.4s-01 

,.72E-05 

1.97E-04 , . ME-08 

2.99Em 6.03Eto4 
1.ozE-01 Z.OJEto3 
2.aw 5.Z?&to6 
2.49Ew 4.953to6 

1.04~too 2.09Eto4 
3.07E-01 6.19Eto3 
3.4o~mo 6.86Ex14 
z.o%m3 4 . Z M J  

4.67E-01 8.76Eto3 
4.71Eio3 9.48EtoJ 

3.07E-03 6.19~t(li 

z.o%m3 4.mmi 

1.82-06 

1. lEWI 

3 033to2 

3.63toZ 

5.3o~mi 

7.77E-01 
5.2zEto1 

1.99Eto3 

~ 

2 . Z - 0 5  
4.6E-02 
8.JoE-07 

1.m-02 
6.33E-03 
1. 16E-04 
1. m-02 
2.7%-10 
1.7E-06 
6 . Z - 0 3  
8.6oE-06 

3.32-02 
4.333-06 
1.3s-03 
1.04E-03 
5.43-05 
8.633-03 
1.9E-07 
8 loE-02 
9.88E-03 
4 36E-06 
1 33-03  
1.833-05 
1.4X-06 
1.3X-04 
2.3zE-02 
1.m-03 
1.Z-04 

7.653-02 
1.6%-05 
9.m-04 
4.52-03 4 . G - 0 3  
5.07E-08 
2,933-03 
4.833-02 
2.47E-01 
7.m-03 
2.0s-03 
4 . Z - 0 5  

2.737-05 
4.06E-03 
5.78E-02 
5.W-08 
2.0s-05 
1.7zE-04 
1.9zE-09 
2.337-01 
1.733-10 
2 . m - 0 5  
1.78E-05 

__ 
5.4%-01 
9.39Eto2 
1. 76E-02 

2.55Et02 
1.z8Etoz 
2 34Etw 

5.64E-06 
3.m-02 
1.26Ew 
1.74E-01 

6.733MZ 
8.7oE-U 
2.69EWl 
2.1oEto1 
1.1oEm 
1.74Eto2 
1.633- 
1.64Eto3 
Z.OaFto2 
8.7E-OZ 

3.63-01 
2.9%-02 
2 JZKQ 
4.68Eto2 

2.49EtW 

3.423-01 
8.7E40 
9.Ulto1 6.733+31 
1.023-03 

9 7zEto2 
5.49Eto3 
1.4Eto2 
4 llEtol 

2.7%-05 

l.lJEm? 5 W-08 
2.W-05 
1.7zE-04 
1.9zE-w 
2.38-01 
1.733-10 
2 . a - 0 5  
1.7E-05 

2.32Etoz 

z.ami 

3.mmi 

i.mm3 

5.mmi 

ax-oi 

8. i%mi 

__ 
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Table 13 Phase 2 Mass blame with 'Iw(s Inven'cnry 

mtl4-E 31 32 33 34 35 36 37 38 39 40 

LmalmNmE 
d C &  cmtirued n 

2.16E-05 
2. JOE-05 
6.m-U 
8.14E-W 1.a-05 
6.9%-06 
1.36E-11 
9.51E-05 

5.76E-Ob 
2.W-06 
1.83E-02 
1.81E-07 
1.72-14 
1.2.2-08 
6.QE-04 
2.7%-05 
1.b6E-04 
4.lE-08 
5.m-I4 
3.z-09 
2.41E-05 
9 96E-01 
2 0%-06 
4.17E-06 
3.W-06 
2.81E-07 
1.63E-04 
4.72-08 
8.97E-05 

6.61E-03 

~ 

2.16~-05 
2.JOE-05 
6.m-U 
8.14E-09 
1.W-05 
b.93E-06 
1.m-11 
9.51E-05 

5.JE-06 
2.44E-06 
1.a-02 
1.81E-07 
1.22-14 
1.2E-08 
6.07E-04 
2.79%-05 
1.66E-04 
4.1OE-08 
5.m-14 
3.56-09 
2.41E-05 
9.93-01 
2.03E-06 
4.17E-06 
3 0E-06 
2.81E-07 
1.63E-04 
4.22.-08 
8 ?E-05 

1 . 3 4 ~ ~ 2  
__ 
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Table 13 phase 2 Mass Ealaxe with lVK5 Inventory 

m N M z  41 42 43 44 45 46 47 48 

LI(Lrm- 

h 2 4 1  
C-14 
CS-137 
Ba-137 

RrW0 
h-241 
S r90  
Y-90 
Tc-99 
Total kie5 

2%; 

z8E-01 

.83E-O7 

.8mmi 

.9zEUIO 

.5%-01 

.5%m4 

~ 

3.llE-08 
1.3%-10 

1 7lE-09 
7.7oE-08 

8.5%-07 
2.99F-06 
7.44-07 
2 323-07 

1.4%-10 
8 83E-05 
5.4E-09 
1.74E-06 2.14.E-05 
1.46E-10 
1.17E-04 
1.723-08 

4.x-12 
8.57E-07 

5.5Z-02 
5.1s-07 
1.9lE-05 
6.9%-01 
1.9E-09 
2.36E-11 

2.2.5-14 
5.7%-05 
3.58-08 

2.63-05 

4.0%-03 
4.6oE-10 
4 .7OE-O5 

6.12Ei15 
1.023-04 
8.W-09 
2 . m - 0 3  
6.W-02 

6 . m - 0 4  
4.0EQ4 
4.2%-05 6.39Eto4 
7.66EQ6 
2.32-04 
1.39E-07 

3.llE-10 
1.37E-12 

1.1lE-11 
7.7oE-10 

8.57E-09 
2.9%-08 
7.W-09 
2 .Z-09  

1.44E-12 
8.83E-07 
5.4E-11 
1.W-08 
2.597-04 
1.46E-12 
1.17E-06 
1.723-10 

4 .x -14  
8.57E-09 

5.5%-04 
5.1%-09 
l . m - 0 8  
6.9X-09 
1.9E-11 
2 36E-u 

2.25-16 
5.m-01 
3.m-10 

2.6%-07 

4.ox-05 
4.6E-12 
4.7oE-07 
1.1%-10 
6 . Z - 0 7  
1.OzE-06 
8 %E-11 
2.2OEQ5 
1 . Z - 0 2  1.623-08 
6.8zE-06 
3 , 1 4 4 3  
4.29E-37 
3.mm2 
7 6x48 
2 . Z - 0 6  
7 3%49 

2.OBE-03 
6.19F-05 
8.5lE-w 

1.0%-04 
5.25-04 
1.47E-06 
1.3oE-03 
5.3E-02 
2.53-03 
1 .m-03  
3.5%-04 
7.8%-07 

4.44E-08 
2.34E-04 

1.mm6 
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Table 13 Fi!ase 2 Mass Balme with lkRS Inventory 

9.61E-02 

I 
1.83-01 2.m-08 

9.22-02 

4.373-04 1.04E-11 
1.94E-02 

9.72-02 

1.35302 

5 . 4 6 ~ 4 0 3  

2.073m2 

1.4E-02 4.ozE-07 
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Tahle 13 Phase 2 Mass Marre with 'IWS Inventory 

m t w f  41 42 43 44 45 46 47 48 

xLJLlalm3mE 

2.5%-10 
6.6E-06 
6.26-06 
2.7%-11 
9.28E-09 

3.0E-08 
1.87E-05 1.8E-05 

Tc-99 1.08E-07 
Total aUis 5 06E-05 

8.71-09 

3.3%-04 
4.3%-08 
1.34.E-05 
1.0%-05 
5.m-07 
8.7oE-05 
8.06E-09 
8.11-04 
9.91-05 
1.763-04 871-32 
1.3E-05 
l.m-07 
1.46.-08 
1.X-06 
2.34E-04 
1.71-05 
1.25-06 

7.77E-04 
1.71E-07 

4 .56 -05  
2.30EMl b.9lEMi 
5.l2-10 
2 .98 -05  
4 . m - 0 4  
2.m-03 
7 . m - 0 5  
2.06E-05 
4.m-07 

9 . 7 0 ~ ~ 0  9 . 7 0 ~ 1 ~  

~ 

2.7Z-E 
4.70E-02 
8.7E-07 

1.m-02 
6.3%-03 
1.17E-04 
1.16E-02 
2.82-10 
1.77E-06 
6.3E-03 8.6%-06 

3.3%-02 
4 . 3 2 - 0 6  
1.34E-03 
1.01-03 
5.m-05 
8.7Q-03 
8.0s-07 
8.11-02 
9.91-03 
1.8oE-04 
1.3E-03 
l.m-05 
1.46E-06 
1.36E-04 2 . 3 4 E 2  
1 78E-03 
1.25-04 

7.m-02 
1.7lE-25 
9.1rnMO 
4 . X - 0 3  
2 r n M 1  
5.m-08 
2.94Ei13 
4.m-02 
2.m-01 
7.27E-03 
2.063-03 
4.m-05 

5.52-01 
4.lm-03 
5.84E-02 
l.lE-03 
4.0%-01 

3.87E-05 
4.73EM1 
3.4%-06 
5.7oE-01 
3 S9E-01 

3 . 4 7 ~ ~ 0  

6.W-14 
1.m-10 
2.m-15 

8.7%-11 
l.m-11 
1.46E-10 
1.86-l3 
6.52-11 
5.37-10 
6.E-15 
8.07E-09 
5.497-16 
9.077-11 
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Table 13 Phase 2 &.ss Balance wi th  'IWS Invent~ry 

IRwINw7 41 42 43 44 45 46 41 

(LIDcu-uxWE 

6.6E-05 

~ 

4.37E-01 
5.44E-01 
1.24E-08 
1.65E-04 
3.71E-01 
1.4E-01 
2.7%-01 
i .9mno 

1 . v - 0 1  
4.9s-02 
7.5%-01 
3.66E-03 
2.46E-10 
2.44E-04 
1.73tOl 
5 .m-01 
3.363'20 
8.m-04 
1. ox-09 
7 .73 -05  
4 ,  W-01 
4 . Z t O 1  
4.1m-02 
8.42l-02 
6 . 2 2 - 0 2  
5.6E-03 
3.3mtM) 
8.53F-04 
1.81Ftw 

6.6E-03 
~ 

~ 

6.96E-11 
8.6E-11 
1.9E-18 
2.62E-14 
5.9OE-11 
2.73-11 
4.37E-17 
3.  om-10 

1 8s-11 
7.83-12 1.64E-10 
5.m-13 
3.92E-7n 
3.8%-14 
1.9.T-09 
8.9E-11 
5.32-10 
l.Z-13 
1.6.T-19 
1.m-14 
1.14E-11 
9.m-09 
6.yIE-U 
1.34E-11 
9.9OE-u 
9.04E-13 
5.m-10 
1.36E-13 
2.m-10 

1.6E-11 
__ 
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The pretreatment facilities are scheduled to begin operations in the 
year 2011. Implementation of the Phase 2 pretreatment operation requires that 
sufficient tank space has been freed to receive retrieved sludges into the 
241-AN, -AW and -AP tank farms. The space is made available by evaporating 
dilute waste, and by processing some of the DST wastes during Phase 1. 

treatment operation that accomplishes multiple stages of washing (initial wash 
concurrent with retrieval, followed by an enhanced caustic wash, followed by 
three dilute caustic washes), and three stages of blending to arrive at 
treated sludges that are suitable for vitrification. 

3.2.1 Settle and Decant 

functions of settling, decanting, leaching, washing, accumulating, and staging 
pretreated waste to subsequent out-of-tank pretreatment operations for 
supernates, or to vitrification for pretreated HLW solids. 
a DST modified and equipped for in-tank sludge washing. 
equipped with a floating suction decant pump, a transfer pump, and two or more 
mixing pumps. 
facilitate settling. 

retrieved slurries are on the average 3 wtX solids, although wide variations 
in solids loading can be expected in actual practice. In the first stage 
settling tank, the slurries settle to a solids layer containing 20 wt% solids. 
The operation of the several first-stage tanks is staggered so that each tank 
is at a different point in the settling process. After a one-month settling 
period14, the supernatant is decanted by the floating suction decant pump to 
one of the second-stage settling tanks. 
million liters of retrieved slurry will be processed through a settling tank, 
to accumulate 1.3 million liters of settled solids before the settled solids 
are washed with caustic, and 12.4 million liters will be decanted. The cycle 
for transferring, settling and decanting waste requires 45 days. 
average, each first-stage tank is capable of accumulating a 1.3 million-liter 
batch of solids in approximately 6 to 7.5 months (4 to 5 settling cycles). 

Decantation of supernatants from first-stage settling tanks is expected 
to entrain some solids. The supernatants will be allowed to settle for 1 
month in the second-stage settling tanks. When second-stage settling is 
complete, the supernatants are decanted to supernatant accumulation tanks. 
Small volumes of solids can be expected to accumulate in the second-stage 
settling tanks over long periods of time. Accumulations of solids in the 
second-stage settling tanks are transferred out to the first-wash tank as 
required. 

The following text describes the operation of an in-tank sludge 

Figure 15 depicts an operating scenario13 utilizing DSTs to perform the 

Figure 16 depicts 
Each washing tank is 

The waste inlet lines extend to near the bottom of the tank to 

Retrieved slurry is transferred to a first-stage settling tank. The 

On the average, a cumulative 13.7 

On the 

I3Sludge washing can be performed in one tank; the diagram depicts the 
steps in the process, not necessarily the required number of tanks. 

14Supernates that clear in less than a month may be decanted any time a 
receiver tank is available. 
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3.2.2 Caust ic  Leach 

A f t e r  a 1.3 m i l l i o n - l i t e r  ba tch  o f  s o l i d s  i s  accumulated i n  a 
f i r s t - s t a g e  s e t t l i n g  tank, sodium hydrox ide  s o l u t i o n  i s  added t o  t h e  t a n k  t o  
r e m o b i l i z e  t h e  s o l i d s  and i n i t i a t e  t h e  c a u s t i c  l e a c h  process. The volume of  
s o l u t i o n  added i s  c a l c u l a t e d  t o  y i e l d  a m o b i l i z e d  s l u r r y  t h a t  i s  8 wtX s o l i d s  
and 3M NaOH a f t e r  t h e  l e a c h i n g  s tep  has gone t o  complet ion.  
r e m o b i l i z a t i o n  o f  s e t t l e d  s o l i d s  d u r i n g  l e a c h i n g  a l s o  blends t h e  c o n t e n t s  of 
t h e  f i r s t - s t a g e  s e t t l i n g  tank .  
proceed f o r  up t o  30 days if necessary. Once again, mixer  pumps p r o v i d e  t h e  
r e q u i r e d  energy f o r  t h e  l e a c h i n g  and b lend ing  opera t ion .  

s e t t l i n g  t a n k  i s  t r a n s f e r r e d  t o  t h e  f i r s t - w a s h  tank .  
f o r  s e t t l i n g .  
t a n k  by a f l o a t i n g  s u c t i o n  pump. 
s e t t l i n g  tanks  i s  staggered (each r e q u i r i n g  several  months t o  accumulate 
s o l i d s ) ,  t h e  enhanced washing process r e q u i r e s  o n l y  one f i r s t - w a s h  t a n k  and 
t h e  assoc ia ted  wash s o l u t i o n  accumulat ion tank. 

The 

The l e a c h i n g  and b l e n d i n g  i s  a l lowed t o  

When l e a c h i n g  and b l e n d i n g  i s  complete, t h e  s l u r r y  i n  a f i r s t - s t a g e  
T h i r t y  days i s  a l lowed 

The supernatant i s  decanted t o  t h e  wash s o l u t i o n  accumulat ion 
Because t h e  o p e r a t i o n  o f  t h e  f i r s t - s t a g e  

The f lowsheet  c a l c u l a t i o n s  do n o t  r e f l e c t  a second c a u s t i c  l e a c h  a t  t h i s  
As more i n f o r m a t i o n  about t h e  l e a c h i n g  process becomes a v a i l a b l e ,  i t  t ime.  

may be a d v i s a b l e  t o  add a second leach c y c l e ,  o r  permanganate o x i d a t i v e  l e a c h  
f o r  s p e c i f i c  wastes. 
impact t o  t h e  f lowsheet .  

3.2.2.1 S ing le -She l l  Tank Caust ic  Leach Fac tors  

Rev is ion  1 o f  t h e  TWRS Process Flowsheet (Orme 1995) accounted f o r  t h e  
removal o f  t h e  f o u r  components o f  aluminum, chromium, sodium, and phosphorus 
d u r i n g  c a u s t i c  leach ing .  C o l t o n ' s  (1996) updated pre t rea tment  chemis t ry  
e v a l u a t i o n  prov ides  a d d i t i o n a l  c a u s t i c  leach f a c t o r s  t h a t  have been a p p l i e d  i n  
t h e  S/L SEPARATION process b l o c k .  Table 14 shows t h e  components and r e v i s e d  
mass-weighted leach f a c t o r s  used i n  t h e  PPTB. The c a u s t i c  l e a c h  f a c t o r  i s  t h e  
f r a c t i o n  o f  t h e  w a t e r - i n s o l u b l e  component removed by c a u s t i c  leach ing .  
Enhanced sludge-washing r e s u l t s  f o r  a t o t a l  o f  2 2  SSTs are  i n c o r p o r a t e d  i n t o  
t h e  l e a c h  f a c t o r  p r o j e c t i o n .  

3.2.2.2 Double-Shel l  Tank Caust ic  Leach Fac tors  

T h i s  second c y c l e  o f  l e a c h i n g  can be added w i t h  l i t t l e  

Caust ic  l e a c h  da ta  f o r  DSTs i s  c u r r e n t l y  l i m i t e d  t o  SY-103, a l though 
da ta  f o r  Ai'-101 and AZ-102 should be a v a i l a b l e  i n  t h e  near f u t u r e .  A f t e r  
water washing, 88% o f  t h e  aluminum was removed by c a u s t i c .  
washing, 8% o f  t h e  chromium was removed by c a u s t i c .  
phosphorus removal .  I n  t h e  absence o f  c a u s t i c  l e a c h i n g  data,  p r e v i o u s  
r e v i s i o n s  o f  t h e  TWRS Process Flowsheet assumed DST c a u s t i c  l e a c h  f a c t o r s  of  
0.85, 0.75, and 0.70 f o r  aluminum, chromium, and phosphorus, r e s p e c t i v e l y .  
Assuming t h a t  SY-103 r e s u l t s  can be e x t r a p o l a t e d  t o  o t h e r  DSTs, i t  appears 
t h a t  0.85 i s  s t i l l  reasonable f o r  aluminum, w h i l e  0.10 i s  more reasonable f o r  
chromium. 

A f t e r  water  
No da ta  was a v a i l a b l e  f o r  

There i s  no b a s i s  f o r  changing t h e  phosphorus l e a c h  f a c t o r .  
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Table 14 Old and New SST Caust ic  Leach Fac tors  

3.2.2.3 P o t e n t i a l  Chromium Problem 

Est imated chromium i n v e n t o r y  has inc reased as a r e s u l t  o f  e f f o r t s  t o  
e s t a b l i s h  bes t -bas is  es t imates  (Kupfer e t  a l .  1996). A t  t h e  same t ime, 
enhanced sludge-washing r e s u l t s  i n d i c a t e  an apparent r e d u c t i o n  i n  o v e r a l l  
chromium l e a c h  e f f i c i e n c y  (Co l ton  1996). Whi le these t rends  are  d i s t u r b i n g ,  
i t  i s  premature t o  conclude from t h e  a v a i l a b l e  da ta  t h a t  a s e r i o u s  chromium 
i s s u e  e x i s t s .  Chromium s o l u b i l i t y  l i m i t s  f o r  g l a s s  are h i g h l y  dependent on 
g l a s s  f o r m u l a t i o n ,  n o t  t o  ment ion t h a t  o p e r a b i l i t y  o f  a t o p - o u t l e t  m e l t e r  i s  
c u r r e n t l y  t h e  pr imary  d r i v e r  f o r  p r e v e n t i n g  s o l i d  phase f o r m a t i o n  (Lambert and 
Kim 1994). Ga in ing  acceptance o f  a two phase produc t ,  so l o n g  as i t  meets 
performance requirements,  i s  a non-process a l t e r n a t i v e  t h a t  c o u l d  be exp lo red .  

15Waste o f  t h e  TBP/EB t y p e  are t h e  2nd l a r g e s t  group cons idered i n  
C o l t o n ' s  e v a l u a t i o n .  
16 v o l %  o f  t h a t  group, show t h a t  70% and 47% o f  t h e  C r  was water  s o l u b l e ,  
r e s p e c t i v e l y .  F u r t h e r  C r  removal by c a u s t i c  l e a c h i n g  was i n e f f e c t i v e .  
Because o f  i t s  l a r g e  volume, t h i s  waste group accounts f o r  a s i g n i f i c a n t  mass 
o f  r e s i d u a l  C r .  

New ESW r e s u l t s  f o r  BY-104 and BY-110, which r e p r e s e n t  

I n  t h e  l a r g e s t  waste group, p r i m a r i l y  REDOX evapora tor  bottoms, C r  was 
70% water  s o l u b l e ,  and s i n c e  no c a u s t i c  leach da ta  were a v a i l a b l e ,  t h e  balance 
o f  t h e  C r  was assigned t o  r e s i d u a l  s o l i d s .  

These two "new" sources account f o r  n e a r l y  70% o f  t h e  r e s i d u a l  s o l i d  C r  
i n  C o l t o n ' s  e v a l u a t i o n ,  and t h e  s i g n i f i c a n t  r e d u c t i o n  i n  c a u s t i c  l e a c h  f a c t o r .  
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Several countermeasures for dealing with higher chromium concentration 

Augment the standard caustic leaching process. Laboratory tests 
have verified that permanganate oxidative leaching can remove up 
to 90% of the chromium from selected sludges (Rapko et al. 1996). 

Enhance chromium solubility by glass reformulation. 

Enhance chromium solubility with higher me1 ter temperature. 

Leave the selection of melters to the Phase 2 HLW contractor(s). 
There are melters that are less sensitive to solids formation than 
the current top-outlet design. 

in glass could be considered: 

It may be necessary, in future revisions of the PPTB, to implement such 
countermeasures if the chromium trends noted above become problematical. 
the time being, the effect of chromium on glass volume is simply being 
documented, rather than changing the processing assumptions that were 
established for the PPTB (Washenfelder 1996b). 

3.2.3 Dilute Caustic Washing 

solids are mobilized and washed for 7 days, and the mobilized slurry is 
transferred to the second-wash tank (7 days allowed). Another month is 
allowed for settling in the second-wash tank, and the supernatant solution is 
decanted (7 days allowed). The wash is repeated two more times. The number 
o f  washing stages is determined by the desired concentration of the 
interstitial liquor and the assumed concentration of the settled solids layer, 
which is 20 wt% solids. The washed solids in the fourth-wash tank are 
remobil ized with recycled condensate and transferred to washed-sol ids storage 
tanks that are available to accumulate and blend washed solids. In effect, a 
third stage of blending can occur in these tanks by combining batches of 
washed solids to optimize the overall composition. 

3 . 2 . 4  F1 occul ents 

For 

Dilute caustic is added to the first-wash tank (7 days allowed), the 

A flocculating agent (polyelectrolyte) is added by in-line blending when 
the slurry transfers are made to the first-stage and second-stage settling 
tanks, and to the first-wash, second-wash, and third-wash tanks. The purpose 
is to promote settling. This is a conservative assumption for an early stage 
of flowsheet development. The effectiveness of flocculating agents with 
Hanford tank solids has not been demonstrated. 
that flocculating agents are not effective (or needed) for accelerating 
settling of Hanford solids, then the inter-tank slurry transfers to add 
flocculating agent are unnecessary and consolidating the entire enhanced 
sludge-wash process into a single tank could be considered. 

If future experience shows 
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3.2.5 Continuous Organic Decanting 

An organic phase is present in C-103, and more is expected to be found 
as other SSTs are retrieved. 
decanting of waste liquors, leach liquors, and wash liquors to protect the 
downstream process from organic fouling. Currently, the contamination level 
of the C-103 organic phase is known, but other tanks need to be sampled and 
analyzed when organics are found. For the time being, the organic phase is 
assumed to be compatible with shipping to an incinerator. 
the PPTB may require washing with waste-compatible extractants to remove 
radionuclides from the organic. 

The PPTB has included continuous organic 

Future revisions of 

3.3 CESIUM ION EXCHANGE FEED  EVAPORATION'^ 
The combined supernatants (Stream 9)” of the enhanced sludge-washing 

operation are evaporated and filtered in the CsIX FEED EVAPORATION process 
block before ion exchange. For sizing the evaporator load, a bottoms 
concentration of 7M sodium is assumed. 
the waste supernatants will control the extent of evaporation to a point short 
of precipitating of salts. The evaporation is done early in the process to 
concentrate the waste prior to cesium ion exchange and to decrease the load on 
the LLW melter and offgas system. The evaporator also reduces volume in the 
event that the bottoms are returned to in-process storage. Evaporator bottoms 
returned to in-process storage may require chemical adjustment to ensure tank 
farm specifications for OH- and NO,. are satisfied. 

3.4 RADIONUCLIDE SEPARATIONS 

3.4.1 Cesium Ion Exchange 

glass frit or similar material, to remove solids that could adversely affect 
ion exchange column operations. Under normal conditions, the evaporator 
bottoms proceed to clarification through a glass frit deep-bed filter. 
Evaporated supernatants are likely to contain small amounts of solids that 
were entrained during decanting, that precipitated during evaporation or 
storage, or that were entrained during pipeline transfers to and from 
in-process storage. 

fresh frit. 
effluent in the LLW evaporator feed tank. 

In actual practice, the chemistry of 

All feeds to ion exchange will be processed through a deep-bed filter of 

Spent filter material is periodically flushed out and replaced with 
The spent filter bed is added to the cesium-depleted ion exchange 

16The Phase 2 private contractor could elect to forego evaporation if 
that is conducive to their process. However, since the evaporator in question 
is assumed to replace the 242-A Evaporator, TWRS would have to evaluate how to 
provide evaporation for tank farm volume control. 

171t is assumed that facility wastes that are currently evaporated in the 
242-A Evaporator will be added to the feed for the pretreatment process (i.e., 
facility wastes are included in the filtrates). 

113 



WHC-SO-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

The CsIX process b l o c k  houses a t h r e e - c y c l e  o p e r a t i o n  i n  which an 
o r g a n i c  i o n  exchange r e s i n  i s  loaded w i t h  cesium, e l u t e d  w i t h  n i t r i c  a c i d ,  and 
regenera ted  w i t h  c a u s t i c .  The i o n  exchange c y c l e  i s  summarized i n  Tab le  15. 
The e l u a t e ,  c o n t a i n i n g  approximately 98% o f  t h e  cesium, i s  concent ra ted  t o  
reduce i t s  a c i d  conten t  and volume. Approximately 89% o f  t h e  volume and 70% 
o f  t h e  a c i d  i n  t h e  e l u a t e  i s  r e c y c l e d  f o r  use i n  subsequent e l u t i o n s .  The 
cesium-depleted e f f l u e n t ,  f lushes ,  and regenera t ion  streams feed fo rward  t o  
t h e  LAW t rea tment  process t o  be mixed w i t h  o t h e r  miscel laneous LAW r e c y c l e  
streams. 

3.4.1.1 Loading Cycle 

D u r i n g  t h e  l o a d i n g  c y c l e ,  two i o n  exchange beds i n  s e r i e s  r e c e i v e  
f i l t e r e d  evapora tor  bottoms (Stream 14) u n t i l  t h e  cumula t ive  breakthrough of 
137Cs approaches 1 C i  p e r  115 kg o f  t r e a t e d  sodium ( 1  C i  p e r  5,000 mol o f  
sodium)d The l o a d i n g  c y c l e  i s  modeled w i t h  a r e s i n  hav ing  t h e  p r o p e r t i e s  o f  
CS-100 , which a l l o w s  a feed r a t e  o f  1 bed volume (BV)/h. Under these 
c o n d i t i o n s ,  t h e  second bed i n  s e r i e s  i s  p a r t i a l l y  loaded when t h e  f i r s t  bed i s  
f u l l y  loaded w i t h  cesium. 
g r e a t e r .  

The t y p i c a l  l e n g t h  o f  a l o a d i n g  c y c l e  i s  24 h o r  

18CS-100 i s  a t rademark o f  Rohm and Haas. The r e s i n  has been e x t e n s i v e l y  
t e s t e d  over  severa l  years  a t  t h e  Westinghouse Process Chemistry Labora tory ,  
P a c i f i c  Northwest N a t i o n a l  Laboratory,  and Los Alamos N a t i o n a l  Labora tory ,  b u t  
i s  no l o n g e r  commercial ly a v a i l a b l e .  
s e l e c t  i t s  own separa t ing  agent f o r  cesium. 

The Phase 2 p r i v a t e  c o n t r a c t o r  w i l l  

114 



WHC-SD-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

3.4.1.2 E lu t ion /Regenera t ion  Cycle 

Whi le  t h e  f i r s t  p a i r  o f  beds i s  load ing ,  a second p a i r  o f  beds i s  i n  t h e  
e l u t i o n / r e g e n e r a t i o n  c y c l e .  
remains i n  t h e  two beds.19 The f l u s h  e f f l u e n t s  a re  sent  t o  LAW. 
cesium e l u a n t  a t  1 BV/h then d i s p l a c e s  cesium, sodium, and potassium from t h e  
r e s i n .  An e l u a t e  water f l u s h  a t  2 BV/h removes any remain ing  e l u a t e .  
i n i t i a l  25% o f  t h e  f l u s h  stream goes w i t h  t h e  e l u a t e  and t h e  remainder w i t h  
LAW. 
t h e  r e s i n  back t o  t h e  sodium form, f o l l o w e d  by a 2.OM NaOH stream t h a t  
conver ts  t h e  balance o f  t h e  r e s i n  t o  t h e  sodium form. 
streams go w i t h  t h e  LAW." The t y p i c a l  l e n g t h  o f  t h e  e l u t i o n / r e g e n e r a t i o n  
c y c l e  i s  10 t o  12 h. 

3.4.1.3 E l u a t e  Concent ra t ion  and Ac id  Recycle 

n i t r a t e .  The a c i d i c  condensate f rom t h e  e l u a t e  c o n c e n t r a t o r  i s  s u i t a b l e  f o r  
use as e l u a n t  i n  subsequent e l u t i o n s .  
p r o v i d e  s to rage f o r  t h e  a c i d i c  cesium concentrate,  b u t  f o r  t h e  PPTB t h e  
concent ra te  i s  n e u t r a l i z e d  w i t h  NaOH and ad jus ted  t o  DST c o n c e n t r a t i o n  
s p e c i f i c a t i o n s  (Stream 17).  The a d d i t i o n a l  sodium does n o t  a f f e c t  g l a s s  
volume because t h e  g l a s s  i s  c u r r e n t l y  chromium-l imited (See Sect ion  3.2.2.3). 

3.4.1.4 Resin Degenerat ion 

c a l c u l a t i o n s .  
c y c l e s  . 

stream and rep laced w i t h  f r e s h  r e s i n .  
me1 t e r .  

3.4.2 Other Rad ionuc l ide  Separat ions 

The absence o f  TRU/Sr and Tc removal f rom t h e  Phase 2 f lowsheet  should 
n o t  be cons t rued t o  mean t h a t  these separa t ions  w i l l  n o t  be r e q u i r e d  f o r  any 
p o r t i o n  o f  t h e  Phase 2 waste. 
APPENDIX F, has been t o  model Phase 2 w i t h  t h e  e x i s t i n g  TWRS Process Flowsheet 
model because (1) i t  s t i l l  p rov ides  a reasonable p r o j e c t i o n  o f  p roduc t  volume 
even i f  s p e c i a l  separa t ions  f o r  p a r t i c u l a r  wastes are n o t  inc luded,  (2 )  t h e r e  
was no guidance f o r  Phase 2 o t h e r  than i t  e n t a i l s  t rea tment  o f  t h e  balance o f  

A water f l u s h  a t  2 BV/h d i s p l a c e s  waste t h a t  
A 0.5M HNO, 

The 

F i n a l l y ,  a 0.5M NaOH stream a t  2 BV/h regenerates approx imate ly  25% o f  

The spent r e g e n e r a t i o n  

The cesium e l u a t e  i s  concent ra ted  t o  a bottoms c o n c e n t r a t i o n  of  8M 

The Phase 2 c o n t r a c t o r  may e l e c t  t o  

The degenera t ion  o f  r e s i n  performance i s  r e f l e c t e d  i n  t h e  mass balance 
The r e s i n  i s  expected t o  loose 20% o f  i t s  c a p a c i t y  over  t e n  

A f t e r  t e n  cyc les ,  e l u t e d  and spent r e s i n  i s  f l u s h e d  o u t  t o  t h e  LAW 
The spent r e s i n  i s  o x i d i z e d  i n  t h e  LAW 

The PPTB approach t o  Phase 2, as conveyed i n  

1 9 P r a c t i c a l  exper ience w i t h  o p e r a t i o n  o f  t h i s  system may d i c t a t e  a d i l u t e  

There i s  a minimum i o n i c  s t r e n g t h  
c a u s t i c  f l u s h  b e f o r e  t h e  water f l u s h ,  t o  p rec lude aluminum p r e c i p i t a t i o n  i n  
t h e  column, o r  even w i t h i n  t h e  r e s i n  beads. 
and hydrox ide  c o n c e n t r a t i o n  r e q u i r e d ,  which was discussed i n  some d e t a i l  i n  
Sec t ion  2.1. 

201n t h e  f u t u r e ,  reuse o f  t h e  spent r e g e n e r a t i o n  c a u s t i c  i n  s ludge 
washing w i l l  be considered. 
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the waste, and (3)  selection of additional separations technology is now a 
private contractor responsibility. 

Phase 2 is also based on a composite feed stream. Cs removal is the 
only separation that would be widely applied during Phase 2 .  TRU/Sr and Tc 
separation would undoubtedly be required for only a small subset of the Phase 
2 feed. These special treatments will not be shown until there is a 
differentiation of Phase 2 feed into volumes that require special treatment 
(as there is in Phase l ) ,  nor until private contractors have proposed 
technology to make the separations. 

3.5 LOW-ACTIVITY WASTE FEED EVAPORATION 

The effluent from ion exchange (Stream 18) is combined with 
miscellaneous streams from offgas treatment (Stream 30), filter wash liquids, 
recycled glass product, and other dilute process recycle streams (Stream 26), 
before evaporation to a 10M sodium slurry (Stream 23) in the LAW FEED 
EVAPORATION process block. 

3.6 LOW-ACTIVITY WASTE VITRIFICATION 

3.6.1 Low-Activity Waste Vitrification 

The LAW VITRIFICATION process block treats LAW slurry (Stream 23) in a 
melter of unspecified design. 
Table 16. 

The glass formulation constraints are listed in 

Table 16 LLW #lass Formulation Constraints (Orme 1996) 

= 4 wt% 
Na,O = 20 wt% 
SiO, >= 50 wt% 

The dry glass formers (contained in Stream 24) are tailored to the waste 
feed to obtain the desired glass formulation. 

Glass that does not meet acceptance requirements for disposal is routed 
to a roll crusher for size reduction. Crushed out-of-specification rework is 
slurried back to evaporation and recycled to the melter for remelting. For a 
flowsheet assumption, approximately 1% is reworked. 

The Phase 2 private contractor's plan will address strategy for 
compliance. The private contractor may elect to qualify the treatment process 
rather than providing for rework of off-specification material. 
qualified process would require a long period o f  feed validation, while a 
process with recycle would have less stringent feed characterization 
requirements as long as the product could be sampled, analyzed, and reworked 
if found to be out of specification. 

In general, a 
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3.6.2 Immobi l i zed  L o w - A c t i v i t y  Waste Packaging 

The ILAW package f o r  t h e  TWRS Process Flowsheet was a 32-m3 r e c t a n g u l a r  
c o n t a i n e r  in tended s p e c i f i c a l l y  f o r  t h e  s u l f u r  polymer concre te  waste form. 
The maximum s i z e  o f  a r e c t a n g u l a r  c o n t a i n e r  f o r  a g l a s s  m o n o l i t h  has n o t  been 
analyzed. Since no s p e c i f i c  guidance i s  p rov ided f o r  Phase 2 ILAW packaging, 
t h e  Phase 1 s tandard  package i s  used. T h i s  i s  t h e  2.6-m3 package f i l l e d  t o  a 
n e t  volume o f  2.08 m3 (80 ~ 0 1 % ) .  Phase 2 produces "85,000 ILAW packages. 

3.7 LOW-ACTIVITY WASTE OFFGAS TREATMEN1 

The OFFGAS TREATMENT process b l o c k  c o n s i s t s  o f  a quench tower, v e n t u r i  
sc rubber /separa tor ,  demister,  CuO SO absorber, NO, c a t a l y t i c  r e a c t o r ,  and 
h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t r a t i o n .  
scrubber,  and demis te r  a re  inc luded t o  remove p a r t i c u l a t e s  e n t r a i n e d  i n  t h e  
o f f g a s .  These dev ices  a l s o  coo l  t h e  o f f g a s ,  condense water vapor, and 
condense and scrub s e m i - v o l a t i l e  waste components l i k e  technet ium. 
c u r r e n t l y  no p r o v i s i o n s  t o  recover  technet ium from t h e  decanted wastes, so t h e  
scrub  w i l l  become enr iched w i t h  technet ium over t ime.  R e c i r c u l a t e d  n i t r i c  
a c i d  i s  used as t h e  scrub  medium, so i t  i s  n o t  e f f e c t i v e  f o r  removal of  t h e  
NO, and SO,, bo th  o f  which are c r i t e r i a  a i r  p o l l u t a n t s .  

S u l f u r  d i o x i d e  i s  removed from t h e  gas stream by t h e  S h e l l  F l u e  Gas 
D e s u l f u r i z a t i o n  process. 
r e d u c t i o n  w i t h  NH,. A combinat ion o f  washable-metal HEPA f i l t e r s  and paper 
HEPA f i l t e r s  are used t o  f i l t e r  t h e  o f f g a s  b e f o r e  d ischarge t o  a s t a c k .  
L i q u i d  condensates f rom t h e  o f f g a s  system are r o u t e d  t o  t h e  LAW evapora tor .  

3 .7 .1  S u l f u r  Recovery 

400 'C. 
l oad ing ,  t h e  CuSO, i s  reduced w i t h  H,, which re leases  t h e  s u l f u r  as 6;s. 
CuO bed i s  regenerated by purg ing  w i t h  a i r .  

( 2  H,S t o  1 SO,) i n  a combustion chamber. 
reduced t o  elemental  su lphur  i n  a two-stage Claus r e a c t o r .  
convers ion  e f f i c i e n c y  o f  t h e  Claus r e a c t o r s  i s  99%. 
Claus r e a c t o r  i s  r e c y c l e d  t o  t h e  i n l e t  o f  t h e  CuO bed. 

a l lowed t o  coo l ,  and packed o u t  as a secondary waste (Stream 32).  

3.7.2 C h l o r i d e  and F l u o r i d e  Cont ro l  

The quench tower, v e n t u r i  

There are  

N i t r o g e n  oxides are removed by s e l e c t i v e  c a t a l y t i c  

SO, i s  removed from m e l t e r  o f f g a s  by t r a p p i n g  on a CuO bed (as CuSO ) a t  
The CuO beds are  approximately 90% e f f e c t i v e  a t  removing SO A h e r  

The 

The H,S re leased from t h e  CuO bed i s  burned t o  a s t o i c h i o m e t r i c  m i x t u r e  
The s t o i c h i o m e t r i c  m i x t u r e  i s  

The o v e r a l l  
The t a i l  gas f rom t h e  

The recovered s u l f u r  i s  poured i n t o  55-gal drums w h i l e  s t i l l  mol ten, 

The quench tower and v e n t u r i  a re  e f f e c t i v e  a t  sc rubb ing  v o l a t i l e  
c h l o r i n e  and f l u o r i n e  f rom t h e  m e l t e r  o f fgas ,  so t h e  scrub  s o l u t i o n  becomes 
enr iched i n  c h l o r i d e  and f l u o r i d e .  
r e c o v e r  and d ischarge c h l o r i d e  as a secondary so l id -waste  g r o u t .  
r e t u r n e d  t o  t h e  m e l t e r  i n  a n o n - v o l a t i l e  CaF, form. 

The c h l o r i d e  recovery  o p e r a t i o n  c o n s i s t s  o f  d i v e r t i n g  a s i d e  stream o f  
t h e  r e c i r c u l a t i n g  scrub  s o l u t i o n  t o  a s e r i e s  o f  evapora tors  and d i s t i l l a t i o n  
columns. A n i t r i c  a c i d  p roduc t  stream ( c o n t a i n i n g  a l l  o f  t h e  e n t r a i n e d  

Offgas t rea tment  i n c l u d e s  an o p e r a t i o n  t o  
F l u o r i d e  i s  
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solids, most of the nitric acid, 90% of the fluorine, and 35% of the chlorine) 
is neutralized with 10% excess Ca(0H) , to precipitate CaF, before recycling 
to the LLW evaporator in Stream 30. 
melter. 
added directly to the melter. 

HC1 concentrate (containing 65% of the chlorine and 10% of the fluorine) 
is neutralized, evaporated to reduce volume, grouted, and packed out in 55-gal 
drums as a secondary waste (Stream 33). 

fhe CaF, will not re-volatilize from the 
The calcium added in this operation reduces the amount of calcium 

3.7.3 Mercury Recovery 

The OFFGAS TREATMENT process block currently does not contain a 
separation for the mercury. 
(Stream 27) is recovered in the nitric acid scrub medium and recycled. 
34 is provided strictly as a convenience to quantify how much mercury is 
available for separation from the chloride side stream. 

Most of the mercury carried in the melter offgas 
Stream 

3.8 HIGH-LEVEL WASTE FEED EVAPORATION 

The HLW FEED EVAPORATION process block combines offgas condensates and 
recycled scrub liquid (Stream 36) with pretreated solids (Stream ll), and 
dewaters the slurry by a combination of centrifugation and evaporation to 
reduce the evaporative load on the HLW melter. 
and condenser vent (Stream 38) result from dewatering. 

Process condensate (Stream 37) 

The dewatered solids (Stream 39) are ready for feed adjustment. 

3.9 HIGH-LEVEL WASTE VITRIFICATION 

The HLW VITRIFICATION process block combines Stream 39 with recovered 
cesium (Stream 17) and a concentrated spent scrub solution (Stream 41), 
performs the feed adjustment, and vitrifies the solids. 

3.9.1 Feed Adjustment 

For feed adjustment, glycolic acid (included in Stream 40)  is added to 
adjust the pH to approximately 6 and provide sufficient reductant (organic 
carbon). An addition of 6 . 4  g-mol glycolic acid per kg of waste oxides is 
expected to provide a sufficient excess for redox/oxidation control in the 
me1 ter. 

The organic acid digest is followed by the dry addition of glass-former 
chemicals such as silica, boric oxide and lithium oxide (included in Stream 
40). The feed slurry is then concentrated by evaporation to a total oxide 
concentration of approximately 500 g/L and transferred to one of the melter 
feed tanks. 

3.9.2 High-Level Waste Vitrification 

The melter is assumed to be a low-temperature, joule-heated, slurry-fed 
ceramic melter. 
joule-heated melter will be necessary to provide the required throughput rate 

Scaling up of the Defense Waste Processing Facility (DWPF) 
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if that design is selected. 
private contractor decision. 

The number and sizing of melters is a Phase 2 

For the flowsheet, the adjusted feed slurry from the melter feed tank is 
continuously fed to a joule-heated melter where slurry water is evaporated and 
calcination reactions proceed in the "cold cap" over the molten glass pool. 
Water and other volatile feed components are driven off, while nonvolatile 
components oxidize and melt into the glass. The molten borosilicate glass 
product flows (by pressure differential) from the melter into stainless-steel 
canisters, where the product cools to form a monolithic glass. 

The process model predicts glass composition from the glass formulation 
ranges stated in Table 17. These ranges are for low-temperature (1150 "C) 
me1 ting. 

With the current formulation ranges and HLW waste feed, the waste 
loading in IHLW is 37% (including sodium and silicon). The reduced caustic 
leach factor for chromium, discussed in Section 3.2.2.1, is responsible for 
chromium controlling the volume of IHLW. 

3.9.3 Final Packaging 

When sufficiently cooled, the filled canisters are sealed with an inner 
canister closure plug. 
pressure water spray that removes loose contamination. Final decontamination 
is accomplished by a frit-blasting process. A final canister seal is provided 
by a welded closure. 

A preliminary decontamination is performed by a low 

A variety of canisters containing somewhat different net waste volumes 
are available for consideration, including the DWPF canister (0.62 m3), the 
West Valley Demonstration Project canister (0.8 m3), or a 4 . 5  m tall 
contractor-proposed standard canister (1.08 m3) that the Office of Civilian 
Radioactive Waste Management may be willing to consider (Honeyman 1996). 
Phase 2 produces 12,890 contractor-proposed standard canisters. 

3.10 HIGH-LEVEL WASTE OFFGAS TREATMENT 

Offgas from the feed adjustment evaporation step is condensed and 
collected. Reduced mercury contained in the condensate is accumulated in a 
mercury sump built into the condensate collection tank. 
mercury ( 5  L) is expected to accumulate over the life of the plant. 

t o  a quench tower and venturi scrubber to cool and condense the offgas, and 
separate entrained particulates from the gas stream. The offgas then passes 
through a chiller, demister, and HEPA filter. Levels of sulfur in the HLW 
melter feed will probably not require a reactor (CuO bed) for SO, abatement; 
likewise, the amount of nitrate in HLW is small so NO, abatement is not an 
issue. Melter offgas exiting the HEPA filter will be combined with building 
ventilation exhaust air and released to the atmosphere via the plant stack. 

A total of 70 kg 

Melter offgases (included in Stream 43 with feed adjustment vapors) flow 
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:The sum of a l l  components not l i s t e d  may range from 1% t o  10%. 

'Attwnpts t 
component constraints have been "only p a r t i a l l y  successful" per Hrma 1994. 

'This L i m i t  d i f f e r s  from the 1 %  c e i l i n g  used for HUVP formulations as show i n  Hrma 1994. 
engineering judgment that  TURS composite glass can so lub i l i ze  up t o  3x P205. 

includes KaO. . 

onstraints a re  ignored i n  the model. 

e l iminate formulations With poor processabi l i ty  by the appl icat ion of r m l t i p l e  
Multi-carponent 

I I t i s an 

Spent scrubber solution collected from the quench tower and venturi 
scrubber is evaporated in the secondary waste evaporator and recycled to the 
feed collection tank." 

Because of the potential for contamination, condenser vent gases in the 
HLW process are all scrubbed through the condenser vent scrubber. 
condenser vent scrub solutions are combined with feed adjustment condensate 
and returned to the HLW FEED EVAPORATION process block. 

The 

'lThe po r t i on  of the spent scrub that was previously routed t o  the s a l t  Waste adjustment tank purged 
I n  Revision 1, the HLU the melter system of hal ides and other v o l a t i l e  compounds not soluble i n  the glass. 

process operates beyond the campletion of pretreatment and LLW treatment, and i t  is a s s w d  that rou t i ng  
purges out of the f a c i l i t y  i s  discouraged. Further study u i l l  determine i f  HLW scrub so lu t i on  trestment 
s im i la r  t o  the LLU scrub so lu t i on  treatment i s  required. 
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3.11 WATER RECYCLE 

The TWRS f lowsheet  r e c y c l e s  process condensates e x t e n s i v e l y  where t h e  
use o f  condensates i s  acceptable.  
r e c y c l e d  water  i s  used. Excess process condensates f rom t h e  TWRS f lowsheet  
a re  r o u t e d  t o  t h e  L i q u i d  E f f l u e n t  Treatment F a c i l i t y  f o r  c o n d i t i o n i n g  b e f o r e  
r e l e a s e  t o  t h e  environment.  Condensate t rea tment  i s  an Environmental  
R e s t o r a t i o n  f u n c t i o n  o u t s i d e  o f  t h e  scope o f  t h e  TWRS Process Flowsheet.  

The WATER RECYCLE process b l o c k  shows where 

3.12 PHASE 2 WITH REVISED TWRS INVENTORY 

There i s  u n c e r t a i n t y ,  n o t  d i r e c t l y  addressed i n  t h i s  f lowsheet ,  i n  
e s t i m a t i n g  g l a s s  p r o p e r t i e s ,  d u r a b i l i t y ,  and m e l t e r  o p e r a b i l i t y  as a f u n c t i o n  
o f  g l a s s  f o r m u l a t i o n .  
<:hemica1 s e p a r a t i o n  a t t a i n a b l e  i n  t h e  enhanced sludge-washing process and i n  
t h e  waste i n v e n t o r i e s .  

Appendix E c o n t a i n s  a s p e c i a l  case of  t h e  Phase 2 f lowsheet  based on a 
r e v i s e d  TWRS i n v e n t o r y .  
components were s u b s t i t u t e d  f o r  t h e  TWRS i n v e n t o r y  va lues .  The g l a s s  volume 
p r o j e c t i o n  f o r  t h i s  spec ia l  case i s  profoundly a f f e c t e d  by t h e  l a r g e  inc rease 
i n  chromium i n v e n t o r y  l e f t  over a f t e r  enhanced sludge washing. 
TWRS i n v e n t o r y  produces 28,460 cont rac tor -p roposed standard c a n i s t e r s  d u r i n g  
Phase 2 .  

There i s  a l s o  u n c e r t a i n t y  i n  regard  t o  t h e  degree of 

Standard i n v e n t o r y  p r o j e c t i o n s  f o r  severa l  ma jor  

The r e v i s e d  
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APPENDIX A INVENTORY ESTIMATES OF DST SUPERNATES & PHASE 1 FEEDS 

The f o l l o w i n g  t a b l e  p r o j e c t s  DST supernate as i t  w i l l  e x i s t  p e r  She l ton  
(1996), and i d e n t i f i e s  t h e  tanks  t h a t  have been se lec ted  as Phase 1 feeds. 
These a r e  "as i s "  values. 
a d j u s t e d  f o r  r e t r i e v a l  i n e f f i c i e n c i e s  and heel  m i x i n g  l i k e  t h e  a c t u a l  feed 
batches i n  Tables 2a and 2b. 

They have n o t  been d i l u t e d  by r e t r i e v a l  water  o r  

Exp lanat ion  o f  headings: 

P-0-C o r  Extension r e f e r s  t o  t h e  proof-of-concept o r  ex tens ion  p a r t  o t  
Phase 1. 

Envelope A, B, o r  C r e f e r s  t o  t h e  Phase 1 supernate envelopes. 

PC1 Batch# and PC2 Batch# r e f e r  t o  t h e  p r i v a t e  c o n t r a c t o r  feed ba tch  i n  
which each waste w i l l  appear. 
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Table A-1 INVENTORY ESTIMATES OF DST SUPERNATES 8 PHASE 1 FEEDS (ENVELOPES A, B, AND c )  ( 1 0  s h e e t s )  

supernatand  lO lAN I lO2AN I 103AN I 104AN I 105AN I 106AN I 107AN I 101AP I l 02AP I 103Ap 
P-0-c or I I E x t e n s i o n l  P -0 -C  I P-0-C I P-0-C IEx tens ion l  Both  I I I 
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Table A - I  INVENTORY ESTIMATES OF DST SUPERNATES S PHASE 1 FEEDS (ENVELOPES A, 8,  AND C) ( 1 0  s h e e t s )  

Supernatant( lOlAN I lO2AN I 103AN I 104AN I 105AN I 106AN I 107AN I lOlAP I lO2AP I 103AP 
P-0-c or I I E x t e n s i o n l  P-0-C I P-0-C I P-0-C I E x t e n s i o n l  Both I I I 

A-3 



WHC-SD-WM-TI-774 R e v .  0 
TWRS P R I V A T I Z A T I O N  PROCESS TECHNICAL BASELINE 

Table A-1 INVENTORY ESTIMATES OF DST SUPERNATES & PHASE 1 FEEDS (ENVELOPES A, B, AND C) ( 1 0  sheets) 
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T a b l e  A-'I INVENTORY ESTIMATES OF DST SUPERNATES B PHASE 1 FEEDS (ENVELOPES A, E, AND C)  ( 1 0  sheets )  

Supernatant1  104AP I 105AP I 106AP I 107AP I 108AP I 101AU I 102AU I 103AU I 104AU I 105AU 
P-0-c  o r  I P-0-c I 1 P-0 -C  IEx tens ion l  I I I 
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T a b l e  A-'I INVENTORY ESTIMATES OF DST SUPERNATES B PHASE 1 FEEDS (ENVELOPES A, E, AND C) (10 sheets) 
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T a b l e  A - I  INVENTORY ESTIMATES OF OS1 SUPERNATES & PHASE 1 FEEDS (ENVELOPES A, B, AND C )  (10 sheets) 
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T a b l e  A - I  INVENTORY ESTIMATES OF DST SUPERNATES & PHASE 1 FEEDS (ENVELOPES A, B, AND C )  ( I O  sheets) 
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T a b l e  A-1  INVENTORY ESTIMATES OF DST SUPERNATES & PHASE 1 FEEDS (ENVELOPES A, B, AND C) ( 1 0  sheets) 
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T a b l e  A-1  INVENTORY ESTIMATES OF DST SUPERNATES & PHASE 1 FEEDS (ENVELOPES A, E, AND C )  ( 1 0  sheets) 
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APPENDIX B MASS BALANCES FOR ENVELOPE A, B, AND C PROCESSING 

P r i v a t e  C o n t r a c t o r  1 Batches 1 t o  12 

P r i v a t e  C o n t r a c t o r  2 Batches 1 t o  12 

B-1 
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m3 
m5 
w3 
BRt2 
E+2 
a t 3  
c-14 
c4t2 
m2 

a2 
Lm 

a- 

Table B-1 h e  1 ZAW Mass Balance for Batch FC1/1 ( 6  sheets) 

8.9%-04 

1 . Z - 0 1  
2.8%-02 
1.4%-02 
2.633-06 
1.06E-05 
7.3E-01 
1.3%-01 

8 . 4 ~ ~ 3  

1 . 8 1 ~ ~ 4  

8.94E-04 

1.533-01 
2.87E-02 
1.44E-02 
2.6E-06 
1.06E-05 
7.27E-01 
1.3E-01 

8.36~-03  

i.8nm4 

2 . 3 3 3 ~ 1  
3 .mt06  
1 . 2 7 ~ ~ 4  
8.44E-01 
4 49P-01 
3.7Z-01 
5.19EM5 
2..atoo 

z m m i  
2 . 9 ~ ~ 6  
1 . ~ 6 ~ ~ 4  
8.4OEi)l 
44E-01 
3.733-01 
5.76Em5 
2.533m0 

4.333-10 
1.69EW3 
4.44E-06 
4.m-05 
7.533-04 
1.433-04 
7.17E-05 
1.29E-08 
5.22-08 
3.6lE-03 
6.87E-04 
8.96EMl 

2.39EM2 
1.633Ml 
5.8X-02 
8.X-10 
3 ,  74EM0 

1.14E-01 
1.48EM4 
6.27EMl 
4.17E-03 
2.m-03 
1.84E-03 
2.86cM3 
l .m-02  

l.WEW3 
2.033M3 
1.07E-06 

6.36~m2 
1 . x - 0 3  
2 . 5 7 ~ ~ 1  
1.4Z-03 
1, 7 Z 4 7  
8.96E-03 
2.m-m 
6.91EtOl 
2.3%-04 
1.3E-01 
4.333-10 
4.17EM1 
5.m-03 
2.m-08 

4.333-10 

4 44E-06 
4. E - 0 5  
7.533-04 
1.4s-04 
7.17E-05 
1.2%-08 
5.25-08 
3.633-03 
6.87E-04 
8.96EM1 

1 . 6 9 ~ ~ 3  

2.39EM2 
1.633M1 
5.8%-02 
8.58-10 
3.74EM0 

1.14E-01 
4.mt05 

4.17E-03 
2.ZZ-03 
1.84E-03 

1.E-02 

6 . z 7 ~ m i  

2 . 8 6 ~ ~ 3  

i . z ~ m 3  
z . m r n 3  
1.07E-06 

6.36Em 
1.54E-03 
2.57EM1 
1.4Z-03 
1.7z-01 
8.96E-03 
2.m-08 

2.3%-w 
1.3E-01 
4.333-10 

5 533-03 
2.m-08 

6 . 9 ~ m i  

4, m m i  

8.6E-MI 
3.433M5 
8.94E-04 
8.36E* 
1.533-01 
2.87E-02 
1.44E-02 
2.6E-06 
1.06E-05 
7.27E-01 
1.3E-01 
1.81EM4 

4 .  833to4 

1.19EM1 
1.7%-07 
7 .YiErn  

2.3EM1 
2.9EW6 
1.2hEM4 
8.45-01 
4.47E-01 
3.7E-01 
5 76EM5 
2 533M0 

2 49EM5 
4.06EM5 
2.16E-04 

1.28EW5 
3.m-01 
5.1EM3 
2.m-01 
3.46E-05 
1.833iK 
4.323-06 
1.39Et04 
4 .74 -02  

8 6E-08 
8.4EW3 

4.3Z-06 

3 . m m 3  

z . 6 ~ m i  

1, imoo 

8.6E-08 

8.94E-04 
8.36E-03 
1.533-01 
2.87E-02 
1.44-02 
2.6E-06 
1.06E-05 
7.27E-01 
1.3EE-01 
1.833M4 

3 . 4 3 3 ~ 5  

4.833iQ4 
3.rnW3 

1.7s-07 
i . m m i  
i . 5 4 ~ ~ 2  

2 . r n M 1  
2.9EM6 
1.26EW4 
8.m-01 
4 47E-01 
3.733-01 
5.  JEW5 
2 . ~ 1 ~ t o o  

2.49~to5 
4 %EM5 
2.16E-04 

1.28EM5 
3.m-01 
5.1EM3 
2.m-01 
3 . G - 0 5  
1.8E+X 
4 . 3 2 - 0 6  
1.39Et04 
4.W-02 

8 . a - 0 8  
8.4EX13 
l.llEM0 
4.31E-06 

2 .61~mi  
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[ T d  k s  Flol Cngl I 4.8Effl4 I 4.8lEffl2 I 4.76Effl4 I 4.76E104 4 . 8 1 ~ ~ ) ~  4.81~102 

.8lEffl4 1.7f.Effl4 4 . a ~ m  
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4.4'2W3 1.0zEW6 
6.59EW3 
2.67EW2 2.71EW0 

Table B-l Fhase 1 IAW Mass Balarce for Batch K1/1 ( 6  sheets) 

11 12 Y 14  15 16 16A 17 18 19 

10zEW6 4.4'2W3 
6.59EW3 

2 . 7 1 ~ ~ 0  2 . 6 7 ~ ~ 2  

8.6E-08 
3.41EW5 
8.94E-04 
8 36E-03 
1.5 l i -01  
2 87E-02 
1.44E-02 
2.611E-06 
1 oa-05 
7 27E-01 
13E-01  
1.81Et04 

4.81Eto4 

5 lOE-02 
173E-07 

3 . 2 5 ~ ~ 3  

7 . 5 4 ~ ~ 1 2  

2.3OEW1 
2.93FW6 
1 rnM4 
8 
4.47~-ai 
3.71E-01 
5.76EW5 
2.5EWO 

2.49EWS 
4 06EM5 
2.16E-04 

1 . 2 8 ~ ~ 5  

5 . 1 ~ ~ 3  
~.86~-ai 

3 .m-01  

3.m-05 
1.81EWQ 
4.322-06 
1 3EM4 
4.74E-02 
2 59EM1 
8.6E-08 
8 . 4 0 ~ ~ 3  
1, ilEtoo 
4 3'2-06 

1.1EW1 

5.79EW3 

2.63E-01 

8.6E-08 
3 41EMS 
e.%€-04 
8 . a - 0 3  
151E-01 
2.87E-02 
1 .K-02  
2.6oE-06 
1.0.5-05 
7.27E-01 
1.3E-01 
1. 81Eto4 

4.8E+04 
3. m W 3  

1.1Effl1 5.1QE-02 
1.7X-07 
7.51EW2 

2 . 3 ~ ~ ~ 1  
2.9Etc6 
1.26E+o4 
8.4oE-01 
4 . u - 0 1  
3 .11E-Ol 

2.51Etw 
5 . 7 9 ~ ~ 1 3  s . 7 6 ~ ~ 5  

2.49EW5 

2.16E-04 

4.28Ex13 1.2EW5 
3.111E-01 
5.1EW3 
2 . m - 0 1  

4 . 0 6 ~ ~ 5  

3.46E-05 
1.8lEtw 
4 . 3 2 - 0 6  

4.74E-02 

8.6E-08 

1 . 3 9 ~ ~ 4  

4 3zE-06 

r.m-09 

__ 

. ooE-09 
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[ r d k m & )  1 4 .  IIEWZ 5.79EW3 5.19EW3 4.8E42 9.93EW5 

~ 

9 33E-08 
1.@3EW5 
9.@3EQ4 
1.28E-02 
4.87E-01 
3 Zll-02 
4, O l l - 0 2  
2.XWW 
1. OZWO 
1.58Ei)l 

5.4m-02 
2.16E-07 
3.28EWl 

z . 0 6 ~ ~ 1 3  

1.yEto4 
1.39EKO 
7.08E-01 
5.M-01 
7.77EtO5 
3.54EtOO 
2.42-04 
3 . 8 E r n  
3 . x - 0 1  
3.Z4E-01 
5.M-05 
3.wm 
5.4%-c6 
1.16Etw 

5.58-02 

1.42-07 
1.1BEm 
5.84E-06 

4 . 8 ~ ~ 2  

2 . 4 6 ~ ~ 1  
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Table B-1 Phase 1 IAW Mass for Batch K1/L (6  sheets) 

1.7%-10 

1.25-10 

~ 
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Table B-l h e  1 LAW Mass -e for Batch Kl/l ( 6  sheets) 

ZO 21 22 21 24 7.5 26 27 28 

9.3%-08 

9 . m - 0 4  
1.m-02 
4.87E-01 
3 . m - 0 2  
4.OE-02 
2.9oE-06 

158-01 

5.40EQ2 
2 la-07 

1.mm5 

i.ozmo 
2. cam3 

3.mm1 

1 z m 4  
1.39EfflO 
1.OE-01 
5.m-01 
7 7 x 4 5  
3.54~too 

3.8xm3 
2 45E-04 

3.  m-01 
3 24-01 
5.53-05 
3.mm 
5.49E-06 
1.16EtW 

5.58-02 

1.G-07 
l.lEtw 
5.84E-06 

4 . m m 2  

2.4ami 

1.6Effl6 

9.33-08 

9.W-04 
l . m - 0 2  
4.87E-01 
3.2E-02 
4.OE-02 
2.9oE-06 

l.m-01 

5.4oE-02 
2 la-07 

3.6EiQ6 

i . m m 5  

i.mmo 
2.06~m3 

3.  z 8 E a  

1 mm4 
1.39~mo 
7.0%-01 
5.56-01 
7 77eM5 

2 45E-04 

3.  a-01 
3 %E-01 
5 %E05 
3.mm 
5 49E-06 
1 l6EtW 

5.58-02 

1.4%-07 
1.lEtw 
5.w-06 

3 ymoo 

3.  8x43 

4 . 8 ~ 4 2  

2.46~m1 
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1.31E-02 I 1 1 

1.61E-01 

3 . Z - 0 4  
9.3%-02 
4.56EtOO 
3.m-01 
2.OE-02 
7.6Ca-05 
1.47E-06 
2.93Et01 
1. lE-01 
2.91+04 

2.9zm5 

8 mi04 

1.07E-01 
5 W-06 
7.94E-10 
2.64E104 

2.4xmz 

i .mm1 
3 4mm6 
3 47E-04 
8.mm3 
1.89E300 
2.FEm1 
8.o5~mi 
i . o ~ m 1  
6 . m ~  

z . m m 5  
4.a5~m5 

2.mm 

6.32E-03 

1.46Et05 
7.4%-02 

2.06E-02 
1.16E-03 

1.m-04 
1.14Eto4 
4.x t -02  

2.53E-06 

1.76E+Ql 

1.m-04 

i . z n m 4  

5.59~m1 

2.4~amo 

i . m m 4  

4.mmo 
~ 

1.6Ca-01 

3.1Ca-04 
9 .Z-02  
4 .  5 4 E W  
3.1%-01 

1 . X - 0 5  
1.46E-06 
2.9lE+01 
1 .m-01  

2.91~to5 

2 . 0 7 ~ 0 2  

2 . 9 ~ m 4  

8 . m m 4  
2.4.3Ern2 
7.03-01 
5 NE-06 
7, %-IO 
2 6%m4 

i . m m i  
3 39~x16 

~ . a m 3  

2 .54~mi  

1.os~mi 
6.mt05 

2 . 3 1 ~ ~ 5  

3 46E-04 

1.mmo 
0.0E+O1 

2.14EW 

4.m+05 
6 . Z - 0 3  

i.4%m5 

i . m m 4  
7 . U - 0 2  

2.0%-02 
1.m-03 
5 . X W 1  
1 .Z-04  
1.73E+O4 
4.4%-02 

2.52-06 

1 .7ma1  

1.Z.l-04 

z.39~mo 

i . 8 ~ m 4  

4.mmo 
~ 

8.m-04 
1.49Em3 
1.59E-06 
4.76E-04 
2.33E-02 
1.61E-03 
1 06E-04 
3.88E-07 
7.53-09 
1.5(JE-o1 
6. m-04 
1.53to2 

4.mm 
i.mmo 
3.6E-03 
2 . X - 0 8  
4.0%-E-y 
1, 3%m2 

i .7am4 
9.31-02 

1.77E-Ob 
4.mm1 
9.66E-03 
1.3Ca-01 
4.11E-01 
5 . X - 0 2  
3.mm3 
1.m-02 

1 .19~~13  

3.m-05 

7.41mz 

6 . 4 ~ m i  

2.47Ex13 

3 . m - 0 4  

1.0%-04 
5.91E-06 
2.8%-01 
6.43-07 

2.3Ca-04 
1.23-02 
1.2%-08 

0.9%-02 
2. m-02  
6.44E-07 

8.mmi 

9.31~m1 

~ 

,. 52m5 

8.2ci-04 

1 5%-06 
4.76E-04 
2 3 - 0 2  
1.61E-03 
l.W-04 
3.m-07 
7.55-09 
1 . a - 0 1  
6.OCa-04 

i.4%m3 

1.so~toz 

4.mmz 
i.mmo 
3.6E-03 
2.m-08 
4.01-12 
i.3%mz 

4.7mm5 

4 . m m i  

9.31-02 

1.77E-06 

9.66E-03 
1.3Ca-01 
4.11E-01 
5 .X-02  

1 1oE-02 
3 ,  mm3 

1 i 9 ~ m  
z.4nm3 

7.4xcmz 

6 . 4 s ~ m 1  

3 .m-05  

3.m-04 

1.0%-04 
5.91E-06 
2 8%-01 
6.W-07 

2.3Ca-04 
1.23-02 
1.29E-08 

8.9%- 
2.1%-02 
6.44E-07 

8.emmi 

9.3nrni  

~ 

1. MIE-01 
2 91Eto5 
3.m-04 
9.m-02 
4 .  % E m  
3.  m-01  
2.07E-02 
7.X-05 
1.46E-06 

1.17E-01 
2.91EtW 

2 . 9 1 ~ m i  

8.mm4 
2.43M2 
7.033-01 
5.08-06 
7.9OE-10 
2.61m4 

i .mmi 
3.39EW6 
3.46E-04 
8 . Z M 3  
1.mmo 
2.54E41 
8.01E41 
1.08EtO1 
6.23EM5 
2.14Fmo 

2.31Em5 
4.mm5 
6 . m - 0 3  

i . 4x~m5 
7.4E-02 
l.%E+Q4 
2 ox-02 
1 m-03 
5 . X m 1  
1.m-04 
1.73Em4 
4.4E-02 
2.39EtoO 
2.Z-06 
1.81Et04 

4.m00 
1.m-04 

1.75~mi 

~ 

1.6Ca-01 

3.m-04 
9.m-02 
4 .  %Em 
3. a - 0 1  
2.07E-02 
7 .X-05  
1.46E-06 

1.17E-01 
2 .9 lFm 

2.91~to5 

2 . 9 ~ m i  

8.mm4 
2.43EtoZ 
7.01-01 
5.04E-06 
7.m-10 
2.63Et011 

1.82Eto1 
3.39E* 
3 . G - 0 4  
8.2zEto3 
1.88Emo 
2.54Eto1 
8.01EtOl 
1.oEffl1 

2.14Emo 

2.31EM5 

6.m-03 

1.4%+05 
7.4lE-02 
1.mm4 
Z.O%QZ 
1.m-03 
5.56Exll 
1 . 2 s - 0 4  
1.73ktO4 
4.4E-02 
2.39EtoO 
2.52-06 

1.7%to1 
4 mm 
1.m-04 

6 . m m  

4 .  mm5 

i . 8 ~ m 4  
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Table B-2 Ihase 1 IAWMass Balarce for Batch K1/2 ( 6  sheets) 
1 2 3 4 5 6 7 8 9 10 

5.3Eto2 i.33E+34 5.3Etoz 5.38EMZ 
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1.6E-01 
2.9lEm5 
3.1Ca-04 
9.2.5-02 
4 .  %Et00 
3.m-01 
2.0R-02 
1.56-05 
1.46!-06 

1 . r - 0 1  
2 . 9 1 ~ m i  

2.91~m4 

8.mm4 
2 43Em2 
5 . Z 4 2  
5.04E-06 
7 WEE10 
2 63Eto4 

1.82EiOl 

3.46E114 
8.mm3 

2 Wtol 

1.OEm1 

2 14EtOO 

3 .39~m6 

i.mmo 
a o m o i  
6 m m 5  

z . 3 ~ m 5  
4.mms 
6.25-03 

1 4 Z t o S  
7.41E-02 

2.0%-02 
1 m-03 

1 Z - 0 4  

4.4E-02 
2.37Em 
2 . Z - 0 6  

i . 26~ to4  

5 . 5 6 m i  

1.73~m4 

i . 8 ~ m 4  
i . i ~ m i  
4.mm 
l . Z - 0 4  

,.4E-O1 

,.Z*3 

t ,64Eto3 

'.4rn--02 

1.6oE-01 

3.1OEO4 
9.m--02 
4.54EiQO 
3.1%-01 
2 07E-02 
7.33-05 
1.46E-06 

1 . m - 0 1  
2.9lEm4 

2.91~m5 

2 9 1 ~ m i  

8.mm 
2.43EMZ 

.4E-O1 5 . Z - 0 2  
5.04E-06 
7.9oE-10 
2 63Et04 

1.mm1 
3.39Et06 
3.46E-04 

1.mm 
2.54Effl1 
8.OlE+O1 

8.mm3 

i.o8cKli 
.mm3 6.mm5 

2.14Etw 

2.3lEm5 
4.mm5 
6.m-03 

1.W-09 
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Table 8-2 Fhase 1 IAW Mass Balarce for Batch K1/2 ( 6  sheets) 
11 12 I2 14 U 16 164 11 18 19 

T 

5.38Em2 

1.72-01 
1.56Et05 
3.433-04 
1.4ZE-01 
1.46EW1 
3 4%+1 
5 1 x 4 2  
8.4zE-05 
4 0 E t o 1  
1.34E-01 
1.54EW2 
5.w-02 
6.3E-06 
9.m-10 
2 . 6 ~ m i  

3.73E-04 

9.9oEto3 
2.2EUX 

1.27Eto2 
1.6BtO1 
8.4@E+35 

7.13E-03 
9.44Eto3 
8.5%-02 
2.32-02 
1.8X--03 
1 19Em 
15%-04 
1.44Eto4 
5 3 E 4 2  
5 ma2 

4.2QEE-06 

4 .2nmi  

3.02m0 

z.2eton 

1 e a m i  
5 mmo 
1.70E-04 

6-12 
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Table B-2 Phase 1 ZAW Mass Balme for Batch E1/2 ( 6  sheets) 
20 21 7.2 21 24 25 26 27 28 

,.2f,EN3 

I .  6 4 E m  

$.7%-10 

1.m-10 
..WE46 

6-13 
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Table B-2 Phase 1 LW Mass Balame for Batch E1/2 ( 6  sheets) 

20 21 22 23 24 25 26 27 28 

l- 

179-01 
1. %EN5 
3 4E-04 
142-01 
1.46Eio1 
3 49E-01 

8 42-05  
4 08EtQl 
1.34E-01 
1, %€to2 
5 %E-02 
6 3E-06 
9.1%-10 

5 ,  7%-n2 

2 . 6 ~ m i  

3.732-04 

9.9oEto3 
2 . z E m  
4.21Eto1 
1.21Et02 
1.63Etol 
8.4EtQ5 
3.09m 
7.m-03 
9.44Eto3 
8.5%-02 
2.39-02 
1.m-03 
1.19Eto2 
1.5%-04 
1.44Et04 
5.3EN2 
5.2%-02 
2.zsEtO0 
4.207-06 

5 . z m 0  
1.70E-04 

i.mrn1 

~ 

1 .79-01  
1.56Eto5 
3.4E-04 
1.42-01 
1.46BQ1 
3.49E-01 
5.7%-02 
8.42-05 
4.08EtQl 
1.34E-01 

5.%E-02 
6.3E-06 
9.B-10 
2.61Etol 
3 9 x 4 6  
3.13E-04 

9 mto3 
2 2 l E m  

i . % ~ m 2  

4 . 2 ~ m i  
1.2nto2 

8 . 4 o ~ t o s  
1 63EtQ1 

3 OEM0 
7.m-03 
9 44EtQ3 
8.5%-02 
2.39-02 
18%-03 
1 19Eto2 
1.5%-04 
144EtQ4 
5.3Eto2 
5.2%-02 
2 . m m  

1, %Ern1 
5 ,  z m 0  
1 m - n 4  

4 ZOE-Q~ 

~ 

8-14 
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I 7.9%-02 I I I 

7.4E-03 
1.94EM5 
6 ZOE-04 
4.34E-03 
2 1%-01 
1 47E-02 
9.5%-04 
3.53-06 
6 1%-08 
1.37EMo 
5 . m - 0 3  
i . i ~ m 4  

4.76.m4 
z.mm3 
i .mmi 
2.36E-01 
3.7oE-11 
1.ZXiQ3 

1.62Eto1 
Z. lZm6 
1 . a - 0 5  

8.81E-02 
l . lEW0 
3.75EtO0 
5.06E-01 
4.0lEm5 
9 , s - 0 2  

1.31Ei05 

2.94E-04 

1.OzEio5 
3 . Z E  
4.4zm3 
198E-01 
5.3E-05 

5.8%-06 
9.76EM3 
9.94E-02 

1.1E-01 
7 l6Ex13 
8.1%-01 
1.97E-01 
5.89E-06 

i . ozm4  

2.86~m5 

2.6mmo 

1 . ~ 5 ~ m i  

-- 

~ 

1 . 4 5 - 0 3  
1.94Eio5 
6.17E-04 
4.3Z-03 
2.m-01 
1.46E-02 
9 %E-04 
3 52-06 
6.W-08 
1.36Etw 
5.34E-03 
1.16Em4 

4.24Eto4 
2.14~m3 
i .mmi 

i . z z ~ t o 3  

2.35-07 
3.6E-11 

1.6lEMl 
2.1lEt06 
1.61E-05 

8. 77E-02 
1.1EMO 
3.73Eto0 
5.04E-01 

9.m-02 

i . ozm4  

4.o~zm5 

i . 3 1 ~ m  
2.85?05 
2.9Z-04 

i . o z m 5  

4.39~m3 
3 76.-03 

1.97E-01 
5.36E-05 
2.59Etw 
5.m-06 

9.8%-02 
1.74EiQ1 
1 1E-07 
7.13Ex13 
8.W-01 
196E-01 
5 86E-06 

9.7zm3 

~ 

3.63E-05 

3.01E-06 
2.llE-05 
1. Q3-03 
7, UE-05 
4.66E-06 
1.Z-08 
3.m-10 
6 . a - 0 3  
2.61E-05 
5.66EMl 

3.44~m2 

2.0nm2 
i.o5Ftoi 
5 . m - 0 2  
1.m-09 
1.m-E 
5 . 9 6 E .  

7.85-02 
1.0%to4 
7.85-08 

4 . Z - 0 4  
5.75-03 
l .m-02  
2.46E-03 
1.9E103 
4.7E-04 

4.95m1 

6 . 3 ~ m z  
i . 3g~m3 

4 .  9mo2 

2. l ami  

1.4%-06 

1 . x - 0 5  

9.6QF-04 
2.61E-07 
1.76..02 
2.m-OE 

4 . a - 0 4  
8.47E-02 
5.75E-1C 
3.4EW1 
3.9E-OE 
9.57E-04 
2 86E-0t 

4.74~m1 

~ 

~ 

3.637-05 
9.44Et02 
3.01E-06 
2.U-05 
1.0%-03 
7.m-05 
4.66E-06 
1.7Z-08 
3.m-10 
6.6%-03 
2.61E-05 
5 66Ex11 

z . o ~ ~ m 2  
1 05E101 
5,837-02 
1 E - 0 9  
1 . m - W  
5 . 9 6 ~ ~ 1 0  

2 9 ~ m 5  

4.9em1 

7.85332 

7 85E-08 

4 . Z - 0 4  
5,753-03 
l .m-02 
2.46E-03 
1.9EM3 
4.7E-04 

6.38Em 
1.39Em3 
1.4%-06 

4.95m2 
1.5%-05 
2.14Eto1 
9.6oE-04 
2.61E-07 
1.7s-02 
2.86-08 
4.74EW1 
4 . a - 0 4  
8.4JE-02 
5.75-10 

3.9E-03 
9.V-04 
2 86E-08 

3 .48~mi  

~ 

7.4X-03 

6.1JE-04 
4.3Z-03 
2. m-01  
1 .K-02  
9.%E-04 
3.  a - 0 6  
6,lbE-08 
1.36Etw 
5.34E-03 
1.16Em 

i .94~m5 

4 . z m 4  
2 l a m 3  
i . m m i  
2.3Z-07 
3.6E-U 
1.2ZZto3 

i . 6 1 ~ m i  
2.llEto6 
1.61E-05 
1. ozm4 
8.77E-02 
1.1EtO0 
3.73E40 
5.04E-01 

9.m-02 

1.31Em5 
2.8Zm5 
2.9'2-04 

4.o%m5 

i . o z m 5  

4 . 3 9 ~ 3  

2.59~xio 

3,263-03 

1.97E-01 
5.36E-05 

5.86E-06 
9.7ZW3 
9.8%-02 

l.lE-07 
l .UEto3  
8.ldE-01 

5.W-06 

1 .74~mi  

i.96~-01 

7.45-03 

6.17E-04 
4.m-03 
2.m-01 
1.46E-02 
9. %E-04 
3.m-06 
6.m-08 
1.36EtoO 
5.34E-03 
1.16Em 

i .9mo5  

4.wm4 
2. l a m 3  
1 . r n W l  
2.3X-07 
3.6E-11 
1 . m W 3  

i . 6 1 ~ x ) i  
2.llEto6 
1.61E-05 
l.OZt04 
8.77E-02 
l . lEW0 
3.  73EfflO 
5.W-01 
4.0ZW5 
9.83-02 

1.3lEm5 

2.9zE-04 
2.85~m5 

i . m m 5  

4.3zm3 

2.59~m0 

3.76.-03 

1.97E-01 
5.36E-05 

5.86E-06 
9. 1ZW3 
9.89E-02 

1 .E-07  

8 .m-01  
1.96E-01 
5.m-06 

1.74~mi 

7. mm3 

8-15 
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Table B-3 Phase 1 YUJ Mass Ealame for Batch E1/3 (6 sheets) 
1 2 3 4 5 6 7 8 9 10 

~ 

1.29FW4 
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Table B-3  Fhase 1 LAWMass Balarce for Batch E1/3 ( 6  sheets) 
11 I2 l3 14 15 16 16A 17 10 19 

7 .41 -03  
1 94EiQ5 
b.11E-04 
4.3zE-03 
2.m-01 
1.46E-02 
9 y1E-04 
3 E - 0 6  
6 16E-00 

5.34E-03 
i .36~too 

1 l a m 4  

4.24~m4 
2.14~m3 
3 . z - 0 2  
2.31-07 
3.6sE-11 
i . m m 3  

2.11~m6 
1.blEml 

1.61E-05 
1.QzEt04 
0.7E-02 
1.1sEm0 
3.73Em0 
5.04-01 

9 . m - 0 2  

1.3EW5 

2.92E-04 

4.01m5 

2 . 8 ~ ~ ~ 5  

i . o z ~ m 5  

4 . 3 9 ~ 3  

2.5srn0 

3.26-03  

1.91E-01 
5.36E-05 

5.W-06 
9 7zEW3 
9.09E-02 

l.l@EQl 
7 13EW3 
0.16E-01 
1.96E-01 
5 86E-06 

i . i z m i  1, JX-01 

7 . 4 8 1 1 3  
1.94EtQ5 
6.lE-04 
4 . X - 0 3  
2 E - 0 1  

9.x-04 
3 . z - 0 6  
6.16E-00 
1.36EMo 
5.34E-03 
1.16Et04 

1.46~-02 

4.24Em4 

3.55-02 
2.31-07 
3.b8E-11 

2 . 1 4 ~ ~ 1 3  

1.mrn3 

2.11~io6 
1.b1EiQ1 

LbE-05 
1.02Eio4 
0.77E-02 
1.1ezW0 

5.04E-01 
4 . 0 3 M 5  
9.83-02 

3.73~m0 

1.3mm5 
2 . 8 m ~ 5  
2.9zE-04 

1.QzEUE 
3.26)-03 

1.9E-01 
5.367-05 
2.59EtK 
5.m-06 
9.7zEW3 
9 0%-02 
1.72Eio1 
1.lE-07 
7 l3EM3 
0.16E-01 
1.967-01 
5 86E-06 

4 . 3 9 ~ 4 ~ 3  

..WE119 
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Table B-3 Phase 1 JAW Mass Balarace for  Batch K1/3 (6  sheets) 
11 12 l3 14 15 16 l6.4 17 18 

I mm 

~ 

8.m-03 
1.04EtO5 
6.7E-04 
6.6Z-03 
6.8E-01 
1.63E-02 
2.6Z-03 
3.9Z-06 
1.9nEm 
6.1nE-03 

3.79E-02 
2.94E-07 
4.m-11 
2.3OEW1 

1.74E-05 

1.2zEto4 
1.03E-01 
1.95EMo 
5.9Etw 
1 . z - 0 1  

1.38E-01 
3 . z - 0 4  
3.2Em3 

2.23-01 
8.6E-05 
5.54EtO0 
1 . 4 E - 0 6  

i . 3 6 ~ m 3  

5.46~m5 

3.76~-a3 

8 . i n ~ m 3  
3 . 3 3 ~ ~ 2  
1.m-01 
1.64EW1 
1.9n-07 
8.64E-01 
2.44E-01 
7 9Z-06 

B-18 
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IMal Eg, F h  mP) I 3.64Eto6 I 

Table B-3 Phase 1 IAWMass Balmce for  Batch E1/3 ( 6  sheets) 

14OEM6 2.23EM6 7.0EM3 1.03-09 1 . 0 3 ~ 6  

1.23Eto6 

5.7%-10 

1 .m-10 

~ 

..OEM6 

B-19 
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Table B-3 Phase 1 IAV Mass Balaxe for Batch pc1/3 (6  sheets) 

20 21 22 23 24 25 26 21 28 

8.0m-03 

6.7E-04 
6.6Z-03 
6.81E-01 
163E-02 
2 6X-03 
3.9Zi16 

6.1E-03 
1.36Em3 
3.7%-02 
2.94E-07 
4 .m-11  

i.04~m5 

1. POEXJO 

z.3c~rni 

1.74E-05 

1.mm4 

1.9zmo 
5.91~mo 

1.0%-01 

7.5s-01 
5.46Em5 
1.3E-01 
3 .3Z-04  
3.zEm3 
3.16-03 
2.m-01 
8.61E-05 
5.54EWO 
7 . G - 0 6  

3.33EW2 
LIE-01 

1.9E-07 
8.64E-01 
2.W-01 
7.9Z-06 

8 . io~m3 

1.64~mi 

~ 

8.0OF-03 

6.lE-04 
6 . m - 0 3  
6.81E-01 
1.6%-02 
2.65E-03 
3.9Z-06 
1.9OEtoO 
6 IO€-03 
1 36Eto3 
3.79E-02 
2.94E-07 
4.m-11 
2.30EtO1 
2.56Et06 
1.14E-05 

1.04~m5 

1. z m o 4  

5 91~mo 
i.m~-oi 
5.46~m5 

3 . 2 ~ m 3  

8.61~-05 
5 xEmo 

1 03-01 
195Emc 

13E-01 
3 . m - 0 4  

3.76E-03 
2.23E-01 

1.4X-06 
8.1QEW3 
3.33EMZ 
1.m-01 
1.64Eto1 
1.9E-07 
8 64E-01 
2.44E-01 
1.92E-06 

~ 

T 
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Table B-4 h e  1 IAW b s  Balance for Batch E1/4 ( 6  sheets) 

1 2 3 4 5 6 7 8 9 10 

IRAD- ICiI I 

~ 

4.Z-04 

6.7%-04 
2.48E-04 
1.2E-02 
8.36E-04 
5.4%-05 
2.0Z-01 
1.m-04 
5.94EM1 
3.01--04 
1 . 0 Z m  

i . 9 z m 5  

2.54Em4 

1.mm1 
1.31-08 
2.m-u 
7.03EW1 

1.72+lX 
2.mi.m 
9.25-07 
7.63Eto4 
5.0%-03 
9.5EW1 

1.04EtO2 

5 bZ-03 

8 . m m 2  

4 7 4 ~ m i  

4 4mm5 

1.94~m5 
4.08Eto5 
1.68E-05 

1.63Et05 
5.47Em2 

4.3E-02 
5.9E-02 
1.4%-01 
3.37E-07 

2.17E-02 
2 7xm1 
8.5%rnQ 
4.98Em3 
8 63Eio2 

9.16EM1 

4.14~m3 

2 . 5 3 ~ ~ 3  

~ . ? Q E ~ z  

-~ 

~ 

4 26)-04 

6.76E-04 
2 4E-04 
1.m-02 
8.3Z-04 
5.46E-05 
2.W-07 
1.4%-04 
5.96Eto1 
3.0%-04 
1.01Et04 

i .mm5 

2.YEW4 
8.3QEiOZ 
1. lEWl 
1.34E-08 
2.lE-u 
l.QQ€+Ql 

1 . 2 E W  
2.27E+Q6 
9.m-07 

5.0E-03 
9.46EW1 
4.7EW1 
1.03Et02 
4.44EtQ5 
5.5%-03 

1.93Eto5 
4.06Et05 
1.67E-05 

1.63Et05 
5.44EW2 
4.miO3 
4.36E-02 
5.9%-02 
14E-01 
3.3%-07 
2.58EtO3 
2.16)-02 
2 76)ml 
8 5oEio0 

8 59Eio2 
5.67Ern2 

7.59~m4 

4 9 1 m 3  

9 . m m i  
~ 

2.l7E-06 
9.74EW2 
3.45E-Q6 
1.m-06 
6.14E-05 
4 . m - 0 6  
2.7%-07 
1.0%-09 
7.5%-07 
3.04E-01 
1.51-06 
5 . i ~ m i  

1.2%W2 
4.24EiQQ 
5.66)-02 
6.84E-11 
1.08E-14 
3.Y-01 

6.1%-03 
1 16Em4 
4.6%-09 
3.87Ex12 
2.5%-05 
4.83EQ1 
2 4EQl  
5 mill 
2.2bEto3 
2.8%+5 

9.87E42 
2.07Ex13 
8 5E-08 

8.29Eto2 
2.78EW0 
2.lEiOl 
2 . Z - 0 4  
3.04E-04 
?.%E04 
1.7E-09 
1.3ZW1 

1.4E-01 
4 34-02 

i.im-a4 

2 . 5 3 ~ m i  
4 3~m0 
2 . 9 0 ~ 4 0  
4.6%-01 

~ 

2.17E-06 
9.74EtoZ 
3.4%-06 
1.26E-06 
6.14-05 
4.25-06 
2.7%-07 
1.03E-09 
7.5B-07 
3.MEQ1 
1 55-06 
5 1EN1 

1.29€m2 
4 z 4 E W  
5.66E-02 
6.W-11 
1 08E-14 
3.57E-01 

6.1%-03 

4.6%-09 
3. 8EW2 
2.51-05 
4.m-01 
2.4E-01 
5 .m-01 
2.26€+Q3 
2.m-05 

9.87EW2 
2.07€+Q3 
8.5E-08 

3 . 3 ~ m 5  

8,2%m2 
2 7E+X 
2 l0Eml 
2 72-04 
3.04E-04 
7 % E %  
1.1%-09 
1.32EtO1 
l.1E-04 
1 .G-01  
4.34E-02 
2.YEWl 
4.3EW0 
2.9oEtw 
4.61-01 

4 . m - 0 4  
1.9EW5 
6.76)-04 
2.47E-04 
1.m-02 
8.32-04 
5.46E-05 
2.0E-07 
1.49E-04 
5.96€Wl 
3.03E-04 
1 OEM4 

z . m m 4  
8 . m m 2  
1.1EMl 
1.34E-08 
2 .1E-u  
7 0 E m l  

1 . 2 E r n  
2.27EW6 
9 . Z - 0 1  
7.5%+% 
5.0E-03 
9. mmi 
4.71EtOi 

4.44~m5 
1.03Effl2 

5.5%-03 

1.9%+Q5 

1.67E-05 
4.06)m5 

1.6zm5 
5.44~m2 
4.mm3 
4.36)-02 
5.91-02 
1.48E-01 
3.31-07 
2.56303 
2.16E-02 

8 . 5 W X  

8.5%+82 
5.67EW2 
9.1EW1 

2 . 7 6 ~ m i  

4 . 9 ~ m 3  

4 .2s -04  

6.76E-04 
2.47E-04 
l .m-02  
8.32-04 
5.46)-05 
2.0E-07 
1.49E-04 
5.96)Wl 
3.03E-04 
1.0Ern4 

i . 9 1 ~ m 5  

2 . v ~ t o 4  

i . i ~ m i  

i . o ~ m 1  

8.3EtQZ 

1.34E-08 
2 . m - u  

1 . 2 E r n  
2.2EWb 
9.m-07 
7.5%+% 
5.0E-03 
9.46Eto1 
4.7EW1 
1.0%*2 
4.44EW5 
5.5%-03 

i . 9 ~ m 5  
4.06EW5 
1.6E-05 

1.6%+85 
5.44EW2 
4.1zEx3 
4 . 3 6 3 2  
5.95E-02 
1.4E-01 
3 3s-07 

2.16)-02 

8.rn+lX 

8.5%*2 
5.6Et02 

2.mm3 

2.76~m1 

4.91m3 

9 ,  iEmi 
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Table B-4 h e  1 IAW b s  Marre for Batch E1/4 (6 sheets) 

I 11 12 l3 14 15 16 164 17 18 

4 . m - 0 4  

6.76E-04 
2.4E-04 
1.m-02 
8 . m - 0 4  
5 .46 -05  
2.m-01 
1.49E-04 

3.0%-04 
1.01Ei04 

i . w m 5  

5.9mmi 

2 . ~ ~ 3 4  
8.3OE32 
3.9%-02 
1.343-08 
2.13.-12 
7.0oE31 

1.21~rno 
2.27~106 

7 59~104 

9.4mrni 
4 m m i  

9.m-01 

5 . m - 0 3  

1,0%32 
4 44Ern5 
5.59E-03 

i . 9 ~ ~  
4.06~105 

1 . 6 3 ~ 3 5  

4.mm3 

1.67,-05 

5.44332 

4.36E-02 
5.91-02 
1.4E-01 
3.3X-07 

2,lG-02 
z . m w 3  

2.7%101 
8 . ~ 3 1 0 0  
4 . 9 1 1 0 3  
8 59~rnz 
5.67~102 
9 l3.rnl 

1 . a 3 3  

4 . m - 0 4  

6.JG-04 
2.47,-04 
1.zoE-oz 
8 mQ4 
5 4G-05 
2 0E-07 
1,452-04 

1 . 9 1 ~ ~ 5  

5 w m i  
~.o%--w 
1.0E+24 

2 . v E 3 4  

3.9%-02 
1 =-on 
2.lE-12 

8 . 3 0 ~ 3 2  

i.mm 

1 . 2 E r n  
2.27,36 
9 . m - 0 7  

5 .m-03  
7 m104 

9 . 4 ~ 1 0 1  
4 m m i  
i . o x m 2  
4 . 4 a r n 5  

i . 93~ to5  
4.m105 

5.59E-03 

1.6E-05 

1 MEM5 
5.44Eio2 

4.3G-02 
5.9%-02 
1.4E-01 
3.3X-01 

2 1G-02 

4 .12~103  

z.mrn3 

2.13~io1 
n.mrno 
4.91103 
8.59~102 
5.67~102 
9 mmi 

~ 

.m-09 

6-23 
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.46Enl3 

~ 

4 5E-04 
l.OzEt05 
7.43E-04 
3.7E-04 
3.m-02 
9.2%-W 
1 .Z-04  
2.X-07 
8.34EW1 
3.4E-04 
5.26N2 
4 .E-02  
1.68E-08 
2.w-12 
1.73Etw 

9.9z-a i  

9.14Etw 
5.m-03 

7.4%M1 
1.52W2 
5.9EN5 
7.8E-03 
1.8%-05 
3.0EW3 
6.28eto2 
4.94E-02 
9.5E-02 
3.16E-01 
4.26-07 
2.YEW3 
3.8ENZ 
2.54E-02 
2.6OEW1 

1 . 5 ~ ~ ~ 2  

i.42~to1 
9 .  i ~ m 2  

1.23~2 
7.06EW2 

~ 
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7.0E1Ol 

i.43EtO6 

,.95~m5 

L.OzEto6 

1.43Em.5 

8 - 2 5  
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Table B-4 Fhase 1 IAW Mass E a k n x  for Batch E1/4 ( 6  sheets) 
211 21 22 23 24 7.5 26 27 28 

4.5JE-04 
1.02€iil5 
7.4%-04 
3.7E-04 
3.m-02 
9.29E-w 
1.m-04 
2.24E-07 
8.34Eto1 
3.4E-04 

4.x-02 
1.6E-08 
2.44E-u 

5.mmz 

i .mmo 
9.93E-07 

9 . 1 4 ~ ~ 4  

7 4 m n i  

5 9mm5 

5 8JE-03 
1 57€+Q2 

1 5 5 W Z  

7 8E-03 
1.89E-05 
3.08Em3 
6.28EWZ 
4 . W - 0 2  
9.5JE-02 
3 16E-01 
4.26E-07 
2 mm3 

2 %E-02 
3 . 8 ~ m 2  

z.6mmi 
i.4zmi 
9 .  immz 
i . 06~toz  
i.23~to2 

! 74Eto6 

4.5JE-04 
1.0zms 
7 43E-04 
3 7E-04 
3 m-02 
9.2%-04 
1 5Z-04 
2.24€-07 
8 34E+Ql 
3.4Je-04 

4 . E - 0 2  
1.6E-08 
2.44E-u 

x m o z  

i.i%mc 
2 . 7 4 ~ m 6  

9 . 1 4 ~ ~ 1 4  

i.mmz 
7.4%mi 
isma 
s.mm5 

9.9%-07 

S.8JE-03 

7.8E-03 
1.8%-05 
3.08Em3 

4.94E-02 
9.5JE-02 
3 I@-01 
4.26-07 

6.mmz 

2 mm3 
3 . 8 ~ m z  

z.6o~mi 
1.4zmi 
9 ,  mmz 
7, mmz 
I, mmz 

2 %E-02 
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Table B-5 h e  1 IAW Mass Balance for Batch E1/5 ( 6  sheets) 
1 2 3 4 5 6 7 8 9 10 s m  Nw? 

LI(um- 

1.34Et06 
2.mm4 
3.0Eto2 
8.3ztW 

6.5SW3 
1.09E02 
1 mmo 
4 .  07E-02 I 1  

__ 
2 .m-05  

1.1E-03 
1 17E-05 
5.6S-04 
3 . 9 3 4 5  
2.58E-06 
9.5oE-09 
7.7rn-04 
1.mm2 
2.7EWl 
1.69E04 

3 . 5 ~ 0 5  

1 .6%04  

1 . 5 2 0 1  
3 . 3 7 ~ ~ 3  

z.03~toi 
i . m m 3  

1.18+02 
3.16EtQ6 
2.7lEm1 

2.36E-04 
5 . 5 2 0 1  

1 . 3 3 0 2  

4 .  06E01 

2.47EM5 
2.9%05 
4 .  m-02 

3. i E m 4  

5 . z ~ m i  

6 .  mm5 

1.76~m5 
1.6E02 
1.86E03 
5 . e - 0 2  
4 . Z - 0 3  

1.m-08 

1.6E-01 

6 03-01 
1 . m 0 4  
6.29Eio1 

4 . 6 ~ m z  

2 . ~ 0 3  

2 . 9 8 ~ 0 1  

3 . ~ ~ 0 2  
1.mm2 
6.41mo 

~ 

2.00E-05 
3 524.35 
1 .X-03  
1.16E-05 
5.67EQ4 
3 9E-05 
2 56-06 
9.4%-09 
7 66E-04 
1 . m m 2  
2.JoENl 
1 .68m4 

1.68M4 

1.54Eto1 
3.3zm3 

2.0zmi 
1 . 2 ~ 0 3  

1.1%+02 
3.mffl6 
2.707m1 
3.loEtO4 
2.3X-04 
5 SZEtol 
5 1EM1 

5.97em5 
4 04Efll 

2.46Em5 
2.9Eto5 
4 . m - 0 2  

1. mmz 

i . i ~ m 5  
1.6oEM2 
1.82to3 
5.m-02 
4 .ZT-03 

15E-08 

158-01  

6 00E-01 

4 ,  mmz 
2.asrn3 

2 . 9 n m i  

1.z7~m4 
6 m m i  
3 . 5 ~ 0 2  
1.2lEmz 
6.4lEmQ 

~ 

9 .m-08  
1 7 a 0 3  
5.1%-06 
5.1oE-08 
2.7E-06 
1.9Z-07 
1.26E-08 
4.6%-11 
3.76E-06 
7.31-01 
1.33)-01 
8.mm 

8 . m m i  
i . 6 s ~ m i  
7.33-02 
9 . m - 0 2  
6.lZ3lCC 

5.m-01 

1.3%-01 
1.mWz 
1.m-06 
2.7E-01 
2.52-01 
7.64E-01 
2.9%03 
1.98-01 

1 .2E03  
1.46Em3 
2.31-04 

1.51m4 

8.61~mz 
7.82-01 
9.08E00 
2 . m - 0 4  
2.OE-05 
2.2Tm 
1.73E-11 
1.4EM1 
7.8E-04 
1 . K - 0 1  
2.92-03 

3.07E-01 

5.92-01 
3.12-02  

6 . 2 ~ 0 1  

i.?zmo 

__ 
9.m-08 

5.78-06 
5.707-08 
2.78E-06 
1.9z-07 
1.m-08 
4.61-11 
3.76E-06 
7.3%-01 
1.33)-01 
8.28Eio1 

i.7mm3 

8.28Eto1 

7 33-02 
9.9Z-02 

i . 6 ~ m i  

6.mmo 

4 . 3 ~ m 5  
5.83E-01 

1.33E-01 
1 zm 
1.1S-06 
2.7E-01 
2 52-01  
7 64E-01 
2.93E03 
1 99E-01 

1.2EM3 
1.46Em3 
2 3 2 - 0 4  

8 . 6 ~ m z  

9 mmo 

2.mm0 

1.41EiOi 

7.82-01 

2.81-04 
2.W-05 

7.7Z-l l  

7.8E-04 
1.46E-01 
2.91-03 
6 . m W 1  
3,  07E-01 
1.7ZlCC 
5 . S - 0 1  
3.  m-02 

2.007-05 

1.1E-03 
1.16E-05 
5.67E-04 
3.9E-05 
2.33-06 
9.46E-09 
7 66E-04 
1.mm 
2.7oEtOl 
1.69EM4 

3 . 5 ~ m 5  

1.69EW4 
3 32m3 
1.54EMl 
2.0ZEXl 
1. z e x 3  

1 1 8 m 2  

3 ,  imm4 

5 .18~ to i  

4.0ami 

3 EN6 
2 707m1 

2 . 3 2 - 0 4  
5 . z f f l 1  

1.56Eto2 
5.97Em5 

2.46Em5 
2.9Eto5 
4.78E-02 

1 7 2 0 5  
1.mw 

5.80E-02 
4.m-03 
4.mm 
1.57E-08 

1.5%-01 

6.OoE-01 

6.26Eto1 
3.5lE+02 

1, e 7 2 0 3  

2.mm3 

2.9nm1 

i.mm4 

1 . 2 ~ m 2  
6 4 ~ 0 0  

2.0oE-05 
3.52m5 
1.m-03 
1.m-05 
5.67E-04 
3.9E-05 
2.56-06 
9.46E-09 
7.66E-04 
1 Mmz 
2.7mm1 
1.69Eto4 

1.68rn4 

1.y1ExI1 

1 . E M 3  

1.1%+02 
3 . m 0 6  
2.1oEm1 
3.1oEm4 
2 . 3 S 4 4  
5.5.Zto1 
5.18E41 
1.56m2 
5.97E05 
4.04EtO1 

2.46Em5 
2.9EM5 
4.78E-02 

1 . 7 S 0 5  
1.607to2 
1.8etO3 
5 m42 
4.m-03 
4.58Em2 
1.57E-08 
2.86Eto3 
1.5%-01 
2.97Em1 
6.OoE-01 
1.2EW4 
6.26E01 

1 . 2 E 0 2  
6.41EtOO 

3.3203 

2 ozmi 

3 . 5 ~ m 2  
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Table B-5 Phase 1 ZAW Mass Balance for ktch K1/5 (6 sheets) 

1 2 3 4 5 6 7 8 

0 93Em I 8 x 5 4 4  . eaEm4 4 .  m m 2  
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Table B-5 h e  1 LAW Mass Marace for  Batch E1/5 ( 6  sheets) 

11 12 13 14 15 16 1M I1 18 19 

1.33EW6 

3.0EW0 

..YEW1 

, .44EW3 

! .9E41  

~ 

2.m-05 

1.1E-03 
1.ldE-05 
5.67E-04 
3.9lE-05 
2.55-06 
9.46i-09 
7.6dE-04 

3 . ~ ~ 1 0 5  

1.5o~to2 
2.7mmi 
1.69Eto4 

1.69Eto4 

5 . Z - 0 2  
z.ozEt01 

3 . 3 m o 3  

i . m m 3  

i . m r n 2  
3. ~ m 6  
2.1mmi 

S.YEIO~ 

5.9mm5 

2 . 4 6 ~ ~ 5  
2.98~m5 

i . i ~ m 5  
i . 6 m m  
i .8mo3  

4.58cto2 

2.eam3 

2 . 9 4 ~ 3 ~ 1  

1.zzm4 
6 . m m i  

1 . 2 ~ m 2  

3.1oEto4 
2.35E-04 

5.lEtol 
1.56Eio2 

4.04EM1 

4.7E-02 

5.m-02 
4 . m - 0 3  

1.57E-08 

159E-01 

6 00-01 

3.5lEto2 

S.SlE+OO 
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Table B-5 h e  1 IAW Mass Eakcce for Batch E1/5 ( 6  sheets) 

, .9%m2 

.mm: 

2.14E-05 
1.9EW5 
1.3oE-03 
1.JE-05 
1.m-03 
4.3E-05 
J.lE-06 
1.05E-08 
Z.O%+oZ 
3.0E+01 

5.5%-02 

1.7OE+O2 

2 mm3 

2 . m m 1  

2 .9zm1 

3.73~m4 

a.mmi 
2.34~mz 
a.04~m5 
~ . 6 % m i  

1 axm 

2.75E-04 
9.mm1 

5.4%-02 
138Effl3 

6 .56 -02  
6.76E-03 
9.mm 
2.OOE-08 
2.39EW3 
4.9%02 

2.79E41 
1ooEmo 
6.63E41 
4.4zm 

i.am-01 

i . 5 1 ~ m 2  
a.6amo 
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Table B-5 &e 1 W Mass Warre  for Batch K1/5 (6  sheets) 

20 21 22 23 24 25 26 27 28 

.69EtO4 
9~1~x14 

mm3 

.44EiQ3 

. JZ-10 

25-10 
!.mi% 
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Table B-5 h e  1 LAW Mass W e  for Batch K1/5 (6  sheets) 

20 21 n n w 25 26 27 28 

2.14E-os 

1.307-03 
1.7E-05 
1.82-03 
4.37E-OS 
7.1lE-06 
1.05E-08 
2 09Emz 
3 08Em1 
2 mm3 
S 59EQ2 
2.53EWl 
1.7OEto2 

2.9ZWl 

3.73Fto4 
2.75E-04 

8.2EWl 

1 . 9 ~ m 5  

9 . m m i  

2.34~102 
8.04~in5 
s , 6 9 ~ m i  
5 43E-02 
1.38Ern3 
1.8mO2 
6 . z - 0 2  
6 76E-03 
9 8OEioZ 
2 .m-08  
2.39Ern3 

1.87E-01 
4 9 3 ~ 1 ~ 2  

2.79~m1 
1, mmo 

i . 5 ~ m z  
8.66~100 

6.63Eto1 
4.4Zto2 

2 14E-OS 
1.9lE105 
1.307-03 
1.78-05 
1.m-03 
4 . x - 0 5  
7.11E-06 
1.05E-08 
2.09Etoz 
3.08Et(Jl 

5 59E-02 

1.70EW2 

2 9ZMl  

3 73Em 
2.75E--04 
9.EEM1 
8.2E101 

8.04ENS 

5.43E-02 
1.3am3 
1.8em2 
6.wE-U 
6.76l-03 

2.OOE-08 

z.mm3 

2.mm1 

3.72~106 

2.34~m2 

5 .69~mi  

9. m r n 2  

2.39~m3 
4 93~rnz 
I.EE-OI 
z . 7 ~ ~ m i  

6.63~101 
4.mm2 
1 5rzm2 

1.WEtOO 

8.66Em 
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6.U-07 
4.0E+QL 
5.56-03 
3.  YE-07 
1.78-05 
4.6E-02 
7 8E-08 
2.8%-10 
4.24E-04 
8 51Em0 

9 m m 2  
1. mmo 

3.76EM4 

2.04Em1 
9.6E-01 
1.0z-02 
1.74Eto3 

5.7EW0 

2 .46~m3 

9 . 6 ~ m 5  
i.3mmo 
4.mm3 

2 . 4 ~ m 0  

i . m m 5  

4.9%-01 
2.6EW0 

7.3EM0 

2.4%00 

6.1EW4 

1.0%-01 
7.4mm4 

i.x~m4 
7.zzmo 
i . o ~ m 3  

3 . z ~ m 2  

2.18-01 
1.53-04 

4.G-10 
2 0EW4 
3.21E-02 

2.m-02 
3 4wmi 

2.26~103 
1 9o~m3 
i.6%mi 
5.44~m0 
2 33E-01 

6.07E-07 
3.9Ern4 
5 . m - 0 3  
3.51E-07 
1.13E-05 
4.62-02 
7.78-08 
2.87E-10 
4.7.2-04 
8 76EioO 
1.29Eto0 
9.19Etoz 

3 7%H4 
2 4%*3 
2.0%+01 
9.61E-01 
1.01E-02 
1.73EW3 

5 . 7 ~ ~ 0  
9.61~m5 
1.2%m0 
4.mm3 
4.9E-01 
2.66EtO0 
2.44Etoo 
7 . 3 3 ~ 1 0 0  
i . m m 5  

6.6zm4 

2 44Ern0 

7 . 3 8 M 4  
1 .m-01  

i .mm4 
7 . 1 E m  
1.0oEt03 
2.m-01 
l .m-04  

4 77E-10 

3.W-02 

2 17E-02 

3 .mm 
2 onto4 

3 m m i  
2 . m m 3  
i .mm3 
1 . 6 7 ~ m i  
5.4oEC)Q 
2.3zE-01 

3.9%-09 
2.6OEW2 
3.6oE-05 
2.2%-09 
1.m-07 
3.03E-04 
5.08-10 
1.87E--12 
2 7z-06 
5 7E-02 
8.3%-03 
5.9EWO 

2.4%*2 

1.39-01 
6 . Z - 0 3  
6.6oE-05 
1.mm1 
3.74-02 
6.26EW3 
8.3%-03 
2.74Eto1 
3.23-03 
1.m-02 
1.5%-02 
4.7E-02 
8.11EM2 
1.5%-02 

i.5%mi 

4.3x~m2 
4.7%+02 
6.m-04 

1 . m m 2  
4.6E-02 
6.XEW0 
1.4oE-03 

Z . l Z + Q Q  
3.11E-12 
1.3%tQ2 
2.0E-04 
2.m-01 
14Z-04 

9.9oE-ai 

i . 4 7 ~ m 1  
1.z3Emi 
1.09E-01 
3 m-02 
151E-03 

3.9%-09 

3 6oE-05 
2.2%-09 
1 m-07 
3.03E-04 
5.08-10 
1.w-12 
2.19-06 
5.7oE-02 
8.392-03 
5.9EmO 

2,  6mm2 

2.43Eto2 

1 . z - 0 1  
6 . m - 0 3  
6.6oE-05 
1.mm1 
3.74E-02 
1.1%+05 
5.3%-03 

3 . 7 3 4 3  
17%-02 
15%-02 
4.lE-02 

1.59E-02 

4 3%N2 

6 82E-04 

i.5%mi 

2.74~m1 

8.11~m2 

4.7%mz 

1 m m 2  

6.54~m0 

2 . m m 0  

i . m m 2  

4.6E-02 

1.4OE-03 
9.9oE-01 

3.1E-12 

2.0E-04 
2.m-01 
1.49-04 
1.47EtOl 
1 mi01 
1.0%-01 
3 . Z - 0 2  
151E-03 

6 07E-07 
3.9EW4 
5 . Z - 0 3  
3.51E-07 
1.7%-05 
4.6%-02 
7.78-08 
2.87E-10 
4.m-04 
8.78tW 
l.Z%tW 
9.19~m2 

3.73~m4 

2.03~401 
2.4%43 

9.61E-01 
LOX-02 
1.73EtO3 

5.74Eto0 
9 6BM5 
1 2%M0 
4 21Ex13 
4.9E-01 
2.66Eto0 

7 33Em0 
1 mm5 
2 44Eto0 

6.67EW4 
7 3 8 1 0 4  
1.0%-01 

2.44~x)o 

i.imm 
7 lEM0 
1.M1Eto3 
2.m-01 
1.52-04 

4.77E-10 
2.07Eto4 
3.197-02 
3.4ZEtol 
2 .m-02 
2 .mW3 

1.67Efl1 
5.4oE+OC 
2.39-01 

3 . m m 2  

i . m m 3  

6.07E-07 
3.9Eto4 
5 . Z - 0 3  
3.X-07 
1.73E-05 
4.6%-02 

2.87E-10 
4.m-04 
8 . 7 8 i K  
l.Z%tOo 

7.76~-08 

9 . m m 2  

3.73Em4 
2 . 4 ~ ~ 3  
2 . o s m i  

1 mm3 

9.61E-01 
1.01E-02 

5.74EW0 
9.61EW5 
i .mmo 
4.2mm3 
4 9 8 - 0 1  
2.66Em0 
2.44Em0 
7.3%W0 
1.mm5 
2.44~to0 

7 . 3 6 ~ t o 4  
6.67Eto4 

1.0XQl 

1.7%W4 
7.lEW0 

2 mQ1 
1 5n-04  

4.77E-10 
2.07Em4 
3.1%-02 

2.17E-02 
2.=+X? 
1.8%tQ3 

1.mm3 

3 . m m 2  

3.42~toi  

i . 6 7 ~ m i  
5.4mm0 
2.39-01 

8-33 



WHC-SD-WM-TI-774 R e v .  0 
TWRS P R I V A T I Z A T I O N  PROCESS TECHNICAL BASELINE 

Table B-6 Phase 1 IAW Mass Balance for Batch K1/6 (6  sheets) 

1.37EW2 .35~m4 

T 

1.3JEM2 1.37EM2 

8 - 3 4  
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Table B-6 h e  1 WJ Mass E%ilaxe for Batch pcL/6 ( 6  sheets) 

l9 I 11 12 13 14 15 16 16A 17 ls 

6.07E-07 
3.9EiU4 
5 . Z - 0 3  
3.533-07 
1.71-05 
4 . 6 3 - 0 2  
7 76E-08 
2 87E-10 
4 Z - 0 4  
E 76~mo 
i . 2 9 ~ m o  
9. i 9 ~ m z  

3.  73EW4 
2.43m3 
z.16~-02 

1.73~103 

5 . 7 4 ~ ~ 0  

4.233m3 
4 . 9 6 ~ ~ 1  

9.633-01 
1.033-02 

9.633iO5 
1.29EtOo 

2.66EtOQ 
2.44EtoQ 
7.33Em 
1.ziFto5 
2.44Eto0 

6.6JE1O4 

1.0%-01 

1.71to4 
7.1EiQQ 
1.0EtQ3 
2.m-01 

7.36~m4 

1.5~~-04 
3 ,  mmz 

2 omm 
3.3~101 

2 mm3 
1.89~103 
1.67~toi  
5 4o~mo 

4 7E-10 

3.19E-02 

2 17E-02 

2.3ZE-01 

l.27EW2 

1.44E-01 

6.07E-07 
3.9E104 
5 . Z - 0 3  
3 533-07 
1.73E-05 
4.6X-02 
7.76~-0a 
z . a ~ - i o  
4.Z-04 
E.76Etw 
1.29EtOo 
9. m m z  

3 . 7 3 ~ 4  
2 . 4 5 ~ ~ 3  
2.76E-02 
9.61E-01 
1.01E-02 
1.73~103 

5.74~mo 
9 .61~m5 
i.zmmo 
4.21Eio3 
4.96E-01 
2.66EM0 
2.44EM0 
7 . 3 3 ~ ~ 1 0  
1.28105 
2.44~mo 

7.36~104 
6.6lEM4 

1.0X-01 

1.73EAQ4 
i .18~ioo  
i.omm3 
2 .B-01  
1 . z - 0 4  
3.mmz 
4 77E-10 
2 OB104 
3.1%-02 

2.17E-02 
2 mtQ3 

Z . B I E ~ I  

1 . ~ 9 ~ m 3  
1.67~101 
5 40Ei00 
2 3zE-01 

~ . o 7 ~ m i  

..mm3 

6 - 3 5  
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Table B-6 h e  1 IAW k s  Ealaxe for Batch E1/6 (6 sheets) 

k i m  
Strmt iUn 

m m 3  .mi03 

1 37EMz 

6.52-07 

6.07E-03 
5.39E-07 
5 .26-05 
5.m-02 
2.m-07 
3 . Z - 1 0  

1.47Etw 

2.9zE-02 
1.ZJIEWQ 
1.17E-02 
8.21EtOO 

1 39EW0 

5.07Em3 
5 . 8 2 3 1  
4.41Eto0 

1 lmM1 
1 .  @305 
3.43300 
1.19E-01 

8.29EMO 
2.44E-01 
2.44E-04 
6.96Eto2 
6 .OhF-10 
1.7Z+Q4 

3.76E-02 

3.6Z-02 
2.0oEto3 

6.7ZEMo 
3.m-01 

2 . i a m 4  

i.mmi 
1.5fst03 

3 .  mmo 

7.51~m2 

i . m m 2  

z . m m i  

2. ilEtoi 
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mt 
AL(M)4- 
m3 
A95 
Bt3 
B4t2 
E?+z 
BIt3 
C-14 
chtz 
m2 
U- 
a2 

t.73FM3 

3.86EM5 3.86EM5 

L.2X+X3 

I.27EW 1 . 2 7 ~ ~ 2  
. . mi 
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~ 

6 .Z-07  
2.14Eto4 
6 . W - 0 3  
5.36-07 
5.53-05 
5 .Z-02  
2.1s-07 
3.23-10 
1.z3Etol 
1.4lEio0 
1 5sto3 
Z.9Z-02 

1.m-02 
1, zmmo 
8 . z m o o  

i .39~too 

5.07~m3 

4 . 4 ~ m o  
3.  mmo 
1. immi 
3.43~mo 

8 . z 9 ~ m o  

6.96~m2 

i . 7 ~ m 4  
i.37~mz 

z.zoEmi 

Z . O O E ~ J  
2 . 1 ~ m 1  

5.m-01 

1.68Eto5 

1.1%-01 
7.5Eto2 

2.44E-01 
2.44E-04 

6.06E-10 

3 . X - 0 2  

3 6zE-02 

6 72WO 
3.1s-01 

1.27em6 

~ 

6 .Z-07  
2.14Eto4 
6.W-03 
5.3%-07 
5 . X - 0 5  
5 . Z - 0 2  
2.m-07 
3.m-10 
1.23EtOl 
i.47emo 
1 5sm3 
2.9z-02 
1, ZOEtoO 
1 17e-02 
a mmo 
2.27~m6 
1 3 9 ~ m o  

5.07em3 
5.m-01 
4.4EtK 
3.mm 
1.1oEtol 
1.68Eto5 

1.16-01 
7.5lEto2 

2.44E-01 
2.43-04 
6.96Eto2 
6. 06E-10 

1.37et02 
3.76E-02 
2.2JlEtol 
3.6zE-02 

3 .  4xmo 

8.mmo 

i . 7 ~ m 4  

2.0o~m3 
2 . i E m i  
6.7Zto0 
3 .m-01  

6 - 3 8  
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Table B-7 Phase 1 IAW Mass Balarse for Batch El// ( 6  sheets) 

I I I I I I I I I 1 1 I 

5.2OE-08 
6.09EW3 
8 .  81E-02 
3.01E-08 
1.4E-06 

6 6%-09 
2.4%-11 
4.53-05 
2.6%MZ 
l.ZlE-01 
1.53303 

5 nx-03 

4.01Et04 
4.51EtQ2 
3.62Etw 
9.07E-02 
l.loE-03 
1. ?%Em2 

7.21Emz 
6.21EtQ5 
1.21E-01 
1.4%*3 
5.37E-02 
2.51E-01 
2.41Et02 
6.87E-01 
1.2oEto5 
z.17Emz 

3.0Em4 
1 . Z i Q 5  
1.13E-02 

1.04Em4 
1.5%?QZ 
3 6ZWZ 
2.4E-01 
136E-05 
3 MEW1 
4.10.-11 

3.Z-01 

1.94E-03 
Z.OEM4 

1.57EMQ 
5.Qli-01 
2.07E-02 

8 8 1 ~ 4 ~ 3  

i.81Etoi 

4.3%m2 

5.1E-08 

8.77E-02 
2.99E-08 
1.47E-06 
5 .  WE-03 
6.6Z-09 
2.44E-11 
4.4m-05 
2.64Em2 
1.2oE-01 
1.57EM3 

6 ,  mm3 

3.9%tQ4 
4.mmz 
3.60~100 

i .mmz 

6 .  i ~ m 5  

9.03E-02 
1.0%-03 

7.1Et02 

1.m-01 
1.4'4tQ3 
5.3'4-02 
2.4%-01 
2.4oEtQz 
6 . W - 0 1  
i .mms 
2 . 1 a m z  

i . 2 ~ m 5  

i.03~m4 

3.06EtQ4 

1.m--02 

1 x m 2  
3.6oEt02 
2.46E-01 
1.3%--05 

4 QE-ll 

3.21E-01 

1.9%-03 
2.07Em4 
4.31EiQ2 
1.57EWQ 
4.99E-01 
2.06E-02 

3 . 4 7 ~ m i  

E ,  mm3 

i.8mmi 

2.m-lo 

4.2%-04 
1.47E-10 
7 . m - 0 9  
2.4%-05 
3.m-11 
1.m-13 
2.1%-07 
1.29Em 
5.8%-04 
7.7oE+X 

z , mmi 

1.91m 
2.2oEtw 
1.763-02 
4.4Z-04 
5.31-06 
9.01-01 

3.szEtw 

5.8%-04 
7.0Etw 
2.61E-04 
1.2zE-03 
1.17Em 
3.31-03  

1.06EtOQ 

1.53MZ 
5.94EM2 
5.51E-05 

5.01iO1 
7.7%-01 
1.76Em 
1.21E-03 
6.61E-08 
l.lQ!-Ql 
2 WE-13 

1.57E-03 
8 &E-02 
9.43E-06 
1.01Em2 

7.66E-03 
2.49-03 
1.01E-04 

3.0%+03 

5.856to2 

4 . ~ 9 ~ t o i  

2 mmo 

2.m-10 
2.97Em1 
4.2%-04 

7.m-09 
2.41-05 
3.24E-11 
1.m-U 
2.1%-07 

5.89E-04 

1.47~- in  

i .miOn 

7.70~m-0 

1.9%MZ 

1 76E-02 
4 . C - 0 4  
5.3%-06 
9.0%-01 

3 SZEtoQ 
8.6OEW4 
5.8%-04 
7.07EW0 
2.61E-04 
l.TzE-03 
1 17Em 
3.3%-03 

1.QEW0 

1 53mz 
5.51E-05 

5 0%m1 
7.7%-01 

1.21E-03 
6.61E-08 
1.7Q-01 
2.QOE-U 

1 . v - 0 3  
8.&E-02 
9.4%-06 

2 11Em 
7.66E-03 
2 4'4-03 
1 01E-04 

z.mmo 

5 . 8 e m 2  

5 . 9 ~ ~ 2  

1.76~mo 

4.z%mi 

i.oremz 

5.lE-08 
6.06EM3 
2.73E-02 
2.9%-08 
1.47E-06 
5.QOE-03 
6.m-09 
2.44E-11 
4.4E-05 
2.64Eto2 
1.m-01 
1 . 5 7 ~ ~ 3  

3 99EW4 
4 . 4 9 E m  
3.mm 
9.03E-02 
1.0%-03 
1,8%m 

7.1Em 
6.1EW5 
1 . m - 0 1  
1.44E103 
5 . x - 0 2  
2.4Z-01 
2.4OEM2 
6 . W - 0 1  
1.2oEto5 
2.16Em 

3.mtQ4 

1.m-02 

1, Q%M4 
1.58Et02 

6.2%-02 
1.31-05 
3.47EW1 
4.OE-11 

4.11E-02 
1.81etOl 
1.9%-03 
2.07EtQ4 
4 . 3 1 E M Z  
1.57EtMI 
4 99E-01 
2.063-02 

I.ZIE+OS 

3 . 6 0 ~ ~ 2  

8 . 7 7 ~ m 3  

5.1E-08 

2.73E-oz 
2.m-08 
1.47E-06 
5 WE-03 
6.m-09 
2.w-ll 
4 . 4 8 - 0 5  
2. & E r n  
1 .m-01 
1.57Effl3 

6 . 0 6 ~ ~ 3  

3.mm4 
4.49Em 
3.6oEtw 
9.03E-02 
1.097-03 
1.EWlZ 

7.1EWZ 
6.1E305 
1.2oE-01 

5.34E-02 
2.4%-01 

6.W-01 
1.2oEto5 
2.163m 

3.06Em 
1.21EiQ5 
1.m-02 

1.mEm4 
1.5&302 

6.2%-02 
1.3%-05 
3.47EW1 
4.0E-11 
8.77EiQ3 
4.11E-02 

1.9%-03 
2.07Em 

1.57Etoo 
4.9%-01 
2.06E-02 

1 . 4 4 ~ x ) 3  

2.40~mz 

3 . 6 0 ~ ~ 2  

i . 8 1 ~ m i  

4.31~mz 

2.5%--12 
2.9%-01 
11m--06 
1.4E-12 
7.7.5-11 
2.47E-07 
3 .26-13  
1.m-15 
2.m-09 
1.33-02 
5.9%-06 
7.763-02 

1.97E3.m 
2.21E-02 
1 ?E-04 
4.41-06 
5.24-08 
9.1lE-03 

3.54E-02 

5.93E-06 
7.m-02 
2.633-06 
1.2345 
1.1E-02 
3.37E-05 
5.852x10 
1.06E-02 

1.51EtOQ 
5.9EM0 
5 . E - 0 7  

5.09E-01 
7 . m - 0 3  
1.78E-02 
3.1OE--06 
6.66E-10 
1.71E-03 
2.01E-15 
4.32-01 
2.0%-06 
8.9oE-04 
9.5oE-08 

2.m-02 
7.7Z-05 
2.463-05 
1.W-06 

3.o%mi 

i.ozmo 
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Table B-7 Ehase 1 LAW Mass Balance for Batch FC1/7 (6 sheets) 

I .  J5Eto3 

I 

5 .  %E-02 

L.JZ+l 

1.w-01 

3 .  m m i  
1.8oE-01 

i . %E-& 

1. JZQ3 

1.84E-03 

,.47E-oz 

.. JOE01  

..m-o1 

l.JEto1 
!.rn-Ol 
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Table B-7 Phase 1 IAW Mass Balance for Batch E1/7 (6  sheets) 

l9 I 11 12 I3 14 E 16 16A 17 18 

3 . i ~ r n 5  9 . i m m  

1.87Etoo 9 l6Efll 9.29E01 9 . 2 9 ~ 0 1  
8 iEmi 

5.7Zrn3 

1 . 9 ~ 0 0  3.92rn4 
Z.Z~E-OZ 4.4~102 
1.7E-04 1.06-02 
4.4X-06 9.0%-02 
5.3E-08 1.0%-03 
9 . 1 1 ~ 0 3  1.8~102 

3. %E-02 7 . l E 0 2  
8 . 6 6 0 2  6 .1E05  
5.9%-06 l . m - 0 1  
7 . m - 0 2  1.44E03 
2.6%-06 5.34E-02 
1.25-05 2.4%-01 
11E-02 24OE02 
3.37E-05 6.84E-01 
589E00 1.2oE05 
1.06-02 2.1mmz 

i . 5 ~ m o  3 . 0 6 ~ 0 4  
5 . 9 E 0 0  1 . 2 E 0 5  
5 5%-07 1 1%-02 

1.2(ato3 

1.8E-01 

I 59E00 

.mm3 

1.89EMZ 

BE-01 

5 lE-08 

2.E-02 
2.99E-08 
14E-06 
5.02-03 
6.m-09 
2.44E-11 
4.4E-OS 
2.64E02 
l . m - 0 1  
1 .5E03  

6 ,  m03 

1,5E+0? 
l.OX05 

3.99E04 
4 . 4 2 1 0 2  
1.06-02 
9.0%-02 
1.09E-03 
1 . 8 2 0 2  

7.lErnZ 
1.m% 

6.W-01 
1.Z lX05 
2 . 1 6 0 2  

3.mrn4 
1.2IE05 

1 .2E05  
1. m-02 

1.03E104 
1.58E02 
3.6OEfl2 
6 29l-02 
1.3%-05 
3 4 E H l  
4.OE-11 

4.11E-02 

1.9%-03 

9.5lE05 

8 7 ~ 1 0 3  

8.8nrno 

2.0~104 
4 . 3 ~ 0 2  
i . m m o  
4.92-01 
2.06-02 

i.mn 
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Table B-7 h e  1 IAW Mass Balarce for Batch K1/7 ( 6  sheets) 

l9 I NM3 11 12 l3 14 E 16 163 17 18 

___ 

5.47E-02 

L.7E-01 

1.m-01 

3.7moi  
L7E-01 

~ 

5.54E-04 

1.7Z-03 

1.84E-03 

3.81-01 
!.m-03 

mw3 

6.54E-04 

1.7Z-03 

1.W-03 

9 .m-01  
2 83-03 

5.x-08 
3.mw3 

2.m-02 
4.5%-08 
4.73E-06 
5.59E-03 
1.84E-08 
2.7Z-11 
3.69Eto2 
1.3E-01 
2.84Ern 
1 m-02 
1 m - 0 1  
1 . 2 6 4 3  
1 03303 

1 . a - 0 1  

1.74Em 
6.26-02 
4.14-01 

1.03Etw 
1.6lEW5 

1.m-02 

2.69Eto2 

3.  mm2 

3.04~mz 

i.83Eto2 

7.34E-02 
2.1E-05 

5.1E-11 

9.82-01 

5.m-02 
0.44Etw 
3.2lE-03 
4.5EX)z 

6.2lE-01 
2.79E-02 

7 .43~mi  

7 .3~+03  

i .mmo 
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&+ 
AL(M14- 
M 3  
psts 
Be 
w2 
m+2 
BI+3 
c-14 
cprt2 
m2 
a- 
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Table B-7 h e  1 L4W Mass Balarre for Batch E1/7 (6  sheets) 

I I8.1ZEtol I I8.12EtOl I I I I I I 

5 . 5 6 - 0 8  
3 . 2 e 1 0 3  

2 m-02 
4.5%-08 
4 73-06 
5 5%-03 
1, WE-08 
2 . W - l l  
3.6%t02 
1.3E-01 
2.84Et02 
1 mQ2 
1 . m - 0 1  
1.7%-03 
i.o%m3 

1.3oE-01 

1.74EW3 
6.7%-02 
4 .N-01  
3.WEt02 
1.03EtOo 
1.6EW5 

l .m-02 

2.69Et02 
1.83EW2 

7 .%E-02 
2.1E-05 
7.43EM1 
5 .U-11 
7.31Et03 
9.81-01 

5.lE-02 
8.44EWQ 
3.21E-03 

1.9E100 
6.2E-01 
2.7%-02 

3 .04~m2 

4 .  5 z m 2  

1.7Et05 

5 . X - 0 8  
3.m03 

2.m-02 
4 .58 -08  
4.7%-06 
5.W-03 
1.e4E-08 
2.72E-11 
3.69Eio2 
1.3E-01 
2.WEW 
1 m-02 
1. m-01 
1, m - 0 3  

7 ?EM5 
1 JOE-01 

1 74Eto3 
6 26E-02 
4.14E-01 

1.03Em 
1.6EW5 

l.m-02 

2.69Et02 
1 . m t 0 2  

7.34E-02 
2.1E-05 
1.43Et01 
5.17E-11 
1.3lEW3 
9.8%-01 

5.m-02 
8 44EtOo 
3.21E-03 
4 5zW2 
1 9 7 E m  
6.2E-01 
2 79-02 

1 0 3 ~ ~ 3  

3 . m m z  

3. O ~ E ~ Z  
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m2 

M3 
m2 
wt4 
m 
wit 
NIt3 
Ma 

KO- 

K+ 

tu- 

Table B-8 h e  1 IAW Mass Balarse for Batch K1/8 ( 6  sheets) 

5 . x - 0 2  

3.bE-02 
l . [ l E - O l  
5.46im 
2.93E-01 
2.5EtQ5 
4.9EtQ2 

2..mm3 

5.mm4 
2.64Ern5 

. .  
pMt3 2.0oE-01 
An5 7.64E-09 
Bt3 3.74E-07 
IyH2 3.3E-03 
BE+2 1. b%-09 
BI+3 6.23-U 
c-14 2.92-05 

m2 5.1E-02 
w2 6.onmz 
a- 3 . 4 ~ m 3  
l l2 I 

IW I ?.)%-03 

2.02M4 
3.6oEW2 

m-3 6 . 4 ~ m 2  
IW I 5.m-01 

1.3Z-08 
6.9ZN3 
1.9%-01 
7.6oE-W 
3.7Z-07 
3.3G-03 
1.6E-09 
6 . 2 3 - 1 2  
2.93E-05 

5 .  m-02 
5 . 9 8 ~ ~ 2  

3.41~m3 

8.41EM4 
5.99Ei02 

3 e@-02 
1.34E-04 
1.23+02 

1.6%+Q3 
1.24306 
5 .E-02  
2 X m 3  
3.5%-02 
1.0E-01 

2 9Z-01 
2.5oEhi5 
4.88EtQZ 

5.mm4 
2.6ZN5 
7.m-03 

Z.Q4E+Q4 
3.58W2 

5.23-01 
4.52-06 
2 2 8 t m  
1.0%-11 

7 23-01 

6 473-04 
4 6 n m 4  

6 .7oE-01 
2 WE-01 
6 9E-03 

4.7o~m0 

5.4em2 

6.4zmz 

i . 6 3 ~ m 4  

3 . 5 1 ~ m i  

6.57~m2 

6.26-11 
3.29Eto1 
9.42-04 
3.m-11 
1.773-09 
1.6oE-05 
7 9m-12 
2.9%-14 
1.4oE-07 

2.4%-04 
2 . 8 4 ~ ~ 0  

1 . 6 z m i  

4.mmz 
z.mmo 
2.m-02 
1.84-04 
3.4%-06 
5.m-01 

7.73Etw 
5.89Eto3 
2.4%-04 
1.mm1 
1.7E-04 
5 . Z - 0 4  
2 .58 tw  
1.3%-03 
1.19EW3 
2.3Z+m 

2.76Em2 
1.25EM3 
3.m-05 

9 . 7 o ~ m i  
1.7EW0 
3.07Em0 
2.4%-03 
2 . E - 0 8  
1.0%-01 
4.9E-14 
7.773m1 
3.44E-03 
1.61E-01 
3.QE-06 
z.mm2 
3.wEtw 
3.1%-03 
9 1oE-04 
3.2%-05 

6.X-U 
3.29Em1 
9.4%-04 
3.6Z-11 
1.777-09 
1.6oE-05 
7.9E-12 
2.92-14 
1.4oE-01 

2.42-04 
1.mm1 
2.84~m0 

4.OoEm 
2.8%iOO 
2.WE-02 
1.w-04 
3.4%-06 
5.8%-01 

7.73Em0 

2.42-04 

1.71E-04 
5.m-04 
2.59EWO 
1.39E-03 
1.19Ern3 

i .mm5 

1.zzEtoi 

2.3zm0 

2 76im2 
1.Z.i€ffl3 
3 . Z - 0 5  

9.7mm1 
1 . 7 E t w  
3.073m0 
2.49E-03 

1.09E-01 
4.9E-14 

3.44E-03 
1.673-01 
3.0E-06 
Z.zzEto2 
3.13EMlQ 
3.18-03 
9.7oE-04 
3.2%-05 

2.15-08 

i.mm 

1.3Z-08 
6 ,  mi03 
4 6%-02 
7.6oE-09 
3.7Z-07 
3.36i-03 
1.6E-09 
6.ZF-U 
2.9%-05 
5.9EM2 
5 . E - 0 2  
3 . 4 ~ ~ 3  

8.4Efl4 
5.99~m2 
4.7mma 
3.m-02 
7 3 - 0 4  
1.23in2 

1 mm3 

2 x m 3  

1 .24to6  
5 .  E-02 

3.5%-02 
1.m-01 
5 . 4 4 E m  
2 9Z-01 
2 mm5 
4 mi02 

5.mm4 
2.6ZN5 
7 . Z - 0 3  

2 . 0 4 E ~  

6 4%N2 
1 24E-01 
4.m-06 
2.29Em1 
1.03E-11 
1.6%04 
8.X-02 
3.5EMl 
6.473-04 
4.673W4 
6.573M2 
6.7oE-01 
2.04E-01 
6.91E-03 

3.5%mz 

~ 

1.3Z-08 
6.9ZW3 
4.6%-02 
1.6oE-09 
3.7Z-07 
3 . K - 0 3  
1.6E-W 
6 . m - U  
2.9%-05 
5.9E+Q2 
5 . E - 0 2  
3 . 4 1 ~ 3  

8.4~m4 
5.99Em 
4.7mm0 
3,86E-02 
7.34E-04 
1 . B E m  

1.m13 

5 . 2 7 0 2  
2.56Ex13 
3.5B-02 
1.0E-01 
5.4ZX12 
2.9z-01 
2.5oEto5 
4 .  mm2 

5.mm4 

7 . a - 0 3  

2.04EM4 
3.5%*2 
6.4%02 
1.24-01 
4.5Z-06 

1.0%-11 

8.m-02 

6.473-04 
4.673fl4 
6.573402 
6.7oE-01 
2.04E-01 
6.9E-03 

i . m m 6  

2.mm5 

2 . 2 9 ~ m 1  

1 63~m4 

3 . 5 1 ~ t o 1  

6.3E-U 
3.3Z-01 
2 . a *  
3.6Z-13 
1.7%-11 
1.6E-07 
8.04E-14 
2.973-16 
1.4E-09 
2.873-02 
2.473-06 
1.6%-01 

4.03EW 
2.873-02 
2.m-04 
1.8%-06 
3 . 3 2 - 0 8  
5.9oE-a3 

7.7%-02 
5.94Eto1 
2.47E-06 
1 7 3 - 0 1  
1 . Z - 0 6  
5.M-06 
2.6E-02 
14m-05 
1.2mm1 
2.24-02 

2.1EW0 
1.mm1 
3.6oE-07 

9.773-01 
1.7ZCQ 
3.09E-02 
5.94E-06 
2.17E-10 
l.loE-03 
4.9%-16 
7.84E-01 
4.1E-06 
1.6E-03 
3.1E-08 
2.WEtw 
3 .E-02  
3.2E-05 
9.777-06 
3.3E-07 
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Table B-8 Phase 1 IAW Mass Balatlce for Batch pc1/8 (6  sheets) 
1 2 3 4 5 6 7 8 

z.ozEMz 2.mm __ 

8.86EWZ 

5.mm 

I 

!.rnM2 1.9EE+% .98E104 I 

1.52-01 

].ax-01 

1.99E-01 

z.omm2 
i 3EE41 

1.52-03 

1.87E-03 

1.99E-03 

!.wEmo 
,.3E-03 

1 
1 

~ 

1.m-01 

I a - 0 1  

1.95E-01 

..9Eiil2 
1.31E-01 
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SNCL 
a - 2  
SLtZ 

n+4 
m 

wt6 
m2 
2m,i 

m- 

uE+2 

Table B-8 Phase 1 IAW Mass Ekkme for Batch E1/8 (6  sheets) 

7 1 1  12 U 14  15 16 1bA 17 18 1 9 1  
LIcum- 

4.98-16 1.0%-11 
7.M-01 1.63Eto4 
4,lE-06 8 . m - 0 2  

3 1OE-08 b.4E-04 
2 24EioO 4.6E104 

3 21E-05 6 7OE-01 
9 7li-06 2 04E-01 
3 31E-07 b.91E-03 

i . 6 ~ - 0 3  3.47~rni 

3.1s-02 6.5nm2 

I 6.3E-13 1 1.3Z-08 

2.47E-06 5 .E-02  
l.63E-01 3 4EW3 

4.03EWO 8.41EW4 

2.m-04 2.2E-02 
1.85E-06 3.m-02 
3.52-08 ?.%E-04 
5.9oE-03 l . rnW2 

7.79E-03-02 1.63EW3 

2 . 8 ~ - 0 2  5.99~102 

m- 
tu- 

m-3 

i . ~ E W O  

2.5EW3 

t.mto3 

3 . a - 0 1  

, 6E+X 

' . 5 ~ + 0 3  

. mffl3 

1.m-01 

l .m-08  

4.6%-02 
7.6oE-09 
3 . z - 0 1  
3.36E-03 
1.6E-09 
6 . m - U  
2.9%-05 
5.9Eto2 
5 . E - 0 2  
3.4IEto3 

6.9mm3 

3.4EW3 
2.33EW5 

8.4IEto4 
5.99Eto2 
2.m-02 
3.m-03-02 
7.34E44 
1.23Eio2 

1.23Eto2 

2.6ZW5 
7 5zE-03 

2.04EIO4 
3.59Eto2 

8 . 9 0 ~ ~ 5  

1.0%-11 
1.63Eto4 
8.X-02 

6 47E-04 
1. earn1 

!.5EW3 
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Table B-8 h e  1 WJ Mass Balarse for Batch pc1/8 ( 6  sheets) 

l9 I 11 12 13 14 15 16 164 17 18 

~ 

1 , s - 0 1  

3.83-01 

3.955+1 

1.98Et02 
5.3E-01 

~ 

!.5lEW3 

141E-08 
3.7EW3 

5.3Z-02 
1.17E-08 
1 . m - 0 6  
3.755-03 
4.6%-09 
6 . 9 E - U  
8.36EW2 
5 .88-02  
3 . 7 9 E m  
2.34E-02 
4.m-02 
8.4%-04 
Z.rnW3 

5.56-02 

3.09EW3 
4 .22 -02  
1.7E-01 
8.6oE342 
4.37E-01 
3 37EW5 
6.88Eto2 
8.m-03 

4.81E102 
4.14Emz 

1.4%-01 
1.27E-06 
4.89EMl 
1.3lE-11 
1.36Em4 
z.oOEm0 

1.OE-01 

1.OE-03 
6.96EW2 
8.45E-01 
2 . x - 0 1  
9.3%-03 

i . m m i  
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Table B-8 h e  1 WJ Mass Balatlce for Batch E1/8 16 sheets) 
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Table B-8 Phase 1 IAW Mass B a l m  for Batch FCl/8 (6  sheets) 

2 d I  20 21 72 23 24 25 76 27 

~ 

1.41E-08 
3.1lEW3 

5.3Z-02 
1.1E-08 
1, m-06 
3.7%-03 
4 6%-09 
6.91E-12 

5.m-02 
3.19EKQ 
2.3'4-02 
4 m-02 
8.4%-04 

8 xmz 

2.3zzm3 

5.M-02 

3.09EW3 
4.22-02 
1.7BE-01 
8.6OEW2 
4.3E-01 

6.88Eto2 
8.53-03 

3.37~105 

4.mm2 
4 . 1 4 ~ 0 2  

1.4%-01 
1.27E-06 
4.89EW1 
1.31E-11 

2 0OEW0 

1.W-01 
1.77EWl 
1.08E-03 
6.96E02 
8.42-01 
2.yIE-01 
9.33E-03 

1.36~104 

1.63Eto6 

1.41E-08 
3.1lEt03 

5 . z - 0 2  
1.1E-08 
1.m-06 
3.1%-03 
4.6%-09 
6.9lE-12 

5.m-02 
3 79E02 
2.34E-02 
4 E3E-02 
8 49E-04 

1 aEm6 
5.56-02 

3.09Effl3 
4 .22-02 
178E-01 

4.3E-01 

6.%%+02 
8.53-03 

4.mm 
4.14Eto2 

1.42-01 
1.27E-06 
4.89EWl 
1.3E-11 

2.0OE1O0 

1.08E-01 
1.77Et01 
LOBE-03 
6.96Et02 
8.45E-01 
2 %E-01 
9.33E-03 

8.36~mz 

2.3~103 

8.6o~mz 

3.3~105 

1.36~104 
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1.WE-09 

5.m-m 
7 X - 1 0  
3.53-08 
3 . a - 0 4  

5 e&-= 

9 ,  iam4 

1 5 9 ~ 1 0  

7 is -03 
8.4l~m2 

7 . 2 ~ m 3  

i.inm5 
1.22~to3 

5.52-03 

5.75Em 
4.14E-03 
5.34E-03 
3.6bErn3 

1.9Ern2 
2.5lEm 
5 . z - 0 3  
7.mm3 
4.0s-03  
1.1s-02 

3 m-02 

b 73Eto2 

6.6 l~mi  

4 . 9 ~ 1 0 5  

1 . ~ ~ 1 0 5  
4 ,  inm5 
8 . W - 0 4  

2.mW4 

8.64EM3 
1.83Etw 

2.59Etw 
9.8%-l3 
2.7OEtw 
l . O E + X  
5.bbEW1 

4.3smi 

4 . 6 3 ~ - 0 7  

6 . 6 ~ 0 5  
5 . ~ ~ 3 4  
7 . a m i  

2.1-02 
J.1E-02 

7.0s-04  

I.WE-O~ 
9 .  mm4 
5.54E-02 
7 1E-10 

3 8E-04 
1.x-10 
5.m-Li 
7 .  WE-03 

5.53-03 

3 ,  z - 0 8  

8.37~m2 

7 inm3 

i.mm5 
1 . 2 1 ~ m ~  
5 . 7 Z t w  
4 .m-03  
5 . K - 0 3  
3.64Eio3 

i.9nmz 

5.m-03 
2.49Eto6 

7.09EW3 
4.0s-03 
1, 1%-m 
6.58EM1 
3 1m-02 

6.70Efl2 
4.93~m5 

i . z m 5  
4 ,  i sm5 
8 m - 0 4  

2.11~m4 

8.6mm3 
4.34EM1 

1.82Em 
4.6lE-07 
2.5stw 
9.m-13 

1.0Etw 

6.557-05 

7.84Eto1 
7 .  E-02  

z.6%m4 

5.63~m1 

5.13~m4 

2 is-oz 
J . O ~ E - O ~  

1.3lEW5 

1.WE-09 

5.yIE-02 
7.1E-10 
3.52-08 
3.8IE-04 
1.5s-10 
5.m-w 
7.133-03 
8.37E42 
5 .  ylE-03 
7.17EW3 

9 .  mm4 

1.26~to5 
1.21~m3 

4 m-03 
5.31~-03 

5 7ZM0 

3.64Eto3 

1.97Emz 
2.4%% 
5.51-03 
~.0%m3 

6.58~mi 

4.93~m5 

4.0s-03 
1.m-02 

3.  m-02 

6.7OEM2 

1.5Zi05 

0 . m - 0 4  

2.11Em 
4.34EtO1 
8.6OEW3 

4.6lE-07 

9.m-u 
2.69EtQ4 
1.JZ-01 
5 mm1 
6.5S-05 

7.84EtO1 

2.1s-02 

4.mm5 

i.mmn 
2 . 5 ~ m 0  

5 ixm4 

7.m-02 

7.03~-04 
~ 

1.24E-W 
9 .  mm4 
5.54E-02 

3.52-08 
3.8E-04 
1. 58E-10 
5.m-u 
7 .  13E-03 
8.37EW2 
5 . M - 0 3  
7.17Effl3 

7. i ~ - i n  

1.2bEW5 
1.2lE+Q3 
5.7ZW0 

5.3lE-03 
3.64Eto3 

4 .  m-03 

i .w~m2 

5.50~-03 

4.0s-03 
1.m-02 

2.49Et06 

7.09EM2 

6.58Eto1 
3.1m-02 
4.93Em5 
6.7OEto2 

i . z m 5  
4.mm5 
8.M-04 

2.1IFm 

8.6oEto3 

4 6ll-07 
2.58Em0 
9.m-u 

1.7Z-01 

6.58E-05 

7.84EWl 
7.m-02 
2.1s-02 
7.03E-W 

4 . 3 4 ~ m 1  

1.mmo 

z.6%m4 

5.mmi 

5.mm4 

__ 

5.87E-14 
4.32Em 
2.63E-06 
3.41E-14 
1.67E-12 
1.8IE-08 
73.-15 
2.7E-17 
3.38E-07 
3.97E-02 
2.6IE-07 
3.m-01 

6.CQEMQ 
5.758-02 
2. 7lE-04 
1.9x-07 
2.52-07 
1.73E-01 

9.34i-03 
l . lEW2 

3 . a - 0 1  
2.61~-07 

1.93~-07 
5 . 4 7 ~ 0 7  

1 . 4 ~ ~ 0 6  
2.34~mi 
3. 1 ~ - 0 2  

i .mm1 
4.03~-08 

9.9%-01 

3.m-03 

7.mm 

2.0s-03 
4.0E-01 
8.64E-05 
2.1%-11 
1.ZZ-04 
4.6Z-1-17 

8.1s-06 
2.67E-03 

2.43Em 

3.3%-06 
1.OZ-06 
3.337-08 

i.mmn 

3 ,  m-09 

3 . 7 ~ ~ 3  
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3.9ZE104 1.88Eto4 

3.4lJ-01 

~ 9 z ~ t o 2  
).OX-01 

1.4lJ-03 

I .  9zEtw 
I .  03-03 

1.38E-01 

1.mm 
1.9'4-01 

6 - 5 2  
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Table B-9 Fhase 1 IAW Mass Balance for Batch PC1/9 ( 6  sheets) 

l9 I 11 12 W 14 15 16 16d 17 18 

2.392104 
1.9Eto2 

5.87E-14 1.24E-09 

2 633-06 5.Y1E-02 
3 41E-14 7.1%-10 

1.8IE-08 3.81E-04 
7.51E-15 1 m-10 
2.7E--17 5.m-13 
3.3EQl 7 13E-03 
3.'17E-02 8.37ExV 
2 . N - 0 7  5 . a - 0 3  

4 . 3 z ~ t w  9.mm4 

i.67~-:-12 3 . 5 ~ 0 8  

3.407-01 i . 1 7 ~ ~ 3  

2.m-07 5.3IE-03 1 1.7%-01 I 3.64EW3 

7 . Z t w  1 . m W 5  

4.0%-08 8 . m - 0 4  

9.992-01 Z.llE+% 

4.0E-01 8.607Ul3 
8.64E-05 1.8zEtlxI 
2.192-11 4.6IE-07 
1.m-04 2.58EtOO 
4.6Z-17 9.m-13 

1 . 9 7 ~ ~ 1  4.mm5 

z.06~-03 4.34~101 

i.m+oo 2 . 6 9 ~ t o 4  

8.6Etw 

%.9=m3 

3.66EiQ3 

1.64-01 

124E-09 
9.m+% 
5.w-02 
7 1E-10 
3.m-08 
3.81E-04 
l . z - 1 0  
5.m-13 

7. inm 
2 . 8 1 ~ ~  

i . m m 5  
1.2lEW3 
4 .34 -02  
4.m-03 
5.31E-03 
3 . 6 4 ~ ~ 3  

3.64EM3 
1.9Zio2 
2.49EW6 2.54Et06 
5 m-03 

4.06E-03 
1.mCQ 
3.107ll2 

6.7OEi02 

7 . 0 9 ~ ~ 1 3  

6 . m m i  

4 933305 

1 mm5 
4 .  mm5 

2.11~m4 
4 . 3 4 ~ ~ 3 1  

4.607m5 

8 m a  
8 . s m 3 5  

8.607W3 
1.82EioO 
4.6IE-07 

9.m-W 
2.692104 
1 .m-01 
3.66EW1 
6.58-05 

2 . z m o  

5.mm4 
7 . w m i  
7, m-02 
2.14-02 
1.0%-04 

I .  9 x m 3  
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Table B-9 Phase 1 IAW Mass Ealzixe for Batch FCl/9 (6 &sets) 

l9 I 11 12 13 14 15 16 16A 17 10 

M E - 0 1  

1.88Eto2 
3.94E-01 

1.U-03 

1.9zEtoo 
).OB-03 

~ 

.95?*3 

3 4E-03 

3.9z100 
9.03E-03 

~ 

1.33E-09 
4.89EW4 
6.0%-02 
1.1OWl9 
1.1%-07 
4 .73 -04  
4.3%-10 
6. VE-13 
1.17Effl3 
6 7.S-03 
7 6 E m  
4.6zE-02 
5.16E-03 
6 . l S - 0 3  
2 . m m 2  

5 9B-03 

8.51Ern 
4.76E-03 
1.w-02 
1.04EtO2 
4 . G - 0 2  
6.64EiQ5 
9.44ENZ 
9.64E-04 

6.43EW3 
5.0EiO1 
2.06Em 
7.4E-07 
5.zm 
1.23-12 
Z.WE+% 
3 . 9 z m  

2.m-01 
3.4Et01 
1.m-04 
8.3EW1 
9.0E-02 
2.6%-02 
9 4E-04 
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Table B-9 h e  1 IAW Mass Balarse for Batch FCl/9 (6  sheets) 

I- (ksl 
I- 

_- 
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Total w F h  k) 7.54Ex15 3, lEWb 3.93EW6 

I I 3.mrnz I I I I I I 

1.3%-09 
4.89Eto4 
6.0%-02 
1.1m-09 
l . E - 0 J  
4.25-04 
4.392-10 
6.m-13 

6 . Z - 0 3  
7.6EO2 
4.6ZE-OZ 
5 16E-03 
6.1%-03 

i . i ~ m 3  

z.mm 
5 93E-03 

8 2 4 ~ ~ 3  
4.16E-03 
19E-02 
1.04EW2 
4.b6E-02 
6.64EW5 
9.4wm2 
9 b4E-04 

6.43EW3 
5 0 E t o l  
2 ObEW0 
7 4E-07 
5.5EW0 
1.Z-E 
2 24Ex14 
3 9ZEx10 

2.13E-01 
3 48Exll 
1 10E-04 
8.30EW1 
9.01E-02 
2.6%-02 
9.4%-04 

~ 

I 1EWb 

.~ 

1.3%-09 
4.0%+04 
6.0%-02 
1 1m-09 
1 E - 0 7  
4.m-04 
4.39E-10 
6.m-l3 
1.1ZfW3 
6 . Z - 0 3  
7.6EW2 
4 . m - 0 2  
5.16E-03 
6.B-03 

3.lEWb 
5.9%-03 

2.mrnz 

8 . ~ ~ 3  

1.04~mz 

4.76E03 
1.9E-02 

4.b6E-02 
6.64Eto5 
9.44Em2 
9.64E-04 

6.43EW3 

2 06EWO 
7 41E-07 
5.5EW0 
1.m-12 
2 24Eto4 
3 9zx10 

2.1%-01 
3 48EWl 
l.loE-04 

9.01E-02 
2.6%-02 
9 .48 -04  

s.mrni 

a.3mmi 

~ 
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Table B-10 Phase 1 WJ Mass Balarre for Batch FC1,lO (6 sheeets) 
1 2 3 4 5 6 7 8 9 1 0  

3.mm 

3.66EW1 
1.YzEtol 

9.3Ern3 
3.llEt04 
9.mm3 
3 .64~mi  
i.91eKli 

1.46EtO2 

1.7z-01 
8.9E-02 

4.3mmi 
3.1lEm4 
9 . m m  

1.9lEm1 
3 . 6 a m i  I 1  

~ 

1.JE-01 
1 mm5 
3.m-03 
9.3%-oz 
l.5lE-09 
8 3%-02 
6.82-12 
2.Y6E-01 
4.5%-04 

2.07E-01 
4.72+02 

5 2 4 ~ r n i  

9.59Eto4 
8.1oEWl 
3.6oE-01 
7. 82-03 
3.3E-04 
4. bbErn3 

i.mrni 

4.49~m2 

3.0EW6 
7.2E-04 

1.8%-04 
3 . W - 0 1  
3.4EmQ 
1.3E-01 

4.1Ern1 
5.mrn5 

i . m m 5  
4 . 5 ~ r n 5  
3.92-05 

1.bXx14 
3.01~too  
i . i ~ m 4  
1.16E-01 
5.64E-Q4 
1 ZOE-01 

6.7lE-02 
3.tAEiO0 
7 12-03 

1 earn4 

8.36~104 
4.0%rn0 
3 23-03  
3.7oEtOQ 
5 b7E-02 

~~ 

~ 

1.77E-01 
1.llEW5 
3.1%-03 
9 2%-oz 
1.51E-09 
8.32-02 
6.7%-12 
2.94E-01 
4.53-04 

2.m-01 
4 71x12 

5 .22~ io i  

9 . m m 4  
8.06Ern1 
3.5%-01 
7.7E-03 
3.36E-04 
4.64~rn3 

i.mrni 
3.02m6 

4.4nm2 

3 . 4 ~ r n 0  

5.84~105 

1 . 8 ~ ~ 5  

I .  1E-04 

1.m-04 
3.7%-01 

1.3E-01 

4.lbEx1l 

4.4Xx15 
3.91-05  

i .61rn4 

1, i b ~ t o 4  
2 99ErnQ 

1.1241 
5 6zE-Q4 
1 .ZOE-Ol 

6 6E-02 

1,llE-03 
8 . 3 z M 4  
4.03Em0 
3 . m - 0 3  
3.6EW0 
5.64E-02 

1.88~104 

3.53~100 

____ 

-~ 
8 . 3 2 - 0 4  
5.24W2 
1.4E-05 
4.3E-04 
7.0%-12 
3.93E-04 
3.2OE-14 
1.3%-03 
2.14E-06 
Z.46E-01 
9.6E-04 
2 . m m  

4 .  m m 2  
3.m-01 
1.6%-03 
3.62-05 
1.m-06 
2.1Etol  

5.6E-02 
1.44Et04 
3.3E-06 

8.87E-07 
1.7%-03 
1.61-02 
6.44E-04 
2 . 7 2 0 3  
1.96E-01 

8.7lEM2 

1.82-07 

7.66EtO1 
14lE-02 
5.4EtO1 
5.41E-04 
2 6 2 - 0 6  
5.61-04 

3. NE-04 
1.66E-02 
3.32-05 
3 9mQ2 
1.90E-02 
1.m-05 
1.7%42 
2.66E-04 

2 . i l ~ m 0  

2 .mrn3  

8.mm 

~ 

8.32-04  
5.24W2 
1.4E-05 
4.3E-04 
7.06-12 
3.91-04 
3.m-14 
1.36-03 
2.14E-06 
2.46E-01 
9.6E-04 
2.24rn0 

4 .  %Ern 
3.m-01 
1.69E-03 
3.6E-05 
1 58E116 
2.1Ex11 

5 6E-02 
4.02m5 
3 3s-06  

8.87E-07 
1 79E-03 
16%-02 
6.44E-04 

196E-01 

2. imoo 

2 mm3 

8 . i m i v  
2.mm3 
1 8 2 - 0 7  

7 66Ern1 
14lE-02 

5.4lE-04 
2.62-06 
5 . 6 1 - 0 4  

3.16-04 
1.66E-02 
3.32-05  

1.9oE-02 
1 .Z-05  
1.71-02 
2 b6E-04 

5.4nrni 

8 . m m i  

3.9z~rn2 

1.7E-01 

3.  m-03 
9.297-02 
1.51E-09 
8.3%-02 
6.7%-12 
2.94E-01 
4 .53 -04  

2.06E-01 
4 .  71W2 

i . i ~ m 5  

5 m m i  

9 52m4 
8.06E41 
3.59l-01 
7.7E-03 
3.36E-04 
4, bGM3 

1.mm1 
3 02M6 
7.1E-04 

1.88E-04 
3.7S-01 

13E-01  

4.47~102 

3.47~100 

5.84~m5 
4 .16~m1 

l . E E 0 5  
4.4%+05 
3.9%-05 

1, b%M4 
2.9%m0 
1 i 6 ~ m 4  
1 m-01  
5 . a - 0 4  
l . m - 0 1  
1.88Et04 
6.6E-02 
3.sxtM) 
7.X-03 
8.3zEm 
4.0%rnO 
3 . m - 0 3  
3 .6Etw 
5 64E-02 

~ 

1.7E-01 

3.1%-03 
9.2%-02 
1.X-09 
8.32-02 
6.7%-12 
2.94E-01 
4.53.-04 

2.06E-01 
4.73Eto2 

i . i ~ r n 5  

9.5swl4 
8.06EWl 
3 5 x 4 1  
7.7E-03 
3.36E-04 
4.64EW3 

1.mm1 
J.1E-04 
4.4EW 
1.m-04 
3.7%-01 
3.4Eto0 
1.3E-01 
5.84Em5 
4.16EW1 

3.02m6 

i . m m 5  
4.49Ex15 
3.93E-05 

1.61Kl4 
2.9%mo 
1 . 1 6 ~ ~ 1 4  
1.m-01 
5 . m - 0 4  
l . m - 0 1  
1.88Etw 
6.67E-02 
3.53.m 
7.11E-03 
8.3zEto4 
4.01+90 
3.24-03  

5.64E-02 
3 . 6 ~ r n o  

~ 

8-57 



WHC-SD-WM-TI-774 R e v .  0 
TWRS P R I V A T I Z A T I O N  PROCESS TECHNICAL BASELINE 

Table B-10 h e  1 IAW Mass M a e  for Batch F C l f l O  ( 6  sheeets) 

3 4 5 6 7 8 9 10 
sLmo2RNmrs 

0.63Etw 1.63EtOZ 

~ 

I .  63EiO2 

~ 

I .  63EW2 
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I T O t a l k  Flm k) I 

Table B-10 Phase 1 IAW Mass Balance for Batch PC1/10 (6 sheeets) 

1.OZEW4 4.6lEW6 4.74Eto6 I 1.0LPo9 I l . m - 0 9  I 4.6lEW6 l.OzEt04 

11 U 13 14 15 16 16A 17 18 

Tgmetiun 

4.4EW3 2.66EW4 2.66EW4 4.4EW3 
9.2EM3 9.28EM3 
3.60EM1 3.66E-01 3.66E-01 3.6QEW1 
1.9lEW1 1.9lEM1 

1.77E-01 
1.llEffl5 
3. m-03 
9.2%-02 
1.5lE-09 
8.3%-02 
6.7%-U 
2.9'4-01 
4.m-04 
5.7ZMl 
2.06E-01 
4.73EM2 

9 . 5 2 ~ 4  
8.o6Emi 
5.17E-02 
7.78E-03 
3 . x - 0 4  
4.64EM3 

i .mmi 
3 . 0 2 ~ 6  
7.1E-04 

177E-01 

3.13E-03 
9.2%-02 
1.51E-09 
8 3%-02 
6 79E-12 
2 94E-01 
4.53E-04 
5 m W l  
2 . m - 0 1  

1. i lEx5 

4 .  7zmz 

9 5x04 
8.06EW1 
5.17E-02 
7 JE-03 
3.36E-04 
4 . 6 4 ~ ~ 3  

i.mtoi 
3.0ZW6 
I .  1E-04 
4.4XWZ 
1.m-04 
3.7%-01 
3.47em 
1.37E-01 
5.84EM5 
4 16EWl 

i.8%m5 
4 49EW5 
3.93E-05 

1 63EM4 

1.16EW4 
1.m-01 
5.62E-04 
1.m-01 
1.88Eto4 
6.67E-02 
3.49Em 
7.1E-03 
8.3ZW4 
4 .03EtK  
3 . Z - 0 3  
3 6EWO 
5.64E-02 

2 . 9 9 ~ ~ 0  

4.73Et02 
3 J%W5 

4.64EW3 

3 . 1 0 ~ ~ 6  

3.07E-01 

5 . 8 7 ~ ~ 3  

4 3 4 ~ ~ 3  

3.54E-02 

l.07E-01 

1.87EW3 

. 34EW3 

1.54E-02 

4.16EWl 
5.1EW5 

4.49EW5 
3 93E-05 

1.63Eto4 

1.16EW4 
l.l.5-01 
5.62E-04 
1.m-01 

6.67E-02 
3.49EWO 
7.W-03 
8.32Eto4 

3 . m - 0 3  
3.6Eff lO 
5.64E-02 

2.9%mo 

i.mm 

4 .  osmo 

4mm5 

L.WFQ9 

__ 

L.OoE-09 
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T o t a l  b a s  Flow &I 4 63E102 5 . 8 7 ~ ~ 3  5 . 8 ~ ~ ~ 3  4 . 6 3 ~ ~ 2  8 . 7 ~ ~ 5  

T 

k l M  
stmhivn 
Tsdnetiun 
rn 

4 .  bXM2 

4.48Eto3 
9 .mt03  
3.bOEM1 
1.9OEM1 

1.9Oi-01 
5.9EM4 
3.44E-03 
143t-31 
4 85E-09 
9 3Z-02 
1.m-11 
3.m-01 

2 .E-01  
5.1OEM1 
5.47E-02 
9.X-03 
3.8%-04 
1.7ZMl 

7 .71 -04  

7 . 3 0 ~ ~ 1  

5 . 3 9 ~ ~ 2  
2.2lE-04 
6 29E-01 
5.48EM0 
2.0E-01 
7 . 8 7 ~ ~ 1 5  
5 . m m i  

3.4mrno 

4 4bE-05 
8.68Ex13 

13Ed-01 
9.03E-34 
2.56-01 
1.56Ex14 

7.86E-02 
3 3ZM0 
1.19E-32 
4 mm 
4.0h'-03 
4.58EtO0 
7.62E-02 

4 63~to2 
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1 1 1 1 1 1 I 

i .64Effl3 

3.1OEa 

5,1%ffl5 

1.4OEW5 

3 10Eto6 
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Total k r  F h  kg) 

Table B-10 h e  1 IAW Mass Balance for Batch PclflO (6  sheeets’l 

8.7ZW5 3.79EW6 4.66EW6 

~ 

1.9E-01 
5.9xm4 
3.44E-03 
1.43E-01 
4.81-09 
9.m-02 
1.m-11 
3.26-01 
7.3oEW1 
2.31-01 

5.47!-02 
9.74E-03 
3.8%-04 
1.7ZWl 

7 . 7 2 - 0 4  

5.39EW2 
2.2E-04 
6.2%-01 
S.4EWQ 
2 02-01 

s e6ENl 
4.46-05 
8 6E103 
3 46EWQ 
1.3QE-01 
9.0%-04 
2.56Ei)l 

5.in~rni 

7 . a m ~ s  

i.mm 
4 . m ~ ~  
? . E - 0 2  
3.3ZMQ 
1.1%-02 
4.26EmO 
4.QE-03 

1.6Z-02 
4 . 5 5 3 ~ 0  

~ 

19E-01 
5.9xm4 
3 .WE03 
1.4%-01 
4.8%-09 
9.3Z-02 
1.83-11 
3.26-01 
7.3EW1 
2.32-01 
5.1LEW1 
5 . m - 0 2  
9.74E-03 
3.897-04 
1.7ZiQl 
3.79FW6 
1 .72 -04  

5.3%+Q2 
2.ZE-04 
6.2%-01 
5.4EW0 
2.01-01 

5.86EWl 
4.46-05 
8.6Eto3 

1.3QE-01 
9.0%-04 
2.m-01 

7.8nrn5 

3 46Emo 

1 . 5 6 ~ ~ 4  
4 .  m m 2  
7.m-02 
3 3Zm 
1 IE-QZ 
4 ZEWQ 
4.08E-03 
4.58EtQQ 
7.6Z-02 

8 - 6 2  
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Table B-11 

1 2 3 4 5 6 7 8 9 10 

Ebse 1 IAW Mass Balance for Batch FC1/11 (6  sheets) 

1 99102 4.0E104 4.oE104 1.rnWO 
2.m102 2.96E104 2.96E104 1.39Em 
3.3E-01 7.19E101 7.19Effll 3.38533 
4 bE-02 9.96Em 9.9%100 4.m-04 

~- 
1.05E-01 
l.lOE105 

9.3%-02 
9.8%-01 
1.39Em 
2.2%-w 
1.64E-01 

5.29EM1 
1.96E-01 
2.43E102 

2.05~-03 

2.06~-05 

9 . 4 ~ 1 0 4  
4.73EtO1 
4.78-01 
4.m-03 
1.31-05 
4.63E103 

4.4OE100 

2.71E-04 
1 x103 

3 . 0 ~ 1 0 6  

i . 3 9 ~ m i  
3.6nmo 

5 .  84~105 

3.07E-01 
8 3 - 0 2  

1.63E101 

1.H3EtO5 
4.49E105 
1.3E-Ob 

1.94Et04 

1.15E104 
4.m-02 
6. RZE-03 

1.83304 

1, WE100 
3.!1E-03 

116E101 
1.m-04 

3.12-02 

8.52-01 

7.40~100 

3 i6E-oi 

8.mm4 

7.26mo 

~- 

i.o%-oi 
1.09E105 
2.04E-03 
9.2%-02 
9.m-01 
1.39E100 
2.2.5-w 
1.6%-01 
2.OX-05 
5.26101 
1.9%-01 
2.49102 

9.3n104 
4.2lE101 
4.7lE-01 
4.24E-03 
1.34E-05 
4.blEM3 

4.3E100 

2.7OE-04 

139EAQ1 
3.66E100 
3.01-01 
8.27E-02 
5.8lE105 
1.63EM1 

1.RZE105 
4.47Eto5 
1.38-06 

1.93E104 
8.4E-01 
1.14E104 
4.0%-02 
6.7%-03 

1 eat04 
3 . B - 0 1  
6 9lE100 
3.96E-03 
8.Z6E104 

1.m-04 
7.22EMO 
3.14E-02 

3.04~106 

1.57~103 

7.37~mo 

1.16Emi 

4.94E-04 
5.14E102 
9.5%-06 
4.37E-04 
4.61E-03 
6.52-03 
1.07E-15 
7 69EQ4 
9.63E-08 
2 4EQ1 
9 1 x 3 4  
I . N E ~ O  

4 4lE102 
1.9E-01 
2 . a - 0 3  
Z.wE-05 
6 31E-08 
2 17E101 

2.m-02 
1.43E104 
1.m-06 
7.41EtM) 
b 52+2 
1.79112 
1.44113 

2.J4E103 
7.65E-02 

8.58E102 
2.1OE103 
6.47E-09 

3 89~-04 

9.06~101 

5 . 3 ~ m i  
3.9%-03 

1.9%-04 
3.18-05 
3.47E-02 

1.4E-03 
3 . m - 0 2  
1.87E-05 
3.89Ern 
5.44E-02 
5.26-07 
3.4OE-02 
1.4E-04 

8.8zEtoi 

I. 89E105 

4.94J-04 
5 14E102 
9.5%-06 
4.37E-04 
4.61E-03 
6.52-03 
1.07E--15 
7.6%-04 
9.6%-08 
2.4E-01 
9.1%-04 
1.14EtM) 

4.4lE102 
1.967-01 
2.72-03 
Z.OOE-05 
6.31E-08 
2.1m101 

2.06E-02 
4 .03~105  
1.27E-06 
7.41EW 
6.52-02 
1.79-02 
1.44E-03 
3.8%-04 
2.74E103 
7.6%-02 

2 1OE103 
6.47E-09 

9 06EAQ1 
3.9%-03 

1.9%-04 
3.19E-05 
3.47E-02 

1.4E-03 
3 .23 -02  
187E-05 
3.89E102 
5.43-02 
5.26-07 
3.4OE-02 

~ 

1.0%-01 
1.09E105 
2.04J-03 
9.2%-02 
9. m - 0 1  
1.39Em 
2.m-13 
1.6%-01 
2.OX-05 
5.26E101 
1.9X-01 
2.4zE102 

9 . 3 ~ 1 0 4  
4.2lE101 
4.71E-01 
4.WE-03 
1.34E-05 
4.61E103 

4.3Etw 
3.04Eto6 
2.7OE-04 
1.57~to3 
i.3%mi 
3.66Etw 
3 . E - 0 1  
8.27E-02 

1.6%101 
5.81~105 

i . m m 5  
4 . 4 ~ ~ 0 5  

i . 9 x m 4  

1.3E-06 

8.4E-01 
1.14J104 
4.0%- 
6 7%-03 

1 . a 1 0 4  
2.m-01 
6.97Etoo 
3.96E-03 
8.mm 
1.16F101 
l .m-04 

3 . w - 0 2  

7 .37~mo 

7 . ~ 1 0 0  

~ 

1.OXQ1 
1.0%105 
2.04J-03 
9.2%-02 
9, m - 0 1  
1 . 3 E t w  
2.m-w 
1.6%-01 
2.0%-05 
5.26101 
1.9%-01 
2.4Z+02 

9.3%F+% 

4.71E-01 
4.WE-03 
1.34E-05 

4.21~101 

4.61~103 

4.3Em 
3.04Eto6 
2.7OE-04 

1.3E101 
3.66Etw 
3.0%-01 
8.2E-02 
5.8lE105 
1.633101 

1.RZE105 

1.3E-06 

i . 5 m 0 3  

4.47~105 

i.9%m4 
8.4E-01 
1.14E104 
4.09E-02 
6.79E33 
7.37E100 

2.m-01 
6.9TEhX 
3.96E-03 
8.26Ern 

1.m-04 
7 . Z 1 0 0  
3.14J-02 

i . am 

1 . 1 6 ~ ~ 1  

4.94E-06 
5.14Efflo 
9.5%38 
4.37E-06 
4.6lE-05 
6.52-05 
1.07E-17 
7.6%36 
9.63E-10 
2.4E-03 
9.1%-06 
1.14E-02 

4 . 4 l E m  
1.98E-03 
Z.zzE-05 
Z.OOE-07 
6.3lE-10 
2.17E-01 

2.06E-04 
1.4%102 
1.27E-08 
7.41E-02 
6.52-04 
1.79-04 
1.44J-05 
3.8%-06 

7.65E-04 

8 . X 1 0 0  
2.1OE101 
6.4E-11 

9 . W 3 1  
3.m-05 
5.3E-01 
1 9%-06 
3.1%-07 
3.47E-04 
8 . a - 0 1  
1.oOE-05 
3.m-04 
1.8ZQl 
3.89Em 
5.44J-04 
5.26-09 
3.4m-04 
1.4E-06 

2.74~toi 

~ 

I 89E103 
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Table B-11 Phase 1 LAW &s Lklaxe for Batch FCl/ll ( 6  sheets) 

b.6lEt04 i 61Ei(lZ + MEW4 

1.m-02 

\.6lFiU2 
1.m-01 

3.m-04 

1.61Etoo 
1.02-03 
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3.0&+06 
2.1m-04 
1.5Effl3 
1.3EiOl 
3.66Em 
3.02-01 
8.2E-02 
5.8IEW5 
i.6smi 

1.mm5 
4.4nm5 
1.3E-06 

1.93Et04 
8 4E-01 
1,14eK)4 
4.0%-02 
6 . 7 9 E E  

1.8BEm4 
2.m-01 
6.9OEiOO 
3.96E-03 
8 mx14 
1 l6ENl 
1 E?-04 
7.mm0 
3 14E-02 

i .mmo 

Table B-11 Phase 1 IAW Mass Balance for Batch KIA1 ( 6  sheets) 

3.09EiO6 

5.14EtoS 

7.4ZiO5 

b p M  N4w 11 Y 13 14 15 16 16d 17 18 

2.ObE-04 
4.03EdQ3 
12E-08 
7.41E-02 
6 . m - 0 4  
1.z-04 
1 44E-05 
3.8%-06 
2 74EMl 
7.6%-04 

9.5%-08 
4.3E-06 
4.61E-05 
6.Z-05 
1.OE-17 
7.6%-06 
9.63-10 
2.4E-03 
9.1%-06 
1.14E-02 

4.41EioO 
1.5E-03 
2 . Z - 0 5  
2.m-07 
6.31E-10 
2.li.cJl 

8 . X 1 0  

6.4E-11 

9.06E-01 
3 9%-05 

2.1mm1 

5 . X - 0 1  
1.933-06 
3.1%-07 
3.4E-04 
8.m-01 
1.007-05 
3.m-04 
1.8E-07 
3,8%tOC 
5 44E-04 

~ 

1.0~-01 
1.09Ex15 
2.04E-03 
9.2%-02 
9,  m-01 
1.3EW 
2.Z-13 
1.6s-01 
2 OZ-05 

19Z-01 
2 4ZN2 

s.mmi 

9.37Em4 

5.14E-02 
4 ,  mi13 
1 34E-05 
4.61EtO3 

4 3ExIO 

2.707-04 

138EXll 

3 OZ-01 
8 2E-02 

1,63301 

4 21~mi 

3 ,  oem6 

1 . 5 7 ~ ~ 3  

3 6 ~ m o  

5 . 8 1 ~ ~ 1 5  

1. mm5 
4 4 ~ m 5  

1.53~44 

13E-06 

8.4E-01 
1.14Ex14 
4.0%-02 
6.7%-03 
7.3EtOO 

2.m-01 
6.907NO 
3.96E-03 
8 %Et04 
l.l6E+Ol 
1 la-04 

3.14E-02 

1.88~~4 

7.mmo 

~ 

..m-o1 

7.ooF-02 

.m-01 

,.%Et03 

.mm3 

' . m-02 

1.01-01 
1.09Ei05 
2.04E-03 
9.2%-02 
9.m-01 
1.3EfflO 
2.m-l3 
1.63-01 
2.02-05 
5.2hEffl1 
1.92-01 
2.4zEtoZ 

2.4Z3iQ2 
3.71Etos 

9.3Em4 
4.2lEWl 
5.14E-02 
4.24E-03 
1.34E-05 
4.6lEW3 

4 3 E t w  
4.6lEH3 

1.m-09 

__ 

1.OoE-09 
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1.82-02 

%.%Et02 
L.01E-01 

a m 3  

3.W-04 

4.6E40 
1 ox-03 

__ 
1.13F-01 
5.86EM4 
2 24E-03 
1 4 s - 0 1  
3 16EMO 
1.5%too 
6.32E-W 
1 82-01 
7.3Effl1 
2.z3E-01 
2.mffl1 
5 4x42 
5.m-03 
1 .E-05  
6.26Etw 

2.9z-04 

1.9oEto3 
1.6zEtol 
6.06E+X 
4.m-01 
1.WE-01 
7. 84Eto5 
2.2%+a 
1.X-06 

n.5zm3 
9.7%-01 
4.W-02 
1.0%-02 

1.56EtW 
4.6EACQ 

2 . 2 - 0 1  
6.56EtW 
6.61E-03 
1.23Ftol 
1.41E-04 

4 WE-02 

i.xtoi 

n . 9 9 ~ ~ 0  
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i i i i i i 1 

.4zm2 

.7lEffl5 

.6lEffl3 

.14E+05 

4zm5 

i.75E-10 

..OOEM6 
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1.1%-01 

2.24E-03 
1.43E-01 

1.5SHO 
6 3zE-U 
l . m - 0 1  

2.m-01 
2.66E+01 
5.4%-02 
5 3E-03 
1.5%!05 

5.mm4 

3.16~m0 

7 .36~x) i  

6 ,  mmo 

2 9zE-04 

1 9mm3 
i . 6 z ~ m i  
6 06EtOO 
4.m-01 
1.m-01 
7 wm5 
2.29Eto1 
l .M-06 

8 . 5 5 ~ 0 3  
9.7%-01 
4.64E-02 
1.0%-02 
i.mm 
1 w m 4  
4.61~too 

2 a - 0 1  
6 %Et00 
6.61E-03 
1.23EiOl 
14E-04 

4.24E-02 
8.99~m0 

1.7EW6 

1 .m-01 
5.mm4 
2.24E-03 
1.4%-01 
3. mmo 
i . 55~mo 
6 . m - U  
l . m - 0 1  
7.36EW1 
2.2s-01 

5 4%-02 
5.3E-03 
1.5%-05 
6.7AEtOO 
3.77€+36 
2.9zE-04 

1, %Et03 

6.06EWO 
4.03+1 
1 %E-01 
7 %Et05 

1, %E-06 

2 . 6 6 ~ m i  

1 6 z m i  

2.29~m1 

8 . ~ 0 3  
9.79E-01 
4 64E-02 
109E-02 

1 %E104 
1, =mi 

4.61~mo 

2 . a - 0 1  
6. %EM0 
6.61E-03 

1.41E-04 
8.9BtOO 
4.24E-02 

i.mrni 
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Table B-12 Phase 1 IAW Mass Balance for Batch pC1/12 (6 sheets) 

sEe?mw 1 2 3 4 5 6 7 8 9 10 
w- 

__ 
5.3Z-03 
4.7zEt04 
9.94E-03 
4.7E-03 
5.0%-02 
1.33-01 
8.2%-03 
6.Y6E-04 
5.73Fm 
1.om-02 
2.3%102 

7.0~104 
4 13Eto3 
3 . X t O l  
2.14E-04 
1.m-02 
3 . 2 ~ ~ 3  

3 6 - 0 1  
1 6ZM6 
1.36l-05 
5.mm3 
1 .6~100  
3.W-01 
1.3%-02 
4.m-03 
2.04EM5 
1.7%+00 

1.09EM5 
1 . 3 ~ m 5  
i . n ~ - m  
1.73Eto4 
4. ?,E-02 

3.0E-01 
3 . m - 0 4  

2.~4~103 

5.49~m2 
3.mm4 
6.OzE-02 
5.YZto1 
2.om-04 
7.23F;KII 
3.39EM3 
3.6E-06 
5.3E-01 
1.5%-03 __ 

~ 

5.2%-03 
4.69Et04 
9.8E-03 
4.1%-03 
5.m-02 
1 . E - 0 1  
%.%E-03 
6.9E-04 

9.96E-03 
2.34Eto2 

5.69~mo 

1.03EM4 
4.imm3 
3 . m m i  

3 . 7 3 ~ ~ 3  

2.1%-04 
1.82-02 

3 6zE-01 
1.6E306 
1.35%-05 

l.6EM0 
3.  B E 0 1  
1.34E-02 
4.17E-03 
2 O%M5 
1. JzEMO 

1 OEM5 

1.84E-01 

1. J Z M 4  
4 . v - 0 2  

3 .m-01  
3.4%-04 

3.JEW4 
5.9E-02 
5.9EM1 
1.9%-04 
l .E€+03 
3.37em3 
3 . X - 0 6  
5.2E-01 
1 .X-03  

5 . o ~ m 3  

i.3mm5 

2 ~ 1 0 3  

~ . 4 % m 2  

~ 

~ 

3.5E-05 
3.1EiQ2 
6.55%-05 
3.m-05 
3 . m - 0 4  
1.0%-03 
5.4E-05 
4.5%-06 
3.7E-02 
6.6lE-05 
1 5ZMO 

4 6 E M 2  

2.33E-01 
1.4lE-06 
1.2lE-04 
2.14EMl 

2.4E-03 

8.9Z-08 

1.0E-02 
2 .X-03  
8.8%-05 
2.7E-05 
1.3%*3 
1.N-02 

J . lEM2 

1 . Z - 0 3  

z . i z m i  

i . o ~ m 4  

3 .37~m1 

8.6mmz 

i . 1 4 ~ m 2  
2.7li-04 
1 4 E M 1  
2.M-03 
2.3Z-06 

2 5EMZ 
3.9E-04 
3.9%-01 
1.3Z-06 
4.75EM1 
2.24EtOl 
2.3E-08 
3.m-03 
1.0s-05 

3.6zmo 

-~ 

3.5lE-05 
3 llEm2 
6.55%-05 
3 , s - 0 5  
3 36E-04 
1.0%-03 
5 4E-05 
4 59E-06 
3.JE-02 
6.6E-05 
1.55%m 

4 . 6 7 ~ ~ 2  
2 .7z~mi  
2.3%-01 
1.4E-06 
1.2E-04 
2.14EM1 

2.4Q-03 
1.9EW5 
8.9%-08 

1.0E-02 
2.X-03 
8.89E-05 
2 7E-05 
1.3EW3 
1 14E-02 

7.1Ern2 

1.ZX-03 

1.14EM2 
2.7E-04 
1.4Ernl 
2.55E-03 
2.3Z-06 
3.6ZHC 
2 SEW2 
3.9E--04 
3.93E-01 
1 3 Z - 0 6  
4.7Zt01 

2.3E-08 
3 WE-03 
1.0%-05 

3.3~101 

8.6o~mz 

2 . ~ ~ 1  

5.2%-03 
4.69Em 
9.8E-03 
4 153-03 
5.LW-02 
1.55%-01 
8 . Z - 0 3  
6.9E-04 
5.69Em 
9.96E-03 
2.34EMZ 

1.0%+04 
4.1QM3 

2.m-04 
1.82-02 

3.  mmi 

3.mm3 

3 .m-01  
1.6lEM6 
1.3s-05 
5.0Eio3 
1.6lEWO 
3.8lE-01 
1.34E-02 
4.1E-03 
2 03EW5 
i.izd.30 

l.QEW5 
1 mm5 
1.84E-01 

1.7z~m4 
4 1E-02 
2.ZXM3 
3.83-01 
3.4%-04 

3.JEto4 
5.9E-02 

1.9%-04 
7.lZ3M3 

3 58E-06 
5.2lE-01 
1.m-03 

5 . 4 5 % ~  

5 . 9 ~ m 1  

3 37~103 

5.2%-03 
4.6%+24 
9.872-03 
4 .  JZ-03 
5.06E-02 
1 .m-01  
8 . m - 0 3  
6.9E-04 
5.6%W 
9.96F-03 
2.34Eto2 

7.03Ft04 
4.1mm3 
3.  mmi 
2.m-04 
1.82-02 
3.73Em3 

3.62-01 
1.6lEto6 
1.3E-05 
5 OEM3 
1 6lEMO 
3.8lE-01 
1.34E-02 
4.1-03 
Z.wEH5 
1. JZMO 

1. D E 4 5  

184E-01 

1.7ZW4 
4.1E-02 

3.m-01 
3.4%-04 

1 , 3 5 7 ~ 5  

z . m m 3  

5 .4sm2  
3 . 7 ~ m 4  
5.9E-02 
5.9EM1 
1.9%-04 
7.mtQ3 

3.m-06 
5.2E-01 
1 . E - 0 3  

3 . 3 ~ ~ m 3  

B-69 



WHC-SO-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table 8-12 Phase 1 IAW Mass Fkdaxe for Batch FC1/12 (6 sheets) 

slR?.mM 1 2 3 4 5 6 7 8 9 10 I 1- - 

.mm4 !.mmz 
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Table B-12 Phase 1 IAW Mass Maxe for Batch pC1/12 (6  sheets) 

5.29E-03 
4.69EW4 
9.87E-03 
4.1%-03 
5 06-02 
1.s5b31 
8.m-03 
6.W-04 
S.b%+X 
9.96)-03 
2.34Eto2 

i.ozm4 

4 . 4 9 ~ 0 2  
4.1oEto3 

2.m-04 
1.m-02 
3.mEM3 

3.62-01 
1.6IEG 
1.31-05 
5.0E103 
1.6lE+X 
3.81E-01 
1.34E-02 
4.lJE-03 

l.lZ?+X 

1.08Eto5 
1.3OEW5 
1.84E-01 

2.03~105 

1 .mm4 
4.17E-02 
2.mto3 
3.m-01 
3.4'3-04 
5.45Eto2 

5.9E-02 

1.9%-04 

3 . 7 ~ ~ 4  

5 . 8 m o i  

7.m103 
3 3 7 ~ t o 3  
3 58E-06 
5 27E-01 
1 , s - 0 3  

1.5IEW3 

8.91-01 

1, MEW1 

!.04EW3 

51~103 

,.95?3l 

5.2%-03 
4 6%*4 1 
9.8JE-03 
4 . 1 1 - 0 3  
5.06)-02 
15Z-01 ~~ 

8.24E-03 
6.91E-04 

9.96)-03 
2.34Eto2 

s.6%mo 

2.3 
l . J  

7.03~104 
4.1OEW3 
4.4%-02 
2.1%-04 
1.m-02 
3.23Eto3 

3.62-01 

135E-05 
5.0EM3 

3.8IE-01 
1.34E-02 
4.17E-03 

1 7ZEMO 

3.2 

i .61~m6 1.6 

1.61~mo 

2.03~m5 

i.o%m5 
2.0 

1.3oEffl5 
1.84E-01 

9.e 
i.?zm4 
4 17E-02 
2.mto3 
3.m-01 
3.4%-04 

3.1E104 
5.98E-02 

1.9%-04 
7.mto3 

3.58-06  
5.2JE-01 
l . x - 0 3  

5.41102 

3 . 1 ~ ~ ~ 1  

3 . 3 ~ ~ 1 0 3  

L.09EtOl 

!.W 
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Total Mn5s Flar @I 

Table 8-12 €base 1 IAW Mass Balarre for Batch pC1/12 (6  sheets) 

1-11 12 U 14 15 16 16A 17 l8 19 I 
SZIDai-fmum 

2 . m 0 2  2 .04E03  2.04E03 2.26Eto2 3.45Eto5 

. . 0 4 E 0 3  2.04E03 

__ 

1. m+02 

5.6E-03 
2.5zEto4 
1.0%-02 
7 . Z - 0 3  
1.6%-01 
1.7%-01 
9.19F-03 
7.96Em 
1.14E-02 
2.6OE03 
4.75E-02 
2.67E-04 
2.1E-oz 
5 .X-01  

1.W-05 

6.1zEto3 
l.eaE00 
6.3Z-01 
2 .u-oz  
6.m-03 

2.4ZMO 
2.09E-01 
1.66E103 
4.m-02 
4 34E-01 
5.62E-04 

3.15Em4 
2.26EH12 
7.0%-02 
3.58Eto1 
3 . m - 0 4  

4.5E-06 
6.56-01 
2 . m - 0 3  

2 . 7 3 ~ ~ 5  

1 1 7 ~ 0 3  

3 . 5 7 ~ 0 3  

~ 
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I I I I I I I I I  

1.64EiO6 

8-73 



WHC-SD-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

5.6E-03 

1.09E-02 
7 . m - 0 3  
1.6%-01 
1.7%-01 
9.18-03 

1.14E-02 

4.7%-02 
2 67E-04 
2 11E-02 
5.1E-01 

1.46E-05 

2 . m m 4  

7 . 9 6 ~ ~ 1 0  

z.6mm3 

6 mm3 
i.mmo 
6.m-01 
2.m-02 
6.X-03 
2.73~~15 
z.mrno 
1.66~m3 
2.0%-01 

4 . m - 0 2  
4.34E-01 
5.6Z-04 
i .mm3 
3.  i z m 4  

3.58~mi 

3 m i 0 3  

2.26Em 
7 ox-02 

3.3zE-04 

4.51E-06 
6 . m - 0 1  
2.18-03 

~ 

5.6E-03 
2.5ZX14 
1.0%-02 
7 . m - 0 3  
1.6%-01 
1.7%-01 
9.1%-03 
7.96EX10 
1.14E-02 

4.72-02 
2.67E-04 
2.11E-02 
5.18-01 
3.7lErn6 
1.46E-05 

2.6mm3 

6. mm3 

2.m-m 

2 . 7 3 ~ ~ 1 5  

i . 6 6 ~ m 3  

1.88ExIo 
6 .m-01  

6.26E-03 

2.4ZWQ 
2.09E-01 

4.m-02 
4.34E-01 
5 . m - 0 4  
1.mm3 
3.  mm4 
z.mmz 
3.mm1 

3 . 5 ~ m 3  

1.02-02 

3 . m - 0 4  

4.533-06 
6.56E-01 
2.UE-03 
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1.0lE+06 
6.47EW3 
2.62EM2 
2.39Em1 2 37Em1 

5.14EiO3 
3.29EW1 
1.33EtOo 
1.m-01 

5.14~m3 
3.29Eio1 
1.33EiQO 
1.2lE-01 

1.0lEiU6 
6.44Eto3 
2 6lEMZ 
2 37EtOl 

2.64E-12 
3.34Em5 
8.8lE-04 
2.64E-13 
8 . X - 0 7  
1.m-02 
6..W-05 
7 9lE-11 
1.6%-U 
6.SEHU 
5.74E-01 
174Eto4 

4.47Em4 
3.1%+03 
1.1JEm1 
5.28-12 
2.mmz 
2.3XMl 
3.0%+06 

7.9%-02 
3.4oEm 
3.2.5-02 

3.9%-02 

i . w ~ m 4  

5.59~m5 

2.4%m5 

7 . ~ - 0 8  
3.92EM5 

1.2%+05 
1.OX-10 

2.87E-01 
9.94E-06 
132E-10 
133Em4 
4.66E-02 

2.64E-U 
7.9EN3 
5.9E-01 

1.3Z-10 

3.9nm3 

z.%mi 

Z.W,E-E 

2 6 3 - 1 2  

8.77E-04 
2.63t-13 
8.27E-07 
1.57E-02 
6 . 5 l E E  
7 87E-11 
1 .m-13  
6 52-02 
5.7E-01 

3.33~m5 

i . 73~ to4  

4 44Eto4 
3 llE+03 

5.m-12 
i . 1 6 ~ m i  

2 . z m  

2.32E+a 
3.OZ?+06 
1.z4Etw 
7.9X-02 
3.39Em0 
3.5lE-02 
5.%Em5 
3 9x-u 

3.9o~m5 
7.49~-08 

2.4Z*5 

1 mm5 
1.OX-10 

2 .m-01  
9 89E-06 

1.32Efl4 
4.6%-02 
2.53EMl 
2.6%-U 
7.9Et03 
5 .G-01  

1.3Z-10 

3 . 9 ~ m 3  

i.32~-10 

2.m-05 

1.3X-14 

4.4E-06 
1 .3Z-E  
4 . Z - 0 9  

i . i o ~ m 3  

8.04~-05 
3 3x-w 
4.0%-13 
8.57E-16 
3 337-04 

8, a m 1  
2.92~-03 

2.27em2 
1.59FW1 
5.9%-02 
2.6%-14 
i.mmo 
1.1%-01 
1.%€+04 
6.3%+01 
4.07E-04 
17%-02 
1.7%-04 
2 ,  &Et03 
2,OlE-04 

1 . ~ E m 3  
z.oo~m~ 
3.83~-10 

6.3EW2 
5.36E-13 
2.02EtOl 
1 .G-03  

6.72E-13 

2.37E-04 
1.29E-01 
ME-14 

3.0Q-03 
1.41-07 
6 .Z-13  

5 . 0 ~ - 0 8  

6 . 7 7 ~ m i  

4 .oami  

, . 0zm5 

1.3E-14 
1.7EW3 
4.4E-06 
1.31-15 
4 . Z - 0 9  
8.04E-05 
3.33E-07 
4.0%-W 
8.57E-16 
3.3%-04 
2.92E-03 
8 . m m i  

2.27Em2 
1.59Eto1 
5.93E-02 
2.6%-14 
1, i%mo 

4 .  i ~ m 5  
6 ,  3%mi 

1.1%-01 

4.0x-04 
1 7Z-02 
1.7%-04 
2.84EM3 
z.oE-o4 

1.24EM3 
2.00EM3 
3.83E-10 

6.37Effl2 
5.36E-w 

1.46E-03 
5.01-08 
6.72E-U 
6.1?€+01 
2 37E-04 

13X-14 

3 WE-03 

6.7Z-13 

2 . 0 ~ ~ 1  

1 2E-m 

4 . 0 6 ~ t 0 1  

1.4e-07 

2.63-u  
3.33Em5 
8.77E-04 
2.m-13 
8.27E-01 
1.57E-02 
6 5lE-05 
7.87E-11 
1.6E-13 
6 52-02 
5.7lE-01 
1. mm4 

4.44EtO4 
3 llEi03 
1.16EWl 
5.23-12 
z . z m  
2.3ZEto1 
3 OZW6 
1 . Z W 4  
7.9E-02 

3.5lE-02 
5.56Em5 
3 9%-02 

2.42Em5 
3 mm5 
7 49E-08 

1, ZEM5 
1.OE-10 

2.m-01 
9. 8%-06 

1.3zEto4 
4.6Z-02 
2.mm1 
2 6%-Y 
1.9%+03 
5 87E-01 
2.m-05 
1.32E-10 

3.39~mo 

3.91m3 

i.3zE-in 

2.6.3-12 
3 mm5 
8.77E-04 
2.633-13 
8.27E-07 
1.573-02 
6.5lE-05 
7.87E-11 
1.6E-13 
6.52-02 
5.71E-01 
1.73Em4 

4.44Em4 
3.llEtO3 
116Em1 
5.2s- l2  
2.mm2 

2.3zEtol 
3.02E506 
1 . Z W 4  
7.9E-02 
3,3%WO 
3.5lE-02 
5.56CH15 
3.93-02 

2.4zm5 
3.mm5 
7.49E-08 

1.2eto5 
1.0E-10 
3.9Eto3 
2.m-01 

1.m-10 
1.3zEto4 
4.6%-02 

2.6%-12 
7.93EiQ3 
5.87E-01 
2.m-05 
1 .X-10  

9 . 8 9 ~ - 0 6  

2.2.5mi 
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3 . 3 ~ 1 0 6  
1 . 4 ~ 1 0 3  

Table B-13 Phase 1 IAW Mass Balance for Batch pc2/L3 (6 sheets) 

1.00-09 1.OoE-09 
1.WEW3 1.OOEto3 

2.93~103 2.98103 3 3x106 4 . 8 l E m  
3.33~m3 3.38103 14z103  1.ooEto3 

5.59E103 

4.14~m3 

2 54E-01 

1.1at01 

5.59E103 

4.14EtO3 

2.w-01 

__ 

2.68-12 
3.38105 
8.7E-04 
2.68-13 
8.2E-07 
1.5E-02 
6.5E-05 
J.8E-11 
1.6E-13 
6.m-02 
5.1E-01 
1.78104 

1.73Em4 
6.1EM4 

4.44E104 
3 .  I I E ~ ~  

2.2~~102 

4.9Z-02 
5.25-12 

2.mm2 
2.m101 

5.56~105 

2 . 4 ~ 1 0 5  

3.9%-02 
5.3lEm5 

3.9m105 
1.4%-08 

9.85Eto5 

1.01-10 
3.93103 
2.m-01 
9.8%-06 
13Z-10 

4 63-02 
2.5OE101 
2.63E-12 

5.87E-01 
2 . E - 0 5  ! 1.32E-10 

i.mms 

1 . 3 ~ ~ 1 4  

7.98103 

1.m-09 

~ 

L.OoE-09 
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Table B-13 Phase 1 IAW Mass Ehhxce for Batch pc2/13 (6 sheets) 

l9 I I=&; 11 Y 13 14 15 16 164 17 18 

I I I I 

3.59Et 

4.79EW2 

2.83-u 
179E45 
9 64E-04 
4.W-13 
2.66E-06 
176E-02 
1.81E-04 
8.787-11 
9. m-02 
6.m-01 
1.97Eto3 
5.21E-02 
6 . Z - U  
3 . m m i  

1.49EW4 
1.Z-01 
5 3m40 
5 26E-02 
7.5TiO5 
5 VE-02 
8 50E-08 
2.96EW3 
1.21E-10 
3.m-01 
2.m-05 
1.67E-10 
1.1Q€m 
4 .  79EiOZ 
5.46E-02 

4.39E-u 
6.Z-01 

1.7E-10 

2 . 3 ~ ~ 1  

3.5~-05 
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Table B-13 Phase 1 LAW Mass Maxe for Batch pC2/13 (6  sheets) 
~~ 

20 21 22 23 24 7.5 26 27 28 

- 
4 .  SEW6 l.6OEUl6 3.21Eto6 2.9ZEto3 3.m-10 1.OoEt06 
1.mm3 1.OOEH3 1.wEto3 3.34EW3 3.34Eto3 1.0oEt03 

i.7Z-10 
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Table B-13 h e  1 LAW b s  Balance for Batch FC2/13 (6 sheets) 
7 2 0  21 22 23 24 25 26 27 2 8  

2.0%-12 
1 79EiQ5 
9.64E-04 
4 ,  04E-U 
2 66-06 
1.76-02 
1.81E-04 
8.1E-11 
9.1zEIIZ 
6 52-01 
1.9Et03 
5.21E-02 
6.m-12 
3.37~101 

1.49EW4 
1.32E-01 
5.36Em 
5.26-02 
7.50Et05 
5.m-02 
8.53E-08 
2.96EM3 
1.2m-lo 
3.24E-01 
2.m-05 
1 6E-10 
l.lQEt04 
4.79Et02 
5.46-02 

4.39E-12 
6.m-01 
3.52-05 
1 7E-10 

2.3~101 

2.m-12 
1.79Et05 
9.64E-04 
4 .04€-l? 
2.66-06 
1.76E-02 
1.81E-04 
8.7E-11 
9.m-02 
6 . m - 0 1  

5 21E-02 
6.X-12 

1.97~to3 

3.3zt01 
3 . 4 ~ m 6  

149Eto4  
1.3Z-01 
5.36tMI 
5 . Z - 0 2  

5.53-02 
8.m-08 
2.96103 
1.21E-10 
3.24E-01 
2.m-05 
1.6E-10 
l.lQEiQ4 

5.46-02 

4 . 3 6 - 1 2  
6 2 - 0 1  
3.52-05 
1.7E-10 

7. a m 5  

4.79~m2 

2 . 3 ~ m i  
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Table B-14 Phase 1 LAW Mass EaLxce for Batch pc2/14 ( 6  sheets) 

1 2 3 4 5 6 7 8 9 10 I 

1.6E-01 
2 .9zm5 
3 OZ-04  
9 23-02 

3.09E-01 
2.Q7l-02 
7.LlE-05 
8.!lOE-o7 

1.24E-01 
Z.!i%H4 

4 .  mmo 

z.!i.5~mi 

i . ! 14~ to4  
2.39~m2 
6.9Z-01 
5 .m-06  
7.94E-10 
2.6EtO4 

i .mmi 
3.4EiO6 
3.47l-04 
8.41W3 
1.02W 

8.1OEffl1 
1.mm1 
6.09EM5 
191WO 

2 . 6 1 ~ ~ 1  

z . m m 5  
4 13305 
6 .5E03 

1 . 4 ~ m 5  
5.66E-02 
1.24EM4 
2.04E-02 
1.m-03 

1.3E-04 
l.bEto4 
4 . m - 0 2  
2.3zm 
2.6E-06 

1 .7Ern1  

1.3ll-04 

5 .14~mi  

i . m m 4  

4.mmo 

1.6OE-01 

3.OE-04 
9.7QE-02 
4.66EWO 
3,OE-01 
2 OX-02 
7.77l-05 
8 ,  FIX-07 
2.9X101 
1 x - 0 1  
2 9lEH4 

2 . 9 ~ m 5  

7 ,  mm4 
2 3 z m 2  
6 .m-01  
5.17E-06 
7.9OE-10 
2.66EH4 

i . 8 1 m i  
3.40EW6 
3.46E-04 
8.4lEW3 
1.8EtoO 
2 . 6 0 ~ ~ 1  
8.o6Emi 
1.1lEm1 
6.06Efl5 
1 94EioO 

2.27~m5 
4 6EM5 
6 46E-03 

1 . 4 ~ ~ m 5  

i.mm4 

5 . m m i  

1 . 6 ~ m 4  

2 . 3 ~ m o  

i . m m i  

5.6JE-02 

2.0%-02 
1 .E-03  

1.3OE-04 

4.3JE-02 

2.6OE-06 
1.4OEto4 

4.1EtOO 
1.3OE-04 

8.38E-04 

1 .X-06  
4.02-04 
2.4G-02 
1.6lE-03 
1.0E-04 
4.0E-07 
4.64.E-09 
1.5X-01 
6.4%-04 
1.56Eto2 

1, mm3 

4.14Eto2 
1.Z4EMO 
3.6E-03 

4.14E-12 
1.4QE+O2 

9.6%-02 

1.8E-06 

9.5E-03 
1.37E-01 
4 . 2 3 3 1  
5.8E-02 

1 OZ-M 

1.19Ern3 

3.3%-05 

Z. IE-O~ 

i.imm4 

4 .41~mi  

3 ,  m m 3  

2 4em3 

i . i ~ m z  
6 . 4 4 ~ ~ 1  
2 . 9 1 4 4  

1.07l-04 
5 . m - 0 6  
2.9%-01 
6.80E-07 
8.74EWl 
2.2E-04 
1.2E-02 
1.36E-08 
?.31*1 
9 . m - 0 2  
2.1%-02 
6 . m - 0 7  

, .4%*5 

8.3E-04 

1.m-06 
4 . m - 0 4  
2.44E-02 
1.6E-03 
1.0E-04 
4.07l-07 
4.64E-09 
1.51-01 
6.4%-04 

i . m m 3  

1.56Emz 

4.14~m2 
1.24~mo 
3.6E-03 
2.7E-08 
4.14E-12 
i . m m z  

4.6b~m5 

4 . 4 ~ m 1  

9.6%-02 

1.8ll-06 

9 5E-03 
1.3E-01 
4.23-01 
5.8E-02 
3.lEW3 
1.0z-02 

1.1%+03 

3.3%-05 

7.7lEm2 
2.95e04 
6.44EW1 
1.m-04 
5.m-06 
2 9%-01 
6 BOE-07 
8 74EHl 
2.27E-04 
1 ZE-02 
1.36E-08 

9.3OE-02 
Z.l%QZ 
6 . m - 0 1  

2.46~m3 

I 3zmi 

1.6OE-01 
2.9lEia5 
3.OE-04 
9 . m - 0 2  
4.66EtoO 
3.06-01 
2.01-02 
7.77l-05 
8.81-01 
2.91m1 
1.24E-01 
2.9JE104 

7.9oEm4 
2.37Em 
6.89E-01 
5.17E-06 
7. %l!-10 
2 a m 4  

i .mmi  
3.4OErn6 
3 . K - 0 4  
8.4EW3 
1.8E+X 
2.6OEWl 
8.06EW1 
1.1lEm1 
6.06Eto5 
1.94Etw 

2.2nm5 
4.6EM5 
6.46E-03 

1.47EW5 
5.6%-02 
1.23rn 
2.0%-02 
l .m-03  
5.7Eto1 
1.3OE-04 

4 3JE-02 

2 6OE-06 

i . 6 ~ m 4  

2 . 3 ~ m 0  

i.4mm4 
1 . 7 7 ~ m i  
4.1E300 
1.3oE-04 

~ 

1.6OE-01 
2.9EW5 
3.01E-04 
9.m-02 

3.01-01 
2.01-02 
7.77l-05 
8 m-07 
2.95301 
1.m-01 

4.66~mo 

2.97~m4 

7.mm4 
2.37EW 
6.89E-01 
5.17l-06 
7.m-10 
2.66EW4 

1.mm1 
3.4OEto6 
3.46E-04 

1.8Ern 
2.60eKil 
8.06Eto1 
1.1lEWl 
6.06EW5 
1.94EW 

2.27EtO5 

6.46E-03 

8 .4~m3 

4 . 6 ~ m 5  

1.4nm5 
5.63E-02 
1.23Eto4 
2.03E-02 
1.m-03 

1.3m-04 
1.67Ern4 
4 . 3 3 0 2  
2.3EtOO 
2.6OE-06 

5 . i ~ m 1  

i.4mm4 
i . 7 t a i  
4.18Emo 
1.3oE-04 
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Table B-14 h e  1 IAW Mass Balaxe for Batch pC2/14 (6 sheets) 

5.35Eto4 5.35~mz 
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Table 8-14 h e  1 IAW Mass Balarre for Batch pC2/14 ( 6  sheets) 

1.6oE-01 

3.OlE-04 
9.7JlE-02 
4 66Em0 
3,OE-01 
2.0%-02 
1.77E-05 
8.8%-07 

1 WEE01 
2.97Em4 

2.91~m5 

z mmi 

7 9mm4 
2.37Em2 
5.37E-02 
5.17E-06 
7.9oE-10 
z.66~m4 

i.8%+oi 
3.405% 
3 . 6 - 0 4  
8.4lEnT 
1.81E*XI 
2.6oEW1 
8.06EtOl 
1.1lEWl 
6.06Et05 
i . 9 4 ~ m o  

z.27~ms 
4 6 ~ m 5  

1 mi05 

i.mm4 

6.46E-03 

5.63-02 

2 0%-02 
1 . E - 0 3  
5.71EtO1 
1.3oE-04 
1.67EtO4 
4.3%-02 

2.6oE-06 
z.zmao 
1.4o~m4 
1.77EtOi 
4.1EtOO 
1.305-04 

6.3%-01 

6.09EW3 

4 5 ~ m 3  

2.m-02 

1.6OE-01 
2.91Em5 I 

7 . m - 0 5  
8 m-07 

1.24E-01 
2 . 9 x m i  

2 . 9 ~ m 4  
2.9lEm4 
1.09EiO5 

7.9m+04 
2.37Eto2 
5.37E-02 
5.17E-06 
7.9oE-10 
2.66~04 

2.66~m4 
i .8emi 
3 . ~ 0 ~ 1 0 6  3 . 5 3 ~ ~  

8 4 1 ~ x 1 3  
i .a l~mo 
2.6mmi 
8 m m i  
1 . 1 1 ~ m i  

3.46EQ4 

6.06Ei05 

6.46E-03 

1.47Em5 
5 6%-02 

2.0%-02 
l . E - 0 3  

1 3m-04 

4.3%-02 

2.6oE-06 

9.9lEm5 

1. mm4 

5 . 7 1 ~ i o i  

1.67~104 

2.29~ino 

i.1+o~m4 
i.imoi 
4.immo 
1.305-04 

L.MIE-09 
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, .09E+03 

5.3Zffl2 

1 JZQ1 
1. =to5 
3.3lE-04 
14lEQ1 
1.mw1 
3.44E-01 
5 loE-02 
8.66-05 

14lE-ill 
1 mtoz 
5.6E-02 
6.4E-06 
9.m-10 
2.64EW1 

3.1%-04 

4 .  m m i  

i . o l ~ m 4  
2.mm 
4.3Zto1 
1.28Et02 
1.66EW1 

2.74Etw 
7.W-03 
9.19EW3 
6.m-02 
2.3oE-02 
1 .m-03  

1.61-04 
1.39Ew4 
5.31to2 
5.loE-02 
2.1Etw 
4.33E-06 
1.88EtO1 
5 . m m  
1.15PY4 

8.17~to5 

1 . m m 2  
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Table B-14 h e  1 IAW Mass Mame for Batch pC2/14 (6 sheets) 

i .71-10 

1 . a - 1 0  
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1.7z-01 

3 . m - 0 4  
1.41E-01 
1 . M t O l  
3.43-01 
5.7Ca-02 
8.66E-05 
4.UEWl 
1.41E-01 
1 m r n 2  
5 6E-02 
6.46-06 
9 m-10 
2 64EHl 

3.73E-04 

i . 5 6 ~ m 5  

i . o m o 4  

4 3 z m i  
1. z ~ m 2  

2.13Eioo 

1.66Eio1 
8.17Eto5 
2.74EmO 
7 34E-03 
9 19Eio3 
6 ,  WE-02 
2 30E-02 
1 . m - 0 3  

1.6%-04 
139Ern4 
5.3%t(12 
5 10E-02 
2.16toO 
4 33E-06 
l.e%rnl 
5.20EtOO 
1.75E-04 

1 m m 2  

~ 

I .  mm6 

1 7z-01 

3.3E-04 
141E-01 
1.mm1 
3.44E-01 
5 7m-02 
8.66E-05 
4.1JEtOl 
1.41E-01 

5.6E-02 
6 .4E-06  
9.m-10 
2.64Eto1 
3.83Eto6 
3 . W - 0 4  

1, ~ m 5  

1. mm2 

i . o m o 4  

1.mm2 

8. i m n 5  

2.13Emo 
4.3ZEiO1 

1.66Eto1 

2.74ErnO 
7.34E-03 
9 19Eto3 
6, WE-02 
2 30E-02 
1 WE-03 

1.6%-04 
1 39Ern4 
5.3%t02 
5.lOE-02 
2.1ErnO 
4 3 s - 0 6  
l.e%+Ql 

1.75E-04 

1 z m 2  

5.mm0 

~ 
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Table 8-15 Ruse 1 IAW Mass Ealame for Batch FC2/15 (6 sheets) 

5.06Eto3 
6.7zEto1 
8.77E-01 
8.WE-02 

7 . M - 0 3  
1 94Eto5 
6.1%-04 
4 . Z - 0 3  
2.1%-01 
1.44E-02 
9.6E-04 
3.6%-06 
4 B - 0 8  
13Eto0 
5.46)-03 
1.17EW4 

4 . B f f l 4  

1.2oEffll 
2.4%-07 
%?E-11 
1.B103 

l .bzEt01  
Z.IzEM6 
1.6zE-05 
1.0zEbQ4 
8 . Z - 0 2  
1.zzEtw 
3.IEtw 
5 zzE-01 
4.06Eto5 
9.0Z-02 

z.mm3 

1.3~m5 
2 82M5 
3 mE-04 

1.0zEto5 
2.64E-03 
4.4oEto3 
1.9E-01 
5.2.5-05 
2.6Eto0 
6.07E-06 
9.76Eto3 
9.94E-02 

1.227-07 

8 34E-01 
1.96E-01 
6.07E-06 

1.1mm 

6.97~~3 

7 46)-03 
1.94Eto5 
6.16)-04 
4.3oE-03 
2.lE-01 
1.44E-02 
9.6%-04 
3.6%-06 
4 1%-08 
1.3Eio0 
5 . 4 8 - 0 3  
1. mi04 

4 . 2 3 t o 4  

l.rnM1 
2.4zE-07 
3 6%-11 
1.BbQ3 

z . 14~to3 

i.6~mi 
2.1Etob 
1.6Z-05 
1.0zEt04 
8.4E-02 
1.ZlEtw 
3 . 7 Z t w  
5.1%-01 
4.04Eto5 
9 0%-02 

1.31~to5 
2 &EM5 
3.0zE-04 

i.oz~ms 
2.6%-03 
4.3Eto3 
1.9Z-01 
5.23-05 
2.6JEtw 
6.04E-06 
9 7 Z t Q 3  
9.8%-02 
1.74Eto1 
12E-07 
6.94Eto3 
8 3OE-01 
1.9Z-01 
6.04E-06 

3 65E-05 
9.46Et02 
3.0lE-06 
2.1oE-05 
1 m-03 
7,OzE-05 
4.7E-06 
1.77Ei18 
2 0zE-10 
6.7%-03 
2 , s - 0 5  
5.6EW1 

2.0Zto2 
1.05Fto1 
5.w-02 
1.1E-09 
1.m-13 
6.1OEtCO 

7.m-02 
1.03Eto4 
7.9oE-08 
4.96Etol 
4 . B - 0 4  
5.9%-03 
1.84E-02 
2 54E-03 
1.9Eto3 
4 4E-04 

6.39EM2 
139Eto3 
1.4E-06 

4.96EKQ 
1.29E-05 
2.14Eio1 
9 . m - 0 4  
2.m-07 
1.3oE-02 
2.96)-08 
4.7z?to1 
4.w--04 
8.4%-02 
5.9%-10 

4.W-03 
9.yiE-04 
2.96E-08 

3.39~to1 

3.62-05 
9.46Em 
3.0lE--06 
2.10%05 
1.06)-03 
7.0zE-05 
4.X-06 
LIZ-08 
2.m-10 
6.7%-03 
2.66)-05 
5.68~toi 

2.07Em 

5.84E-02 
1.1E-09 
1.m-U 
6.1oEiOO 

7.m-02 

7, m-08 

4 B--04 
5.9%-03 
1. &E-02 
2.W-03 
1.9Eto3 
4 . a - 0 4  

6.39Eto2 

1.487-06 

i.mmi 

2 . x ~ m 5  

4 .  96Etoi 

1.36to3  

4.84E-04 
8.4%-02 
5.9%-10 
3.39EM1 
4.06)-03 
9.54E-04 
2.96E-08 

7.46)-a3 
1.94Eto5 
6.16)-04 
4.3oE-03 
2.1E-01 
1.44E-02 
9.63E-04 
3.6%--06 
4 .  m-08 
1.3Etw 
5.4%-03 
1.16~to4 

4.23Eto4 
2 14Eto3 
1.7nEWl 
2.4'2-01 
3.6%-11 
l.?S?to3 

16Etol 
Z.llEto6 
1.6zE-05 

8.4E-02 
1.2Etw 
3.7Ztw 
5.1%-01 
4.04Eto5 
9.0%-02 

i . a z t o 4  

i.mm5 
2.84EW5 
3.m-w 

i.oz~m5 
2.6%-03 
4.3Eto3 
1.97E-01 
5 2 3 4 5  
2.67EW0 
6.0U-06 
9.7zEto3 
9.8%-02 
174EiU1 
1.2E-07 
6.94Eto3 
8.3oE:-01 
1.93-01 
6.04E--06 

7.46)-03 
1.94Eto5 
6.16)-04 
4 . m - 0 3  
2.1E-01 
1.44E-02 
9.6%--04 
3.63E-06 
4 .  E - 0 8  
1.3Etw 
5.4%-03 
i . m t o 4  

4.23Eto4 
2.14Eto3 
1 mull 
2 . a - 0 7  
3.6%-11 
1 25343 

i.6~mi 
2.1lEto6 
1.6Z-05 
1.0zto4 
8.4E-02 
1.2lEtw 
3.77Etw 
5.1%-01 
4.04Eto5 
9.0%-02 

i.31~to5 
2.84Eto5 
3.m--04 

1.0zEw5 
2.6%-03 
4.3E+Q3 
1.97E-01 
5 . 2 3 E  
2.67Eto0 
6.W-06 
9.71Eto3 
9.8%-02 
1.74Eto1 
1.m-07 
6.94Eto3 
8.3E-01 
1.9%-01 
6.04E-06 
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Table B-15 h e  1 WJ k s  EaJamx for Batch pc2/15 ( 6  sheets) 

2 3 4 5 6 7 8 9 10 

1.33Em 1 . 2 9 ~ ~ 4  .29E+% 1.33Em 
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PGL) I 
mx 

Table B-15 phase 1 IAW Mass m e  for Batch FCZ/l5 ( 6  sheets) 
F - - l l  12 I3 14 E 16 16A 17 18 19 I 
!-r?JJD- 

2.37EW6 Z.l3EtO3 2.13Eto3 2.37EW6 3.64Eto6 1.ME-09 1.0oE-09 
l.WEW3 3.3ZEW3 3.3ZEto3 1.4oEW3 1.MEW3 l .ME43 1.0oEW3 

1.ME-09 1.0oE-09 3.31Eto6 7.0EtO3 7.0EW3 3.3EW6 3,64E*16 

7.46E-03 
1.9GW5 
6 16E-04 
4.3oE-03 
2.1E-01 
1.44E-02 
9.6%-04 
3.6%-Ob 
4 . m - 0 8  
1.3EtO0 
5.4%-03 
1.16EW4 

4.mm 
z . 1 4 ~ ~ 3  
3.m-02 
2.4zE-07 
3.68-11 
1.2EW3 

1.6EWl 
Z.llEW6 
1.m-05 

8 4E-02 
1.21Eto0 
3.77EtOO 
5 19E-01 
4.04Ex15 
9 03l-02 

1.3lEW5 
2.84EtO5 
3.02E-04 

i . ~ z z m 4  

i.oz~tos 
2.6%-03 
4.3EW3 
1.97E-01 
5 . m - 0 5  
2.67EiQO 
6 .04E-Qb 

9.897-02 

1.m-07 
6.94EW3 
8.3oE-01 
1.92-01 
6.04E-06 

9.72~103 

i . 7 ~ ~ m i  

7 . G - 0 3  
1.94EMS 
6 .E-04  
4 3oE-03 
Z.1E-01 
1.44E-02 
9.6%-04 
3.6%-06 
4 . m - 0 8  
1.3EtO0 
5.4%-03 
i . 16~m4 

4.m+% 

3.m-02 
2.4Z-07 
3.6%-11 

2. 14~x13 

i . m t 0 3  

i . 61~ to i  
2.1EiO6 
1.62E-05 
1.0zEto4 

1.21Eto0 
3.7JEm 
5.1%-01 
4.04EW5 
9.0%-02 

a.48E-02 

1 . 3 ~ ~  
2.84Eto5 
3.02E-04 

1.02Et05 
2.6%-03 
4.3Et03 
1.97E-01 
5 . m - 0 5  
2.67Em 
6.04E-06 
9.72Eto3 
9.86-02 

1.2E-07 
6.94Et03 

1.9X-01 
6.W-06 

i.izEtoi 

a.3ca-01 

l.lbEW4 
5 65EtO4 

1.2.5303 

2.23E1ob 

3 . 4 ~ ~ 5  

9.9oEW5 

i.isEtOi 

i.ObEtO3 

3.0EtO3 

1.72-01 

L.ME-09 

__ 

1.0oE-09 

8-89 



WHC-SD-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Fq I 3 . 3 3 ~ t o 2 I  4.06Eto3 4.06Eto3 3.33EW2 6.74Eto5 

3.33Eto2 

, . mm3 T .06Eto3 

3.33Em 

8.m-03 
1.04EHF 
6.77E-04 
6 59E-03 
1 OE-01 
16%-02 
2.67E-03 
4.OX-06 
1.93Eto0 
6 2E-03 
136Eto3 
3 7E-02 
3.02-07 
4.27E-11 
z . ~ m m i  
1. lX-05 

i . m m 4  
9.94E-02 
2.OEto0 
5.96EtQQ 
7.1%-01 
5.4Xto5 
1.27E-01 
3.4Z-04 
3 27Eto3 
%WE-03 
2.m-01 

5.1mm 
7.67E-06 

3.33Eto2 
1.17E-01 

2.02E47 

2.4%-01 

a 4 ~ - 0 5  

a . m w  

i.64~toi 

a.7Z-01 

a, u-06 
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i.73-10 

1.z-10 
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Table B-15 h e  1 LAW Mass E5al-e for Batch pC2/15 ( 6  sheets) 

I- 
8 0Z-03 
1 04EM5 
6.7E-04 
6 .58-03  
7.01E-01 
1 6oE-02 
2 6E-03 
4.09-06 
1.93Eio0 
6.21E-03 
1.36EW3 
3.19E-02 
3 ,  0Z-07 
4 2E-11 
2 30Eio1 

1.7%-05 

1 mm4 

2.01~too 
5.96~mo 

5 4em5 

9 94E-02 

7.79E-01 

1.27EQ1 
3 43E-04 
3 27Em3 
3 . W - 0 3  
2.23-01 
8.41EQ5 

7 6E-06 
5.70~100 

8 .  m m 3  
3 3 3 ~ ~ 1 2  

i . 6 4 ~ m i  
1.lE-01 

2.02E-07 
8.79E-01 
2.43-01 
8 1 - 0 6  

!.55?+06 

8.02-03 

6.77E-04 
6.58-03 
7.01E-01 
1.6oE-02 
2.6E-03 
4.0%-06 
1.93Emo 
6 . Z - 0 3  

3.78-02 
3.02-07 
4.2E-11 
2.30Ex)l 

17%-05 

i . m m 5  

i . 3 6 ~ m 3  

zs%m6 

1 mm4 

5.96~mo 

9 94E-02 
2.01Emo 

7.79E-01 
5.4m.25 
1.27E-01 
3.43E-04 
3.27E03 
3.04E-03 

8.lE-06 I 
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Table B-16 Phase 1 WJ k s  M a e  for Batch FC2/16 ( 6  sheets) 
2 3 4 5 6 7 8 9 10 

4.26)-04 
1.9oEW5 
6.7%-04 
2 .6 -04  
1.7.5-02 
8 . m - 0 4  
5.49E-05 
2.07E-07 
1.483-04 
5.93EW1 
3.0%-04 
1.0lEm4 

2 . 5 2 ~ 4  

i . immi 
8.2EW2 

1.3E-08 
2.11E-Y 
7.mm1 

121~x10  

7.56~m4 

9 .37~ to i  
4 .69~m1 
1 .03~m2 
4 . 4 ~ ~ ~ 5  

i . m m 5  

2 26Eto6 
9 2OE-07 

4 85E-03 

5 1E-03 

4 04EM5 
1.7%-05 

1 6 z m 5  

4 . m m  
5 . 4 z m Z  

4.34E-02 
5.9'2-02 
1 . Z - 0 1  
3.463-07 

2.m-02 
2.7%*1 
8.47EtOO 
4.9zEto3 

5.66Eto2 

2 . 5 ~ ~ 3  

n.5mm2 

9.03~t01 
~ 

2 .1 -06  

3.wE-06 
1 .m-06  
6 , s - 0 5  
4.lE-06 
2.m-07 
1. 06+9 
7 %E-07 
3.oz-01 
1 55E-06 

9.69~502 

5 .17~m1 

i .mmz 
4,ZZtOO 
5.61E+2 
7.06-11 
1,OE-14 
3.6%-01 

6.lE-03 
1 E m 4  
4 69E-09 

2 4E-05 
4 ,  ?E-01 
2.39E-01 
5.26E-01 
2.29303 
2 64E-05 

3 . a ~ m 2  

9. mmz 
2,  06m3 

8.mm2 

2.09~m1 

8.81E-08 

2 . 7 E W  

2.21E-04 
3.0'2-04 
7.76E-04 
1.76E-09 

l.lOE-04 
1.4oE-01 
4 .32 -02  

1.31~to1 

2.5mmi 
4.36~m0 
2.mm0 
4.6oE-01 

~ 

I. 19Ex15 

~ 

2.1E-06 

3.4%-06 
1.m-06 
6.36E-05 
4.1E-06 
2 . m - 0 7  
1.06E-09 
?.=E-07 
3.OZE-01 
1.52-06 

9 . 6 9 ~ 2  

5 . i n m i  

1 . m m 2  
4.mm 
5.61E-02 
7.06E-11 
1.OE-14 
3.6%-01 

6.1E-03 

4.6%-09 

2.4E-05 
4.7E-01 
2.38-01 
5.26)-01 

2.64E-05 

9 . m m  

3.30~405 

3.8%02 

2.2sm3 

2.06~m3 
8.81E-08 

2.21E-04 
3.0'2-04 
?,76E-04 
1.76E-09 

l.lm-04 
1.4OE-01 
4.3'2-02 

4.60E-01 

4.26)-04 

6.7%-04 
2.46E-04 
l .m-02  
8.m-04 
5.4%-05 
2.OE-07 
1.4E-W 
5.9%M1 
3.0%-04 
1.0lFW4 

1.9o~m5 

2.52m4 
8 . m m 2  
i.ioEmi 
1.3E-08 
2.11E-u 
7.mm1 

1.2lEW 

9.m-07 

4.8%-03 

4.69EtOl 

z . m m 6  

i . m m 4  

9 . 3 ~ ~ 1  

i.o%m2 
4 . 4 ~ ~ 5  
5.1E-03 

1.93Em5 
4 04EH5 
1.7%-05 

1.63Et05 
5.4'2W2 

4.34E-02 
5.9ZE-02 
1.52-01 
3.46E-07 

2 . E - 0 2  
2 75Em1 
8 4EMO 
4.9zm3 
8 5%m 
5.66EM2 
9.03Ei.31 

4 . 1 0 ~ ~ 3  

2 57em3 

4.23-04 
1.9oEm5 
6.7%-04 
2.46E-04 
1.2s-02 
8.m-04 
5.49E-05 
2.07E-07 
1.4E-04 

3.01-04 
5 .93~mi  

i . 01~m4 

2.mm 
8.2EW2 

1.3E-08 
2.11E-Y 
7 . m W 1  

i . immi 

i.mm 

7.wsm4 

9 .37~mi  
4.6%mi 

4.4zm5 

2.26EW6 
9.m-07 

4.8%-03 

1.03Em2 

5.1E-03 

1.93Eto5 
4.04Et05 
1.73E-05 

1 mi05 
5.4zm 
4 . i a ~ m 3  
4.34~-02 
5.9Z-02 
1.52-01 
3.46E-07 

2. E-02 
2.7%301 

2 . 5 ~ m 3  

8.47~i.30 
4 m m 3  

9 o s m i  
8.5Z102 
5.66Em 
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vq 

Table B-16 Phase 1 IAW Mass for Batch pc2/16 ( 6  sheets) 
F--ll 12 13 14 Y 16 16A 17 18 19 I 

2.61EW6 2.33EW3 2.33Et03 2.61E46 3.9E+% l.X3<9 1.wE-Q9 
i.4%103 3.33~103 3.33~103 145~103 i .oo~to3 i . m m 3  i.mm 

3 . 7 ~ 4 6  7 . 7 4 ~ ~ 3  7.74Eto3 3.7EM6 3.9E+% 1.0oE-09 1 . m - W  

L 

4.m-04 
1 9QEM5 
6.73-04 
2 46E-04 
1 Ze-02 
8.2OE-04 
5 4%-05 
2.0Z-07 
1.4E-04 

3.0%-04 
5 9 3 ~ m i  

1 .01~io4  

2 . 5 ~ ~ ~ 4  
8 . 2 E m 2  
3 91E-02 
1.3E:-08 
2.11E-l2 
7 , I Z M l  

1 21EW0 
2.26Ex16 
9 Z - 0 7  
7 56Eto4 
4.8%-03 
9 3 m o i  
4 m m i  
1. 0%M2 
4 . 4 z t o 5  
5.1E-03 

1 9 3 ~ ~ 5  
4.04~m5 
173E-05 

1 63EM5 
5.42.5102 
4 . 1 0 ~ ~ 3  
4.34E-02 
5.9E-02 
1.52-01 
3.46E-07 
2.57EtO3 
2.m-02 

8.47Etoo 
z . 7 z m i  

4.9zm3 
8 . s w ~ z  
5.66~mz 
9 03Et01 

L.1EMl 

i .44Eto3 

3.29Em 

1.77E-01 

4.m-w 
1 9EM5 
6.73E-04 
2.46E-04 
1.25-02 
8 . Z - 0 4  
5 4%-05 
2,OE-07 
14E-04 

3.03E-04 
1.01E+N 

5 9 3 ~ t o i  

1.olEIO4 
3.6EiQ4 

2.5zEto4 
8.Z8EM2 
3.91E-02 
1.3E-08 
2 . m - u  
7.1zEtol 

7.1zEtol 
1 .2lEm 
226EM6 2.4ZIO6 
9 .Z-07  

4.05-03  
9 . 3 7 ~ 0 1  
4 . 6 9 ~ ~ 1  
i . 0 3 ~ m 2  
4.4ZM5 
5.lE-03 

4.9zEto5 
1.93~105 
4.04EM5 
1.7%-05 

i . onm6 
1.63~105 
5 4 ~ m 2  I 

4 . 9 ~ m 3  
8.55Em2 
5.66EIOZ 
9.03EtO1 L 
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T 4 4 ~ 1 0 3  4 . 4 4 ~ ~ 1 3  

4 .58344  
1.OzEto5 
7.4@-34 
3.  m44 
4 OIE-32 
9.16E-34 
1 . Z - 3 4  
2.3lE-07 
8.3XX11 
3.47E-04 
5.24EX12 
4.14E-02 
1.7s-08 
2 44E-12 
1.73EX10 

9.9%-07 

9.lrnM4 
5.6E-33 
1.53302 
7.4st01 
1.5Etoz 
5.96€M5 
7.2%-03 
1.96EQ5 
3.06EM3 
6.Z6EX12 
4.9Z-02 
9.m-02 
3.m-01 
4.3%-07 
2.14EX13 
3.19Ew2 
2.--02 
2.59EM1 

9.06EX12 
7.04EW2 

1.4~101 

1 . 2 2 ~ ~ 1 2  
~ 
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Table B-16 h e  1 LAW Mass M m e  for Batch FC2/16 ( 6  sheets) Fm-” 21 72 23 24 25 26 27 28 I 

I I I I I I I 

8-97 



WHC-SD-WM-TI-774 Rev.  0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table B-16 h e  1 IAW Mass B a l m e  for Batch FC2/16 (6  sheets) E 20 21 22 23 24 25 26 27 2 8 1  
alm3ENF 

4 . X - 0 4  
1.0ZE45 
7 4oE-04 
3.77E-04 
4 0EQ2 
9.1%-04 
1 . m - 0 4  
2.3E-07 
8.3oEMl 
3.47E-04 

4.M-02 
17%-08 
2.44E-12 
1.73Emo 

9.93-07 

5 . 2 ~ ~ m 2  

9.ioEm4 

i s s ~ r n 2  
5.6%-03 

7 43E+Ql 
1 55E+Q2 
5.96Eio5 
7 29E-03 
1.96E-05 
3.0~3m3 
6 . m m 2  
4.9Z-02 
9.m-02 
3.m-01 
4.3%-07 

3. J%W2 
2.m-02 
2.59EtO1 
1.4EiQ1 
9.06Em2 
7.04Et02 
1 . m t a 2  

2 . 1 ~ ~ 3  

~ 

!.73EW6 

4 . m - 0 4  
1.0zm5 
J.4E-04 
3.77E-04 
4.01E-02 
9.1~3-04 
1.52-04 
2.3E-07 
8.3EMl 
3.47E-04 
5.24Em2 
4 .  NE-02 
1.7%-08 
2.44E-12 
1.73Emo 

9.98-07 

9.1oEto4 
5.6%-03 

7.43ENl 
1.55ErKl2 

7.2%-03 
1.96E-05 

2.73~m6 

i . 55~m2 

5.96~m5 

3.06~m3 
6 . m m 2  
4.w-02 
9.m-02 
3.26-01 
4 3%-07 
2.14Et03 
3.76t02 
2.53-02 
2.5%+Ql 
14EN1 
9.06WQZ 
7.04Eto2 
1 zzEtQ2 

~ 
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Table B-17 Phase 1 IAW Mass EaLmx for Batch FC2fl7 ( 6  sheets) 

2 3 4 5 6 7 8 9 10 

2.OzE-05 

1.1E-03 
1.lE-05 
5 . m - 0 4  
3.8%-05 
2.66-06 
9.m-09 
7.7oE-04 
1.soEtoz 

1,6%M4 

3.5nm5 

2 . 1 l ~ m 1  

1.6%+04 
3.37Em3 
i s % m i  
2 . 0 3 ~ ~ 1  

1 . 1 9 ~ ~ 2  

1.ZS5ffl3 

3.16Eto6 
2.71Etol 
3.llEiO4 
2.3oE-04 
5.5%+01 
5.2IEM1 
1.56EM2 
6.0oEtO5 
4.06FM1 

2.4JEM5 
2.99EtO5 
4 .  m-02  

1.76Eto5 
1.LlEM2 

5.83'-02 
4.23E-03 

1.6%-08 
2 .mM3 
1 G6-01 

6.0%-01 
1.28EiO4 
6.LEtOl 

1.7ztO2 
6.UEWO 

i . m m 3  

4 . 6 1 ~ ~ 2  

2 . 9 ~ m i  

3.:13~to2 

2.0E-05 

1.lE-03 
1.1s-05 
5 . m - 0 4  
3.8E-05 
2.5%-06 
9 ,  m-09 
7.6s-0-04 

2.76M1 

3 . ~ 0 5  

1. ~ m 2  

i.6%m4 

1.69EM4 
3.35EM3 

2.0zEto1 
i.%Emi 

1.mm3 

1.19EMZ 
3.mW4 
2.76M1 
3.16+04 
2.2%-04 
5 . m m i  
5 . i ~ m i  
1.56EWZ 
5.97Effl5 
4.04EM1 

2.46EW5 
2.9EW5 
4.7E:-02 

1.7%+05 
1.6Eto2 
1.mtO3 
5 .m-02  
4.2E-03 
4 5EM2 
1.6%-08 

1.5%-01 
2.9EM1 
6.06-01 
1.27Et04 
6.2bEM1 
3.  5EW2 

2 . 8 6 ~ ~ 3  

i . z l ~ m 2  
6 . 4 ~ m o  

~ 

9 . m - 0 8  
1.74EM3 
5.7%-06 
5.76-oa 
2.m-06 
1.96-07 
1.2E-08 
4.8E-11 
3.7s-06 
7.3%-01 
1.3%-01 
8 . m m i  

E 2EM1 
1.b5Ztol 
7 . m - 0 2  
9.9Z-02 
6 . m m o  

5.83'-01 
1.5Sw4 
1.3%-01 
1.mtoz 
1.m-06 
2.71E-01 
2.5%-01 
1.64E-01 

1.99E-01 

1.ZlEW3 
1.46EM3 
2.3%-04 

8.6lEM2 
7.8%-01 
9.OEMO 
2.8s-04 
2.07E-05 
2.mm 
7.9E-11 

7.8lE-04 
1.46E-01 
2.9%:-03 

3.OE-01 

5.9%-01 
3. m-02 

2.9%m3 

1 . 4 1 ~ ~ 1  

6 . m m i  

i . i m o o  

~ 

, . 16Eto5 

~ 

9 . m - 0 8  
1.74E03 
5.7%-06 
5.76-08 
2.m-06 
1.96-07 
1.2E-08 
4.81E-11 
3.76E-06 
7.3%111 
1.3X-01 
8 . m m i  

8.2EWl 

7.m-02 
9.9Z-02 
6 . K t w  

5.037-01 

13%-01 
1 . m w 2  
l .m-06  
2.7lE-01 
2 , s - 0 1  
7.64E-01 

1.96-01 

12lEtO3 
1 . 4 s m  
2,3%-04 

i.6%mi 

4.31~m5 

z.9%+03 

8.6lEtO2 
7.8S-01 
9 OEM0 
2.8Z-04 
2.07E-05 

7.9E-11 

7.8lE-04 
1 4 s - 0 1  
2.9%-03 

3.07EQl 
1. JZMO 
5.9%-01 

2.mmo 

2.OlE-05 
3.5EW5 
1.18E-03 
1.16E-05 
5 . m - 0 4  
3.8E-05 
2 5%-06 
9 m-09 
1.66E-04 
1.5oEto2 
2 JOEH1 
1.69EtO4 

1.69Eto4 
3.3xm3 
i . % ~ m i  

i.mm 
2.0Ztol  

1.19FM2 
3.ma 

3.1oEiO4 
2.2%-04 
5.=+01 
5. lEtOl  
1.56Eto2 
5.9EW5 

2 .7o~mi  

4 .  0 4 ~ m i  

2.46EM5 
2.9EM5 
4.7E-02 

1.7%05 
1.6oEtoz 

5.m-02 
4 . m - 0 3  
4 . 5 a w 2  
1.6%-08 

1.5%-01 
2 9Et01 
6.m-01 

i . ~ % m 3  

z.mm3 

i.zxm4 
6 . 2 s m i  

1 . 2 ~ m 2  
3.51Et02 

6.41EW 
~ 

2.01E-05 
3 5%M5 
1.1E-03 
1.16E-05 
5.m-04 
3.87E-05 
2.59E-06 
9.m-09 
7.66E-04 
1.Mtoz 
2 .7o~rn i  
i.6%m4 

1.69EiO4 
3.3%t03 

z.ozEt01 
i . % ~ m i  

1 . m m 3  

1.19EMZ 
3.ma 

3.  lQE+O4 
2.2%-04 
5 . Z M 1  
5.1EMl 
1.56EM2 
5.9EM5 
4.04EM1 

2 . 7 6 m i  

2.46~105 
2.9Eto5 
4.7E-02 

i.7%m5 
1.6oEto2 
1 . m W 3  
5.m-02 
4.m-03 
4.56302 
1.6%-08 
2.86EM3 
1 .m-01  
2.9EM1 
6.m-01 

6.ZEtO1 
3 .5 lEm 

6.4EtoO 

i . z ~ m 4  

i.mmz 
~ 
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Table B-17 h e  1 IAW Mass M m e  for Batch FC2/17 (6 sheets) 
2 3 4 5 6 7 8 9 10 

\. 9zm4 , . 88E44 

~ 

. m44 

~ 

B - 1 0 0  
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Table B-17 Phase 1 IAW Mass Ehlaxe for Batch pc2/17 (6 sheets) 
11 U 13 14 15 16 164 17 18 

2.OlE-05 
3.55Em5 
1.1E-03 
1.16E-05 
5.m-04 
3.87E-05 
2.5%-Ob 
9.83-09 
7.66l-04 
1.mmz 
2.7oeto1 
1.69Et04 

i.6%m4 
3 . 3 5 ~ 3 3  
5 . Z - 0 2  
Z.OzEt01 
1.25Eto3 

1. mmz 
3.mm6 

3. 1mm4 

5.mmi 

5.9zm5 
4 oat01 

2.7oEto1 

2.2%-04 

5.1Et01 
1 %Em2 

2 46Et05 
2.9Eto5 
4.JE-02 

1 7xm5 
1 6OEt02 
1.85Eto3 
5.W-02 
4.2oE-03 
4.58EtOz 
1.63E-08 
2.mt03 
1.5%-01 
2.94Et01 
6.OoE-01 
1.zJEt04 
6.mmi 
3.5nmz 
1 . 2 ~ m 2  
6.4EtOO 

~ 

1.53Etol 

1.44Eto3 

L9E-01 

2.OE-05 
3 . 5 5 5 0 5  
1.1E-03 
1.16E-05 
5 . m - 0 4  
3.87E-05 
2 5%-06 
9.m3-09 
7.66E-04 
i.mmz 
2.7mmi 
1.69Fto4 

1.6%+% 
3.35Em3 
5.m-02 
2.mmi 
i . m m 3  

i.i%mz 
3 .  mm6 
z . 7 ~ a m i  
3. imm4 

5.mm1 

5.97~m5 

2.2%-04 

5.1EM1 
l.%EtOZ 

4.04Eto1 

Z.46Eto5 
2.9EtoS 
4.78E-02 

1.7%fflS 
1.60E102 
1, E M 3  
5 m-02 
4 . a - 0 3  
4 . s m 2  
1.63E-oe 
2.mi02 
1.5%-01 
2.94Eto1 
6.OoE-01 
1.27EM4 
6.26Et01 
3.5lEm2 

ti.41E*oc 
i.z1EtoI 

~ 

1.m-09 
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Table B-17 W e  1 IAW Mass Mame for Batch FC2/17 (6  sheets) 

v - - 1 1  12 13 14 E 16 164 17 18 19 I 
SamUlmNQm 

.OOEM3 

8-102 
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Table B-17 Phase 1 IAW Mass EQLmx for Batch pc2/L7 ( 6  sheets) 
F--ZL 21 72 23 7.4 25 76 27 28 I 

i.7T-10 

1.25-10 

B- 103 
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Table B-17 Phase 1 WJ Mass B&mx for Batch pC2,47 (6  sheets) F""-, 21 22 23 ?A 25 76 27 28 I 

2.16E-05 

1.3s-03 
1.7E-05 
1.8%-03 
4.3z-05 
7.1E-06 
1.0%-08 
Z.O%IOZ 
3.0EIO1 

5.5%-02 
2.53FIOl 
1 . 7 s m 2  

2.9zffl1 

i . 9 1 ~ m 5  

2.mm3 

3.73~m4 

9 . m m i  

2.34~102 
8.04~105 

2.63E-04 

8.2JlEWl 

5.69EtO1 
5.43E-02 
1.3Eto3 

6 . Z - 0 2  
6.76E-03 
9. mffl2 
2.06E-08 

i . 8 m m  

2.39~103 
4.93~m2 

z . 7 9 ~ m i  
1.87Eill 

1 mIO0 
6.63EX)l 
4 .4zIO2 
1 5 ~ m 2  
8 . 6 ~ ~  

I. mmf 

2 16E-05 

1.3s-03 
1.JE-05 
1.8%-03 
4.3E-05 
7 1E-06 
1.09E-08 
2.0%+02 
3.0EW1 
2.yEto3 
5.5%-02 

i . 9 1 ~ m 5  

2 m m i  
1 7 s m 2  

z 9 z m i  
3 7z* 

3.73~104 

2.34EWZ 

5 69EIO1 
5.43E-02 
1.3Eto3 

6 .m-02 
6.76E-03 
9 eQErn2 
2 06E-08 

4.93Ern2 
18E-01 
2 79Effl1 
1.WEWO 
6.63EW1 
4.4zffl2 

8 ,  oat05 

8-104 
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Table B-18 Phase 1 IAW Mass Waxe for Batch FC2,lE ( 6  sheets) 

2 3 4 5 6 7 8 9 10 

6 ,  NE-07 
4.0Eto4 
5 3 - 0 3  
3 %E-07 
1.7%-05 
4.6E-02 
7.9E-08 
2.9%-10 
4 . N - 0 4  
8.8lErn 
1.3OEtW 
9 . m m z  

3.76~+04 

2.04~m1 

1.74~m3 

2.46Eto3 

9.6E-01 
1.02E-02 

5.7EW0 
9.6EM5 
1.3OEtoO 

4.9E-01 
2.6ExI0 

13E100 

4 . 2 3 1 0 3  

2.4moo 

i.zmm 
2.4zm0 

6 . 7 ~ m 4  
1 . ~ 0 ~ 1 0 4  
1.01-01 

1.74E104 
7.izEtw 
1.01Eto3 
2.16E-01 
I.S3?-04 

4.OE-10 
2.0E104 
3.2lY-02 

2.19E-02 
2.26EiO3 

1.13%+01 

3 . i ~ m 2  

3 . 4 4 ~ 1 0 1  

i . w ~ m 3  

5 . 4 ~ m 0  
z.: i~-ni 

6. IO€-07 

5.m-03 
3.33-07 
1 7E-05 
4.6%-02 
7.8%-08 
2.9E-10 
4.m-04 

1.29EtoO 

3.9m104 

8 . 7 6 ~ ~ 0  

9.19~102 

3.73~m4 

2 .03~ to i  
2.4%*3 

9.6lY-01 
1.0E-02 
1.7Z+O3 

5.74~100 

1 29~mo 
4 . 2 ~ m 3  

2 44~x10  
7 . 3 ~ 1 0 0  
1.25m5 
2 . 4 4 ~ ~ 1 0  

7.36~104 

i.i3~+04 

9.6lYto5 

4 96E-01 
2 66Eto0 

6 6EN4 

1.02-01 

7 . 1 E m  
l.OOEto3 
2 .m-01  
1 5zE-04 

4.94E-10 
2 OEM4 
3 1%-02 
3.42Eto1 
2.1E-02 

3 . a m 2  

z . m m 3  
1.8%m3 
1 . 6 ~ m i  
5.3%+00 
2 3Z-01 

~ 

3.9E-09 
2 6OEtO2 
3.  m - 0 5  
2.29E-09 
l.lfZ-07 
3.0Z-04 
5.m-10 
1.94E-12 
2.7Z-06 
5.7E-02 
8.352-03 
5 . 9 ~ ~ 1 0 0  

2.48492 
1.59EW1 
1.32-01 
6 . 2 6 - 0 3  
6.6OE-05 
1.mnl1 

3.74E-02 

8.3%-03 

3 .23-03  
1.78-02 
1.59E-02 
4.7E-02 

1.5%-02 

6.mm3 

2.74~101 

8. m m 2  

4 .3em2 
4 79~102 

1 . m m 2  

6 . a - 0 4  

4.6E-02 
6.54Eto0 
1.m-03 
9.9OE-07 
2 . m m  
3.22-12  

2.0E-04 
2 z3E-01 
1.4Z-04 

1.23Wl 
1.09E-01 
3.5lY-02 
1.5lY-03 

1 B ~ Q Z  

i . 4 ~ m 1  

~ 

3.9E-09 

3.6OE:-05 
2.2%-09 
1.16E-07 
3 08-04 
5 .m-10 
194E-12 
2 75E-06 
5.7OE-02 
8.3%-03 
5.9EtW 

2.60~m2 

2.43~mz 
i.5%m1 
1 . X - 0 1  
6 26-03 
6.6oE-05 
1 m x I 1  

3.74-02 

8.3'3113 
2.74Effl1 
3.23-03 
1.78-02 
1.5%-02 
4 . x - 0 2  

1.5%-02 

i .mm5 

8 . 1 ~ 3 ~ 2  

4.31m2 
4.19Em2 
6 . m - 0 4  

1, m m 2  
4 6E-02 
6.54E100 
1.40E-03 
9.9OE-07 

3.m-12 

2.0E-04 
2.23-01 
1.4Z-04 

2 . m m 0  

i.3zm2 

1.4nrni 
i .mmi 
1.0%-01 
3.51E-02 
1.51E-03 

~ 

6.1OE-07 
3.9EW4 
5 .Z-03  
3 . Z - 0 7  
1.7E-05 
4.65E-02 
7 .  =-@a 
2.9E-lo 
4.Z-04 

1.29Em 
8 . 7 6 ~ ~  

9 . m m 2  

3.73EW4 

2 0ZM1 
9 6E-01 
1.olE-z 
1 7XW3 

5.74EMO 
9.6EW5 
1.29EtO0 

4.9fZ-01 
2.66EtW 
2.44EtoO 

125305  

2.4zm3 

4 . 2 1 ~ ~ 3  

7.33~mo 

2.44~mo 

6.6Eto4 
7.36Eto4 
1.0%-01 

i.ixm4 
1 mm3 

3 . ~ 0 2  

7 1EtO0 

2.1%-01 
1.m-04 

4.94E-10 
2.0EtW 
3.1%-02 

2 1E-02 
2 . m 0 3  
1.89Eto3 
1.67EiOl 

2.32-01 

3 . 4 ~ m i  

5.39~mo 

~ 

6.1OE-07 
3.9Eto4 
5.53-03 
3.m-07 
1.7E-05 
4.61-02 
7. m-08 
2.97E-10 
4.Z-04 

1.2%100 
9.1%+02 

8.7f~too 

3.78W4 
2.43303 

9.6E-01 
1.0E-02 
1.73E43 

5.74E40 
9. LEN5 
1.29Etoo 

4.9fZ-01 
2.66Etw 
2.44EtMI 
7.33Em0 
1.25M5 
2.44EW 

6 . 6 E m  
7.36Eto4 
1.01-01 

1.7Z+O4 
J.lE100 

2 Is-01 
1 . Z - 0 4  

4.94E-10 
2.0JEm 
3.1%-02 

2.m-02 

1.89Eto3 
1.67EMl 
5.39Em 
2.32-01 

2 . 0 ~ m 1  

4.mm3 

1.mm3 

3 . m m z  

3.4zmi 

z . rn rn3  

8 - 1 0 5  
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TWRS P R I V A T I Z A T I O N  PROCESS TECHNICAL BASELINE 

Table B-18 Phase 1 IAW Mass i5al-e for Batch pc2/18 ( 6  sheets) 
2 3 4 5 6 7 8 9 10 

..37Em4 .37~rn2 .35Effl4 t.35~rn4 .37Effl2 
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TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table 8-18 Phase 1 IAW Mass Balance for Batch FC2/18 (6  sheets) 

k i u n  

6.1oE-07 
3.98Etw 
5 . Z - 0 3  
3 . Z - 0 7  

4.61-02 
7.8%-08 
2.97E-10 
4.22-04 

1.7~05 

a 7mma 
1. z%mo 
9.19~m2 

3 . 7 3 ~ ~ 4  
2 . 4 ~ m 3  
2.76E-02 
9.61E-01 
1.01E-02 
1.73EW3 

5.74EW0 
9.6i~m5 
1 z9~mo 
4 21~x13 
4.96~-01 
2.66EWO 
2.44EW0 
7 33Em0 

2 44ErnQ 

6 67EH4 

1.0%-01 

173Em4 
7 1Emo 
1.00EH3 
2, lZ-01 
1 . 5 2 - 0 4  
3 mm 
2.07EW4 
3.1%-02 

2.1R-02 

1 2 5 ~ x 1 5  

7 36~104 

4.94~-10 

3.38~~1 

2.mm3 
i.a9~m3 
1.67~~1 

Z.~ZE-OI 
5.39Em 

2.azm1 

i.mm3 

9.27EW2 

3.44E-01 

1.71W6 

3.52W0 

2 . 3 9 ~ ~ 3  

6.1QE-07 
3.9Ern4 
5 . Z - 0 3  
3.m-07 
1.7%-05 
4.6E-02 

2 97E-10 
4.Z-04 

1.2%+00 

7 a%+a 

8.76~to0 

9 1 9 ~ ~ 2  

3.73~m4 
2.4ew3 
2.76E-02 
9.61E-01 
i.a1~-02 
1 mm3 

9 6 1 ~ 4 5  

4 . ~ 1 ~ ~ 3  
4.96~-01 

5 74Em 

1.29Em 

2 66EW 
2.44Em 
7.33E+X 

2.44EtW 

6.67EtQ4 
7.36Em4 
1.01-01 

1.73EW4 
7.18EmU 

2.E-01 
1 Z - 0 4  

4.94E-10 

3.1%-02 

2.m-02 

1 . 2 ~ 0 5  

1 mm3 

3.  z m z  
2.07~104 

z . ~ r ~ m i  
2 . ~ ~ 0 3  
1.a9~m3 
1.67~~1 
5.39~~0 
2.X-01 

1.1QEw 
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Table 8-18 Et.ase 1 IAW Mass Balance for  Batch FC2/18 (6 sheets) 

1.37Efl2 

.mm3 

T 6.56-07 

6.07E-03 
5.4oE-07 
5.723-05 
5.zoE-oz 
2.18E-07 
3 3E-10 
1.23EWl 

2.14~m4 

1 . u ~ m o  
i.mm3 
2.9zE-02 
1.mWO 
1.17E-02 
8.2EMO 

1.39EtOo 

5 . 0 7 ~ m 3  
5.m-01 
4.4Etw 
3.e6Ei.m 
1.1OEtol 

3.43Em 
1.19E-01 
J.51Etoz 
8.29EMO 
2.44E-01 
2.44E-04 
6.96Em 
6.2%-10 
1 7zm4 
137Em 
3 . 7 6 E a  
2.20EMl 
3 63-02 
Z.OoEW3 
2.1Ein1 
6.7ENO 
3.1%-01 

i . 6 ~ m 5  

8-108 
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Table 8-18 Phase 1 IAW Mass Balinre for Batch FC2/18 (6 sheets) 

i 

.94EMS 
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TWRS P R I V A T I Z A T I O N  PROCESS TECHNICAL BASELINE 

Table B-18 h e  1 IAW k s  Marre for Batch FC2/18 (6  sheets) 

6.33-07 

6.OE-03 

5.72E-05 
5.m-02 
2.1E-07 
3.31E-10 
1.23EHl 
1.4lEWO 
1.55?+03 
2.922-02 
1 20EM0 
1 17i-02 
8 2EM0 

2. i4~m4 

5.40.-07 

1.39~40 

5.07im3 

4.41~mo 

i . 6 ~ m 5  
3.43~~0 

5.82-01 

3.86EtO0 
1.1aEtol 

1.1%-01 
J.5EiO2 
8.29EtMI 
2.44E-01 
2.44E-04 
6.96Eto2 
6.26-10 

1.37EiO2 
3.76E-02 

3.622-02 
2.00Et03 

6.7lEWO 
3.13E-01 

i.iz~mi 

z.mmi 

z.mmi 

!.2lE+06 

__ 
6.X-07 
2 14EtO4 
6.07i-03 
5 4m-07 
5.722-05 
5.m-02 
2.lE-07 
3.31E-10 
1.23Em1 
1.47Em0 
1.55Fm3 
2.922-02 

1.llE-02 
8.2EMO 
2.27Eio6 
1.39EiOO 

i.mmo 

5 ,  o m 0 3  
5.82-01 
4.41Em 
3 %Et00 
1 l0Etol 
1.68Eto5 
3.43EtOO 
1 19E-01 
7.51Em2 
8.29Etw 
2.44E-01 
2.44E-04 
6.96Eto2 
6.28-10 
1.1zm4 
1.37Em2 
3.X-02 

3.622-02 

2.11EtO1 

3.m-01 

2.mmi 

2.omm3 

6 . 7 ~ ~ 0  

~ 

B - 1 1 0  
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Table B-19 h e  1 IAW b s  Balance for Batch FC2/19 (6 sheets) 

5.23-08 
6.0%+03 
8.81E-02 
3.m-08 
1.52-06 
5.0%-03 
6.7%-09 
2.54Ell 
4 .  .a-05 
2. bXM2 
1.21E-01 
1.58Effl3 

4.OlEiQ4 

3.6ZW 
9.07E-02 
1.1lT-03 

4.51~m2 

i.mmz 

i . t l~m2 

i.42m3 

2 mmz 
b.n7~-01 
i.zmm5 
2, imoz 

1.21~~5 

1 . o ~ ~  
i.mmz 

6.2lEW5 
1.2E-01 

5.37F-02 
ZSE-01 

3.0EW4 

1. m-02 

3 6 z W 2  
2 &E-01 
1.36E-05 

4,%3E-11 

3.m-01 

1 %E-03 
2 OEN4 
4.33Em2 

5.C11E-01 
2.(I7E-oZ 

3 m m i  

8 ,  al~m3 

i.amoi 

~ m m o  

5.20E-08 
6 06EM3 
8. 77F-02 
3.m-08 
1.51E-06 
5.CG-03 
6.70E-09 
2.53-11 
4.4E-05 
2.64EtU 
l.m-01 
i.57~m3 

3.99~m4 
4 .  mm2 
3.6mmo 

1 . 8 ~ 0 2  

9.0s-02 
1.0%-03 

l.lEW2 
6.1BEto5 
l.m-01 

5 . X - 0 2  
2.4%-01 

6.W-01 

i.44~m3 

2.4mm2 

1 mm5 
2.16~102 

3 . 0 6 ~ ~ 3 4  
i.21~m5 

i.oxm4 
1, mmz 

1.1%-02 

3 60EW2 
2.46E-01 
1.3X-05 

4.21E-11 

3 21E-01 

19s-03 

3 4mni 

8.77~103 

i . m m i  

z.amm4 
4.3mmz 
1.5JEtoO 
4.99E-01 
2. 06E-02 

2.55-10 
2.97EtOl 
4.2%-04 
1.4E-10 
7.4E-09 
2.42-05 
3.m-11 
1.WE-13 
2.1%-01 
l.Z%tOO 
5.8%-04 
i.7a~mo 

1.955W2 
2.mm0 
1.76E-02 
4.4Z-04 
5.3%-06 
9.0%-01 

3.mino 
3.03ExI3 
5 . 8 9 ~ ~ 1 4  
7.on?mo 

1 imoo 

5 . 8 ~ ~ 1 0 2  
1.06~mo 

1, a m z  
5.94~m2 

2.61E44 
1 ZZE-03 

3.3X-03 

5.51E-05 

5.0XtO1 
7.72-01 

1.2E-03 
6.6E-08 
17m-01 
2.W-13 

15E-03 
8 .  e+-02 
9 43E-06 

1.76~mo 

4.29~mi 

i .01~mz 
z.i1~mo 
1.66E-03 
2.44E-03 
1.01E-04 

2.51-10 

4.2%-04 
1.4E-10 
7.41E-09 
2.4?415 
3.Z-11 
1.WE-U 
2.19E-07 

5.8%14 

2.97~mi 

i.29~too 

7 immo 

1.9~mz 
2 mm 
1.76E-02 
4 . a - 0 4  
5.32-:-06 
9.02-01 

3.ZW 
8.6UEiQ4 
5.86-04 
7.07em 
2.61E-04 
1.Z-03 
1.17EtW 
3.32-03  
5.82to2 
1.06~mo 

5.94~m2 

5.omoi 

1.76~mo 

1.rntU 

5.51E-05 

7.12-01 

1.21E-03 
6.61E-08 
1.7OE-01 
2.06E-l3 

1.57F-03 
&ME-02 
9.43E-06 

2.1EtW 
7.66E-03 
2 44E-03 
1 OE-04 

4.2%mi 

1 om02 

5 . m - 0 8  
6.06EM3 
2.23-02 
3.0rn-08 
1.51E-06 
5.m-03 
6 7OE-09 
2.53-U 
4 4E-05 
2.64Eto2 
l.m-01 
1.57Em3 

3.9~m4 
4.4%M2 
3.6etW 
9.0s-02 
1.0%-03 
1.8~102 

7.1EM2 
6.lEW5 
l.m-01 

5.34E-02 
2.4%-01 

6.W-01 

2.16Eto2 

i.44~m3 

z.~oehlz 

i.mms 

3.06~m4 
1 . m m s  
1.1%-02 

1.03EW4 
1.58Eto2 
3.6lDWZ 
6.2%-02 
1.32-05 

4.2lE-11 

4.m-02 

1.9%-03 

3.47~mi 

8 . i ~ m 3  

i.81~mi 

z . o ~ m 4  
4.31~102 
i.5~mo 
4.9%-01 
2.06E-02 

5 .m-08  
6.06Eto3 
2.z3E-OZ 
3.wE-08 
1.51E-06 
5 m-03 
6.7OE-09 
2.53-11 
4.4Ei-05 
2.64Eto2 
l.m-01 
1.5EtQ3 

3,9%*4 
4.4EM2 
3.6OEtW 
9.037-02 
1.0%-03 
1.8XW 

7.lEW 
6.1EM5 
1.m-01 
1.44Eto3 
5.34E-02 
2.4%-01 

6.84E-01 
1 . ~ W 5  

2.40~m2 

2.i6~mz 

3.06Eto4 
1.z1Eto5 
1.13E-02 

1.03Em4 

3.6OEMZ 
6.293-02 
1.32-05 
3.4Eiil1 
4.m-11 
8.7EW3 
4.11E-02 
1.81E+O1 
1.9s-03 
Z.oEm4 

i.mm2 

4.31~m2 
1.5zmo 
4.99E-01 
Z.WE-02 

2.5E-u 
2.9%-01 
l.lca-06 
1.4E-U 
7.46E-11 
2.4E-07 
3.3m-13 
1.75-15 
2.m-09 
1.m-02 
5.9S-06 
7.76E-02 

1.9EtW 
2.21E-02 
1.x-04 
4.4TE-06 
5.3E-08 
9.11E-03 

3.51E-02 
3.0XWl 
5.937-06 
7 . Z - 0 2  
2.6X-06 
1.23E-05 
1.18E-02 
3.3E-05 
5.89EtW 
1.06E-02 

1.5lEtW 
5.98Etoo 
5.5%-07 

5.0%-01 
7. m - 0 3  
1.7E-02 
3.1OE-06 
6.66E-10 
1.7lE-03 
2.083-15 
4.32E-01 
2.0%-06 
8.9OE-04 
9.rn-08 
1.ozmo 
2.1%-oz 
7 JZ-05  
2.4s-05 
1.OzE-06 
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Table B-19 Phase 1 IAW Mass L!ah%x for Batch pc2/19 ( 6  sheets) 

3.85304 

? , 7 5 3 0 3  

5.z-02 

L.7Z-01 

L.84E-01 

3.85Wl1 
1.m-01 

5 .  %E-04 

L.7LE-03 

L.84E-03 

1.853-01 
! .m-03  

~ 
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Table B-19 Phase 1 IAW Mass B a l m  for Batch pc2/19 (6 sheets) 

l.lj4Eto1 9.16EW2 3.1lEM5 3.  i ~ m 5  9. i6.m 
2.m-01 5 . i z t03  5 . 7 ~ ~ ~ 1 3  
9.1%-03 1.EFM2 1.87EMO 1.87Etw 9.16EM1 9 . 2 3 ~ ~ 1  9 . 2 9 ~ ~ 1  
4.OoE-03 8.1EMl 8.1EM1 

wt 2.Ij7E-1I 
AL(M)4- 2.'3%-01 
m3 1.m-06 
p9t5 1.4E-Y 
Bt3 7.46.-11 
Ivkz 2 47E-07 
BE+2 3.3oE-u 
BI+3 1.23-E 

a2 
me 
m-2 1.97Em 
m ( ~ ) 4 -  2.m-02 
a+ 1.7E-04 
aK2 4.42-06 
W-E4 5.3E-08 
F- 9.lE-03 
€2 
Fz+3 3.:rlE-02 
m 8.66EM2 
m2 5.93E-06 
K+ 7.U-02 

2.63-06 
Elit2 1.23-05 

1.13-02 
3 37E-05 

NA+ 5 . ~ 9 ~ 1 0 0  
NI+3 l .w-02  
NIL 
NIL- l.!>EMO 
KO- 5.9EMO 
Npc4 5 .52 -07  
m 
M- 5.09E-01 
mt4 7, UOE-03 
m-3 1 7E-02 
Rw1 3.1oE-06 
sEt6 6.66.-10 
S M  1.7E-03 
w 2 O E - 1 5  
m-2 4 3zE-01 
m2 2.03-06 
m- 8 9oE-04 
TI* 9 .WE-08 

u z t 2  2 13-02 
Ioc 1. ozmo 

7.7z-05 I 2 46E-05 
1.W-06 

5.23-08 
6.06EM3 
2.23-02 
3.OOE-08 
1 .X-06  
5.OOE-03 
6.7oE-09 
2.53-11 
4.4E-05 
2.64EM2 
1.2oE-01 
1.57Ex13 

3.99Em 
4.49EM2 
1.06.-02 
9.03-02 
1.0%-03 
1.85EM2 

7.lEMZ 
6.1BEM5 
1.m-01 
1.44EM3 
5.34E-02 
2.49E-01 
Z.4oEM2 
6.W-01 

2 l6EM2 

3 OEM4 
1 2EM5 
1.13-02 

1 03x14 
1.58Eto2 
3 60EM2 
6.2%-02 
1.35E-05 

4 ZE-11  
8 77EM3 
4.1E-02 
179EMl 
193-03 

1 . 2 0 ~ ~ 5  

3 .47~ io i  

2 0 7 ~ ~ 4  
4 . 3 1 ~ ~ 2  
1 57EOO 
4 9%-01 
2.06E-02 

3.59EWO 

l . m M 3  

8.89EM2 

1.8E-01 

5 . m - 0 8  
6 KEN3 
2.m-02 
3 WE-08 
15E-06 
5 .  WE-03 
6.7oE-09 
2.53-11 
4.4E-05 
2.64EMZ 
l . m - 0 1  
1.57EM3 

1.57EM3 
1.02M5 

3 . 9 9 ~ ~ 4  
4.4%M2 
1.06.-02 
9 . 0 3 4 2  
1.09E-03 
1.85EW 

5.34E-02 
2.4%-01 
Z.4OEM2 
6.84E-01 
1.23M5 
2.16EMZ 

3.06EM4 
1.2lEM5 
l.m-02 

1.2EM5 

9.5lEM5 
.03EtW 

.6oE+02 
2%-02 

1.32-05 
3.47EM1 
4.2IE-11 
8.7EM3 
4.1E-02 
8 87Etw 
1 93-03 
2.07EM4 

1 57Ex10 

.58~+02 

4 . 3 ~ ~ 2  

4.99E-01 
2.06E-02 I 

t . m t 0 3  

3.89Ern 

3.ooEtw 
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5.47E-02 

1.70E-01 

1.m-01 

3.71W1 
L.77E-01 

i %E-04 

L.72E-03 

L.84E-03 

3.81-01 
<.WE03 

.mt .mm3 

6.M-04 

1.JzE-03 

1.84E-03 

9.8EQl 
2 . a - 0 3  

5.5%-08 
3.m03 

2.m-02 
4 6E-08 
4.87E-06 
5.59E-03 
1. e@-08 
2.82-11 
3.69EKJZ 
1.3EQl 
2 eat02 
1 m-02 
l . m - 0 1  
1 .m-03  
1.03~to3 

1 . a - 0 1  

l.7GW3 
6 X-02 
4.14E-01 
3. eQEW2 
1.03Em 
1.6EW5 

1.m-02 

2.69EW2 

3 . 0 ~ m 2  

1 . m m 2  

7.34E-02 
2.17E-05 
7.43Eto1 
5.3!i-11 
7.3lEm 
9 . E - 0 1  

5.17E-02 
8.44Em 
3.21E-03 
4.57Em 

6.21E-01 
2.7%-02 

i . 9 7 ~ m o  

8-114 
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1.18Eto6 6.26Eto5 6.27Etoz 6.27Etoz l.OoEt06 

Table B-19 h e  1 IAW Mass Balarce for Batch FC2/19 (6 sheets) 

I- 

6.26EioS 
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Table B-19 %e 1 IAW b s  Mame for Batch pC2/19 (6 sheets) p&K-” 21 22 21 24 25 26 27 28 
awamlz 

Fq [ 1.77Et05 [ 7.7EM5 I9.54Effl5 I 
L z i G G G o  
Cssirm 
stmhiun 

9.16Eto2 
6 llEtO3 
9 lEX1l 
8.mm1 I /  

5.5%-08 
3.mm3 

2.m-02 
4.6oE-08 
4.82-06 
5.5%-03 
1.m-08 
2 .m-11 
3.69EW2 
1.3E-01 

1.m-02 
1.1%-01 
1 . Z - 0 3  

2.eam2 

1.03~m3 

1.3OE-01 

174EX13 
6 ZE-02 
4 14E-01 
3 ,  mN2 
103Ewo 
i . 6 1 ~ m 5  
3.oamz 

2.69~mz 

1.25-02 

1 83EM2 

7.34E-02 
2,12+5 
7 4%X11 
5.3X-11 

9 . E - 0 1  

5.12-02 
8 44EX10 
3.21E-03 
4.57EX12 

6.21E-01 
2.7%-02 

7.31~m3 

i . 9 7 ~ ~ 1 0  

5.5%-08 
3.mX13 

2 . a - 0 2  
4.6E-08 
4.82-06  
5.5%-03 
1.m-08 
2.m-11 
3.69EW2 
1.3E-01 
2.84Eto2 
1. m-02 
l . m - 0 1  
1.23-03 
1.03EX13 
7.7EW5 
1.3OE-01 

1.74EX13 
6 . Z - 0 2  
4 14E-01 
3 mX12 
1.03EtOo 
1.61Eio5 

1.25-02 
3.04~m2 

2.69~m2 
1 . 8 3 ~ ~ 1 2  

7.34E-02 
2.17E-05 
7 43EX11 
5 3X-11 

9.8X-01 

5.12-02 
8.44EX10 
3 . m - 0 3  
4 . 5 2 t o 2  

6.21E-01 
2.7%-02 

7 . 3 ~ m 3  

i.9mmo 
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Table B-20 h e  1 IAW Itass Balame for Batch FC2/20 ( 6  sheets) 

1.33E-08 

2.00)-01 
7.6%-09 
3.87E-07 
3.3E-03 
1.7E-09 
6.4%-12 
2.98-05 
6.0EW2 
5.1E-02 
3.4zEto3 

6.9.5~m3 

8.4%+04 
6.0E+02 
4.73EMo 
3.88-02 
7.37E-04 
1 .?h€+oZ 

1 6 3 ~ m 3  
i .mm6 

z . m m 3  

5 . 4 6 ~ ~ 2  

4 . m m z  

5 . a m 4  
2.64~105 

5.18-02 

3.6E-02 
1 OE-01 

2.9%-01 
2.5EM5 

7.58-03 

2.08W4 
3.6OEt02 
6.48EtO2 
5 .m-01  
4 5%-06 

107E-11 

7.27E-01 

6 3 3 - 0 4  

b.L.OEW2 
6.73E-01 
2.01-01 
6 . W - 0 3  

2.30)mi 

1.64~m4 

3 vEmi 

4.69~m4 

___ 
1 . X - 0 8  
6.9Zffl3 
1.9%-01 
7.6E-09 
3.88-07 
3.36)-03 
1.70)-09 
6 . G - 1 2  
2.9%-05 
5.9EW2 
5.  E - 0 2  
3.4EW3 

8.4EW4 
5.99EW2 
4.70)m 
3.m-02 
7.34E-04 
i.zjEmz 
i . 6 3 ~ m 3  
i . a ~ m 6  

2 . ~ m 3  
5.1%-02 

3.5%-02 
1 OE-01 
5 .44Em2 
2.9zE-01 
2 mm5 
4 .  mmz 
5.mm4 
2 .6zm5 

z . o m a  
3 . 5 9 ~ ~ ~ 2  

7 Z - 0 3  

6 48W2 
5.23E-01 
4.Z-06 

1 .0?!-11 

7.23-01 

6.47E-04 
4.6lEW4 
6.57EW2 
6.70)-01 
2.04E-01 
6.9E-03 

2 . 2 9 ~ ~ 1  

1.63~m4 

3 .5nmi  

____ 

6.30)-11 
3.29EW1 
9.4%-04 
3.6zE-11 
l .m-09 
1.60)-05 
0.m-12 
3.01-14  
1.4oE-07 
2.84EtOO 
2.41-04 
i .mmi 

4.oo~m2 
2.85EtOO 
2.24E-02 
I.%€-04 
3.4%-06 
5.8%-01 

7.7%+00 
5.69EW3 
2.4X-04 
1.Z2E101 
17E-04 
5.m-04 
2.5%+00 
1.39E-03 
1.19EW3 
2 . 3 z m  

2.76~m2 
1.2%+03 
3 . X - 0 5  

9 . i ~ m i  
1.7lEm 
3.0EMo 
2.4%-03 
2. E - 0 8  
1.0%-01 
5.07E-14 

3 ,  44E-03 
1.b7E-01 
3 0%-06 
2.2zEto2 
3.13EWQ 
3.19E-03 
9.70)-04 
3.2%-05 

i .7zmi 

~ 

69Et05 

6.3Ca-ll 

9.4XQ4 
3 .bZ-l l  
1.83-09 
1.60)-05 
8 1oE-12 
3 0%-14 
1.4oE-07 

2 48-04 
1 6 Z W l  

3.2%mi 

2.84~mo 

4 ,  wEW2 
2.mm 
2 . z - 0 2  
1.W-04 
3.4%-06 
5.81-01 

7.73Etw 

2.48-04 

1.7E-04 
5.m-04 

1.3%-03 

i . 71m5 

i.zzEtoi 

2.59~mo 

i .19~m3 
2.3.mmo 

2 . 7 6 ~ ~ ~  
1.25EX13 
3.m-05 

9.7oEio1 
1.7l~mo 
3.07~mo 
2.4%-03 
2.23-08 
1.0%-01 
5.07E-14 
7.77EW1 
3.44.E-03 
1.67E-01 
3.0E-06 
2.zzEtoz 
3.1%+0€ 
3.19E-03 
9 7oEQ4 
3 29E-05 

1.m-08 
6.92343 
4.6%-02 
7.6E-09 
3 m - 0 7  
3 . x - 0 3  
1.70)-09 
6.42E-12 
2.933-05 
5 9%M2 
5.m-02 
3 . 4 ~ m 3  

8.4EW4 

4.70)m 
3.m-02 
7.34E-W 

5.99~mz 

1.23m2 

i . 6 ~ m 3  
1. a€* 
5.m-02 
2 . X t 0 3  
3.5%-02 
1.0E-01 
5.44€+32 
2.9zE-01 
2.YlEM5 
4 .  mi02 

5.mm4 
2.62Eto5 
7 . Z - 0 3  

2.04Eto4 
3 59E% 
6 . 4 1 %  
1.24E-01 
4 .52 -06  
2.29EtOl 
1.07E-11 
1.6%+@4 
8 .X-02  

6.47E-04 

6.5EW2 
6 70)-01 
2 . w - 0 1  
6.9E-03 

3 . 5 ~ m 1  

4.67~m4 

1.3Z-08 
6.92Et03 
4.6%02 
7.6E-09 
3.m-07 
3.36)-03 
1.7oE-09 
6.4Z-12 
2.93EQ5 
5.9E% 
5.m- 
3 . 4 1 ~ ~ 1 3  

8.4EN4 
5.9%*2 
4.70Emo 
3.m-02 
7.34E-04 
i.mmz 
1.63EM3 
1. a€* 
5.m-02 
2 . X t 0 3  
3.5%-02 
1.OE-01 

2.9Z-01 
2.33W5 

5.43~m2 

4 . m m  

5.mm4 
2.6Z4Q5 
7 . Z - 0 3  

2 04Ern4 
3.5%% 
6 41402 
I.%€-01 
4 .52 -06  

1.07E-11 
1.63€+04 
8.X-02 
3.5EW1 
6.47E-04 
4.6JEW4 
6.57EM2 
6.7E-01 
2 WE-01 
6.9E-03 

2 . 2 9 ~ m i  

6.31-13 
3.m-01 
2.2s-06 
3.6%-13 
1, E€-11 
1.6lE-07 
8.17E-14 
3.OE-16 
1.4lE-09 
2.87E-02 
2.47EQ6 
1.63-01 

4.0%W 
2.87i02 
2.26E-04 
1.8e-06 
3.52E-08 
5.90)-03 

7.7%-02 

2.47E-06 
1.23-01 
1.m-06 
5.m-06 
2.6E-02 
1.4oE-05 

2.34E-02 

2.7eEm 
1.26Eto1 
3.6llE-07 

9.m-01 
1 . n - 0 2  
3.08-02 
5.94E-06 
2.17E-10 
l.lOE-03 
5.1E-16 
7.W-01 
4 . l E 4 6  
1.6E-03 
3.1oE-08 

3.m-02 
3.2E-05 
9.7m-06 
3.3E-07 

5 .94~m1 

1.mmi 

2 . 2 4 ~ 4 0  

__ 

8 - 1 1 7  
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Table 8-20 Ehse 1 IAW Mass Marre for Batch FC2/20 (6  b e t s )  

8.77Eto4 I-il 5.4mm 

1.9EI4 .!?Et04 

1,5241 

3.87E-01 

3.9%-01 

2.0oEm2 
5.3E-01 

1 . Z - 0 3  

3 .  En-03 

1.957-03 

L O O E t W  
5.3E-03 

1.5oE-01 

1. E - 0 1  

1.95E-01 

1.98Et02 
i.3lE-01 

B-118 
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Table B-20 Phase 1 LAW Mass M z x e  for Batch pC2/20 (6 sheets) 

11 12 13 14 15 16 16.4 17 18 19 

6.31-W 1.32E-08 
3.3Z-01 6.9ZW3 
2.2.5-06 4.6%-02 
3.61-U 7.61E-09 
1 . H 1 - 1 1  3 . 8 1 - 0 7  
16E-07 3.36F-03 
8.17E-14 1.7OE-09 
3.0s-16 6.G-1z 
1.41E-09 2.9%-05 
2.87E-02 5.9EMZ 
2.47E-06 5.11-02 
1.6%-01 3.41Eto3 

403EM0 84lEW4 
2.87E-02 5 99Em2 
2 . Z - 0 4  Z.ZlE-02 
1 RE-06 3.86E-02 ~~ 

3 . Z - 0 8  7.34E-04 
5. '5 -03  1.73Eto2 

7 79E-02 1.63Eto3 

2.447E-06 5.23-02 
1.73-01 2 56EiG3 
1 7Z-06 3.5%-02 
5.16E-06 1.0s-01 
2.61E-02 5.43EtoZ 
14oE-05 2.92E-01 

1.76~103 1.2mm6 

1 .20~m1 zmt(l5 
Z.:I~E-OZ 4 . m m 2  

z . 7 s m o  5 m i ~ 4  
iz~ioi 2.6zm5 
3.6oE-07 7.52-03 

4.6Etw 

2.5lEto3 

1. mm3 

3.m-01 

, .6EWO 

!.51~m3 

..mi03 

I.=-01 

1.3Z:-08 

4.69E-02 
7.61E-09 
3 05-07  
3 X - 0 3  
1.7OE-09 
6.41E-12 
2.9%-05 
5.9Eto2 
5 .  m-02 

6.9zm3 

3 . 4 1 ~ 3  

8 . 4 l E r n  

2.2E-02 
3 .m-02  
7.W-04 

5.99~m2 

1 . m m 2  

i . m m 6  
1.63EiG3 

5.m-02 
2 %Em3 
3 59E-02 
1.OE-01 
5.4%W2 
2.9z-01 
2 . M t o 5  
4 .  miG2 

5.mm4 
2.miG5 
7 . Z - 0 3  

2.04Et04 

6 4EiG2 
1 ZE-01 
4.52E-06 
2.29EMl 
1.07E-11 

8.m-02 
1.mm1 
6.47E-04 

6.57Eto2 
6.7OE-01 
2.04E-01 
6.9E-03 

3.59~m2 

i . 63~m4 

4.67~104 

2.5lE03 

1.5lEm 

8 - 1 1 9  
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Table B-20 Phase 1 WJ Mass Balaxe for Batch pC2/20 (6 sheets) 
11 12 W 14 15 16 16A 17 18 

__ 

LIE-01 

3.m-01 

3.95E-01 

L.9EW2 
j.3E-01 

~ 

1 . Z - 0 3  

3.8E-03 

1.9%-03 

!.OoE+X 
i.3E-03 

~ 

..5lEI03 

~ 

1.m-03 

2.miOo 
5.3E43 

~ 

1 4 Z 4 8  
3.  JEI03 

5.3Z-02 
1.m-08 
1.X-Ob 
3.1X-03 
4.7%-09 
7.E-12 
8.36Eto2 
5.m-02 
3.79Em2 
2.34E-02 
4.m-02 
8.4%-04 
2.3zEto3 

5 . z - 0 2  

3.09Em2 
4 . z W Y z  
1.78E-01 
8.boEW2 
4.37E-01 
3 . 3 ~ m 5  
6 .  mmz 
a . y ~ - 0 3  

4.82Eto2 
4.14Et02 

1.4X-01 
7.27E-06 
4.89EXl 
1.E-11 
1.36Eto4 
2.mw 

1.OE-01 

1.m-33 
b.9Eto2 

2.YIE-01 
9.3X-03 

i . m m i  

a 4z-01 

B-120 
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Table 8-20 %e 1 IAW Mass Balance for Batch FC2/20 (6  sheets) F-7” 21 72 73 24 25 26 27 28 I 

~ 4 1 ~ m 3  
1.33~m5 

t.23Emz 

L ZeW6 

1.53~m5 

3 . 9 ~ 1 5  

.41~m3 

.33~m5 

.mmz 

. 53Em5 

9mm5 

B-121 
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Table 8-20 Fhase 1 IAW Mass Balarre for Batch pC2/20 (6  sheets) 

~ 

1.G-08 
3 . 7 ~ 0 3  

5.3zE-02 
1.17E-08 
1.24E-06 
3.7%-03 
4 71-09 
1.B-12 

5.8%-02 
3 79EiQ2 
2 34E-02 
4.83-02 
8.49E-04 

8 3mm2 

2.3zm3 

5.56-02 

3 . 0 5 m 3  

8 . 6 o ~ m 2  

3 3 7 ~ m 5  
6 . m m  

4 . m m 2  

4 ,  m-02 
l . J ~ H I 1  

4.37E-01 

8.53E-03 

4.14Eto2 

1.43-01 
7.27E-06 
4.89EMl 
1.31-11 
1 36E104 
2 o o E m  

10%-01 
1.7lEto1 
1.0%-03 
6.96E42 
8.4%-01 
2.54E-01 
9.337-03 

. ,63Eto6 

~ 

1 . a - Q a  
3.7Bffl3 

5.m-02 
1 . n - 0 8  
1.24E-06 
3.7%-03 
4.71-09 
7.m-Y 
8.36E402 
5.m-02 
3.75402 
2.34-02 
4.m-0 
8.45-04 

1.63ExJ6 
5.m-02 

3.05m3 
4.22-0 
1.7%-01 
8.6oEto2 
4.3B-01 
3.3lEm5 

8.53E-03 

z . m m 3  

6. mmz 

4.mmz 
4 .  i 4 ~ m 2  

1.41-01 
7.27E-06 

1.31-11 
4 . 8 5 m i  

i .36~m4 
2.00~m0 

1.0%-01 
1.77Eml 
1.0%-03 
6.96Eto2 
8 41-01 
2.54E-01 
9.33E-03 

8-122 
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Table B-21 Phase 1 IAW Mass W e  for Batch pc2/21 ( 6  sheets) 

1.73-09 

5 m-02 
7.1%-10 
3 64E-08 

1.6E-10 
6 06E-U 
7 . 0 E 4 3  
8 . Z M Z  
5 . m - 0 3  
7 13Eio3 

9 .  mm4 

3 . 8 1 ~ 0 4  

1 mm5 
1 mm3 
S.6E100 
4 IZ-03 
5.27E-03 
3 . 6 ~ ~ 1 3  

2 . 4 ~ m 6  
19JEm2 

5.m-03 
7.03Em3 
4 . W - 0 3  
1.1%-02 

3 1QE-02 

6 66E3Q2 

1.5Ex15 
4.13Et05 
8.49E-04 

2.09Eio4 
4 34E3Ql 
8.53103 

4.60E-07 

1 on-u 
2.67Ern4 
1.QJEMX 
S.bOE+Ql 
6.53-05 
S.09Eto4 
7.84Ernl 
7. m-02  
2.lbE-02 
7.0%-04 

6 . m m i  

4.89~m5 

i . n ~ m o  
zmmo 

~ 

5 .  m-12 
4.3lEio2 
2 6E-04 
3 4m-12 
172-10  
1. m-06 
7.6E-13 
2 87E-15 
3.3%-05 
3.93Em 
2.60E-05 
3 37~mi 

5.9am2 
5.7oEtK 
2.6%-02 
1.91-05 
2.4%-05 
i . i zmi  

9 32-01  
1.17Em4 
2.6C2-05 

1.92-05 
5.4%-05 
3.1E-01 
147E-04 

3 E m c  

3.33~m1 

2.32m3 

1.16~m2 
1.9%+03 
4 .02-06  

9.8%mi 

4.06EtOi 
2 01-01 

8.SE-03 
2.1E-09 
1 . 2 2 4 2  
4 76E-15 

5.04E-03 
2.61-01 
3.1E-07 

3 .7E-01 
3.3E-04 
1.m-04 
3 . Z - 0 6  

i.27~mz 

z .41~mz  

~ 

5.912-12 

2.6E-04 
3.40E-12 
1.72-10 
1.83-06 
7.6E-13 
2.87E-15 
3.31-05 
3.93Em0 
2.6oE-05 

4 . 3 ~ m 2  

3.37~mi 

5.94Em 
5.7C2m 
2.6%-02 
1.91-05 
2.452-05 
1.7E4-31 

9.32-01  
3.4 lE05 
2.6Ca-05 

1.92-05 
5.41-05 
3.1E-01 
1 . U - 0 4  

3.mm0 

7.16Em 
1.9%103 
4 . 0 2 - 0 6  

9.89EiU1 
2.0%-01 
4.06Eto1 

2.1E-09 
1.22-02 
4.76E-15 

5.04E-03 
2.6%-01 
3. lE-07  

3 JE-01 
3.3s-04  
1.02.44 
3.32.-06 

3.33~mi 

2.mm3 

n.5E-03 

1.27~m2 

z.lilEtoz 

1.25-W 
9.mto4 
5.52-02 
7.1%-10 
3.64E-08 
3.833-04 
1.6E-10 
6.06E-l3 
7.QE-03 
8 .ZWZ 
5.m-03 
7.13Eto3 

i.mm5 
i.mm3 
5.6EiCa 
4.m-03 
5.27E-03 
3 . 6 1 ~ 4 3  

1.97Em2 
2 4EM6 
%ME43 
7 03Eio3 
4.0s-03  
l.E-02 
6.57EMl 
3.1oE-02 
4.89EM5 
6.66EW2 

i . 5 ~ m 5  
4.mm5 
8.4%-04 

2.09E104 
4.34Eto1 

1.8lEiN 

2.53tw 
1.0E-12 

LJE-01 
5.60E101 
6.53-05 

7.84EM1 
I .  E 4 2  
2.16E-02 
7.0%-04 

8.mm3 

4.6m-ai 

2 . 6 ~ m 4  

5.09~m4 

1.25-W 
9 . m m  
5 . a - 0 2  
7.1%-10 

3.8E-04 
1.6E-10 
6.0s-13 
7.0s-03 
8.3zEto2 
5.m-03 

3.64~-08  

7. mm3 

1.26Eto5 
1.7JEUI3 
5.6EM0 
4.m-03 
5.2X-03 
3 . 6 ~ 4 0 3  

2 . 4 ~ m 6  
1.97EmZ 

5.ME-03 
7.03Effl3 
4.06E43 
1.m-02 

3.1m-02 

6.66EMz 

1.5EiO5 
4.13Eto5 
8.4%-04 

2.09Em4 

6.57~mi 

4.8%m5 

4.34~m1 
8 . m ~  

4.6~2-07 
1.8Etw 

2.55?+x 
1.0E-12 
2.67Eto4 
1.7E-01 

6 . X - 0 5  
5.0%+Q4 

7 .E-02  
2.1s-02 
7.0%-04 

5.6~2m1 

1 .wmi  

5.92-14 
4.33EW0 
2 . 6 2 4 6  
3.4E-14 
1.733-12 
1.8E-08 
7.6%-15 
2.m-17 
3.36E-07 
3.9%-02 
2.6E-07 
3.3E-01 

5.96Etw 
5.X-02 
2.6%-04 
1.96E-07 
2.m-07 
1.n-01 

9.31-03 
l.lE+a 
2.6E-07 
3.31-01 
1.9%-07 
S.47E-07 
3.m-03 
1.4E-06 
2 . Z W l  
3.m-02 

7 . l E t w  

4.0%-08 

9.92-01 
2.W-03 
4.07E-01 
8.6oE-05 
2.1E-11 
1.22-04 
4.77E-17 
1.27EMO 
8.1E46 
2 . e - 0 3  
3 ,  m-09 
2.4zEtw 
3.72-03 
3.3%-06 
l.rn-06 
3.33E-08 

i.96~mi 
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i 

- 

3.3E-01 

3.mm 
3 9x-01 

__ 

I ,  3E-03 

i.mmo 
1.9x-03 

1.35-01 

1.86EW 
I. 87E-01 

~ 

B-124 



WHC-SO-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table 8-21 Phase 1 IAW Mass Ealame for Batch FC2/21 (6 sheets) 
F--lI 12 13 14 15 16 16A 17 18 19 I 

BI+3 2.m-17 
C-14 3.367-07 
uLt2 3.92-02  
m2 2.blE-07 
a- 3.:1E-01 
a2 
me 
m-2 5.mmo 
m(m)4- 5 . m - 0 2  
m 2.6%-04 
m2 1.96E-07 
WE4 2.fiOE-07 
F- 1.71-01 

3 34E-01 
1.9%-07 
5.4n-07 
3.m-03 

Mx6 1.47E-06 

NI+3 3 16E-02 I=- I 7 . 1 E N O  

N4t z =mi 

8 boE-05 
2.1s-11 
122-04  
4 77E-17 

s?t2 8 11-06 
m- 2.66E-03 
TI* 3.m-09 
1cc 2 4zm0 
U M Z  3.7zE-03 
w+E 3 39E-06 
m2 1 [E-06 

3 :13E-o8 

1.2.3-09 
9 . m m 4  
5 . Z - 0 2  
7.19E-10 
3.68-08 
3.81E-04 
1.61-10 
6.067-13 
7.OE-03 

5.m-03 
8.3zmz 

7. m m 3  

i .mm5 
i.mm3 
4.333-02 
4 . D - 0 3  
5.27E-03 
3 . m m 3  

1 mmz 
2 48Ex16 
5 m-03 
7 03Eto3 
4.067-03 
1 1%-02 
6.57Effl1 
3.1%-02 
4 .  mm5 
6.667m2 

i . 5 1 ~ m 5  
4 .  i%ms 

z.09~m4 
4 . 3 4 ~ m i  
8 .  mm3 

2 mi00 

2 . m m 4  

5 . % ~ m i  

5 o ~ ~ m 4  

8 49E-04 

1.81WO 
4 6oE-07 

1.01E-12 

1.71-01 

6.58-05 

7.84Ernl 
7.E-02 
2.167-02 
7 0 Z - 0 4  

1.633KC 

.9.mm3 

.64Eto3 

I 6%-01 

~ 

1.73-09 

5.m-02 
7.1%-10 
3.64E-08 
3.81-04 
1.61E-10 
6 .K-13  
7 mi13 

5 . m - 0 3  
7.uEto3 

9 .  mm4 

8 z m z  

7.uEto 
z.mm 

1. mm5 
i . m m 3  
4.33-02 
4 .  D-03  
5.27E-03 
3.61m3 

3 .61H 
1.9Effl2 
2 4 ~ m 6  I 2 miu 

3.1oE-02 
4.89~m5 
6.667mz 

4 .  mm5 

2.09~m4 

4.mm 
1.51ffl5 

8.4%-04 
8 . m M  

4.34Eto1 
8.5BEt03 
1.81iCC 
4.6oE-07 
2.58Em 
1 01-u 

1 7 1 - 0 1  

6 58E-05 

2 .  67~m4 

3.mmi 

I .  9 1 w  
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~ + u y ) r n 2  j 3 . 9 1 ~ ~ 0  I 4.9zrn3 4 . 9 2 ~ 4 3  3 . 9 ~ ~  7.49~m5 

13%-01 

1.86Eto2 
1.87E-01 

9 z m 3  .9zm3 

3.3E-03 

1.9OEW 
3.9X-03 

1.34E-09 
4.89EtW 
6.0E-02 
1.1OE-09 
1.17E-07 
4.m-04 
4.463-10 
6.763-U 

6.26-03 
7.6.m32 
4 .  m - 0 2  
5.16E-03 
6.1llE-03 

i .mrn3  

2.mm2 

5.9%-03 

8.47~m3 
4.763-03 
1.91E-02 
1.04Eto2 
4.663-02 
6. bOEM5 
9.3E02 
9.63E-04 

6.41Eto3 

2.0%W 
J.4E-07 

1.26-12 

3.9llEW 

2.m-01 

l . lE-04  

9.OE-02 
2.6%-02 
9.4%-04 

5.01~toi  

~ . m m o  
z.mm4 

3 . 4 z m i  

8 . m m  
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Table B-21 h e  1 IAW Mass Marre for Batch FQ’21 (6 sheets) 

,.9zm3 

1.64E43 

~ 

..WE% 

B - 1 2 7  
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Table B-21 Phase 1 IAW Mass Maxe for Batch pC2/21 (6 sheets) 
20 21 22 23 24 25 ?A 27 ul 

1.34E-09 

6.W-02 
l.loE-09 
1.1E-07 
4 2 3 - 0 4  
4.46E-10 
6 7s -U 

6 . m - 0 3  
7.6zEtoz 
4 . z - 0 2  
5,lbE-03 
6 10E-03 
2 mmz 
5.93E-03 

8 4E*3 
4 76E-03 
1.91E-02 

4.66E-02 
6.6OEm5 

4.86104 

1 i 6 ~ m 3  

1 . 0 4 ~ m  

9 . 3 ~ m 2  
9 6%-04 

6 . 4 ~ m 3  
5.01~to1 
2 mmo 
5 szEi(o 

2.7.3~m4 
3 90~m0 

3 . 4 2 m i  

a.3o~mi 

7 40E-07 

1.m-12 

2.m-01 

1 1oE-04 

9.01E-02 
2 .66-02  
9 .46 -04  

I. 16EN6 

1.34E-09 

6.0E-02 
l.loE-09 
1.17E-07 
4.23-04 
4.46E-10 
6 . K - U  
1.16Em3 
6 . Z - 0 3  
1.62Et02 
4 , s - 0 2  
5.16E-03 
6.1oE-03 

4 . a 6 m 4  

z.mmz 
3.16~106 
5 93E-03 

8.4Et03 
4 .  XE-03 
1.91E-02 
1.04Eio2 
4.66E-02 
6.60EW5 

9 63E-04 

6.41Ei03 

2.05EflO 
7.4oE:-07 

1.26-12 

9 . 3 ~ m 2  

5.01~mi 

5.mm0 

z.mm4 
3.9mm0 

3 . 4 5 ~ ~ 1  

a.3o~m1 

2.m-01 

1.loE-04 

9.W-02 
2 .66-02  
9.49E-04 
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8.3%-04 
5 E 3 0 2  
1.4%-05 
4.3%-04 
7.37E-l2 
3.9E-04 
3.27E-14 
1.3%-03 
2.14E-06 
2.467-01 
9.6E-04 
2.23m€ 

4.5oEM2 
3.m-01 
16%-03 
3.67E-05 
1 .Z-06  
2. 1%ffl1 

5.67E-02 
4 .01105  
3.397-06 
2 . l E r n  

1.7%-03 
1.61-02 
6.44E-04 

1.96'-01 

n . 9 ~ - 0 7  

2.71m3 

8 . 7 ~ ~  
2.32E303 
l.W-07 

7 .66~mi  

5 .4nmi  
1.4IE-02 

5.4lE-04 
2 61-06 
5.67E-04 

3.14E-04 
1.66E-02 
3.3%-05 
3.9Z302 
1.9E-02 
1.m-05 
1.7%-02 
2.66'-04 

8.mmi 

~ 

Table B-22 h e  1 IAW Mass Balance for Batch FC2/22 (6 sheets) 

2 3 4 5 6 7 8 9 10 

1.7E-01 
l.lE305 
3.  m-03 
9.337-02 
I.%-09 
8.3%-02 
6.96'-12 
2.96E-01 
4.5%-04 
5.2.4E301 
2 .K-01  
4.7%+02 

9.59Ern4 
8.1mml 
3.bm-01 
7 . a - 0 3  
3.38E-04 
4 . f i ~ m 3  

1.ZlEtLll 
3.07E% 
7.23-04 
4.4%302 
1.Ym-04 
3.8E-01 
3.51EtOO 
1 . V - 0 1  
5 ,  ~ 7 ~ 1 0 5  
4 i ~ m i  

4 . 5 ~ 1 0 5  
1. &E305 

3 Y E 0 5  

l,L,3E+04 
3 0Z300 

1.1 6E-01 
5 6,4€-04 
1 .m-01  

i . m m 4  

i.mm4 
6 . 7 1 ~ ~ 2  
3.  fAE+X 
7.12-03 
8.36Em4 
4 .  [I6Em€ 
3.27E-03 
3.7mm 
5.  f,77-02 

1.7E-01 

3.14E-03 
9.26-02 
1.57E-09 
8.31-02 
6.9%-12 
2.94E-01 
4 . m - 0 4  
5.zzEtol 
2.06E-01 
4.73€302 

1. 11~105 

9.51304 
8.06'tOl 
3.5%-01 
7.78E-03 
3.36'-04 
4.64Et03 

i .mmi 
3.01306 
7 . m - 0 4  
4.47EW2 
1.88-04 
3.7%-01 
3.49E300 
1.37E-01 
5 %E305 
4 16'301 

1.8%105 
4.49~305 

1 6x104 

i.16~104 

3.96E-05 

3 QOE300 

1.11-01 
5.bZ-04 
l.m-01 
1.min4 
6.67E-02 

7.1IE-03 

4.04E300 
3 . E - 0 3  
3.6E300 
5.64-02 

3.mmo 

n.3zm4 

~ 

8.31.04 
5.23EW2 
1.4s-05 
4 3 - 0 4  
7.37E-l2 
3.93E-04 
3.2IE-14 
1.3%-03 
2.14E-06 
2.46E-01 
9.68E-04 
2.73E300 

4 . ~ 1 0 2  
3 . m - 0 1  
1.6%-03 
3.6E-05 
1.58E-06 
2.18E301 

5.67E-02 
1.44E304 
3.3%-06 

8.9E-07 
1.7%-03 
1.6%02 
6.46-04 
2 7x303 
196'-01 

2 . 1 ~ m 0  

8.71~mz 
2.m303 
1 W-07 

7 66'301 
14E-02 
5.47E301 
5.4Erl4  
2.6%-06 
5.677-04 
8.@3€301 
3.14E-04 
1.66E-02 
3.31-05 
3.9Z302 
1.9E-02 
1.m-05 
1.13E-02 
2.66E-04 

1.9E305 

1.77E-01 
1.llEto5 
3.14E-03 
9.2%-02 
1.52-09 
8.3%-02 
6.93E-12 
2.94E-01 
4. m-04 

2.06'-01 
4.7E302 

~ . m m i  

9.55€+04 
8.06'301 
3.5%-01 
7.7E-03 
3.36E-04 
4 . 6 4 ~ 3 0 3  

1.m301 
3.0%to6 
7.m-04 
4.47Em2 
1.8%-04 

3 . 4 % t w  
1 .U-01  
5.84EW5 

3 . 7 9 ~ 0 1  

4.16'mi 

i . 8mn5  
4.49~m5 
3.96'-05 

1.6%Eto4 
3.0mm 
1.16Et04 
1. E - 0 1  
5.6Z-04 
l . m - 0 1  
1.88Eto4 
6.67E-02 
3 533300 
7 lE-03 

4.04Eto0 
3 . 2 5 - 0 3  
3.6EtoO 
5.64E-02 

8 . 3 ~ ~ 4  

1.77E-01 
l . lEW5 
3.14E-03 
9.297% 
1.57E-09 
8.31-02 
6.9x-12 
2.94E-01 
4 .  YE-04 

2.06E-01 
5.mmi 

4 . 1 ~ 0 2  

9 . m m  

3.597-01 
7.7E-03 
3.36'-04 

8.o6~mi 

4 . 6 ~ 0 3  

1.20E101 
3.01% 
7.m-04 

1.8%-04 
3.1%-01 
3 . 4 9 E t w  
1.37E-01 
5.84E305 
4.16Eto1 

4.47~t02 

i . nxm5 
4.49EW5 
3.96E-05 

i . 6zm4  
3.00€m€ 
1.16EtW 
1.E-01 
5.6Z-04 
1.20-01 
1.miQ4 
6.67E-02 
3 . m 4 0  
7.1lE-03 
8.3ZW4 
4.04EWO 
3 . z - 0 3  

5.64E-02 
3 . 6 ~ m o  
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Table B-22 Phase 1 IAW Mass Ealaxe for Batch pc2/22 ( 6  sheets) 

1 2 3 4 5 6 7 8 9 10 1 

0.63EtW 'I. 6 3 M Z  ,. 59~m4 .59Etw 'I.63EiO2 + .63E02 
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Table B-22 %e 1 LAW Mass Balance for Batch pC2/22 (6  sheets) 
F m p l l  Y 13 14 UI 16 164 17 18 19 I 

1 I I I I I I I 

~ 

1.m-01 
1 llEM5 
3 14E-03 
9 2%-02 
1.57E-09 
8.35E-02 
6.93E-12 
2.94E-01 
4 . m - 0 4  
S.ZzE*)l 
2.06E-01 
4.73~to2 

9 . 5 ~ t o 4  
8.06Eto1 
5.17E-02 

3.36E-04 
4.64Et03 

1.mm1 
1.23-04 

1.8%-04 
3.79E-01 
3.49EtW 
1 . Z - 0 1  
5.84Eto5 

7 . 7 ~ - 0 3  

3.0%+06 

4 . 4 ~ m 2  

4 . i s m i  

1.8Z+O5 
4.49Eto5 
3.96E-05 

1.63Eto4 
3 . O E t W  
1.16EM4 
1.m-01 
5.62E-04 
1.m-01 

6.6E-02 

7.1IE-03 

4.04EtoO 
3 . 2 5 - 0 3  

5 64E-02 

i . m m 4  

3.49~too 

8 . 3 z t o 4  

3 6%mo 

1.07E-01 

5.8Em3 

1.34Et03 

3.Y.E-02 

1.llEffl5 
3.14E-03 
9.2%-02 
1.V-09 
8.32-02 

2.94E-01 
4 . m - 0 4  

2.0s-01 

3.15305 
9.553to4 

5.1E-02 
7.7%-03 
3 . 3 s - 0 4  
4 64E103 

4 4E102 
1.89E-04 
3 79E-01 

1 8EW5 
4.49E45 
3.9s-05 

3.0oEmo 
1.16Ex14 
1.m-01 
5 . m - 0 4  
l . m - 0 1  

6.67E-02 

7.1lE-03 

4 . 0 4 E t W  
3.m-03 

5 64E-02 

L.wE-09 
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vq 14.63Et02 I s.8nm3 5 . 8 ~ m 3  4.mm 8.7zm5 

I .  63Eto2 4.63Et02 

1.9oE-01 

3.41-03 
1.43E-01 
S.04E-09 
9.3Z-02 
1.9zE-11 
3.m-01 

2.31-01 

5.47E-02 
9.74E-03 
3.89E-04 

5 . 9 ~ 4 4  

7.3mmi 

5.io~mi 

i 7 z ~ m i  

7.7ll-04 

5 39~x12 

s.vcKIo 

7 87~x15 
5.86~mi 

8.68~~13 
3 4nmo 

2.m-04 
6.29E-01 

2.035-01 

4.49E-05 

1.3CEQ1 
9.03E-04 
2 58E-01 
i.56EtO4 
4.63~3~2 

3 . 3 ~ 4 0  

4.mm0 

4.58~m0 

7.m-02 

1.19E-02 

4 1oE-03 

1.62E-02 
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Table B-22 Phase 1 IAW Mass E&lan=e for Batch pc2/22 ( 6  sheets) 

I .  1OEto6 

L75E-10 

1 . 2 5 - 1 0  
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Table 8-22 W e  1 IAW Mass Marre for Eatch FC2/22 ( 6  sheets) 

~ 

1.9oE-01 
5 . 9 z 0 4  
3 . 4 ~ 0 3  
1 .  432-01 
5.04E-09 
9 32-02  
L9Z-11 
3.m-01 
7.3OE01 
2 .31-01  
5.1REtO1 
5 . V - 0 2  
9.74E-03 
3.0%-04 
1 . 7 z ~ t o i  

7.7E-04 

5.3%mz 
2.72-04 
6.2%-01 
5.yE00 
2.01-01  
7.07E05 
5.06E01 
4.493-05 
8.68Eto3 

1.3OE-01 
9.0%-04 
2 . m - 0 1  
1.56EtO4 
4 .63202 
7.m-02 

1.1%-02 
4.2Em 
4.1OE-03 
4.mm 
7.6Z-02 

3 . 4 ~ 0 0  

3.3zt00 

~ 

1 m - 0 1  
5 9 2 0 4  
3 4%-03 
1.432-01 
5 WE-09 
9 32-02  
1.9Z-11 
3.m-01 
7.3OE01 
2 . E - 0 1  
5. mmi 
5 . 4 ~ ~ 2  
9.743-03 
3.0%-04 
1 . 7 2 W l  
3.79Et06 
7 77E-04 

5 . 3 6 M 2  
2 . D - 0 4  
6.2%-01 
5.mm 
2.0x-01  
7.07EM5 
5.86E01 
4.4%-05 
8 . 6 E 0 3  
3.47Em 
1.3OE-01 
9.0%-04 
2 .5s-01  
1.56Etw 
4.63202 
7 m - 0 2  
3 3zm 
1 197-02 
4.mm 
4 .  IC?-03 
4.mm 
7.62-0'2 
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Table B-23 Phase 1 WJ Mass Eblanze for Bat& pc2/23 (6 sheets) 

2 3 4 5 6 7 8 9 10 

__ 
2.24E-02 
1 0EW5 
3.97E-03 
0.m-02 
1.9JEMO 

2.34E-13 
1 SE-02 
2.27E-05 
1.04EmZ 
1.14E-01 
4 4zm 

2.mmo 

9 . m r n 4  
7.66Effll 
9.2s-01 
4 . m - 0 4  
1.3%-05 
4 . 5 ~ 0 3  

5.6%+00 
3.0oEX16 
3.39E-05 
3 . 1 4 ~ ~ 3  
2 . 7 ~ m i  
6.9'400 
1.31E-01 
2.2*E-02 
5 . 7 6 ~ 0 5  
3.1o~mi 

i . i % m  
4.47~m5 
1.36-06 

2.26Eto4 
6.37E-01 
1.1zffl4 
7.7%-02 
1.3lE-02 

1.94E04 
6 2.%!01 
1 . 3 E f l l  
3.81E-04 
8 04E04 

1.1%-04 
l.U1%+01 
3.UZ-03 

i . m m i  

2 %8Etoi 

~- 

2.23-02 

3 963-03 
8 W-02 
1 96EtoO 

2.3%-13 
1.57E-02 
2.m-05 

1.7%-01 
4 39Em 

i . o ~ m 5  

2.6nmo 

1. o%mz 

9.46EtO4 
7 63EtOl 
9 .m-01  
4 .X-04  
134E-05 
4 . 5 3 ~ 0 3  

z 9 ~ 0 6  

3 mm3 
z .mm1 

5.6OE00 

3.3E-05 

b.9lEfflO 
1.3OE-01 
2.23-02 
5 74EtO5 
3. o%mi 

i . 78~m5 
4.4~m5 

2.mm 

1.397-06 

6.34E-01 
1 llEtO4 
7 7lE-02 
1.3OE-02 

194E04 
6 26E-01 

3.79E-04 

2.27EtOl 
1.13E-04 
1.01%*1 
3.OE-03 

1 4 n m i  

1 3 s m i  

E 

1 02-04 

1 %E45 
4 17E-04 
9 B E E  
1.2hE-02 
l.lOE-15 
7.37E-05 
1.06E-07 
4.W-01 
8.1'4-04 

5.06~m2 

2.07~mo 

4 . m m 2  
3.56-01 
4.3%-03 
1.94E-06 
b .3E-08 
z.mrni 
2.64E-02 
1.4oEiCL 
1.5%-07 

1.3oE-01 
3 . m - 0 2  
6.llE-04 
1.02-04 

1.4E-01 

8.38EtOZ 

6.m-09 

i . ~ ~ + o i  

z.7mm3 

2.06m3 

1 . 0 6 ~ ~  

 mi 
2.9E-03 

3 63E-04 
6 .E-05  
b.9Z-02 

2 9%-03 
b 6 - 0 2  
1.7%-06 
3 76EtOZ 
1 07E-01 
5.30E-01 
4.94E-02 
1.4Z-05 

9 ,  ilEmi 

~ 

I NE05  

1.02-04 

l .W-05 
4.17E-04 
9.23-03 
l . z - 0 2  
1.m-E 
7.37E-05 
1.06E-07 
4.W-01 
8.14E-04 
2.07Emo 

5.06~m2 

4.42m 
3.59E-01 
4.3%-03 
1.94E-06 
6.3E-08 
z . i%mi 

2.64E-02 
3.9EM5 
1.5%-07 

1.3oEQl 
3 . 2 5 - 0 2  
6.11E-04 
1.OX-04 
2. J O E 0 3  
1.4Z-01 

i . 4 7 ~ m i  

8 . 3 ~ r n 2  
2.09~m3 

i . 06~mz  

s.mmi 

6 5ZQ9 

2.9s-03 

3.6%-04 
6.1E-05 
6.9E-02 

2.91%-03 
6.48E-02 
1.76-06 

1.07E-01 
5 3oE-07 
4.9'4-02 
1 4 Z - 0 5  

9 . 1 ~ m i  

3 76~rn2 

2.m-02 

3.96)-03 
8 .m-02  
1.96Etw 
2.67Etw 
2.3%-13 
1.57E-02 
2 . z - 0 5  
1.0Xt02 
1.7%-01 
4.39Em2 

i.omm5 

9.46Em4 

9 m - 0 1  
4.llE-04 
134E-05 
4.vEm3 

5.6OEWO 

3 37E-05 
3.mm3 
2 77EMl 
6.9lENO 
13OE-01 
2.23-Oz 

7 .63~mi  

2.9mm6 

5.7'4305 
3 m ~ m i  

4 a m 5  
1.78Et05 

1.39E-06 

z.zetO4 
6 34E-01 
l . lEW4 
1.x-02 
1.3oE-02 
1.4lEW1 
1.94EiCL 
2.07E-01 

3.7%-04 
8.OOEiCL 
2.27Em1 
1 13E-04 
1 o%m1 
3 OE-03 

1.3~101 

2.m-02 

3.96E-03 
8.W-02 
1.96Etw 
2.67Etw 
2.3%-13 
1.m-02 
2.26-05 

1.7%-01 
4.39Et02 

i . o ~ m 5  

1 .03~m2 

9.46Em4 
7.63301 
9.m-01 
4.11E-04 
1.34E-05 
4.53Em3 

5.bOE40 

3.3JE-05 
3. mm3 
2.7lFW1 
b.9EMO 
l . m - 0 1  
2.m-02 
5.7'4m5 

2 . 9 ~ 4 6  

~ . m m i  

4 . 4 ~ m 5  
l . lE t05  

1.38E-06 

2.25m4 
6.34E-01 
l.llEM4 
7.7lE-02 
1.3oE-02 

1.94EiCL 
2.07E-01 

3.79.-04 
8.OoE+% 
2.z6Etol 
l .m-04  
1.0ZW1 
3.0E-03 

i . 4 ~ m i  

i . ~ ~ m i  

~ 

1.OZ-06 
5.06EtoO 
1.W-07 
4.17E-06 
9.23-05 
1.263-04 
l.loE-17 
7.37E-07 
1.06E-09 
4 . M - 0 3  
8.1'4-06 
2.07E-02 

4.43ztw 
3.5%-03 
4.3a-05 
1.94E-08 
6.X-10 
2.m-01 

2.66-04 

1.5%-W 
1.47E-01 
1.3oE-03 
3.25-04 
6.llE-06 
1.08-06 

1.4%-03 

8.3Etw 

6 .m-11  

1.06Etw 
2.9s-05 
5 . Z - 0 1  
3.6%-06 
6.1E-07 
6.925-04 
9.1lE-01 
9.73E-06 
b.48E+4 
1.7%-08 

1.07E-03 
5.30-09 
4.94E-04 
1 .m-07  

1.4mm2 

2.7mm1 

2.ommi 

3.76~mo 

__ 

I. w m 3  

B - 1 3 5  
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Table B-23 Phase 1 IAW Mass E a h ~  for Batch pc2/23 ( 6  sheets) 

5.83~104 5 . m m  5 .7~*14 
TsdnstiVn 

. mu14 

1.5%-01 

i .55E+&? 
i .1%-01 

1.5%-03 

I .  55Em 
I .  1%-03 

1.5B-01 
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Table B-23 Phase 1 IAW Mass Balarre f o r  Batch FC2/23 (6 sheets) F- 11 12 l3 14 I5 16 164 17 18 19 I 

1.X-04 2.67Etw 
l.lE-17 2.33E-U 
7 .Z-07  1.57E-02 
1.067-09 2.m-05 
4.86)-03 1.03EM2 
8.14E-06 1.7B-01 
2.OE-02 4.39EW2 

4.41tw 9.4bEW4 
3 . 5 9 ~ 0 3  7 .63~mi  
4.33E-05 5.OE-02 
1.94E-08 4.1E-04 
6.3E-10 1.34E-05 
2 .m-01  4.533103 

2.64E-04 5.6EMO 
3.9EM3 2.9EM6 
1.5%-09 3 . U - 0 5  
1.47E-01 3 . m M 3  
1.30~-03 2 . 7 7 ~ ~ 1  
3 . 2 5 - 0 4  6.9lEtw 
6.1E-06 1.3E-01 
1.01-06 2.2s-02 
2. lEW1 5.74EM5 
1.41-03 3.09EMl 

1.06EWO Z.rnW4 
2.9E-05 6.34E-01 
5.m-01 l.llEW4 
3.63E-06 7.7E-02 
6.1E-07 1.3E-02 
6.9Z-04 1.47E10l 
9.1E-01 1.94EM4 
9.73E-06 2.07E-01 
6.4E-04 1.36Eto1 
1.7%-08 3.7%-04 
3 . 7 6 ~ t w  8.mm4 
1.07~-03 z.mmi 
4.94~-04 i.o%mi 
5.3OF-09 1.m-04 

1.4Z-07 3.OE-03 

3.6%-01 

i76EM3 

i.ZEM3 

1.3E-01 

~ 

2.23-02 
1.OEM5 
3.96E-03 
8 . E - 0 2  
1.96Etw 
2.67EMO 
2.33E-13 
1.Y-02 
2 . X - 0 5  

1.73E-01 
4 39~x12 

9.46~104 
7 . 6 3 ~ ~ 1  

4 . 3 9 E m  
3 . 6 2 ~ ~ 5  

5.08E-02 
4.W-04 
1.34E-05 

3.3E-05 

2.77EW1 

5.08EM5 
1.78Em5 

13E-06 
4 . 4 ~ 1 0 5  

7 . 5 ~ ~ 5  
2 . 7 ~ 1 0 4  I 

1.47EMl 

2.m-01 

3.7%-04 

2.z6Etol 
1.m-04 

3.OE-03 

1.94~104 

1 . 3 6 ~ ~ 1  

8.ooEm4 

i.o%mi 

L.wE-09 

__ 
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Table B-23 h e  1 IAW k s  Balarre for Batch FC2/23 (6  sheets) F- 11 l2 l3 14 15 16 163 17 18 19 I 
almmENE 

L.57E-01 

i.mmz 
1.11-01 

1.5%-03 

I .  51m 
8.19E-03 

7 . 5 ~ 3  

1.5%+3 

2.39E-02 
5 .  JEW4 
4.3z-03 
1.3a-01 
6.3lEW0 

6 47E-U 
1 JZ+G! 
1.44Em 
1.97!-01 

5.37E-02 
5 .m-04  
1.55-05 

2.99~mo 

4.83Etoi 

8.mm 

3.64E-05 

3 . 7 ~ 1 3  
3 . m m i  
i.mmi 

7.mm5 
4 .3zmi  

2.ObE-01 
3.34E--02 

1.57E-06 

8.2%+02 
7.m-01 
8.7%-02 
2.0%-02 

1.6EW4 
3 . m m i  

4.55mo 

i . 3o~ to i  

2 . 4 ~ ~ m i  

i . 3mmi  

2.4E-01 

6.337-04 

1.42E-04 

4.07E-03 
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Table B-23 Phase 1 IAW Mass Mame for Batch FCZp3 ( 6  sheets) 

4 .  3 9 ~ t o 2  
3 .  mu15 

4 .  53~103 

5 . 0 8 ~ ~ 5  

7. m.45 

5.7%-10 

1.75-10 

8-139 
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Table B-23 h e  1 IAW Mass Balirnce for Batch pC2/23 (6  sheets) 
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4.1Et04 
4 . X W 4  
7.45~101 

1.96E42 
2.mm2 
3 .X-01  

I 
3 .X-01  

4 1Em4 
1.43344 
7 41E41 

4.m44 
1.43Eto4 

7.14E-03 
5.39Ft04 
2.037-03 
4.4Z-02 
1.04EMO 
1.41EuxI 
6.197-04 
3.ooE-06 

8 . m - 0 2  
2.73Fm2 

5 .34~mi  

4.74Em 
3.8EW1 
4.81E-01 
1.m-05 
4.733-07 
2.2hW03 

2 . 7 ~ m o  
1 . X M 6  
1.2E-06 
1.64Eto3 
1.4EWl 
3.64EWO 
4.46E-03 
8.72-03 
2.88Eto5 
1.56Em1 

8.99~m4 
2.24EM5 
4 55E-08 

1 . 1 ~ ~ 0 4  
2.74E-01 
5 5 E M 3  
3.82-02 
6.m-03 
7.79Em 
9.76Et03 
3.2%-01 

1.m-05 
4.OEW4 

3 6E-06 

1 1E-04 

7.21~mo 

i . m m i  
5.47~mo 

7.1oE-03 
5.37em 
2 .m-03  
4.4oE-02 

1.40EtW 
6.16E-04 
2.9.57-06 
5.31EtO1 
8.W-02 
2.72WZ 

i . o ~ m o  

4.71Et04 

4.7%-01 
1.m-05 
4.7E-07 
2.27Eiil3 

3 . 8 ~ 0 1  

2.71~mo 

1.63~rn3 
i.46Emi 

1.49Eto6 
1.m-06 

3.62EtOO 
4 .48 -03  
8.lE-03 
2.86Et05 
1.52W1 

8.mm4 
2.2?EM5 
4 52-00 

I . N E ~ ~  

5 55%m3 
2.7s-01 

3.83-02 
6.m-03 
7.72 t00  

3 . Z - 0 1  
l . lE t00  
1.4%-05 

9. izm3 

3 . 9 9 ~ 3 ~ 4  
i . immi 
5 . 4 4 ~ t 0 0  
3 66l-06 

1 1.57-04 

3.32-05  

9.53-06 
2.OE-04 
4.m-03-03 
6.61E-03 
2.9oE-06 
1.41E-08 
2.51E-01 
4.03-04 

2.53m2 

i.omm 

2. mm2 
1.m-01 
2.26-03  
7.62-08 
2.72-09 
1.07EiQl 

1.m-02 
7.01Em3 
5.96E-09 
7.lOEMO 
6.8%-02 
1.71E-02 
2.0%-05 
3.m-05 
1.35ExI3 
7 3E-02 

4 ,  mmz 
1.05303 
2.m-10 

5.3%m1 
1.29E-03 
2.61Et01 
1.81E-04 
3.21E-05 
3.6%-02 
4 . X M 1  
1.54E-03 
3.3%-02 
7.01E-08 
1.88EK12 
5.58-02 
1.7Z-08 
2.5?!-02 
5.55%-07 

9Z+E 

3.35EQ5 
2 . 5 3 m  
9, %€-06 
2.OE-04 
4 m-03 
6.61E-03 
2.9oE-06 
1.41E-08 
2.51E-01 
4 . w - 0 4  
1 05Em 

2 72m 
1.82-01 
2.26-03 
7.6Z-08 
2.m-09 
1 onmi 
1.m-02 
1.99Et05 
5.96E-w 
1.7OEtw 
6.8%-02 
1.71E-02 
2 0%-05 
3.m-05 
1.35Em3 
7 3oE-02 

4 . m 4 2  
1.O%M3 
2 m-10 

5.39~toi  
1.2%-03 
2.61Etol 
1.81E-04 
3 21E-05 
3.6%-02 
4 Xt01 
1.54E-03 
3.3%-02 
7.01E-08 

5.5%-02 
1.w-08 
2.5E-02 
5.52-07 

___ 
7.1oE-03 
5 3EM4 
2.m-03 
4 . 4 o E a  
1.033m 
1.4oEtoo 
6 16E-04 
2.9EQ6 
5.31EW1 
8.X-02 
2,7242 

4.7lEm 
3.  E t 0 1  
4.7%-01 
1.m-05 
4.7m-07 
2.27Em 

2.7lEm 
1.4%% 
1.26-06 
1.63EW 

3 . 6 Z m  
4.4G-03 
8. 1.57-m 
2.86Eto5 
1.5zm1 

8 . 9 G m  
2.23EW5 
4 .  YE-08 

1.14Em 
2.73E-01 

3.m-02 
6.m-03 
7.75EXI0 
9 7ZH3 
1033-01 
7.1EHO 
1.492-05 
3.99Em4 

3.66E-06 
5 44Etw 
l.lE-04 

1.46~101 

5 . 5 5 4 3  

ismmi 

~ 

7.1oE-03 

Z . O Z - 0 3  
4 . 4 0 E a  
1.03Em 
1.4oEtM) 
6.16E-04 
2.9.57-06 
5.31EXll 
8 . x a  
2.mm 

5 . 3 ~ 4 4  

4.7lEW4 
3.85EtO1 
4.7%-01 
1.m-05 
4.7m-07 
2.2EW3 

2.71Em 
1.4%+06 
1.26-06 
1.63EXl3 

3.6ZEtw 
4 . K - 0 3  
8.1.57-03 
2 .mW5 
1.55EtOl 

i . 4 6 ~ t o i  

8 . 9 4 ~ 4 4  
z.mm5 

i . 14~m4 

4 . z - 0 8  

2.733-01 
5.55?+03 
3.m-02 
6.8oE-03 
7 . 7 5 ~ 4 0  
9 . 7 ~ 4 3  
1.033-01 
7 18EMo 
1.4%-05 

1.1BEtol 
3.  66E-06 
5 . 4 4 E t W  
1.1.57-04 

3 . 9 9 ~ 4 4  

- 
3 3 - 0 7  
2.rnMo 
9.rn-08 
2.OE-06 
4 . m - 0 5  
6.61E-05 
2.rn-08 
1.41E-10 
2.51E-03 
4.058-06 
1 ox* 

2.72fflO 
l .m-03 
2.26E-05 
7.6Z-10 
2.m-11 
1.0E-01 

1 . Z - 0 4  
7.olE41 
5.96E-11 
7.7mQz 
6.8%-04 
1.71E-04 
2.092-07 
3.m-07 

7.3m-04 

4.ZZWO 
1.0ZWl 
2.m-12 

5.39E-01 
1.2%-05 
2.61E-01 
1.8ll-06 
3.2lE-07 
3.68-04 
4 .m-01  
4.m-06 
3.397-04 
7.m-10 
1.mm 
5.58-04 
1.m-10 
2.5E-04 
5.55-09 

1.358mi 
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.mm4 
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1.96Em 

Tslnetiun 3 ,  m - 0 3  
S W W  6 72-01 

4 3 - 0 4  

Table B-24 h e  1 IAW Mass Balance for Batch FC2/24 ( 6  sheets) 

Z.zoEto3 3.93EM4 3 . 9 3 ~ 0 4  2.2o~i03 

7.34EtOl 7.4%-01 7 .45~-01  7 . 3 4 ~ 0 1  
1.43E104 1 .43304  

9.71E00 9.71E00 

~ 

3.3%-07 
2 53E00 
9.5%-08 
2.08-06 
4.86E-05 
6.61E-05 
2 90E-08 
1 0 - 1 0  
2 51E-03 
4.08-06  
1.0%-02 

2.mm0 
1.m-03 
2.X-05 
7.6Z-10 
2.m-11 
1.07E-01 

1 2 3 - 0 4  

5.98-11 

6.897-04 
1.lE-04 
2.0%-07 
3 . a - 0 7  
1.32to1 
7.3E-04 

4.mm 
1.0%*1 
2.1%-12 

5.397-01 
1.29E-05 
2.61E-01 
1.81E-06 

i . m r n 3  

7 . 7 ~ - 0 2  

3 21~-01 
3.6x-04 
4.53-01 
4 . a - 0 6  
3.39E-04 
7.o1E-10 
i .mmo 
5 . Z - 0 4  
1.n-10 
2 5m-04 
5.5%:-09 
-- 

7.lm-03 

2 OX-03 
4 . W - 0 2  

5.37~04 

i.o3~mo 
1 4mmo 

5 . 3 ~ m i  

2 mi02 

4 . 7 1 ~ 0 4  
3.8zmi 
2 x - 0 2  
1 . 6 ~ ~ 0 5  
4 . 7 ~ - a 1  

6.18-04 
2.98-06 

8.5%-02 

2.2lE03 

2.71Em 

1.26536 
1.63E03 
1.4401 

i .49~to6 

3.6zmo 
4 . 4 4 ~ 3  
8.1E-03 
2.86Eto5 
1.5%01 

8.94Eto4 
2.23Eto5 
4.52-08 

1.14E04 
2.73E-01 
5 . 5 ~ 0 3  
3 m-02  

i.iZmo 
9 i zm3 

7, a r n o  
3.99~104 
i .iam1 

s 4 4 ~ 1 0 0  

6 m - 0 3  

1.0%-01 

1 49E-05 

3.64-06 

1.1BE-04 

I.yIE-01 

!.88E03 

! m03 

'.21E-02 

7 1oE-03 

2 0Z-03 
4.43-02  

1 4mmc 
6.18-04 
2.9E-06 

8 .Z -02  

5 37~104 

1. oxmo 

5 . ~ 1 ~ m i  

2 mm2 

4.11EW4 
3.8%01 
2 . x - 0 2  
1.6X-05 
4.lE-07 
2.27~103 

2.7mmo 
1.49E106 
1.X-06 
1.63303 

3.6X00 
4 . 4 8 - 0 3  
8 . E - 0 3  

i .46~mi 

z.mm5 
1 . 5 2 0 1  

2.mm5 

i.14~m4 

5 . 5 5 ~ 0 3  

8.94E104 

4.52-08 

2.7%-01 

3.m-02 
6.m-03 
l.l%m 
9 lZEto3 
1.0%-01 
7.11Em0 
1 49E-05 
3 .99E04  
1.1Efl1 
3.66E-06 
5.44ErnO 
1.1.5-04 

! . m 0 2  
L.8lE05 

!.27E03 

1.51E06 

! .5%05 

3 m05 

..m-w 
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Table B-24 Phase 1 LAW Mass E5al.m~ for Batch FC2/24 ( 6  sheets) E 11 12 13 14 15 16 16A 17 18 19 I 
L l l K m n m  

1.41E-02 1.4%-04 

! .zmoo 
!.25-03 

I 

3 4%-04 

1.27ENO 
L.zE-03 

~ 

7.6%-03 
2.88EN4 
2 . Z - 0 3  
6.7X-02 
3 3ZNO 
1 57ENO 
6.M-04 
7.44ENl 
9 8oE-02 
2.44EN1 
2.6E-02 
Z.OZ-05 
5.453-07 
3.8lENO 

1 3 x 4 6  

197EN3 
1.71ENl 
6.COENO 
7 . W - 0 3  
1.m-02 
3.86Eto5 
2 . l E N 1  
5. m-08 

4 . r n N 3  
3. m-01  
4.3%-02 
1.09E-02 
1.66EN1 
8.1UEN3 
2.27ENO 

1.m-01 

2.4E-05 
1.25Mll 
4.61E-06 
6.7ENO 
1.5%-04 

6 . 7 6 ~ ~ 0  
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Table B-24 Fhase 1 w.iM3ss Balance for Batch FC2/24 ( 6  sheets) 

!.55?ffl 

1.77EW 
,.=-lo 
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F F l a v )  1 4 29Eto5 1.W% 2.29Eto6 

__ 
7.6%-03 
2.88Effl4 
2.22-03 
6.7ZQ2 

1.57EMO 
6 86E-04 
7 44Eto1 
9 .  m-02  

2 6E-02 
2 02-05 
5 . K - 0 7  

3.32mo 

2 . 4 ~ m i  

3 . a ~ m o  

1.37E-06 

1.97Effl3 
1.7lEtol 
6.0OEtw 
7.02-03 
1.m-02 
3.  mto5 
2.1EWl 
5.1%-08 

4.mto3 
3 . E - 0 1  
4.3E-02 
1.0%-02 
1.66Ei01 
8.1CEto3 
2.27~too 

1.ZE-01 
6.76Etw 
2.4E-05 
1.rntol 
4.6lE-06 
6.7EtOO 
1.5%-04 

~ 

~ 

7.6%-03 
2.mffl4 
2.22-03  
6.7%-02 

1 57EfflO 
6 %E-04 
7.44Eto1 
9.8oE-02 

2.6E-02 
2.OZ-05 
5 4%-07 

3.3zmo 

2 . 4 4 ~ m i  

3.  m t o o  
1. earn6 
1.37E-06 

197Eto3 
1 ?Et01  
6.wetoo 
7 02-03 
l .m-02 
3. 86Em5 
2.1EWl 
5.  m-08 

4.mto3 
3.m-01 
4.3X-02 
1.0%-02 
1.66Ei01 
8 lEto3 
2.27Etw 

1 Z4E-01 
6.76Etw 
2.4E-05 
1 rntol 
4.6li-06 
6 . 7 E t w  
1 5%-w 

~ 
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APPENDIX C ENVIRONMENTAL SIMULATION PROGRAM 

She l ton  (1996) p rov ides  t h e  supernate ( i . e . ,  s o l u b l e )  i n v e n t o r i e s  and 
i o n i c  m o l a r i t i e s  f o r  Phase 1 feeds. S h e l t o n ' s  i n v e n t o r y  i s  n o t  charge 
balanced, however. To f a c i l i t a t e  r i g o r o u s  thermodynamic c a l c u l a t i o n s ,  t h e  
Water Ana lyzer  f e a t u r e  o f  ESP balances i o n i c  charges by adding o r  s u b t r a c t i n g  
t h e  necessary amount o f  OH-. The Stream Manager f e a t u r e  o f  ESP then conver ts  
t h e  balanced i o n i c  compos i t ion  t o  t h e  "OLI Def ined Stream". The "OLI Defined 
Stream" c o n t a i n s  55.5 mol o f  water p l u s  severa l  mo lecu la r  species i n  amounts 
t h a t  a re  e q u i v a l e n t  t o  t h e  balanced i o n i c  composi t ion.  
Stream" i s  compat ib le  w i t h  t h e  da ta  e n t r y  format r e q u i r e d  by t h e  ESP 
c a l c u l a t i o n  engines, which i s  t h e  i n p u t  f o r  chemical e q u i l i b r i u m  c a l c u l a t i o n s .  

The "OLI Def ined 

E x h i b i t  1 -- Conversion o f  Raw Composition Data t o  ESP I n p u t  

E x h i b i t  '2 -- T y p i c a l  ESP E q u i l i b r i u m  Resu l ts  
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Exhibit 1 -- Conversion of Raw Composition Data to ESP Input 
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Exhibit 2 -- Typical ESP Equilibrium Results 
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Exhibit 2 -- Typical ESP Equilibrium Results 
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Exhibit 2 -- Typical ESP Equilibrium Results 
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Exhibit 2 -- Typical ESP Equilibrium Results 
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APPENDIX D INVENTORY ESTIMATE FOR ENVELOPE D 

Source: Phase 1 High-Level  Waste Pret reatment  and S tag ing  P l a n  
WHC-SD-WM-ES-370 Rev is ion  0 
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Table D-1 Inven to ry  Assumptions for 241-AZ-101 (4 sheets) 

Phase So lub le  I n s o l u b l e  
T o t a l  Mass Flow 
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Tab le  D-1 I n v e n t o r y  Assumptions for 241-AZ-101 (4  sheets) 
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Table D-1 Inventory Assumptions for 241-AZ-101 (4 sheets) 
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Table D-1 I n v e n t o r y  Assumptions f o r  241-AZ-101 ( 4  sheets) 

Chemicals (MT) Sol ub l  e I n s o l u b l e  
OH- 3.31Et01 5.49Et01 
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T a b l e  D-2 I n v e n t o r y  Assumpt ions  f o r  241-AZ-102 ( 4  s h e e t s )  

Phase 
T o t a l  Mass Flow 
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T a b l e  D-2 I n v e n t o r y  Assumpt ions  for 241-A2-102 ( 4  
s h e e t s )  
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Table D-2 Inven to ry  Assumptions f o r  241-AZ-102 ( 4  
sheets) 
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Table 0-2 Inventory Assumptions for 241-AZ-102 (4 
sheets)  
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Table 0-3 Inven to ry  Assumptions f o r  241-AY-102 ( 4  sheets)  

Phase So lub le  I n s o l u b l e  
T o t a l  Mass Flow 3.18Et03 7.55Et01 

2.54Et06 4.72Et04 
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T a b l e  0-3 Inventory A s s u m p t i o n s  for 241-AY-102 (4 
sheets) 
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Table D-3 Inven to ry  Assumptions for  241-AY-102 ( 4  
sheets)  
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Table D-3 Inventory Assumptions for 241-AY-102 (4 
sheets) 
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Table 0-4 I nven to ry  Assumptions f o r  241-C-106 (4 sheets) 

Phase Sol ub l  e I n s o l u b l e  
T o t a l  Mass Flow 9.23Et02 3.05Et02 

Volume (L)  7.38Et05 1.91Et05 
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Table D-4 Inventory Assumptions for 241-C-106 (4 
sheets) 

D-15 



WHC-SD-WM-TIL774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table D-4 Inven to ry  Assumptions for 241-C-106 ( 4  
sheets  ) 
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Table D-4 Inventory Assumptions for 241-C-106 (4 
sheets) 
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Table D-5 T o t a l  Phase I HLW Tank Inven to ry  (4  sheets)  

Phase So lub le  I n s o l u b l e  
T o t a l  Mass Flow 1.24Et04 7.00Et02 

9.92Et06 4.38Et05 
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Table 0-5 T o t a l  Phase I HLW Tank Inven to ry  ( 4  
sheets )  

Hgt2 0.00Et00 1 0.00Et00 
Kt 1.29Et00 2.68Et00 
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Table D-5 T o t a l  Phase I HLW Tank Inven to ry  ( 4  
sheets) 
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T a b l e  D-5 T o t a l  Phase I HLW Tank I n v e n t o r y  ( 4  
s h e e t s )  
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APPENDIX E PHASE 2 MASS BALANCE WITH REVISED TWRS INVENTORY 
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Table E-I Comparison of Revised TWRS Inventory and TWRS Inventory 

Metric Tons 
Revised TWRS 
TWRS 

AI 7845 4530 
Cr 790 353 
Fe 1230 793 
PO4 5960 4970 
SO4 4770 2045 
Na 54200 68800 

Figure E-I Major Components of 
Inventory 

8 m  

7 m  

6000 

2 5000 
g 4000 - 
d 3000 

2000 

1000 

n 

Component 

Metric Tons 
Revised TWRS 
TWRS 

l l A W  381000 457000 
IHLW 81700 37000 

Figure E-2 Compar ison of 
Products 
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a special case of Phase 2, several major components of the TWRS Inventory were 

revised with expected values from the tentative standard inventory. The table and figures 
above show the TWRS Inventory and the Revised TWRS Inventory total for AI, Cr. Fe. 
phosphate, sulfate and Na. These components were distributed to the liquid and solid phase 
with the same solubility factors as used in Section 3.0. 

The balance of this APPENDIX presents the mass balance resulting from running the 
Phase 2 process model with this Revised TWRS Inventory. 

The results of this APPENDIX should be regarded as an indicator of future trends because 
finalization of the standard inventory is not expected until late FY-1997. 

- - . ~ ~~ 
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Table E-2 Phase 2 Mass Balance w i t h  W e d  TW5 Invenimry 

1 2 3 4 5 6 7 8 9 10 

3 7QE-01 2.m-06 
2.3%-03 1.7E-06 
4.0%-05 
3.4%-02 3 OE-05 
7 9E-01 1.OE-05 
2.4%-05 
3 OE00 2.2E-06 
1.szEtol 9.8%-03 
7.61mo HX-W 
2.36~mo 
9.m-08 
1.46E-03 
2.14EiUO 6.893-04 
9.8%-02 1 06E-04 
1.yIEIo1 1.3Z-02 

5.84E-02 1.4Z-04 

2.3%-01 8 9%-05 
1.46E-04 
4.8%-05 
1 . O E 0 l  5.0%-03 
7.23E-03 

B . Z E 0 0  707E-03 
9.81-03 2.27E-06 
9.59E00 6 3 x 4 3  
2.ffiE-02 2.007-05 
2.407-04 
1.OE-04 
8 . m - 0 4  
1.1E-03 
1.32-04 

3.8E-01 1.4%-05 
8.27E-04 
4.UE01 2.m-02 
7.783-04 

7.07~mz 8 I~E-OI 

5 . 2 1 ~ 0 4  2 . m m 1  

7 .06~mi  8.64~-03 

i . ~ + a 4  8.9mmo 

1.8%-06 
1.74E-06 

3.9E-05 
2.1%-05 

1.48-06 
1.04E-02 
1.4E-04 

4.6E-04 
1.06E-04 
1.31-02 

1 . a - 0 4  
8.007-01 
2.m-04 

5.107-03 

3 . 4 ~ m 1  
7.243-03 
1.01-06 
6 .Z-03  
1.7E-05 

5.067-03 
1.6%-05 

1.OE-02 

a.907m 

5 . E - 0 1  
3.63Em 
7.6@ClZ 
2.38E-01 

1.90701 
1.m01 
3.m-01 
8.4E-01 
5.6%-02 
3.68303 

1 .7E00  

8.mmo 

2.5n-02 
3.36E-05 

5.05-03 
4.54E-03 

1.4%-02 
5.4E-02 
1.m-02 
7.7E-04 

9.5%-08 
5.2%-02 
1.4n-03 
1.48-03 

4.17E-01 
2.5E-04 

4.6E-03 

1.3Etoz 
3.0%-02 

4.1E-02 
2.33-03 

1.84Em 
1.742-03 

2 . m m  

i . 6 ~ m i  

z.3%mi i.mmo 

3 .8xmi  

i .mmi  

2.4X00 

1.67EiQO 
5.0%-05 
4.04Ernl 

1 . 9 6 0 1  
1.mm 
1.67E-02 
9.16E03 

6,5%+X 
6.OE-04 

~ 

E-4 

2.9E-02 
9.76E-04 
4 OX-05 
2 m - 0 2  
1.1%-02 
2 4%-05 
1.64E-02 
4.307m 
7.2E-02 
6 17E-03 
2 26E-07 
7.47E-07 
6 107-01 
4 4E-02 
5.5lEm 

5.7Z-02 
3 2 E 0 2  
6 4oE-02 
1.46E-04 

2.107m 
7.23-03 
1 .0am4 
3 oxm 
5 4X-04 
2.6Etw 
1, on-02 

4.2E-04 
4 19E-03 
1.3B-03 
1.3%-04 

1 74-02 
4 . m - 0 3  
1.26E01 
7.7E-04 

5 94~mo 

3 . 7 ~ 3 ~ 3  

2.03~m2 
i . 6mo3  
4.14E0l 
1.0%02 
4.06E-04 
3.93Eto3 
7 94Et03 
1 7 z 0 3  

4 . m 0 2  
6 .m-01  

7.34Em2 
1.74E-03 

i . 3 z m  

6 a m 4  

~ 

3.1~3-01 
1.3%-03 

1.74E-02 
7. %E-01 

1.10701 
I .  5IE00 
2.36EfflO 

1.46E-03 

5.5n-02 

3 . 0 ~ m o  

i.mmo 
9 .  mmo 
1.4%-03 3.mm 
1.7%-01 

4.8E-05 
8 . 7 3 ~ ~ 0  

4 .  imm 
5.mmo 
?.o%mo 9.3%-03 

2.OZ-02 
2.407-04 

6 . 6 5 0 1  

3. immi 

7. mm3 

1,442m3 

i . o ~ ~ m 3  

4.1zm3 
5.mm3 

4.6mm? 

3.3nm2 

3.6%-01 

4.79Fm 

1.06EtO3 

8.9%-02 
5.59E03 
9.94EW4 

4.27E09 
1.6OEtOc 

7 . m 0 1  

?.Ern 
~ 

3.m-08 

2.m-09 
9.4Z-08 

4%-07 
l.m-04 
1.D-06 
2.m-07 

1.76E-10 
8.m-08 
6.707-09 
1.4E-06 

1.7%-10 
4.6%-05 
2.llE-08 

5.m-l2 
LOX-Ob 
9.m-13 
2.5%-02 
6.27E-07 
3.m-07 
1.14E-06 
2.4%-09 
2.897-11 

1.67~-io 

1.4%-09 
1.6%-05 
4.3E-08 

7.m-06 

2.0%-03 
2.483-05 
4.2n-04 
6.m-05 
1.36E-04 
2.6S2-04 
7.04E-07 
7.OE-04 
2.93E-02 
1.34-03 
8.0%-04 
5.14E-04 
4.On-07 
5 . 7 n 0 5  
2.74E-08 
1.307-04 
9.04-07 

~ 

3.  m - 0 1  
1.397-03 

1.7%-02 
7. ea-01 

3.76Em 

7 . m m  

1.46E-03 
1.84Etw 
5.X-02 

1.35~101 

2.3zmo 

i . inmi 

3 .8nmz 
1.4E-03 

1.7Z-01 

4 .  &E-05 
8.7oEtw 
5.9E-13 
5.44Eto4 
5.2E00 
9.3E-03 
7.0100 
2.ozE-02 
2.407-04 

9.4%--10 
1.36EKZ 
3.64E-01 

6 . m m i  

1.72~44 

4.77~mz 

1.0%+03 

i . z 4 ~ ~ ) 4  
5 . i ~ m 3  

i .59~too 

1.6E-05 

1 .44E03  
1.l3E03 

8.96E-02 
5.76Et03 
9.9E+04 

4 . 2 6 E 0 3  

8 . r n 0 5  

3.mm 
7.51EtOo 

~ 
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Table E-2 h e  2 Mass €idaxe wi th  Revised TiES Inventnry 

1 2 3 4 5 6 7 8 9 10 

a e m c a l s  cnhlrusd am 

L 

__ 
1.03E-08 
4.97E-12 

2.23E-07 

2 . E - 0 6  

1.m-07 

E-5 
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Table E-2 Phase 2 Mass Lkihxe with Revised lW.9 Inventiq 

1 2 3 4 5 6 7 8 9 10 I 

1 . 4E tw 

2.84E-02 
2.26-03 
3.74EW 3.OE-03 
2.6OEtoZ 

6.5TBOC 
2 .3Z02  
1.76E-05 
1.4%-06 
3.14Eto2 
4.73-01 
1.86-01 
1.22Eto3 
8.8E-02 

2.3OE01 
8.2500 

3.2E-02 
2.3Eto3 
2.06Eto2 
8.9oE-02 
2.93Eto1 
4.X-01 
1.9%-01 
3 . 3 E t w  6.22Eto2 
3.66Eto1 
2.79EtoO 
1.5E-01 
1 .6E03  
5.W-01 
8 . 9 6 0 0  
1.09Etoz 
6.8zEto1 
1.4OF-03 
6.1Etol  

5.94Eto2 

9 .m-01  

8 73Eto1 
1 20Eto3 

4 . 5 9 ~ 0 3  

i . 46~m2 

2.96~to1 

1 . m 0 2  

9. m 0 2  i . 3 ~ m 4  

i . m m 2  

9.25-03 
6.07E-01 
8.3E-05 

5 m-03 
1.4m-01 
3.76E-02 
3.W-03 
9.16E-08 
5 OZ-05 
l .m-02  
3.16E-04 

9 . a - 0 1  

2.1E-02 
1.5E-02 
7.07E-02 
3.3Z-02 
1.lE-C4 
9.25-01 
3 . m - 0 2  

Z.1%-02 
6.43E-W 
1.3Z-03 
4.27E-03 
7.6E-01 
3.m-02 
1.7X-03 

4.m-02 
1.3E-03 
9.6E-04 
1 55-01 
1.7X-03 
2.8%-06 
1.m-02 
1.01E-02 
8.81E-01 
7.9E-02 
1.31E-03 
3.693-04 

3.67E-02 
1.4zE-01 

9.33E-01 
6.YlE01 
l.lOE-02 
2 23-03  
3.74E00 3.0E-03 
5 27E-01 
1.WEWl 
4 . Z 3 E 0 0  
3.95E-01 
1.2oE-05 
5 17E-05 
1.6oExo 
3 53-02 
1.86-01 
1.04EtOz 

2.37E00 
1, m00 
7 2 E 0 0  
3.5%00 
1.5s-02 
9 m01 
3 65500 

2.8zEtoO 
6 TIE-02 
1.65E-01 
5.6E-01 
7.84Eto1 
3.99E-01 
2.66E-01 
1.55-01 
4.65E00 
1.61E-01 
1 . O E - 0 1  
1 6s01 
2.m-01 
3 . 6 s - 0 4  
2.19E00 

1.05E02 
8.04E00 
1.34E-01 
4.m-02 

4.3ZEtoO 
1 em01 

i .43~mo 

5 . x - 0 1  

1.7E-02 
4 .  5 3 0 3  

2 . 5 9 ~ 0 2  
1 . m 0 2  
2.37Etw 
2.35?02 
5 . X - 0 6  

3 . l E 0 2  
4.3E-01 

l . l Z 0 3  
8.8E-02 
2 . 7 Z 0 l  

1.lZtw 
1.76E02 
1.6%-02 

2 .0Z02  
8.9E-02 
2.65?01 
3.7oE-01 
2.96E-02 
2.76Etw 
5.4yE02 
3.6zEto1 
2 . m m  

1 .6E03  
3.47E-01 
8.9mtw 

6.&3€+01 
1.W-03 
5.96Etol 

5 BbEto2 
1.05EmZ 
8.bW-01 

8 m01 
1.18E03 

2 . ~ ~ 0 1  

2.2%m3 

9 .2501  

9 . m m  1 . 3 4 0 4  

7.3E-03 
2.4QE0l 
2.34-04 

3.4mtw 
1.70E40 
3.1E-02 
3.0%W 
7.5E-00 

3 . 7 ~ ~ 0 0  
2.3Z-03 

i . 4 6 ~ m i  
1 .X-03  
3.58E-01 
2.7%-01 
1.47E-02 
2.3ZEtOO 
2. l5-04 
1.66E01 
2.66E00 
1.17E-03 
3.4%-01 
4.86E-03 
3.9m-04 
3 . 6 Z 0 2  
6.23EtOO 
4.75E-01 
3.  3Z-02 

2.07E01 
4.55-03 
1.17E-01 

8.94E-01 
1.36E-05 
7.W-01 
1.3OE01 

2.33Etw 
1.37Etw 
1.14E-02 

i.2zEtoo 

9 . m m i  

E-6 
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Table E-2 Fhase 2 Mass Ehlaxxe wi th  Revised 'LFS Irnrentory 
-~ 
mw 1 2 3 4 5 6 7 8 9 10 

E-7 
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Table E-2 Phase 2 Mass Balimce w i t h  Revised 'IWS Inventory 

E+!- 11 u 14 15 16 17 i a  19 20 

C-14 8.1E-06 
cs-l3i 
h-137 

5.m-06 
3.3E-06 
9.0%-07 

2.0zE-03 
2.m-03 
9.8%-0s 

S r w  
Y-90 
Tc-99 
Total ctrias 

8.1%-04 3.82-08 
3.56-06 1.6E-10 

4.47E-05 2 1E-09 
2.02E-03 9.46E-08 

1.9oE-02 4 . 5 5 0 7  
6.61-02 164E-06 
1.91-02 9.14-07 
6.0E-03 2.8%-07 

3 . X - 0 6  1.76E-10 
7.87E-03 2.m-07 
1.4%-04 6.7%-09 
5.6n-02 1.4li-06 

3 . 8 2 - 0 6  1.79E-10 
9.98E-01 4.6E-05 
4 . 5 ~ 0 4  2.12-oa 

1.75-07 5.8%-D 
2.24E-02 1 OX-06 
3.16E-13 
7.94EMZ 3 3%-02 
1.34E-02 6.3oE-07 
2 41E-05 1 .m-09  
1.81E-02 8 5li-07 
5.19E-05 2 44E-09 
6.1E-07 2 9E-11 

5.06E-10 1 .N-16  
1.19EiOO 1 64E-05 
9 . 3 ~ ~ 0 4  4 . 4 ~ - 0 8  

5.44E-01 7 93-06 

1.56m2 2 om-03 
i.m+oo I . ~ E - o ~  

2.3li-04 i.o%-oa 

2 . 5 6 ~ 2  3 . 6 ~ - 0 2  
4 . 6 ~ ~ 0 2  1.m-03 

1.immi 5.m-04 

2.04~m5 s.mm5 

8.6%-06 1.9%-12 

3.7Et00 1.74E-04 
3 . 7 E W  1.37E-04 
2.67E+X 1.23-04 

1.0Eto2 6.9E-04 

1.96E+O1 6 . 9 l i - 0 4  

4.lE-03 1.9%-07 

2.0E-01 
8.67E-01 157E-04 
1.94E-02 9.08E-07 

~ 

3.m-11 
1.6E-13 

2.1E-Y 
9.47E-11 

4.56-10 
1.63-09 
9.m-10 
2.82-10 

1 . x - U  
2.m-10 
6.7%--12 
1.4li-09 

1 . m - U  
4.6%-08 
2.m-11 

5.M-15 
1.01-09 
7.m-22 
3 . 3 8 - 0 5  
6.3li-10 
l .m-12  
8.52-10 
2.41-32 
2.9E-14 

1.m-19 
1.61-08 
4.4E-11 

7 . Z - 0 9  

2.0E-06 
1.96E-15 
1.74E-07 
1.74E-07 
1.37E-07 1.23-07 
1 WE-11 
6.9E-07 
3.m-05 1.5oE-06 
6.9Z-07 
5.16E-07 
1.9%-10 6.35103 

1.57E-07 
9.0%-10 

~ 

~ 

3.m-01 
1.3%-03 

1.7%-02 
7.82-01 

3.76EW0 
1.31to1 
7.55T+X 
2.3ZtW 

1 . 6 - 0 3  
1.84EtM) 
5.56-02 
1.17Eio1 

1.4E-03 
3.8EfflZ 
1.7%-01 

4 . m - 0 5  

5.9li-13 
S.44Et04 
5.2E+00 
9.3li-03 
7.03Em0 
2.m-02 
2.4E-04 

8.7miua 

9.48-10 
1.36Et02 
3.64E-01 

6.23+01 

1.7Z+Vi 
1.6li-05 

1.mto3 

8 96E-02 

9.9EN4 
1.24EM4 
5.7mm3 
4.mm3 
1.59EiQ0 

3.36Em 

4.7~m2 
i . 4 4 ~ m 3  

i.ozm3 
5.76~m3 

2.76~m5 

7.5limo 
~ 

E-8 

~ 

8.9%-10 
3 . E - 1 2  

4.94E-11 
2.23-09 

1.0E-08 
2.36E-06 
2.87E-08 
6.7OE-09 

4.m-Y 
2.0E-09 
1.56-10 

4.m-12 
l.lE-06 
4.997-10 

1.3E-13 

2.14E-14 
6.04-04  
1.4E-08 
7.27E-09 

5.74-11 
6.m-U 

3.38-08 

2 . 4 8 ~ ~ 8  

2.7m-08 

3.W-11 
3.9E-07 
1.04E-09 

1.7%-07 

4 . W - O S  
5.M-07 
1.0li-05 
1.4E-06 
3.m-06 
6.31-06 
1.67E-08 
1.67E-05 
6.9Z-04 
3.17E-05 
1.wE-05 
1.27-05 
9 63E-09 
1.3bEW4 
6.47E-10 
3.0E-06 
2.14~-oa 
~ 

__ 
3 .m-01  
1.3%-03 

1.73E-02 
7.82-01 

3.76Eto0 
1.35to1 
7.51m0 
2.35fM0 

1.46E-03 
6.46E-02 
5.m-02 
1.17EM1 

1.4E-03 

1.71-01 

4 . W - 0 5  
8.7QEt00 
6 . V - I 3  
5 47Em4 
5.2lEW0 
9.3E-03 

2.0Z-02 
2.40E-04 

3.81m2 

7 . 0 3 ~ 4 0  

9.m-10 
1.36Et02 
3.64E-01 

6.zm1 

4 . 7 ~ m 2  

8.963-m 
s.76~m3 
9.9lim4 1.2%m4 
5.7lim3 

1 . 7 Z ~ 4  
1.67E-05 

1.I2W3 
1.13Eto3 
l.O%W 

4.mm3 
1.59EtoO 3 . 5 2 W 5  
6 47E-10 
3.36Em 
7 . 5 ~ m a  

~ 

1.36E-09 

1.61-01 

1.34E-09 

1.w-07 

i .mmi 

i . aEmz 

__ 

1 . Z H 3  
3.94Em0 

3.4E-02 

2.3ZKIZ 

5.29Eto0 

1.1E-05 
7 . 5 l i m  

3.67EMO 
3.mm0 

1.89-02 

3.zzEtoZ 
1.a7~m3 

i . a n m 3  

?.i%m3 

i.4%m3 

i . 6 ~ m o  
6 6 1 m 5  

9.OEtw 

1.OEKIZ 
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Table E-2 Fhase 2 Mass Maxe with Revised TiRS Inventory 

11 u 13 14 15 16 17 18 19 m 

~ 

8 lE-19 
3.9z--22 

1 le-17  

2.m-09 

~ 

6 7OE-09 
3.24E-12 

14bEQ7 

2.08EtOl 

2.43E-10 
118E-13 

5.2%-09 

b.73E-08 

E-9 
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1.76E-02 

~ 

1.31E-03 

2.34E-04 
2.4o~m1 

3.4mw0 
1.7min0 
3.133-02 
3.0%iO0 
7.X-08 

3.7Q€iQ0 
2 . Z - 0 3  

i .46~mi 
1.m-03 
3.55-01 
2.7%-01 
1.47E-02 

2.m-04 
1.66EiO1 
2.66EiOQ 
1.17E-03 
3.4%-01 
4 . m - 0 3  
3.9m-04 
3.m-02 
6.23€iQ0 
4.755-01 
3.m-02 

4.555-03 
1 . U - 0 1  

z . m m  

z.mmi 

1.22Etoo 
a.94~-01 
1.363-05 
7.84E-01 
1.3E+Ql 
9.9QEM1 
2.33€*10 
1.3Etw 
1. NE-02 

1.09EtW 
i.%~mi 

~ 

7.W-03 

2 . 3 4 ! 3 4  
z.4c~mi 

3.4mmo 
1.7QEW0 
3.133a 

7.53338 

3.7oEto0 
2.32E-03 

1.16E-03 
3 . z - 0 1  
2.7%31 
1.47E-02 
2.3ZEtOO 
2.m-04 

2.663W0 
1.17E-03 
3.4%-01 
4 . W - 0 3  
3.9oE-04 
3.bZ-02 
6.23Eto0 
4.7X-01 
3 . 3 Z 3 2  

2.07Eto1 
4 . m 3 3  
1.17E-01 

8.94E-01 
1.3bE-05 
7.W-01 

9.9OEto1 
2.33Em0 
1.3EW0 
1.14E-02 

1.09EtW 
1.56EW1 

3 . ~ ~ 1 0 0  

i . 4 6 ~ x l i  

i .66~mi 

i.mmo 

i.%mi 

6.23+Q0 

4 .45531  
~ 

~ 

2.56~mz 

4.9%-05 

4.763m0 

1.63EMZ 
3. 73333 

2.WE-14 

7.31-01 

1.463-02 

1.74Et03 
7 . Z - 0 5  

3.68-02 
3.37E-01 
6 23€+V2 

3.  o%mz 

i.i%mz 

~ 

E - 1 0  
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Table E-2 h e  2 Mass E a h c e  with Revised TiRS Inventmy 

Em- 11 12 13 14 15 16 17 18 19 u) 

1.65EtQ2 r.64EtoQ 

__ 

2.22EtW 
4.4%-01 

3.llEtol 

1.64EtW 
5.74Eto2 

E-11 
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Table E-2 Phase 2 Mass m e  wi th  Raised .Iw(s Imrentory 

/m W E  21 22 23 24 25 26 21 28 29 3 0 1  

1.0%-03 1.0%-06 4.767H3 1.6lE-06 
6 . m - 0 4  6.m-07 2.87EH3 2 . 9 0 ~ ~ 3  9.6E-07 
1.6E-01 1.6E-04 1.7EtO5 

5.59-04 5.6OE-07 2.59Eto3 
2.YlE04 2.533-07 1.167+03 3.9lE41 
6 . w - 0 5  6.8%-08 3.19Ei02 1.QE-07 
8.7E-04 8.7%-07 4.073103 1.37E-06 
l . Z - 0 1  1.53E-04 7.1OEH5 2.3%-04 
I.=-01 1.53~-04 7.10~m5 2.3E-04 
7.lOE-03 7.lOE-06 3.28304 
6.43-01 6 4 2 - 0 4  2.9EH6 

2 . 9 0 ~ ~ 5  i . z l~ -oz  2.90~m5 
2 . 7 6 7 ~ 5  i.m-oz 2.76~m5 
2 . 5 9 ~ ~ 3  5.6lE-07 2.58EW3 

1.60~-01 i.6m-w i . 3 ~ m 5  Ba-13;' 

1 . 6 2 t w  9.0B-06 1.6ZW4 
5.wm5 2 . 4 ~ - 0 2  5.82m5 

Tc-99 
T o t a l  aulas 

6.81E-08 
3.0OE-10 

3.743-09 
1.68-07 

8.m-07 
2.7%-04 
2.4E-06 
5.08-01 

3.14E-10 
2.m-08 
1.m-08 
2.m-06 

3.m-10 
8.4%-05 
3,767-08 

1.04E-11 
1.m-03-06 
2.54E-12 
3.7E-02 
1.m-06 
7.94E-07 
2.32-06 
4 . 3 2 - 0 9  
5 .U-11  

4.07E-09 
2.9%-05 
7.82-08 

1.38-05 

3.7E-03 
6.9%-05 
1.02E-03 

2.44E-04 
6.26E-04 
1.9E-06 
1.ZE-03 
4.5%-02 
2.09E-03 
15%-03 
9.19E-04 
6.9E-01 

1.4OE-16 
2.m-04 
1 62E-06 

~ 3 . 2 3 ~ 5  

~ 

6.82-11 3.m-01 
3.OOE-U 1.38-03 

3.74E-12 1.1%-02 
1.68-10 7.82-01 

3.m-13 1.4E-03 
8.44E-08 3.9lEH2 
3.7E-11 1.7%-01 

4.07E-12 1.88-02 

7 %I-11 3.64E-01 
2.94~-08 1 . 3 6 ~ ~ 2  

1.3z-08 6 . m m i  

3.7Z-06 1.7Zi04 
6.92-08 3.2zEto2 
1 . 0 ~ - 0 6  2 . 3 5 ~ ~ 3  

5.M-01 

\.lE-Ol 

1.3lEH5 

~ 

E-12 

~ 

3.  %Et00 

3 . a - 0 2  

2.18m2 

5 . 2 9 ~ ~ 0  

1.1E-05 
7.5lEM2 

3 . 6 E m  
3.  &Em 

1.897-02 

3.mmz 
2. %Et03 

z.wm3 
9.QEHO 

4.33Em2 
i.4%m3 

2.3OEH5 

~ 

5.84E-12 
2.64E-10 

4.9lE-u 
1.6oE-09 3.48E-02 
1.w-11 
3.9a-09 

1.16EH2 1.6X-01 2.3zEto2 
5.0OE-U 

5.9OE-11 

1.6%-14 
2.9a-09 
2 . B - U  1.1E-05 

1.767-09 
7.9%-10 3.67Em 
3.m-09 3.@4Em 
6.7%-12 
8.OE-14 

i . m - 0 7  5.2%mo 

3 . m ~ ~  i . i a ~  7.mmz 

2.1lE-08 
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Table E-2 Phase 2 Mass Balarre with Revised TtPS Inventory 

1RuyIWi.E 21 22 7.3 24 25 76 21 28 29 30 

momamls 

~ 

2 97!-07 
6 45E-05 

1.5E-07 

2.0SEWl 

j 1 
1.26E+05 3.73304 

__ 
6.m-17 
1.3%-14 

1. W W 3  

5.OzE-17 

7.03F-09 

~ 

2.9oE-07 
6 .42 -05  

E-I3 
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Table E-2 Phase 2 Mass Manx with Revised lwRs Inventory 

T 5.57Effl3 

5 . X M 5  
5.3oEm5 
8.7.3+1 
144EM3 
4 OEx12 
4 9EW3 
1.27EM6 
1.27Ern6 
163x14 
3 66Eto6 

~ 

7.3E-03 
2.4OFWl 
2.34E-04 

3.4oEto0 
2 . X N 2  
3.1E-02 
3.09E+OC 
7.5E-08 

3.7mm0 
2.32E-03 

1.46Em1 
1.16E-03 
3 .X-01  
2.797-01 
1.47E-02 
2.jZEtoQ 
2.27-04 

2.66Ex10 
1 . Z - 0 3  
3.4%-01 
4 . W - 0 3  
3.9oE-04 
3.6'2-02 6.23+00 
4.7%-01 
3.3'2-02 

2.07Em1 
4 . 5 1 - 0 3  
4.mmo 
1.mm0 

3.73-03  
7.84E-01 
1.3QEx11 9.9oE+01 
2 33Em 
137Em 
1.14E-02 

7 3X--01 
1.09EtOQ 
1.56Em1 
1 . 6 - 0 2  
3.  09Etoz 

7 . Z - 0 5  

3.68E-02 
3 . X - 0 1  
6.23E102 

i .66~mi 

i.63~mz 

i . n ~ m 3  

1.8em2 

~ 

I .  5oEto4 

L.8%04 

L.26Ex14 
~ 

E-14 

.3E-O5 2.m-05 

.3o~mo 2.47~mo 

.QQEWl 2.l53i01 

.7%-03 1.9zE-03 

.54E-Q1 3.8E-01 

~ 

2.mm2 

2.33-05 

2.47EW0 

1.43mz 
1.9'2-03 

2.04E-14 

3.8E-01 

7 . X - 0 3  
1.6oEtoz 
9 omm 
3.m+5 
4.04Eto2 
1.9E-02 
1.74E-01 
3.23Eto2 

~ 
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Table E-2 Phase 2 Mass Balance wi th  Revised TARS Invent~ry 

m N N ?  21 22 23 24 25 26 27 28 29 30 

s.uDalmxmE 
CherdCaLs Gnt.irud (Elr) 

3.6Z-01 
2 6%-01 
3.473-09 
8.64E-05 
3 w+u1 
2.9%-03 
2.9%-03 
1 59EW 
2.m-03 
1 E - 0 6  

2.m-02 
2 . 3 Z t W  
4.6E-01 
2.m-06 
1.36E-05 

4.67E-01 
3.5%-01 
1 . Z - 0 3  
l.llE-05 
2 0%45 
2.46E-03 
8,9Z+u3 
1.44Eto1 
4.173-02 
6.44E-02 
1.m-03 
3 .7ZW 
2.3%-04 
7 . E - 0 1  

1.64EtoO 
5.74EMZ 

i.96Emi 

3 ,  i ~ m 3  

!.1OEW5 

E-15 
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Table E-2 n7ase 2 Mass Balarce with Revised W Inventory 

1.6%-06 
2.9m+a3 
1.36E-02 
1.2%-02 
1.3%-05 
3.91E-07 
1.OE-07 
1.V-06 
2.39E-04 
2 . 3 9 - 0 4  
9 . m - 0 5  
3.48Efl3 

PmLl 
C-14 
CS-1.17 
&-I27 

EE 
FL-240 
FL-241 
Sr90 
Y-90 
Tc-99 
Total Wies 

1.m-10 
4.6E-I2 

5.84E-12 
2.64E-10 

1.27E-09 
2.81E-07 
2.31E-08 
7.9%-10 

4.91E-13 
1.7E-09 
1.m-11 
3.98-09 
1.62-01 
5.OCa-13 

5.9E-11 

1.63-14 

6.14E-14 
7 . Z - 0 5  

1.9Z-08 
2.ZE-08 
6.79E-12 
8.OE-14 

i.5%-07 

2 . 9 4 ~ 0 9  

i.7m-09 

9.m-11 
4 .33 -08  
1.m-10 

2.11E-08 

.OzE-lO 

.60E-06 

1.OCa-06 

.0'4-08 

.04E-O6 

mmz 

9.3%-07 7.m-09 
3.2%-06 2.yIE-08 
9.64E-07 7.41--09 
3.OOF-07 2.3zE-W 

1.m-10 1.44E-12 
8.8%-05 3.08-09 
7.1oE-09 5.4E-11 
2.8%-06 2.17E-08 
2.9Z-05 
1.8%-10 1.46E-12 
1.36E-04 3.m-07 
2.rn-08 1.7%-10 

6.17E-12 4 77E 14 
l.lE-06 I 8:583IO9 

2.Z-14 1.937-16 
5.9%-05 4.57E-07 
4.64E-08 3.5%-10 

2.7oE-05 2.067-07 

. FA?-03 6.O6E-05 
27E-10 3 . D - 1 2  
.lE-O5 9.4Z-07 
2E-09 1.4Z-06 

.87E-04 1.4%-06 

.3Z-04 1.OZ-06 

.lS-O8 8.85-11 

.66E-O3 4.Z-05 

.6E-02 196E-04 
,583-07 1.76E-04 
.7%-04 7.m-06 
.17E-O3 4.m-06 
.26E-05 1.5%-09 

.9%-06 7.67E-08 

.OCa-O4 9.473-07 
,583-07 7.4E-09 

.mm3 i.m+x 

~ 

3.1%-I2 
1.37E-15 

1.7%-14 
7.7zE-I2 

7.m-12 
2.5%-11 
7.4%-12 
2.32-12 

1.44E-U 
3.01-12 
5.4%-14 
2.17E-11 

1.46E-l5 
3.m-10 
1.7%-13 

4.77E-11 
8.597-12 
1.2%-22 
4.E-07 
5.N-12 
1.8%-14 
6.94E-12 
1.9%-14 
2.37E-16 

1.94E-19 
4.X-10 
3.5%-13 

2.067-10 

6.06E-08 
3.3%-15 
9.4%-10 
1.m-09 
1.4E-09 
1.ozE-09 
8.m-14 
4 .m-00  
1.96E-07 
1.76E-07 
7.51E-09 
4.m-09 
1.5%-12 

7.667-11 
9.467-10 
7.4%-12 

1 . 7 9 ~ ~ 3  

__ 
8 . l 3 - 0 4  
3.583-06 

4.47E-05 
2.OzE-03 

1.9Ll-02 
6.6%- 
1.9E-02 
6.07E-03 

3.76E-06 
7.96E-03 
1.4%-04 
5.67E-02 

3.m-06 
9.9E-01 
4.51E-04 

l . m - 0 7  
2.24E-02 
3.K-13 
7.94Em 
1.3'4-02 
4.7Z-05 
1.81E-02 
5 . m - 0 5  
6.167-07 

5.06E-10 

9.37E-04 

5.44E-01 

1.332 
8.63-06 
1.mm 
3.71Em 
3.7E+X 
2.67Em 
2.31E-04 

2.%Em 
4.6oEMz 
1.96EMl 
1.loEM1 
4 .  E - 0 3  
4.mto4 
2.0%-01 
8.67E-01 
1.94E-02 

1. i%mo 

1 . 0 ~ ~ ~ 2  
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Table E-2 %e 2 Mass Balance w i t h  Rarised Imrentoq 

RUyIN4.e 31 32 33 34 35 36 37 38 39 40 

cum- 
__ 
1 . x - 0 8  
6.4%-09 

2.04EW1 
3.9EW3 

1.8Jeto2 

2.62E*6 

1.3JEflO 
1.04Eto1 
7.6lEW5 
2.57Effl2 
5.m-17 
8.99Ei.x 

3.735to1 
7.03E-09 

1,64E+CU 

1 . 7 3 4 4  

- 
1.3X-U 

6.27E-07 

9.69E-07 

- 
1.37E-18 

6.27E-10 

9. JE-10 
__ 
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Table E-2 h e  2 Mass Ealame w i t h  Revised TiRS Inventory 

1.0ZQ1 

3.07E-03 

3.07E-01 
3.4QEt00 
2.09EX13 

4 67EQl 1 
, ,9E-10 

I.  71E-05 

.9E-04 

.45E-08 

1.m-Ob 

1 17Et02 

3.01Eio2 

3.65Et02 

s.mm1 

4.75E-01 
5 ,  ZtQl 

19EW3 

~ 

2 JZ-05 
8 m-02 
8.7oE-07 

1 . Z - 0 2  
6 35-03 
1.16E-04 
1 .E-02  
2.7%-10 

1.3E-02 
8 6oE-06 

5.4Z-02 
4.31E-06 
1 3 5 - 0 3  
1.043-03 
5.4%-05 
8.61EQ3 
7.9E-01 
6.17E-02 
9 , s - 0 3  
4.36E-06 
1.3m-03 
1.W-05 
1.4%-06 
1.35E-E4 2.W-02 
1.77E-03 
1.23-04  

7.69E-02 
1.657-05 
9.3m-04 
4 , s - 0 3  

5.07E-08 
2.W-03 
4.8E-02 
3.3%-01 
8.6X-03 
5.1E-03 
4 a - 0 5  

2.73E-05 
4.0s-03 
S.7E-02 
5.86-08 
2.4E-05 
3.31-04  
1.9Z-09 
8.17E-01 
2.Z-10 

l.1BE-05 

4.47~-03  

2.m-05 

5.4%-01 

1.76E-02 
i.eu~m3 

2.55Et02 
1.7E3102 
2.343m 

5.643-06 

2 J a m 2  
1.74E-01 

1.lQEt03 
8.W-02 
2.69Et01 

l.IoE+Q€ 
1.143102 
1.6E-02 
1.ZTt03 
2.0oE102 
8.1E-02 

3.6X-01 
2.93E-02 
2.7zt00 
4.6E102 

2.49EWQ 

1.55Eto3 
3.4Z-01 
8.7EtM1 

6.71Exll 
1.OZ+3 
5.88EWl 

7.4ZiU3 
1.75et02 
1.QEt02 
8 VE-01 

2.7Z-01 

1.17Et03 
5.86-oe 
2.4BE-05 
3.3X-04 
1.9z-01 
8.17E-01 
2.23-1c 
2.@2QI 
1 . m - O f  

2.32~402 

2 . m t 0 1  

2.mm1 

3 . 5 ~ m 1  

9.1?Etoi 

9.mmz 

8 . m t 0 1  
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Table E-2 Phase 2 Mass Balarre with Revised 'IWS Inventory 

m w  31 32 33 34 35 36 37 38 39 40 

aJDalmmNl3 

L.44Ern3 
i 44~x13 

~ 

Z.17E-05 2.17E-05 
z.7oE-05 Z.7Ca-05 
6 . m - 1 3  6.1%-W 
8.66E-13 8 66E-W 
1.05-05  4 05-05 
6.9E-06 6.98E-06 
1 . 7 E - U  1 . 7 E - l l  
3 3 6 E E  3.36E-03 

E-19 



~otal NSS FIW W) 
V O k  (L) 
specific Gravity 

~ 

4.07E-08 
1.7%-10 

2.23-09 
1.OE-07 

9.4%-07 
3.3Z-06 
9.73-07 
3.03E-07 

1.m-10 
8.9E-05 
7.17E-09 
2.m-06 
2.95E-05 
1.9E-10 
1.37E-04 
2.m-08 

6.23-12 
1 Et-06 

6 OZ-02 
6.llE-01 
4 ,  m-01 
9.W-07 
2.6oF-09 
3.0%-11 

2 . E - 1 4  
5 97E-05 
4.6%-08 

2.7'2-05 

7.9'2-03 
4.m-10 
6.16E-05 

1.8%-04 
1.3%-04 
1.m-08 
2.6%-03 
6.1'2-02 

9.8E-04 
1.1BE-03 
4.3OE-05 
7 ea* 
l.WFO5 
3.0s-04 
9.682-07 

~ 

E-20 

i.9mm4 8.wm4 2.56Emi 5.mm ~ . m m 3  B.ZZE-OZ i .03~t06 
8 . 6 4 ~ ~ ) 7  2 . 5 6 ~ ~ 1 4  5.mm7 8.mic6 8.mmi i . o m a 9  1.mm 1.mfflo 1.mm 1.oOEm 1.mm 1.mm i.96~to7 

1.OOEmO 

1.m-07 

1.4OE-07 

l.llE-05 

3. m-06 
2.5lE-07 5.mm 

__ 
4.oz-10 
1.79-12 

2.23-11 
1.OlE-09 

9.4%-09 
3.m-08 
9.7%-09 
3.0%-09 

1.m-u 
8.9nE-07 
7.17E-11 
2 .m-08  
3.623-04 
1.9lE-12 
1.373-06 
2.m-10 

6.237-14 
l .m-08  

6.0'2-04 
6.7E-09 
2.9E-04 
9 . m - w  
2.6OE-11 
3.0%-13 

2 .E-16  
5.9lE-07 
4.6%-10 

2.7'2-07 

7.9Z-05 
4.3Z-12 
6.16E-07 
1.4Z-10 
1.69E-06 
1.33E-06 
1.lE-10 
2.6%-05 
123-02 
1 76E-08 
9.8l.-06 
8.D-03 
4.3OE-07 

1.m-07 
3.0X-06 
9.6E-09 

4 . 4 4 ~ 0 2  

~ 

__ 
6.7B-08 
2.9BE-lo 

3.7Z-09 
1.6BE-07 

8.1OE-07 
1.7BE-04 
2.16E-06 
5.0Z-07 

3. m-10 
1.sz-37 
1.19E-08 
2.5E-06 

3.m-10 
8.35E-05 
3.75E-08 

1.w-11 
1.8X-06 
1.6E-12 
4.53% 
1.m-06 
5.4lE-07 
2.04-06 
4.3Z-09 
5.  14E-11 

2.m-w 
2.94E-05 
7.m-08 

1.3E-05 

3 .X-03  
4.4lE-05 
7.6OE-04 
1.m-04 
2.4%-04 
4 . X - 0 4  
1.25E-06 
1.263-03 
5.2E-02 
2.39Ei33 
1.4BE-33 
9.K-04 
7.m-07 1.03Eic6 
4 . m - 0 8  
2.3Z-04 
1.6E-06 

~ 
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Table E-'2 Phase I1 Mass Balance with Revised W Imrentory 

1.a3E-01 
6.m-01 
2.ooE-02 

9.3oE-02 

1.m-03 

9.mm 

2.6EMZ 

6.4mm3 

i . 3 m ~  
i . i zmi  

4.mmi 
i.66~mo 

2.immo 
1.2E-04 

- 
1.83E-08 
8.m-12 

3.98E-07 

5.0E-06 
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~otalpgs~ ~ l ~ l  am 3.39~mz 8 . 1 7 ~ ~ 4  3.43~m 

2.71-07 
8.9E-04 
8.7E-09 

1.m-04 
6.3%-05 
1 17E-06 
1.16)-04 
2.82-u 

1,397-04 8 69E-08 

5 49E-04 
4 32-08 
134E-05 
1.01-05 
5.m-07 
8.7rn-05 
8.06)-09 
6 . 7 3 - 0 4  
9.9E-05 
1.76)-04 
1.31E-05 
l .m-07  
1.462-08 
1.36E-06 2.34E-04 
1.7E-05 
1.22-06 

7.J7E-04 
l.?lE-07 
1 .mXI1  
4.56-05 
2 3ZWl  
5.m-10 
2.94E-05 
4 86-04 
3 . u - 0 3  
8.78-05 
5.E-05 
4.m-07 

5 . a - 0 1  
4.1QE-05 
5.W-04 
1 1E-03 
5 .m-01  

3.87E-05 
1.61W2 
4.51E-06 
5.7a-01 
3.5%-01 

6 7mm0 

~ 

6.463-08 

5.JE-02 

0EWl 

snmi 

2.72W2 

5.91E-01 
2.mm 
3.3EW? 
1.9s-02 
1 . 6 3 W  
2.2s-02 
2 Wm 
1.79~m2 

~ 

2.7%-05 
8.9E-02 
8.7E-07 

l .m-02  
6.393-03 
1 . u - 0 4  
1.16)-02 
2.m-10 

1.3%-02 
8 6%-ob 

5.4%-02 
4.3%-06 
1 .X-03  
1, 05E-Q3 
5.5'7-05 
8.7oE-03 
8.06)-07 
6.73-02 
9.9E-03 
1.m-04 
1.X-03 
1.m-05 
1.46)-06 
1.36)-04 
2.34E-02 
1.7E-03 
1.23-04 

7.77E-02 

1.0QEWl 
4.56-03 

5.m-08 
2 94E-03 
4 . m - 0 2  
3.4Z-01 
8.74E-03 
5.16)-03 
4.m-05 

5 . Z - 0 1  
4.1QE-03 
5.84E-02 1.1E-03 
5.m-01 
6 J6)W 
3.87E-05 

4.51E-06 
5.70E-01 
3.5%-01 

i.71~-05 

2 . 3 ~ m 1  

1.66)m2 

~ 
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6.86-14 
2.2s-10 
2 m-U 

3.1%-11 
1 m-11 
2.9Z-13 
2.9E-11 
7.01-19 

3.47E-11 
2.17E-14 

1.37E-10 
1.0%-14 
3.36)-12 
2.m-u 
1.3E-13 
2.17E-11 
2.01E-15 
1.56-10 
2.4%-ll 
3.9QE-14 
3.27E-12 
4 5 6 - 1 4  
3.66)-U 
3.4rn-U 
5.8%-11 
4.46)-u 
3.11E-13 

1.94E-10 
4.27E-14 
1.5%-09 
1.14E-11 
3.71E-09 
1.m-16 
7.35E-U 
l . Z - 1 0  
8.56-10 
2.1%-11 
1 29E-11 
1.07E-13 

8.7%-11 
1.02E-11 
1.46)-10 1.8%-U 
7.9E-11 
1.0E-09 
6.17E-U 
2.83-08 
7.1E-16 
9.OE-11 
5 7E-11 

~ 



WHC-SD-WM-TI-774 Rev.  0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 

Table E-2 h e  I1 Mass Balsnre with Revised 'lbR.9 Inventory 

RFIclNpcE 41 42 43 44 45 46 47 48 

UDalKNENE 

8 24E-05 1 

~ 

4.38Ei11 
5.44E-01 
1.m-08 
1.7%-08 
8.1%-01 
1.41E-01 
3.6oE-07 
3 . Z + x  

1.1E-01 
4.93E-02 

3.66E-03 
3 .Z-10  
2.44E-04 

5.63E-01 

8.Z-04 
1.3%-09 
7 . Z - 0 5  
4 .m-01  

1.06E-01 
8.42E-02 
6 . Z - 0 2  
5.6E-03 
3.3oEW 
8 . m - 0 4  
l.BlE+x 

8.24E-03 

i . m m i  

i . x m i  
3.3.5~mo 

9.56~toi  

1.97E-18 
2.7%-18 
1.3oE-10 
2.m-11 
5.73E-17 
5.3oE-10 

1.m-11 
7.m-12 
2.1%-w 
5.82-u 
5.14E-ZJI 
3.8%-14 
2.m-09 
8.97E-11 
5.3%-10 
1.3Z-W 
2.16E-19 
1 .E-14  
7.74E-11 
2.06E-08 
1.697-11 
1.34E-11 
9.91E-12 
9.04E-13 
5.m-10 
1.36E-l3 
2.8%-10 
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Hanford Company Memo 

From: Process Technology 73510-96-014 
Phone: 373-2641 H5-27 
Date:  May 7, 1996 
Sub jec t :  TWRS PROCESS TECHNICAL BASELINE ASSUMPTIONS AND BASES 

To : J. 0. Honeyman 

cc:  J .  N .  Appel 
J. S. G a r f i e l d *  
K. A. Gasper* 
M. E .  Johnson 
R .  A. K i r k b r i d e  
E .  J .  Kos ianc ic*  
R.  P. Marsha l l *  
G.  A. Meyer* 
R .  J .  Murkowski* 
R. M. Orme 
R.  D .  Powel l  
73510 F i l e / L B  
* w/o Attachment 

63-21 

63-21 
H5-49 
63-21 
~ 3 - 2 I  
H 5 - 2 7 R K  
H 5 - 6 1 F  
H5-61 
S2-48 
H5-03 

G3-21 
H5-27 e 
H5-27 

T h i s  memo t r a n s m i t s  t h e  :‘TWRS P r i v a t i z a t i o n  Process 
Technical  Base l ine  Assumptions and Bases.” These 
Assumptions and Bases a re  a predecessor t o  t h e  TWRS 
P r i v a t i z a t i o n  Process Technical  Base l ine  document t h a t  w i l l  
be completed l a t e r  t h i s  year .  
Base l ine ,  a summary l e v e l  f lowsheet  of  p r i v a t i z e d  t a n k  waste 
processing, w i l l  complete High-Level Waste Program m i l e s t o n e  
T33-96-204 and Low-Level Waste Program m i l e s t o n e  T32-96-018. 
Both  a re  DOE-RL mi les tones .  

A d r a f t  o f  these Assumpt\ons and Bases c i r c u l a t e d  f o r  
comment i n  January, 1996 (Mi les tone C o n t r o l  No. T32-96-019). 
The comments r e s u l t e d  i n  s u b s t a n t i a l  r e v i s i o n s  t o  t h e  d r a f t .  
M a t e r i a l  f rom severa l  r e c e n t l y  i ssued s t u d i e s  was a l s o  
i n c l u d e d  i n  these r e v i s e d  and improved assumptions. We a r e  
now ready t o  proceed w i t h  p r e p a r a t i o n  o f  t h e  Process 
Technical  Base l ine  document. 

F u r t h e r  ques t ions  o r  compents on t h e  Attachment shou ld  be 
d i r e c t e d  t o  R. M.  Orme (372-0035). 

The Process Techn ica l  

{ !?- [LctyLLL*LpJ-----  

D .  J. Washenfelder 
Manager 

Attachment 

Hanlord Opcralionr and Enpinrering Contractor for the US Department of Energy 
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TWRS PRIVATIZATION PROCESS TECHNICAL BASELINE 
ASSUMPTIONS AND BASES 

1.0 INTRODUCTION 

In 1995, the United States Department of Energy (USDOE) advised its 
Hanford contractors to plan for the privatization of certain Tank Waste 
Remediation System (TWRS) functions (Bader 1995). The privatization strategy 
is implemented in two phases. 
business viability of using privatized facilities to pretreat and immobilize a 
limited amount of Hanford tank waste, the treated products returning to USDOE 
for interim storage and disposal. Phase I1 shifts more of the TWRS functions 
(retrieval, in-process storage, sludge pretreatment) into the private sector 
and builds full-scale treatment facilities to process the balance of the 
waste. 

Phase I will demonstrate the technical and 

Responding to the privatization strategy, the Waste Disposal Program 
identified the need for a TWRS Privatization Process Technical Baseline (PTB) 
(Milestone T32-96-018) to support the Systems Engineering of privatized 
Hanford waste processing. The intent and scope of the PTB task as defined in 
the Schedule Activity Planning Form is as follows: 

"Revise the TWRS Process Flowsheet' to a summary level technical 
baseline document. The work will provide the technical bases for 
privatization to support systems engineering analysis, and will provide 
an ASPEN model that can be used to support retrieval sequence and 
blending work. The work will only be performed in sufficient detail to 
identify M&O contractor and private vendor interfaces and support the 
retrieval sequence work." 

The purpose o f  this letter is to assemble under one cover the Assumptions and 
Bases for preparation of the PTB. 

document. On 1/15/96 we circulated draft Assumptions and Bases (Milestone 
Control Number T32-96-019) to disposal program managers for discussion and 
comment. Considering that the TWRS Privatization Request for Proposa7s (RFP) 
(DOE 1996) does not obligate private contractors to select previously favored 
processes, reviewers felt that the Phase I PTB should reflect a level o f  
detail commensurate with the direction found in the RFP. 

The RFP, in fact, is silent on separations and immobilization process 
technology. Even vitrification, the "selected" architecture for high-level 
waste (HLW) immobilization (DOE 1990), is not fixed because the RFP allows 
private contractors to propose a1 ternate waste forms. 
envelope is a "black box" producing waste packages that are defined by the RFP 
in terms of their physical characteristics, minimum waste loading, and maximum 

Our original intention was to produce a TWRS Process Flowsheet-like 

The privatized process 

'The TWRS Process Flowsheet (Orme 1994, 1995) mentioned above has been 
the Systems Engineering model for projecting the volume o f  major products 
resulting from the processing of tank waste. 

1 
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r a d i o n u c l i d e s .  The volume o f  secondary waste streams i s  dependent on process 
s e l e c t i o n s  y e t  t o  be made by t h e  p r i v a t e  c o n t r a c t o r s .  

A r r i v i n g  a t  Assumptions and Bases f o r  Phase I i s  compl ica ted  by t h e  
f l e x i b i l i t y  o f  t h e  p r i v a t e  procurement. There w i l l  be two p r i v a t e  
c o n t r a c t o r s ,  each o f  which can e x e r c i s e  a cho ice  o f  two o p t i o n s .  
l e v e l / h i g h - l e v e l  o p t i o n  r e q u i r e s  p r i v a t e  c o n t r a c t o r s  t o  r e c e i v e  two waste feed 
streams and r e t u r n  two produc t  streams. The l o w - l e v e l  o n l y  o p t i o n  r e q u i r e s  
t h e  r e c e i p t  o f  one waste feed stream, and t h e  r e t u r n  o f  one produc t  stream and 
t h r e e  o r  f o u r  i n t e r m e d i a t e  p roduc t  streams. 

The low- 

U n f o r t u n a t e l y ,  Bader (1995) p r o v i d e s  o n l y  genera l  guidance f o r  Phase 11, 
and t h e  RFP does n o t  address Phase I 1  a t  a l l .  We know o n l y  t h e  schedule and 
t h a t  Phase I 1  e n t a i l s  l o w - l e v e l  and h i g h - l e v e l  p rocess ing  o f  t h e  balance o f  
t h e  waste.  Pending f u r t h e r  guidance on Phase 11, t h e  ASPEN PLUS TWRS Process 
Flowsheet (Orme 1995a) model, b rought  up t o  d a t e  w i t h  a d j u s t e d  f e e d  streams 
and l a t e s t  process chemis t ry  data,  i s  a reasonable b a s i s  f o r  p r o j e c t i n g  Phase 
11 p r o c e s s i n g  r e s u l t s .  There are,  i n c i d e n t a l l y ,  no p l a n s  t o  i s s u e  a second 
r e v i s i o n  o f  t h e  TWRS Process Flowsheet document. 
TWRS Process Flowsheet  model w i l l  be r e f l e c t e d  i n  Rev. 0 o f  t h e  PTB document. 

Phase I 1  model ing w i t h  t h e  

Phase I P a r t  A i s  a 20 month p e r i o d ,  t a r g e t e d  t o  end A p r i l  30, 1998, 
f o r  c o n t r a c t o r s  t o  p repare  d e l i v e r a b l e s ,  and f o r  USDOE t o  e v a l u a t e  and s e l e c t  
c o n t r a c t o r s  f o r  P a r t  B .  
of a conceptual  design r e p o r t ,  a p roduc t  q u a l i f i c a t i o n  p l a n ,  a r e g u l a t o r y  
compl iance p l a n ,  e t c .  Phase I P a r t  B a l l o w s  f o u r  y e a r s  t o  des ign  and 
c o n s t r u c t ,  f i v e  years f o r  opera t ions ,  and one year  f o r  d e a c t i v a t i o n .  USDOE 
may e x e r c i s e  o p t i o n s  t o  extend t h e  d u r a t i o n  o f  o p e r a t i o n s .  Some o f  t h e  key 
schedule t a r g e t s  (DOE 1996) f o r  Phase I are as  f o l l o w s :  

The d e l i v e r a b l e s  i n c l u d e  a schedule,  t h e  e q u i v a l e n t  

Award none, one, o r  more P a r t  A des ign  o n l y  
c o n t r a c t s  September 1, 1996 

Complete c o n t r a c t o r  e v a l u a t i o n  and a u t h o r i z e  P a r t  B A p r i l  30, 1998 

Begin p roo f -o f -concept  opera t ions  June 1, 2002 

Some o f  t h e  key schedule t a r g e t s  (Bader 1995) f o r  Phase I 1  a r e  as 
f o l l o w s :  

Award c o n t r a c t  

Begin LAW opera t ions  

Begin HLW opera t ions  

Complete p rocess ing  o f  LAW 

Complete p rocess ing  o f  HLW 

2005 

2011 

2013 

2021 

2028 
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As a final note, Systems Engineering is the USDOE-approved approach for 
selecting and acquiring the waste disposal architecture o f  TWRS. While 
Systems Engineering functions and requirements decomposition and supporting 
documentation for waste processing has progressed to the 4th level (WHC 1996), 
there are as yet no official decisions (wash sludges vs. dissolve sludges, 
minimum radionuclide separations vs. extensive radionuclide separations, 
vitrification vs. some other treatmpnt of LLW) on processing architecture with 
the exception of HLW vitrification. 
privatization, not only as a contracting strategy, but as a vehicle for 
expediting architecture decisions under the Systems Engineering umbrella. 

It appears that USDOE is using 

‘As noted above, with the procurement of privatized services, even the 
vitrification o f  HLW is open to alternative architectures. 
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2.0 OBJECTIVES 

We identify under this cover the major flowsheeting Assumptions and 
Bases that will govern preparation of the TWRS Privatization Process Technical 
Baseline. 
a high-level flowsheet that projects the volume of major, intermediate and 
secondary product streams for the RFP-defined scenario without resorting to 
selection of specific technology. The Phase I 1  flowsheet, which processes all 
the waste left over from Phase I ,  is a high-level summary of the JWRS Process 
Flowsheet. 

The baseline encompasses two flowsheets. The Phase I flowsheet is 

To date, the customers of the PTB task have expressed a variety of 
expectations. The process flowsheet format is suitable for meeting some 
expectations but ofhers are better met by supplemental work such as tank 
sequence modeling. The author understands the primary expectations to be: 

(1) provide a model for projecting the outcome of privatized TWRS 
processing, 

( 2 )  describe and quantify under one cover the interfaces between the 
Phase I privatized process envelope and USDOE operations, and 

( 3 )  continue support of the M-50-03 annual enhanced sludge washing 
status report, i.e., project waste volumes to the end of processing 
using currently avail able information. 

We cannot carry the PTB to the same level of detail as our previous 
flowsheeting efforts because detailed process work is the scope of private 
contractors; the PTB is not a project definition or process design document. 
Architecture selections may not be known until the private contractors submit 
their Part A deliverables in December 1997. In the meantime (about one and a 
half years), we will maintain a PTB at a41evel of detail that is commensurate 
with the available procurement guidance. We expect that the PTB will become 
more detailed as TWRS Systems Engineering matures in the newly privatized 
environment. 

'For example, our  flowsheet format can project total material flow for 
the two phases of privatization. 
from the RFP, but process design (equipment design and equipment sizing) falls 
within the scope of the private contractor. 

similar environment. 
Engineering studies and decision boards by making tentative architecture 
selections. 

Minimum processing rates could be inferred 

4Historically, TWRS Process Flowsheet work has proceeded in a somewhat 
We have had to anticipate the results of Systems 
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3 .O ASSUMPTIONS AND BASES FOR THE PRIVATIZATION PROCESS TECHNICAL BASELINE 

TWRS Technical Integration recently revised the Functions and 
Requirements (WHC 1996) for the Process Waste function to reflect the new 
requirements of privatization (Bader 1995). 
Description (Johnson 1996) indicates that the private contractor will evaluate 
and select suitable architectures for pretreating supernatants and 
immobilizing LAW, although it should be noted that the January 1996 draft 
amendment to the Hanford Facility Agreement and Consent Order (Tri-Party 
Agreement or TPA) still assumes that Hanford will produce a vitrified ILAW. 

Key sources either completed or in progress provide DST consolidation 
recommendations (Powell et a1 . 1996)5, privatization HLW staging plans 
(Manuel et al. 1996), privatization LLW staging plans (Certa et al. 1996), and 
overall tank retrieval sequence recommendations (Penwell et al. 1996). The 
author of the PTB intends to draw upon these source: when appropriate for 
establishing the technical baseline feed materials. The primary vehicle for 
communicating requirements to private contractors is the TWRS Privatization 
Request for Proposals (RFP) (DOE 1996). 
to a large extent from these sources. 

as settling and thickening of settled sludge are also available. 
empirical enhanced sludge washing efficiency data grew considerably during 
1995, and will continue to expand during 1996. The results of a LLW melter 
test program are also available. 
information for revising and improving the old technical baseline. 

tank waste characterization, the complexity o f  the chemistry, and the status 
of commercially available software precludes a rigorous thermodynamic approach 
to chemical process modeling. The assumptions pertaining to mass balance 
calculations assembled for this letter are derived from a mixture of 
laboratory data, engineering approximations, experience, and some intuitive 
judgement. Improving the flowsheet's calculational methods is a standing 
objective; readers of this Assumptions and Bases letter and the subsequent PTB 
are encouraged to challenge assumptions and suggest improvements or 
alternative methods. 

The companion Baseline System 

The Assumptions and Bases are derived 

New technical reports addressing important aspects of the process such 
The body o f  

In short, there is a wealth of new 

TWRS process knowledge i s ,  to a large extent, empirical. The status of 

A draft of renegotiated TPA milestones is currently circulating for 
public comment and should be finalized by April 1996. 
for retrieval (the M-45-00 series) remain in effect for privatization, but 
interim milestones will probably be renegotiated. Sludge immobilization 

Major TPA milestones 

'The current status of the consolidation decision is that DSTs will not 
be consolidated. 

Much of the key information in these studies was recently extracted 
and summarized in the TWRS Disposal Program's periodic submittal o f  
assumptions to the Operational Waste Volume Projection (Honeyman 1996). 
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milestones (the M-51-00 series) will be met by privatization plans, assuming 
that at least one of the private vendors exercises the HLW vitrification 
option during Phase I .  USDOE is still obligated to begin HLW vitrification by 
December, 2009 if Phase I vendors do not pursue the HLW option. 
effect of renegotiation is the deletion of a number of LLW pretreatment 
milestones (the M-50-00 series), which reappear in the M-60-00 series as 
privatized LAW pretreatment and immobilization milestones. 
pretreatment milestones of the M-50-00 series are still in effect. 

The main 

The slydge 

3.1 KEY ASSUMPTIONS FOR PHASE I 

The M&O contractor's role during Phase I is to provide access to process 
water, potable water and electricity, to prepare and transfer a limited amount 
of sludges to HLW immobilization, to provide LLW feeds to the private 
contractors, and to receive back finished products and intermediate products 
for storage and disposal. The M&O also receives back secondary wastes that 
cannot be dispatched through private channels. 

the PTB because they are either extraneous to the waste disposal process, or 
because the interface is not with USDOE. Private contractors must, for 
example, make their own arrangements for non-radioactive/dangerous solid 
wastes, non-radioactive/non-dangerous sol id wastes, and 1 iquid sanitary 
wastes. Land, deactivated facility and site, roads and rails, and non-routine 
HLW have no material effect on the process mass balance. 

Figures 1 and 2 depict the M&O/private contractor interfaces for the two 
contract options: LAW-only processing and LAW/HLW processing. The PTB will 
track only those interfaces that are pertinent to projecting the volume of 
products and routine secondary wastes received by the M&O. 
are defined in general terms because private contractors have yet to select 
their waste treatment architecture. 

3.1.1 Characterization 

Certain private contractor interfaces are excluded from consideration in 

Phase I products 

The Characterization Project's standard inventory task is a work 
in progress. A best-basis (i.e., standardized tank-by-tank 
inventory) will not be available to support process baselining. 

7TPA milestone dates generally are later than those reflected in the 
official planning documentation. The Washington State Department of Ecology, 
a cosigner of the Hanford Facility Agreement and Consent Order (Tri-Party 
Agreement or TPA)  fully supports efforts to complete commitments ahead of the 
TPA schedule. 
with the public comment period for the renegotiated TPA milestones. 
Consequently, there may be discrepancies between this Assumptions and Bases 
document and the final version o f  TPA. 

The Assumptions and Bases document is being prepared concurrent 
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Phase I feeds are consistent with the feeds as defined in 
preliminary feed staging plans (Certa et al. 1996 and Manuel et 
al. 1996). If subsequent revisions of the staging plans become 
available in time, that information will be included. 

The location of waste is consistent with TWRS Disposal Program's 
latest waste transfer input to the periodic Operational Waste 
Volume Projection (Honeyman 1996). Supernate composition and 
inventory are consistent with Shelton (1996). 

Private contractor intermediate waste returns added to one of 
three global inventories minus the feed to Phase I constitutes the 
feed to Phase 11. (See Section 3.2.1 for the details pertaining t o  
Phase I1  feed). 

3.1.2 Retrieve Waste 

The M&O contractor will retrieve the full minimum amount of 
Envelope A, B, and C in turn into intermediate feed staging tanks 
before providing additional orders. The combined amount of 
Envelope A, B, and C will not exceed 5,100 MT of sodium per 
contractor, and we assume that each contractor processes the 
maximum amount of feed. 
as follows: 

The range of feed from each envelope is 

2,600-4,900 MT of waste sodium 
100-1,000 MT of waste sodium 
100-2,400 MT of waste sodium 

Envelope A 
Envelope B 
Envelope C 

The amount of envelope D may range from 245-465 MT of waste oxides 
per contractor excluding sodium and silicon. 
process the retrievable amount of DST sludge identified by Manuel 
et al. 1996, but that may be insufficient to reach the maximum. 

DST liquids and solids for Phase I will be retrieved to the extent 
shown in the feed staging plans. 
mixer pump/transfer pump systems. 

The flowsheet will 

Solids will be transferred with 

The total feed to Phase 1 based on the feed staging plans is summarized 
in Attachment 1. 

3.1.3 Transfer Waste 

Waste transfers are within the existing and future underground 
piping system. 

During retrieval and transfer, highly concentrated liquors are 
diluted to 1 . 4  spg, the maximum spg allowed without envoking a gas 
accumulation analysis. 

during the dilution of concentrated liquors. 
The PTE will evaluate the potential for solids precipitation 
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3.1.4 Store In-Process Waste 

AP-102 and AP-104 are set aside for the tank farm operator to 
prepare and stage retrieved 1 iquids to the private contractors 
tanks. 

LAW feed is provided to AP-106 and A-108 which have been 
designated as the Contractor waste feed tanks. 
transfer no more than 5 vol% solids to these feeds. 

HLW feed exists in AZ-101 (available in May 1998), AZ-102 
(available in May 2001) and AY-102 (combined AY-102 and C-106 
solids, available in June 2004)) as defined in Honeyman (1996). 
HLW feed is provided by pipeline to a point of connection in the 
vicinity of the AP tank farm, but received and stored in 
Contractor provided facilities. 

A fifth AP tank is set aside for receiving the Entrained Solids 
intermediate product from the contractors. 
contractors consolidate TRU/Sr intermediate product, if there is 
one, with Entrained Solids. 

Private contractors are not required to provide evaporator 
capability for managing waste volume. 
contractor will extend operations o f  242-A to at least 2011 to 
manage waste volume and, if necessary, control the concentration 
o f  feed to private contractors. 
provided evaporation through the pretreatment facility beginning 
in 2004). 

The M&O will 

We assume that the 

Therefore, the M&O 

(The previous TWRS baseline 

3.1.5 Pretreat LAW 

The transfer schedule for supernatants to the contractor is in 
Honeyman (1996), unless superseded by the revision of Certa et al. 
(1996). 

The RFP-defined separations on LAW feeds result in Entrained 
Solids, Sr-TRU, Tc, and Cs intermediate product streams. It is a 
contractor responsibility to evaluate and select the separations 
technology. At this point in time, we can only say that the 
intermediate product streams are within the specifications defined 
by the RFP. 

Specification 10 1 imits the impact that intermediate product streams may 
have on IHLW by placing ceilings on the amount of total oxide equivalents in 
all of the intermediate product streams and the amount o f  sodium in specific 
intermediate product streams. 

Per metric ton of Na in the LAW feed, contractors may add no more 
than 100 grams in total of the following: fluorine and chlorine, 
and the oxide equivalent of sulfur, phosphorus and chromium. 

10 
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Given that the total Na in LAW feed is 10,200 MT, Specification 10 
allows private contractors to add/precipitate no more than 102 MT 
of oxide equivalent (excluding Si and Na) in the four intermediate 
waste products. 

3.1.5.1 Entrained Solids Intermediate Product (ESIP) 

The contractors are allowed to return Entrained Sol ids Intermediate 
Product, and we assume that they return this stream. 
reference to the carrier liquid and solid particles, i.e., the slurry returned 
by the Contractor. 
Solids with the Strontium and Transuranics product, and we assume that this is 
done. 

Entrained Solids has 

An LAW-only contractor is allowed to combine Entrained 

Entrained Solids has the potential to be a large volume stream if the 
M&O contractor takes advantage of the 5 vol% solidsa allowed in the feed 
stream. With Entrained Solids required to be 20-30 vol% solids, Entrained 
Solids volume could be as high as 25% of the LAW feed to the contractor. 
expect that the LAW will contain much less than the 5 vol% solids that is 
a1 1 owed. 

We 

Entrained Solids contain no more than 5% of the Cs-137 in the LAW 
feed (Specification 3). 

Entrained Solids contain no more than 5% of the Tc-99 in the LAW 
feed (Specification 3). 

Entrained Solids contain no more than 60 grams Na per kg o f  
insoluble solids (Specification l o ) .  

3.1.5.2 Strontium and Transuranic Intermediate Product (STIP) 

LAW-only contractors are allowed to return a strontium and transuranic 
intermediate product which may be mixed with Entrained Solids. We assume that 
contractors combine STIP with ESIP and the assumptions are the same as for the 
Entrained Solids (Specification 6). 

3.1.5.3 Technetium Intermediate Product (TIP) 

stream. TIP is returned as a solution or slurry. TIP is not returned t o  
USDOE until the end of Phase I processing. 

TIP contains no more than 0.0015 Ci per liter of gamma emitting 
radionuclides with energies greater than 0 .4  MeV (Specification 
5). 

LAW-only contractors are allowed to return a Tc intermediate product 

'In the context o f  this RFP and this J P E ,  vol% i s  understood to be the 
settled volume fraction, not the liquid displacement. 
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TIP contains no more than 10 kg Na per metric ton of Na in the LAW 
feed. Since LAW-only contractors process 10,200 MT o f  Na, TIP may 
contain up to 102 MT Na (Specification 10). 

3.1.5.4 Cesium Intermediate Product (CIP) 

LAW-only contractors are required to return a Cs intermediate product 
stream. Cs intermediate product is a right circular cylinder with external 
dimensions 33 cm in diameter and 137 cm high containing a dry, free flowing 
materi a1 . 

CIP contains no more than 1% of the Tc-99 in the LAW feed 
(Specification 4). 

The radiolytic heat of any container cannot exceed 1.5 kW 
(Specification 4) .  

CIP contains no more than 10 kg Na per metric ton of Na in the LAW 
feed, Since LAW-only contractors process 10,200 MT of Na, CIP may 
contain up to 102 MT Na (Specification 10). 

3.1.5.5 Pretreated LAW 

The amount o f  9-90, Tc-99, and Cs-137 (see Section 3.1.6) allowed 
in ILAW is assumed to satisfy NRC's requirement to remove key 
radionuclides to the maximum extent that i s  technically and 
economically practical. 

The pretreated waste is capable of being incorporated in a solid 
physical form at a concentration that does not exceed the 
applicable concentration limits for Class C LLW as set out in 10 
CFR 61. 

3.1.6 Immobilize LAW 

A Systems Engineering study (Higley 1995) completed during 1995 
evaluated the existing data on cement grouts, containerized glass, glass-in- 
sulfur, and polyethylene (organic binder) waste forms against systems 
engineering measures and the U. S. Nuclear Regulatory Commission waste form 
technical position. Higley's evaluation stopped short of recommending a waste 
form for ILAW, nor did it de-recommend the glass cullet-in-sulfur waste form 
that has previously been the TWRS Process Flowsheet base1 ine. 

We will likewise make no assumption about the ILAW form. However, 
considering the TPA's stated preference for ILAW glass and the time line for 
Phase I ,  it's not unreasonable to assume that private contractors will opt for 
glass in the RFP specified rectangular packages. 

Direction from USDOE (Brown 1996) puts the packaged volume at 
182.8 cm3 per gram mole of Envelope B sodium (7.95 m3 per MT of 
sodium), and 73.1 cm3 per gram mole of Envelope A/C sodium (3.18 
m3 per MT sodium). The maximum volume of packaged ILAW from Phase 
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I al lowed by t h e  RFP i s  250 cm3 p e r  gram mole o f  Envelope B 
sodium, and 100 cm3 p e r  gram mole o f  Envelope A o r  C sodium. 

The package count  i s  f l e x i b l e  because t h e  RFP a l l o w s  t/- 0.2m t o  
t h e  nominal package dimensions o f  1.8m x 1.2m x 1.2m s tandard  
package. The minimum s i z e  package 1.6m x 1.0m x 1.0m and t h e  
maximum s i z e  i s  2.0m x 1.4m x 1.4m. The range o f  package volume 
i s  considerable:  1.6m3 t o  3.92m3. 
m 3 .  

Each package o f  ILAW s h a l l  s a t i s f y  t h e  c r i t e r i a  f o r  c l a s s i f i c a t i o n  
as a Class C waste as d e f i n e d  i n  10 CFR 61.55. (Class B o r  A i s  
a l s o  accep tab le ) .  
su r face  d i sposa l .  The c l a s s i f i c a t i o n  p r o t o c o l  a l l o w s  t h e  
generator  t o  average r a d i o n u c l i d e  c o n c e n t r a t i o n  ove r  t h e  volume o f  
t h e  waste. The Branch Technica l  P o s i t i o n  on Concen t ra t i on  
Averaging and Encapsulat ion dated January 1995 c l a r i f i e s  t h a t  
c l a s s i f i c a t i o n  o f  s o l i d i f i e d  l i q u i d s  i s  based on t h e  volume o r  
weight  o f  t h e  s o l i d i f i e d  mass, r a t h e r  t h a n  t h e  volume o f  t h e  
l i q u i d ,  o r  t h e  volume o f  t h e  con ta ine r .  

The runn ing  average concen t ra t i on  i n  ILAW ( t o t a l  c u r i e s  d i v i d e d  by 
t o t a l  ILAW volume) s h a l l  n o t  exceed t h e  f o l l o w i n g  l i m i t s  f o r  
se lec ted  rad ionuc l i des :  

The s tandard  package i s  2.59 

These c r i t e r i a  d e f i n e  s u i t a b i l i t y  f o r  near-  

Sr-90 < 20 c i / m 3  
Tc-99 < 0.3 C i / m 3  
Cs-137 < 3 C i / m 3  

Waste c o n s t i t u e n t s  n o t  immobi l ized i n  t h e  ILAW form must be 
accounted f o r  i n  t h e  i n t e r m e d i a t e  and secondary waste streams. 
The d i s p o s i t i o n  o f  water ,  f o r  example, w i l l  depend on t h e  
s e l e c t i o n  o f  waste form. 

Hot ope ra t i ons  begin June, 2002 f o r  Phase I and 2011 f o r  Phase I1 

3.1.7 LLW Disposal  

To ensure c o m p a t i b i l i t y  w i t h  t r a n s p o r t ,  i n t e r i m  s to rage  and 
d i sposa l  f a c i l i t i e s ,  ILAW packages s h a l l  n o t  exceed 10 MT. 

To ensure c o m p a t i b i l i t y ,  dose r a t e  on t h e  e x t e r n a l  s u r f a c e  s h a l l  
n o t  exceed 1 Rem/hr, and su r face  con tamina t ion  s h a l l  n o t  exceed 
367 Bq/m2 f o r  a lpha and 3,670 Bq/m2 f o r  beta-gamma. 

ILAW packages w i l l  be p laced  i n  i n t e r i m  s to rage  a w a i t i n g  placement 
i n  a near-sur face d i sposa l  f a c i l i t y .  

ILAW packages w i l l  be p laced  i n  an o n s i t e  nea r -su r face  d i sposa l  
system t h a t  w i l l  a l l o w  r e t r i e v a l  f o r  up t o  50 yea rs  f rom t h e  t i m e  
o f  emplacement. 
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Disposal  i s  managed, pursuant  t o  t h e  Atomic Energy Ac t ,  so t h a t  
sa fe ty  requi rements comparable t o  t h e  performance o b j e c t i v e s  s e t  
o u t  i n  10 CFR 61  a re  s a t i s f i e d .  
i s  a p r i v a t e  c o n t r a c t o r  r e s p o n s i b i l i t y .  

The performance o f  ILAW packages 

3.1.8 P r e t r e a t  HLW 

As a r e s u l t  o f  i n - tank  demonstrat ions and c o n s o l i d a t i o n  ac t i ons ,  
ready - to - t rans fe r  water-washed s o l  i d s  e x i s t  i n  AZ-101, AZ-102 and 
AY-102. 
i n  a sma l le r  volume o f  IHLW f o r  t h e  waste form s e l e c t e d  by t h e  
p r i v a t e  c o n t r a c t o r .  The PTB w i l l  d e s c r i b e  b o t h  t h e  wa te r  washed 
and c a u s t i c  leached feed t o  t h e  p r i v a t e  c o n t r a c t o r s .  
HLW Staging P lan  (Manuel e t  a l .  1996), c a u s t i c  l e a c h i n g  does n o t  
reduce b o r o s i l i c a t e  g l a s s  p r o d u c t i o n  f rom Phase I because t h e  
l i m i t i n g  component i n  these s o l i d s  i s  i r o n .  

OOE may e l e c t  t o  do c a u s t i c  l e a c h i n g  on HLW i f  i t  r e s u l t s  

Based on t h e  

3.1.9 Immob i l i ze  High-Level Waste 

The t r a n s f e r  schedule f o r  washed s o l i d s  i s  i n  Honeyman (1996), 
un less  superseded by a new r e v i s i o n  o f  t h e  HLW s t a g i n g  p l a n  
(Manuel e t  a l .  1996). 

The RFP i s  n o t  s p e c i f i c  about waste form. 
a l t e r n a t i v e s  t o  b o r o s i l i c a t e  g lass ,  p r o v i d e d  t h e  Con t rac to r  can 
p rov ide  adequate documentation. Consequently, t h e  PTB i s  l i m i t e d  
t o  p r o j e c t i n g  maximum IHLW volume on t h e  b a s i s  o f  e q u i v a l e n t  waste 
ox ides i n  t h e  feed.  

I n  t h e  IHLW con tex t ,  waste ox ides has r e f e r e n c e  t o  t h e  ox ide  
equ iva len t  o f  t h e  HLW feed  exc lud ing  sodium and s i l i c o n ,  and a l s o  
exc lud ing  m a t e r i a l s  o r i g i n a t i n g  f rom LAW process ing.  

The Con t rac to r  may produce no more t h a n  1.54 m3 o f  IHLW p e r  m e t r i c  
t o n  o f  waste ox ides.  
ox ide  l o a d i n g  i n  b o r o s i l i c a t e  g lass .  

Dur ing  Phase I ,  t he  HLW package count  may be based on one o r  more 
of t h e  f o l l o w i n g :  Defense Waste Process ing F a c i l i t y  c a n i s t e r  (0.62 
m3), West V a l l e y  Demonstrat ion P r o j e c t  c a n i s t e r  (0.8 m3), o r  a 
c o n t r a c t o r  proposed c a n i s t e r  t h a t  r e q u i r e s  USDOE approval  d u r i n g  
P a r t  A. 
r e c e n t l y  agreed t o  t h e  t e c h n i c a l  a c c e p t a b i l i t y  o f  a 4.5m (15 ft) 
t a l l  c a n i s t e r  (1.17 m3) ( M i l n e r  1996). The p a r e n t h e t i c a l  volume 
i s  the  n e t  waste volume i n  t h e  package. 

Ho t  ope ra t i ons  begin June, 2002 f o r  Phase I and 2013 f o r  Phase 11. 
Phase I s a t i s f i e s  t h e  TPA commitment t o  b e g i n  HLW v i t r i f i c a t i o n  by 
2009. 

USDOE w i l l  cons ide r  

Th is  l i m i t  i s  e q u i v a l e n t  t o  25 w t %  waste 

The O f f i c e  o f  C i v i l i a n  Rad ioac t i ve  Waste Management 
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3.1.10 S t o r e  High-Level Waste 

Inter im s torage  of v i t r i f i e d  HLW c a n i s t e r s  uses  two v a u l t s  i n  t h e  
e x i s t i n g  Canis te r  Storage Building (Calmus 1996). 
c a n i s t e r s  a r e  s tacked t h r e e  deep i n  220 s t o r a g e  tubes .  
can handle u p  t o  1320 s tandard c a n i s t e r s .  
t o  t h e  geological  repos i tory  i s  assumed t o  begin in  2035 a f t e r  HLW 
v i t r i f i c a t i o n  i s  completed. 

Cesium intermediate  product cans a r e  l ikewise  s tored  i n  t h e  
Canis te r  Storage Building i f  t h e  p r i v a t e  c o n t r a c t o r s  do not  
v i t r i f y  H L W .  

Standard 
The CSB 

Transfer  of  HLW casks 

3.1.11 Radioact ive Sol id  Wastes 

USDOE w i l l  accept  an unspecif ied volume of r a d i o a c t i v e  s o l i d  wastes t h a t  
comply w i t h  Hanford S i t e  Sol id  Waste Acceptance C r i t e r i a  (WHC-EP-0063). 
volume could d i f f e r  s i g n i f i c a n t l y  between c o n t r a c t o r s  depending on t h e i r  
p rocess .  For example, v i t r i f i c a t i o n  of LAW may g e n e r a t e  a secondary waste t o  
conta in  v o l a t i l e  C1 an F ,  where an a l t e r n a t e  ILAW form may incorpora te  those  
c o n s t i t u e n t s .  
o t h e r  genera tes  no spent  r e s i n .  
e s t i m a t e  t h e  na ture  and volume of waste t h a t  t h e i r  r e s p e c t i v e  f a c i l i t i e s  wi l l  
genera te .  

3.1.12 Non-Radioactive, Non-Dangerous Liquid E f f l u e n t s  

c o n t r a c t o r  f o r  disposal  a t  t h e  Treated Eff luent  Disposal F a c i l i t y  (TEDF). The 
e f f l u e n t s  must meet t h e  requirements of t h e  TEDF I n t e r f a c e  Control Document 
(WHC-SO-WO49H-ICD-001) and t h e  S t a t e  Waste Discharge Permit .  The c o n t r a c t o r s '  
t r e a t e d  e f f l u e n t  volume depends e n t i r e l y  on water  usage p a t t e r n s  wi th in  t h e i r  
r e s p e c t i v e  p l a n t s .  

The 

One c o n t r a c t o r  may generate  spent  ion exchange r e s i n ,  where t h e  
I t  i s  t h e  c o n t r a c t o r s '  r e s p o n s i b i l i t y  t o  

USDOE w i l l  accept  up t o  300,000 m3/yr of  t r e a t e d  e f f l u e n t s  from each 

3.1.13 Radioact ive,  Dangerous Liquids 

The volume and composition of t h e  c o n t r a c t o r s '  un t rea ted  e f f l u e n t  
depends on the flowsheet within t h e i r  r e s p e c t i v e  p l a n t s .  Subject  t o  t h e  
condi t ions  out l ined  below, USDOE wi l l  accept  up t o  100,000 m3/yr of  
r a d i o a c t i v e ,  dangerous l i q u i d  e f f l u e n t s  from each c o n t r a c t o r  f o r  t rea tment  
through t h e  Liquid Eff luent  Retention F a c i l i t y  (LERF)/Effluent Treatment 
F a c i l i t y  (ETF). LERF provides up t o  50,000 m (13,000,000 g a l )  of surge 
c a p a c i t y  between t h e  cont rac tors  and ETF.  
could genera te  a t o t a l  of 10,000 t o  20,000 m3/yr and assuming t h a t  l i q u i d s  
t r a n s f e r r e d  t o  L E R F  must be t r e a t e d  a t  ETF w i t h i n  a y e a r ,  an annual campaign 
a t  ETF appears  appropr ia te  f o r  t r e a t i n g  Phase I e f f l u e n t s .  

Acceptance of waste (McDonald 1994) a t  ETF i s  cont ingent  on t h r e e  
mandatory regula tory  c r i t e r i a .  
e f f l u e n t s  per  an approved ana lys i s  plan so the waste  can be des igna ted .  
can accept  only t h e  waste codes l i s t e d  i n  the D e l i s t i n g  P e t i t i o n  and t h e  RCRA 
P a r t  B Permit .  The absorbed r a d i a t i o n  dose t o  a hypothe t ica l  ind iv idua l  a t  

15 

Estimating t h a t  Phase I c o n t r a c t o r s  

Contractors  have t o  c h a r a c t e r i z e  t h e i r  
ETF 
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the site boundary may not exceepd the dose permitted by the Radionuclide Air 
Emission Program (RAEP) permit. 

ETF may treat effluents that fall within the known envelope of 
treatability. ETF personnel can also identify, through the waste acceptance 
process, facility and/or permit modifications to prepare for accepting other 
wastes. 

In addition to the mandatory criteria, the acceptance process for ETF 
considers several other factors that could affect the operability of the ETF 
process such as separable organics, too much dissolved organic, colloidal 
matter, scale forming compounds, corrosive constituents, UV absorbers, and 
neutral radionuclides. ETF must also satisfy certain requirements with regard 
to radioactive inventory in the facility and in the secondary waste product. 

3.1.14 Air Emissions 

For air permitting purposes, privatization contractors are integrated 
into the Hanford Site Air Operating Permit. To comply with the Hanford Site 
Air Operating Permit", the effective dose equivalent (EDE) from Hanford 
facility radionuclide air emissions must not exceed 10 mRem/yr to any member 
of the public during any 12-month period. Presumably, a fraction of the 
allowance will be allocated to the private contractors. In addition, Derived 
Concentration Guide-public values for individual airborne emissions shall not 
be exceeded at any ground-level location or occupied area as a result of 
Hanford operations. Best Available Radionuclide Control Technology (BARCT) 
and Best, Available Control Technology (BACT) for toxics are required. 

3.2 KEY ASSUMPTIONS FOR PHASE I1 

3.2.1 Characterization 

For the purposes of the PTB, the Phase If feed consists of the total 
inventory plus the intermediate waste products returned from private vendors 
minus the DST waste transferred to private contractors during Phase I .  
I feeds, discussed in Section 3.1.1, are based on OST tank-by-tank inventory 
tables that were projected to the start of Phase I (Shelton 1996 and Manuel 
1996). 

Phase 

The total inventory in Hanford tanks is currently in transition as the 
Standard Inventory project works toward a final recommendation. The 
Characterization Project's task to develop and maintain a Standard Tank-by- 
Tank Inventory for all tanks will not be completed in time, and in fact is not 
required for the PTB. In the meantime, the PTB will present cases based on 
all three of the following preliminary total inventories: 

9Permits can be modified, so being outside of permit conditions does not 

"Hanford has applied for the Site Air Operating Permit, but approval is 

absolutely preclude acceptance. 

not expected until some time in 1997. 
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The TWRS Process Flowsheet inventory" 

An adjusted TWRS Process Flowsheet inventory 

The LANL Rev. 3 inventory (Agnew et al. 1996) 

The Standard Inventory project has arrived at "final" values for certain 
key waste components: Al, Cr, Fe, Na, and PO,,. These account for the 
"adjustment" to the TWRS Process Flowsheet inventory mentioned above. Reviews 
of the LANL methodology for estimating tank inventory have identified a number 
of flaws, and the Standard Inventory project is geared toward fixing those 
problems, 
should be finalized in 1997. 

3.2.2 Retrieve Waste 

The Standard Total Inventory and Standard Tank-by-Tank Inventory 

The details of retrieving individual tanks and tank closure is outside 
Since privatization delays full-scale production from the scope of the PTB. 

2004 to 2011, privatization clearly impacts the first several years of 
retrieval compared to the previous retrieval baseline (Certa 1995a). The 
merits of alternate retrieval sequences continues to be studied (Penwell et 
al. 1996) in parallel with the preparation of this process flowsheet. 

Table 3-1 Primary Retrieval Assumptions 
Waste was conditioned at the site of retrieval or in Retrieval Annexes to 
facilitate long distance transfers. Conditioning may include one or more 
of the following: further dissolution of salts, dilution, particle size 
adjustment and blending. Particles should be no larger than 2 mm t o  be 
suspended at normal transport velocity. 

The Phase 11 feed stream to pretreatment is a composite of all tank waste 
not immobilized during Phase I .  

As a simplifying assumption for mass balance purposes, the retrieved 
composite feed stream shows all water soluble constituents in solution with 
the volume adjusted to yield a 5M Na solution. If the composite slurry is 
more than 10 wtX solids, additional retrieval water is added. 

No additional OSTs will be provided for receiving SST waste. 

SST wastes will be retrieved starting in December 2003." 
maximum duration of SST retrieval is established in the language 

The 

"The TWRS Process Flowsheet (Rev. 1 )  used a revised Hanford Defense 
Waste Environmental Impact Statement inventory. The revision was an increase 
in the amount of A1 and Cr. 

"Retrieval of SST 241-C-106 will be started in October 1996 and 
completed by September 2003 to demonstrate SST retrieval, and resolve the high 
heat safety issue. 

1 7  
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of the Tri-Party Agreement. All SST retrieval is completed by 
September 2018. 

Sluicing will be acceptable as the primary SST retrieval method. 
Other retrieval methods may be required when there is potential 
for leakage or when residues are resistant to sluicing, but the 
method does not affect the overall mass balance. 

The process mass balance reflects 100% SST retrieval. 
retrieval goal is 99% waste removal per the TPA so the mass 
balance is slightly conservative. 

SSTs are retrieved into DSTs and composited with residual DST 
waste to become the feed for Phase 11. 

The allowable content of DSTs at the end of production has not 
been stipulated, but we assume the DSTs are empty for mass balance 
purposes. 

3.2.3 Transfer Waste 

Understanding the rheology of dense salt solutions and small particle (less 
than 40 microns) slurries is essential for pipeline operations, the assumed 
method of waste transfer. 

Non-settl ing slurry rheology can be highly dependent on the nature of 
the particles; for example, boehmite (ALOOH) slurries are considerably more 
viscous than gibbsite (Al(0H) ) at low shear rates. With rheology data in 
hand, the design of pipeline transfer systems is straightforward. Design 
methods for non-settling slurry pipelines are readily available (Brown and 
Heywood 1991 ) . 
solids that are greater than 50 microns) must be capable of maintaining the 
minimum transport velocity. 
deposition. 
concentrat ion, re1 ative densities, particle diameter, and pipe diameter. 
Design methods for settling slurry pipelines are likewise readily available 
(Durand 1953, Hughmark 1961, Spells 1955, Brown and Heywood 1991). For 
sluiced waste, pipeline design should consider up to 10 wt% slurry at a liquid 
specific gravity of 1.0 to 1.25, which corresponds to a carrier liquid ranging 
from very dilute to 5M NaNO, solution. 

3.2.4 Store In-Process Waste 

transferred to the A tank farm complex. 
accumulated in the A tank farm complex. 
facility for in-tank treatment o f  sludges. 
the A farm awaiting transfer to the vitrification facility. 

0 

The SST 

The PTB will summarize slurry rheology data to the extent possible. 

Transfer systems for settling slurries (containing several percent 

The typical value is 1.8 m/sec to preclude solids 
Minimum transport velocities are normally correlated using solids 

Waste retrieved in the West Area is accumulated in the SY tank farm and 
Waste retrieved in the East Area is 
The A tank farm complex is also the 

Pretreated solids are stored in 
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In-process waste storage requirements are driven by a number of factors: 
successfully matching retrieval rates and pretreatment, facility configuration 
decisions, and the extent to which the process areas are close coupled (or the 
desire to decouple process areas from each other). To keep in-process storage 
requirements for liquids at a minimum requires very reliable and highly 
coordinated operations. 
available DST space, or provide contingency space to reduce the risk of 
unscheduled downtime. 

In-process storage requirements for the large volume of retrieved 
1 iquids can be minimized if pretreatment processing capacity matches or 
exceeds the rate of retrieval. 
overlapping functions because to a certain extent they occur at the same time 
in the same equipment. 

3.2.5 Pretreat Waste 

3 . 2 . 5 . 1  In-Tank Enhanced Sludge Washing 

The private contractor may decide to work within the 

In-process storage and in-tank treatment are 

Caustic leaching, sludge washing and incidental blending of Phase 

Evaluation of new laboratory results will result in revised 

The sludge washing function architecture is allocated to the OSTs. 

I1  solids will be adequate to achieve an acceptable HLW volume. 

insoluble waste estimates and caustic leaching efficiency for 
Phase 11. 

Note: the following italicized text will be revised to reflect the 
additional results of laboratory studies that will be available later in the 
year. 

In-tank enhanced sludge washing includes a retrieval wash (!.e., the 
solubilization of some components that actually occurs during retrieval and 
transfer o f  the slurries), solidlliquid separations by settleldecant, caustic 
leaching of selected components ( A l ,  POL3, Cr and Na are the primary targets 
of leaching) from the solids, and washifig of the leached solids with dilute 
caustic. 

results that were available as of this writing (Lumetta et. al. 1993, Rapko 
et. al. 1995, Temer et. al. 1995) .  The leach efficiencies applied to the 
inventory of each type of SST waste yields a mass-weighted efficiency for 
caustic leaching. 

experimental procedure, 5-104 and U-110 samples (high aluminum content 
sludges) were treated with caustic at 100 " C  and allowed t o  cool to near 
ambient temperature before analyzing the Al. 
published) of these experiments in Figures 3-3 and 3-4 shows that the 
experimental A1 concentration in room temperature samples of caustic leach 
solution was at the solubility limit, meaning that revised experimental 

Table 3-2 shows a summary o f  experimental washing and caustic leaching 

The A 1  leach efficiency deserves additional explanation. During the 

Felmy's evaluation (not yet 
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conditions could very likely improve the efficiency of A1 leaching. Assuming 
62% for caustic leaching of boiled REDOX wastes in place of the experimental 
35%, the overall SST leach efficiency for A1 in this flowsheet is 67% instead 
of 55%. 

The Cr and PO, leach efficiencies are unchanged from the laboratory 
values. 
for A l ,  Cr, and PO, is 67%, 60%, and 74%, respectively. 

weighted average for the Na 0 content in the leached sludges of 9 recent core 
samples (E-111,  8202, EX-105, EX-107, C-103, C-108, 5-104, T-107) is 11%. To 
obtain a residual sludge composition of 11% Na 0 for the TWRS composite feed, 
a 25% caustic leach efficiency is required. 
efficiency for Wa is applied to both SSTs and DSTs. 

previous basis of 8 5 ,  75%, and 70% for A l ,  Cr, and PO,, - respectively. 

Therefore,-the SST caustic leach efficiency derived from Table 3-4 

Revision 0 o f  the flowsheet took no credit for //a leaching. The mass 
- 

Tfierefore, a 25% caustic leaching 

The caustic leach efficiencies for DSTs is assumed to be the same as the 

Tosether, the assumotions for SSTs and DSTs discussed above result in 
overall caustic leach efficiencies of 68%. 64%. 74%. and 25% for A l .  Cr. PO,, 
and Ma. respectively. 

summarized in Table 3 - 3 .  
The mass balance assumptions pertaining to enhanced sludge washing are 
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Table 3-3 Primary Assumptions for Enhanced Sludge Washing 
Flocculent Additions: Polyelectrolyte with 4 H to 1 C (this is just a 
placeholder until the flocculent is actually selected). 
prepared as a 10 wt% solution. 
of flocculent per kg of dry solid. 
flocculent. 

1st Stage Settling: Decanted liquids entrain 0.33% of incoming solids. 
Settled sludge is 20 wt% solids. Al, Cr, phosphate and Na leach from 
solids with efficiencies of 68%, 64%, 74% and 25%, respectively. Moles of 
OH- consumed by leaching is 1 mole/mole Al, 1 mole/mole Cr, 3 moles/mole of 
phosphate. Chemical addition results in an 8 wt% slurry (Stream 14) with 
3M free OH- and 0.01tj NO, after leaching has gone to completion. 

No further solubilization occurs after the caustic leach. Washing of the 
leached solids is modelled as simple dilution of the interstitial liquor. 

First Wash Tank: Decanted liquids entrain 0.33% of incoming leached solids. 
Settled sludge i s  20 wt% solids. 
slurry (Stream 21) with 0.1M free OH- and 0.0lpl NO,. 
first wash. 

Second Wash Tank: Same as First Wash Tank (except Stream 2 1  is Stream 28).  

Third Wash Tank: Same as First Wash Tank (except Stream 21 is Stream 51) .  

Fourth Wash Tank: Decanted liquids entrain no solids. 
First Wash Tank (except Stream 21 is Stream 58). 

2nd Stage Settling: Same as 1st Stage Settling. 

Aqueous makeup provides 50 wt% NaOH and 50 wt% NaNO, for chemical 
additions. 

Flocculent is 
Flocculent is added to slurries at 0.019 kg 

Settled solids tie up 80% of the 

Chemical addition results in an 8 wt% 
This addition is the 

Otherwise same as 
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The TRU content (both soluble and insoluble) of the combined 
supernatants (waste liquor, leachates and wash water) resulting from the in- 
tank enhanced sludge washing process should average tlOO nCi/g and t540 nCi/g 
of sodium. This will ensure that the final LLW product is tlOO nCi of soluble 
TRU/g of LLW glass, assuming a l l  TRU in the supernatants goes to LLW glass. 

The long range goal in this series of flowsheet revisions is to account 
for waste solubility and leach efficiency on a tank-by-tank basis using Tank 
Layer Model distributions, the results o f  sludge experiments, and the results 
of chemical modelling. Until the body of laboratory data is complete enough 
to do true tank-by-tank calculations, mass weighted averaging of the available 
data supplemented by engineering judgement is the next best alternative. 

The Process Technical Baseline will provide for the in-tank treatment of 
a small volume of TRU/Sr contaminated liquids in the inventory. Adjustment of 
the hydroxide concentration, chemical displacement with cations (iron, 
strontium), chemical oxidation and heat treatment are under consideration for 
this selective treatment. The exact conditions for treatment will be defined 
at a later date. 

3.2.5.2 Out-of-Tank Supernate Conditioning 

The process has the capability to condition combined supernates by 
organic decanting, evaporation, chemical adjustment, and pol ishi ng f i 1 trat ion 
in preparation for ion exchange. 

3.2.5.2.1 Organic Decanting 

liquids were discharged to the tanks over the years (Bartley et al. 1996). 
While nowhere near that much remains in the tanks, NPH has been detected in 
the head space of 38 SSTs suggesting that organic phases may be present in 
more tanks than just C-103. The volume of orqanic stated below is 
essentially a quess since there is no basis for estimatinq the volume of 
residual orqanic in the tanks. There is analytical evidence that the TBP 
content of the organic is 70% or more, the balance being NPH or TBP 
degradation products. 

Production records indicate 2.6Et6 1 iters o f  non-miscible organic 

Table 3-4 Primary Assumptions for Organic Decanting 

The supernates from in-tank processing pass through a continuous gravity 
decanter prior to evaporation. 

The separated organic phase is 75,000 L of 70% TBP/30% NPH. 

The decanter removes 100% of the organic phase. 

Separated organic is shipped to off-site incineration. 

The potential for adverse impacts on evaporation, filtration and ion exchange 
i s  the rationale for organic decanting. 
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3.2.5.2.2 Evaporation 

Conditioning of decanted supernates and washes includes evaporation to a 
Ion exchange feeds that have been concentrated can be standard concentration. 

treated more efficiently than a dilute feed (Kurath et. al. 1994). 

Table 3-5 Primary Assumptions for Evaporator and Condenser 
Filtrate is evaporated to 71 Na for equipment design basis.13 

Solids formed in the evaporator are removed by downstream polishing filter. 

Condenser recovers 99% of water vapor. 

Distribution coefficient (Bottoms/Condensate): 5Et6 for C1 and N03,3.5Et5 
for TOC, and 1Et7 for everything else (Na in condensate is adjusted to 
maintain the charge balance). 

Bottoms are not returned to DSTs, although a routing is provided. 

3.2.5.2.3 Polishing Filtration 

entrained solids, thus preventing blinding in the ion exchange columns. 
spent, the filter bed is flushed out and combines with the Cs-depleted ion 
exchange effluent. 

Evaporator bottoms are filtered through a deep bed frit filter to remove 
When 

Table 3-6 Polishing Filter Assumptions 

Frit composition: 77% SiO,, 15% B,O,, 6% Li,O, 1% CaD, 1% MgO 

Frit replacement: 45 kgs (100 lbs) every 3.785Et5 L (100,000 gal) 

Filter efficiency: 1% of solids pass through the filter H I/ 
II 

[ Filter flush: 2 wt% solids in the flush slurry 
3.2.5.3 Ion Exchange 

during 1994 have provided an improved technical basis for modelling the ion 
exchange removal o f  Cs (Kurath e t .  al. 1994; Eager 1994; Johnson 1995). An 
empirical correlation to predict the cesium distribution (lambda value) o f  the 
baseline resin over a range o f  concentration and temperature is now available. 
The lambda value and a semi-empirical column breakthrough equation are used 
for calculating cumulative Cs losses (i.e, bed volumes to breakthrough). On 

Analysis o f  experimental data and engineering assessments conducted 

13 . F i l t r a t e s  should be concent ra ted  t o  t h e  e x t e n t  p e r m i t t e d  by  t h e i r  chemis t ry .  A s h o r t  e v a p o r a t i o n  
s tudy  (PouelL 1995) determined t h a t  e v a p o r a t i o n  tO 2 Na i s  about t h e  onset o f  p r e c i p i t a t i o n  i n  a v a r i e t y  of 
wastes; t h e  c h e m i s t r y  o f  o ther  naste MY I i m i t  t h e  e x t e n t  o f  evaporation. 
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n Parameter 

the average, 35 bed volumes are treated between elutions, ranging from 8 to 43 
bed volumes depending on the type of feed. 

Value I) 

F e d  Flowrate 
Number of BVs Before Regeneration' 

11 Number of Beds in Series I 2 

1 BV/hr 
Calculated from correlations 

Volume of Bed II Volume of Series 
-~ ~ 

Cesium Elution 
Residual Feed Flush 
Sodium Scrub' 
Cesium Elution r Residual Eluent Flush 

6500 L 
13000 L 

2 BV Water at 2 BV/hr 

6 BV 0.5M HNO, at 1 BV/hr 
2 BV Water at 2 BV/hr 

Bed Regeneration 1 BV 0.SH NaOH at 2 BV/hr 
1 BV 2.OM NaOH at 2 BV/hr 
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The cesium removal process is based on the cation exchange resin having 
the properties of CS-100 formerly manufactured by Rohm and Haas. Although it 
is not the highest capacity resin for Cs, CS-100 has produced the most 
consistent results under simulated waste processing conditions of the 
commercially available resins tested. The cesium will be loaded on the resin 
at high alkaline conditions (pH112) from clarified supernatant at about 25 'C. 

After 10 cycles (nominally 350 bed volumes) the cesium capacity of the 
resin has degraded to 80% of the fresh resin capacity. 
flushed into the ion exchange effluent stream and fed to the LLW melter. 

Spent resin will be 

3.2.5.4 Eluate Treatment 

The eluate stream, which is mostly water and nitric with some sodium 
nitrate and a little cesium nitrate, is evaporated and neutralized with 
caustic to a free hydroxide concentration of 0.1M. 

Table 3-8 Eluate Treatment Assumptions 
Evaporate 90% of water and 70% o f  nitric acid. 

Condense 99% o f  the vapor and recycle for elution. 

Neutralize bottoms 0.1M OH-. 

3.2.6 Immobilize Low-Level Waste 

3.2.6.1 LLW Feed Evaporator 

Table 3-9 Primary Assumptions for Evaporator 
Feed is evaporated to 10M Na for equipment design basis. 

Ignore solids (salts) formed in the evaporator. 

Distribution coefficient: same as supernate evaporator. 

Bottoms are not returned to DSTs, although routing is provided. 

3.2.6.2 LLW Glass Formulation 

Low-level glass optimization studies (Feng et al. 1996) tested soda- 
alumina-lime-boro-zirconia-iron-silicate systems (and subsets). for 
processability and durability. 
test glasses from a LLW simulant that represents the LLW fraction of SSTs. 
The glass selected for modeling, LRM-5412, resulted in a homogeneous melt 
without evidence of phase segregation. 
or iron. Another glass, LRM-3, has better durability, but the 6% zirconia 
content is unattractive from a processability (melting point) and essential 
material standpoint. LRM-5412 falls within the typical composition ranges for 

The "Phase 11" vendor glass study produced six 

LRM-5412 contains no added zirconium 
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soda-l ime-boro-alumina-si l icate  system: 15 to 25 wt% NaZO, 0 to 12 wt% CaO, 0 
to 12 wt% B,O,, 5 to 12 wt% A1,0,, and 40 to 60% SiO,  (Wilson et. al. 1995). 

Chemical additions to the LLW melter feed are made to bring the melt 
within the formulation constraints stated in Table 3-11. The additives are 
A1,03, B,O,, CaO, and SiO,. 

Table 3-10 LLW Glass Formulation Constraints 
= 12 wt% 

= 4 wt% 
= 20 wt% 

SiO, >= 50 wt% 

Time-phased process modeling (Orme 1995b) shows that occasional slugs of 
high A1 feed should be adjusted with Na additions to hold Al,O,:Na,O at the 
proper ratio. 
widely. 
more than enough sodium relative t o  aluminum. 

If the ratio is allowed to float, glass compositions fluctuate 
This is not an issue with the composite flowsheet because there is 

Na,O 

A1 203 
CaO 
SiO, 

B2°3 
Li ,O 
MgO 

3 . 2 . 6 . 3  Melter Energy 

11.4 kcal/gmole 
28.0 
19.0 
2 . 3  
5.8 
14 
18.5 

Energy in the melter is provided by combustion. The minimum energy 
requirement is based on the vaporization and super heating of water to 1200 OC 
and the melting of the major constituent oxides. 
energy (i.e., kerosene) than the minimum. 
following oxides is considered: 

The model uses 2% more 
The heat of melting for the 

The kerosene assay is 87.3% C, 12.6% H, 0.04% 0, and 0.06% N. Kerosene has a 
heat of combustion of 11,111 kcal/kg. 
excess. 

Oxygen for combustion is added in 10% 
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3.2.6.4 Volatility From LLW Combustion Melter 

The fractional volatility of the melt is as shown in Table 3-12. In 
addition to volatility, there is physical entrainment of 2% of the glass 
(Boldt 1995). 
vol atil ization. 

The composition of entrained glass is determined after 
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3.2.6.5 ILAW Packages 

Note: The f o l l o w i n g  i s  a major  change f rom t h e  TWRS Process Flowsheet Rev. 1. 
The e n t i r e  LLW c u l l e t  hand l i ng  o p e r a t i o n  i s  rep laced  by c a s t i n g  g l a s s  
m o n o l i t h s  i n  t h e  RFP s p e c i f i e d  c o n t a i n e r  (Brown 1996). 

Table 3-13 ILAW Package Assumptions 
Each gram-mole o f  waste sodium generates 73.1 cm3 o f  ILAW package. 

The s tandard  package i s  1.2 m x 1.2 m x 1.8 m (2.59 m3). 

3.2.6.6 LLW M e l t e r  Of fgas Treatment 

Note: M o d i f i c a t i o n s  t o  these assumptions a re  c u r r e n t l y  under cons ide ra t i on .  
It i s  l i k e l y  t h a t  t hey  w i l l  change. 

LLW m e l t e r  o f f g a s  t rea tmen t  c o n s i s t s  o f  a quench tower, v e n t u r i  
scrubber ,  demister ,  HEPA f i l t r a t i o n ,  SO, abso rp t i on ,  and c a t a l y t i c  r e d u c t i o n  
of NO,. Quenching i s  r a p i d  c o o l i n g  and condensing o f  a gas/vapor s t ream w i t h  
a l i q u i d  spray.  A v e n t u r i  scrubber  completes t h e  p a r t i c u l a t e  removal. Clean 
a i r  requi rements are assumed t o  d r i v e  SO, and NO, removal. 

Table 3-14 LLW M e l t e r  Of fgas Treatment Assumptions 
Quench Tower: The quench l i q u i d  i s  1.5M n i t r i c  a c i d .  Quench f l o w  r a t e  i s  
26.54 t imes  t h e  water  i n  m e l t e r  o f f g a s  p l u s  2 t imes  t h e  gases i n  m e l t e r  
offgas. 
l i q u i d  vapor  a t  75 'C (0.40 l b s  vapor p e r  l b  o f  gases) and e n t r a i n s  7.6 L 
( 2  g a l )  o f  quench l i q u i d  p e r  1530 scfm o f  gas. Removes 100% o f  TcO,, 95% 
o f  Hg, C1 and o t h e r  s o l i d s .  

Ven tu r i /Separa to r :  The scrub l i q u i d  i s  1.5M n i t r i c  ac id .  L i q u i d  f l o w  t o  
v e n t u r i  i s  1 volume p e r  1000 volumes o f  gas. The gas e f f l u e n t  f rom t h e  
v e n t u r i / s e p a r a t o r  i s  sa tu ra ted  w i t h  quench l i q u i d  vapor  a t  75 'C (0.4 l b s  
vapor  p e r  l b  o f  gas) and e n t r a i n s  7.6 L (2 g a l )  o f  quench l i q u i d  p e r  1530 
scfm o f  gas. Removes 95% o f  Hg, C1 and o t h e r  s o l i d s .  

Demister :  Removes 95% o f  Hg, 98% o f  s o l i d s .  The gas e f f l u e n t  i s  sa tu ra ted  
a t  30 O C  (0.0265 l b s  vapor p e r  l b  o f  gas) ,  w i t h  no en t ra inmen t  o f  l i q u i d .  
Demister  wash i s  s e t  t o  zero.  

Scrub S o l u t i o n  Tank: Ma in ta in  a t  1.5M n i t r i c  a c i d .  

CuO Bed: Removes 90% o f  SO,. 
Reactor  chemis t r y  i s  SO,tO,tCuO => CuSO,. 
1 oading . 
NO, Reactor :  Reduces -99% o f  NO,. 
Reactor  chemis t r y  i s  NOt0.50, => NO, and 3N0,t4NH3 => 3.5d2+6H,0. 

The gas e f f l u e n t  f rom t h e  quench tower  i s  s a t u r a t e d  w i t h  quench 

TcO, conver t s  t o  TcO,-. 

M a i n t a i n  10% excess 0, i n  r e a c t o r  feed.  
Cu/S mole r a t i o  i s  2.0 a t  f u l l  

M a i n t a i n  10% excess NH i n  r e a c t o r  feed.  
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Quench tower flow r a t e  a r e  based on ASPEN s imula t ions .  Entrainment 
assumptions a r e  based on New Waste Calcining F a c i l i t y  design c r i t e r i a  (INEL). 
Venturi scrubber  flow r a t e  based on P e r r y ' s  Handbook. 

3 .2 .6 .7  S u l f u r  Recovery 

H S, p a r t i a l  burning of t h e  H,S t o  SO,, and reduct ion  t o  elemental s u l f u r  i n  
Cf  aus Reactors .  

S u l f u r  recovery i s  completed by regenera t ing  the C u O  beds t o  r e l e a s e  

Table 3-15 Sul fur  Reduction Assumptions 
CuSO,,Bed: Removes 100% of s u l f u r .  
Reaction chemistry i s  CuSO4t5H, => H2St4H,OtCu. 
purge. 

Combustion Chamber: Add enough fue l  t o  i n i t i a t e  the r e a c t i o n  (1 MT). One- 
t h i r d  of H,S i s  converted t o  SO,. Reaction chemistry i s  H,St1.50, => 
SO,tH,O. 

Claus Reactors :  Convert 90% in f i r s t  r e a c t o r .  Convert 90% i n  second 
r e a c t o r .  Reactor chemistry i s  2H,StSO, => 3St2H20. Gas e f f l u e n t  i s  
recyc led  t o  feed SO, absorbers .  

Feed 10% excess  H, t o  CuSO, bed. 
Regenerate C u O  bed with a i r  

3 .2 .6 .8  S u l f u r  Secondary Waste 

waste t h a t  must be returned t o  D O E .  
ga l lon  drums, allowed t o  cool before  t r a n s f e r  t o  D O E .  

S u l f u r  recovered from t h e  mel te r  of fgas  c r e a t e s  a r a d i o a c t i v e  s o l i d  
The molten s u l f u r  i s  poured i n t o  55 

30 

F-32 



WHC-SD-WM-TI-774 Rev. 0 
TWRS PRIVATIZATION PROCESS TECHNICAL BASEL I NE 

3.2.6.9 Chloride Removal From Scrub Solution 

Note: Modifications to these assumptions are currently under consideration. 
It is likely that they will change. 

Table 3-16 Chloride Removal Assumptions 
Acid Evaporator Feed Tank (TK-1100): 25% of the recycled scrubber solution 
is diverted to chloride removal. No acid added (feed should already be 1.5 
M HNO,. 

Acid Evaporator (EV-1102): Condensate carries 83% o f  water, 25% o f  HC1, 74% 
of  HF, 18% of HNO,. 

Acid Distillation Column (T-1106): Overheads carry 92% of water, 99.9% of 
HC1, 99.9% of HF, 0.035% HNO,. 

Acid Rectifying Column (T-1107): Bottoms carries 10% o f  water, 87% of HC1, 
40% of HF, 92% of HNO,. 

HC1 Catch Tank (TK-1109): NaOH is added stoichiometrically to neutralize 
all Ht, Ca(0H) 
is added as a $0 wt% slurry. 

Acid Recycle Catch/Neutralization Tank (TK-1110): 
stoichiometric t 10% to neutralize H', the 10% excess preclpitates F-, 
Ca(OH), is added as a 10 wt% slurry. 

Grout Feed Evaporator (EV-1113): Removes water to make bottoms 5 M Na, 
"Others" removed 1 i ke other evaporators. 

Condenser (EC-1114): Acts like other condensers. 

Grouting Process: Grout chemicals added equal to mass flow of stream 1122, 
Grout chemicals are 50% Flyash and 50% Cement. 
sol idif ied. 

Distribution coefficient for everything else is lo7. 

Nothing else i n  overheads. 

Nothing e l se  in bottoms. 

is added at stoichiometric + 10% to precipitate F-, Ca(OH), 

Ca(OH),,is add at 

All components are 
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Centrifuge: Centrate is 0.1 wt% solids. 
times the centrifuged solids. 

Centrate Evaporator and Centrate Evaporator Condenser: Evaporate centrate 
to the extent that Stream 311 is a 20 wt% slurry. Distribution coefficient 
(Bottoms/Condensate) 5Et6 for C1 and N03,,3.5Et5 for TOC, and 1Et7 for 
everything else (Na in condensate is adjusted to maintain the charge 
balance) 

Liquid carryover in solids is 0.12 

3.2.7 Immobilize High-Level Waste 

The feed to the TWRS Process Flowsheet for Phase I1  will be the 
global best-basis tank estimate minus the materials processed 
during Phase I .  

During Phase 11, the basis for the IHLW volume projection will be 
the TWRS Process Flowsheet, adjusted by the blending factor and/or 
loading factors that are considered appropriate at that time. 

Before 2013, a 15 foot tall HLW canister is approved for geologic 
disposal (Milner 1996). 
11, having a net glass volume of 1.17 m3. 

3.2.7.1 HLW Melter Feed Preparation 

Note: Assumptions around the centrate evaporator are being reconsidered. 
Assumptions around the feed adjustment reactor are being reconsidered for 
consistency with latest feed preparation technology. They are likely to 
change. 

It is the sole HLW package during Phase 

Feed Adjustment Reactor (FAR): Oxides with lower limits in glass are added 
to meet the glass composition envelope in Table 3-22, while minimizing the 
amount of HLW glass produced. Glycolic acid (70.6 wt%) solution added in 
amount equal to 0.486 of the waste oxides is in excess of the requirement. 
FAR evaporates water so melter feed contains at least 0.376 kg of oxide 
equivalent per kg . 
FAR Reactions: Carbonate converts to CO,, 50% of nitrite converts to NO, 
N,O, CO,, and water, 90% of Hg" reduced to Hg by glycolic acid. 

FAR OFfgas: Contains all gases. Contains 90% of all types of mercury, 
98.6% of NH5,  and 0.03% of carbonate, nitrite, nitrate, sulfate, TOC and 
glycolic acid plus 0.005% of all other components. 

FAR Condenser: The FAR offgas passes through the condenser as follows: 100% 
of all gases, 50% of mercury, and 10% of everything else. 
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3.2.7.2 HLW Glass Formulation 

of rules that is applied to the composite feed. 
optimized. It may be possible to develop formulation rules for subsets of the 
composite feed that achieve higher waste loadings. 
developed, what we have available is a propertylcomposition study that 
examines a composition region of single component constraints (lower and upper 
bounds for each of 10 components) and multiple component constraints that is 
assumed to produce reasonable glass quality (Hrma et al. 1994). Hrma cautions 
that solubility limits for Cr20,, F, P205, noble metals and SO, previously 
determined for specific glasses may not be applicable across the tested 
composition region because solubility limits are composition dependent. For 
example, glasses that are relatively low in Ca and relatively high in A1 can 
solubilize more phosphorus. 

for formulating the HLW glass in the computer model. 
ranges are ignored. 

HLW glass formulation for the purposes of the PTB follows a simple set 
This approach is not 

Until those rules are 

Table 3-18 shows the single component ranges and solubility limits used 
The multiple component 

The ranges are based on Hrma 1994. 

Component Glass 

ll AIIO. I 0.0% I 15.0% 

Sing I e- Component Rangesa 

P705d <=3.0L 

SO3 <=o. 5% 
Rh203+Ru703+Ru203 <=0.25% 

5.0% 20.0% 

0.0L 8.0% 

5.0% 20.0% 

42.0% 57.0% 
0.0% 13.0% 

tt A I -O.+2rO. I .r=16.0% II 
11 AI,O,+ZrO,+Fe,O, I <:-21.0% I1 

<=24.0% 

Solubility Limits 

<=0.5% 

I <=1.7X 
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% Volatile 
1.0% 
14% 
0.33% 
0.1% 
50% of 
balance 

Use of the above formulation rules generally produces less glass than 
the previously used HWVP formulation rules (Orme 1995a). 
of Phase I feeds comparing CVS rules and HWVP rules shows that the waste 
loading is still reasonable even though the glass volume is smaller (Manuel et 
al. 1996). 

3.2.7.3 Volatility From HLW Melter 

A preliminary study 

Comment 

as C1, 

as solid C1 

Physical conditions and chemistry in the HLW melter are quite different 
Volatilization occurs in the cold cap, but the cold cap from the LLW melter. 

also functions as a barrier to physical entrainment. 
and PO,' and those noted in Table 3-19 are completely oxidized and remain in 
the glass. 
reactions. 

All components except A1 

Some gases volatilized from NOxcaq) undergo further gas phase 

0.1% 
25% of 
balance 
0.33% 
1 .O% 
0.33% 
100% 

10% 
2.5% 
10% 
50% 
7.1% 

Table 3 
Component 

CdO 
B2°3 

as F, 

as solid F 

75% as NO and 0, 
92% o f  remainder as N and 0, 
100% of remainder as kH3 and 0, ' 

as TcO 
as TC,~., 

c0203 

c1 

cs,o 
F 

K2O 
MOO, 
Na,O 

NO* 

PbO, 

SeO. 
Ru203 

TcO, 

TeO, 
'20% of NH3 

7.1% I II 

10% 
educes t o  NO and H20; 75% of  remainder t o  N, and H20. 
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3.2.7.4 HLW Melter Offgas Treatment 

Note: Assumptions around the scrubbing section are being reconsidered and are 
likely t o  change. Assumptions around mercury removal and ammonia destruction 
are being reconsidered and are likely to change. 

Table 3-20 HLW Melter Offgas Treatment Assumptions 
Quench Tower: The quench liquid i s  water. 
the water in the melter offgas plus two times the gases in the melter 
offgas. 
per lb of gas) and entrains 7.6 L (2 gal) of quench liquid per 1530 scfm of 
gas. Removes 100% of TcO 
Solubility of NO in quench’water is 1%; o f  SO, is 20%. 
to quench water. 

Quench flow rate is 26.54 times 

The gas effluent is saturated with water at 75 ‘C (0.40 lbs vapor 

95% of Hg, 95% of water, 95% of all solids. 
No acid additions 

Venturi/Separator: Removes 100% of Hg, 95% of water, 50% of NH,, 95% of all 
solids. II 
Demister: Removes 85% of water, 98% of solids. 

Scrub Solution Tank: TcO, converts to TcO,-. 

Mercury Recovery: Knockout chiller removes 90% of Hg from FAR condenser 
vent. 

Ammonia Destruct ion Tank: Inoperative 

Condenser Vent Gas Scrubber: Removes 95% of NH, and 90% of Hg and other 
non-gaseous compounds. 

Secondary Waste Evaporator: 100% of spent MOG scrub feeds the evaporator. 
Boils off 75% of water, 75% of NH,, 5 % of NO , NO , SO,, CO,, and TOC and 
0.2% of everything else. 

Salt Waste Adjustment Tank: Inoperative. Salt waste recycled t o  HLW 
receiving vault (Tk-300 A,B,C,D,E,F). 

No water or chemica? additions. 

3.2.7.5 HLW Package 

Tentative acceptance of a 15 ft canister was obtained from RW (Milner 
1996). 
of canister closure, decontamination, smear testing, etc. are not depicted in 
this flowsheet. 

The net glass volume of 1.17 m3 is assumed. The mechanical operations 
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At tachment  1 

Note :  t h e  f o l l o w i n g  t a b l e  w i l l  be f i l l e d  i n  w i t h  c u r r e n t  numbers when t h e y  a r e  
a v a i l a b l e  f r o m  C e r t a  and Manuel.  
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T a b l e  3 - l b  Phase 1 R a d i o n u c l i d e  
I 

uc ides decayed to 12 31 99. 
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