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Abstract: 
Design Mixer Pump program based on the cost benefit to the Hanford Site 
of 4 mixer pump systems defined in terms of the life-cycle cost. A 
computer model is used to estimate the total number o f  service hours 
necessary for each mixer pump to operate over the 20-year retrieval 
sequence period for single-shell tank waste. This study also considered 
the double-shell tank waste retrieved prior to the single-shell tank 
waste which is considered the initial retrieval. 

This analysis provides cost justification for the Advanced 
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:ase 50 Dafa 
# I Tank I Hrs  
1 SY-101 4755 
2 SY-102 2787 

4 AW-104 23412 
5 AW-103 11691 
6 AN-101 14683 
7 AN-104 15956 
8 AN-105 14636 
9 AN-106 14639 
10 AW-101 13293 
11 AW-102 13406 
12 AW-105 1726 
13 AN-102 1350 
14 AN-107 1482 
15 AY-101 21417 
16 AY-102 16568 
17 AZ-101 15560 
18 AZ-102 13196 

3 SY-103 1662 

EXECUTIVE SUMMARY 

w-151 ADMP - LPI 
# R C I # M P I  S K  #RC I #MP 1 SK 

2 2250 3 6 5370 1 
2 2250 2 4 3670 1 

12 24 20670 4 8 8280 
6 12 10470 2 4 4260 
8 16 13870 3 6 6270 
8 16 13870 3 6 6270 
8 16 13870 3 6 6270 

6 6270 6 16 13670 3 
7 14 12170 3 6 6270 
7 14 12170 3 6 6270 
1 2 1970 1 2 2250 
1 2 1970 1 2 2250 
1 2 1970 1 2 2250 
11 22 18970 4 8 8280 
9 18 15570 3 6 6270 

6 6270 8 16 13870 3 
7 14 12170 3 6 6270 

1 2 1970 1 2 2250 

Th is  document i s  a Cost B e n e f i t  Ana lys i s  o f  t h e  c u r r e n t  des ign 
represented by t h e  Lawrence Pump, Inc.  (LPI)  P r o j e c t  W-151 AZ-101 m ixe r  pumps 
and t h e  new Advanced Design Mixer  Pump (ADMP) designs represented by b o t h  LPI  
and Westinghouse E l e c t r o  Mechanical D i v i s i o n  (WEMD). 
comparison used l i f e  expectancy p r o j e c t s  p rov ided  by t h e  vendors as 
s u b s t a n t i a l  f u l l - s y s t e m  t e s t  da ta  i s  y e t  unava i l ab le .  
j o i n t  developmental program between the  Hanford and Savannah R ive r  s i t e s .  
program o b j e c t i v e  i s  t o  p rov ide  an advanced r e l i a b i l i t y  mixer  pump t o  Tank 
Farms f a r  l a rge -sca le  waste r e t r i e v a l  t o  t h e  v i t r i f i c a t i o n  f a c i l i t i e s .  
advanced designs are e s s e n t i a l l y  s t a t e  o f  t h e  a r t  designs which have had many 
hardware improvements i nco rpo ra ted  i n t o  them. These improvements were 
developed by t h e  pump design agents and inc luded in fo rma t ion  i d e n t i f i e d  
through mixer  pump h i s t o r i c a l  records a t  t he  Hanford and Savannah R ive r  s i t e s .  
The improved advanced des ign mixer  pumps, designed t o  flammable gas tank  
c r i t e r i a ,  have improved motors, d r i ve -sha f t s ,  support columns, bea r ing  and 
seal  systems, e tc . ,  which the  two des ign agents c l a i m  w i l l  improve t h e  l i f e  
and l o n g e v i t y  o f  t h e  m i x i n g  system. 

t h e  Hanford S i t e  by computer modeling. For t h e  purpose o f  t h i s  ana lys i s ,  a 
20-year r e t r i e v a l  sequence, case 50, was se lected as a t y p i c a l  example t o  
p r o j e c t  t h e  t o t a l  number o f  m ix ing  hours needed f o r  each tank  ove; t h e  20-year 
r e t r i e v a l  schedule. The f i r s t  column o f  t h e  t a b l e  below t i t l e d ,  Case 50 
Data," l i s t s  t h e  r e s u l t s  o f  t h i s  computer ana lys i s .  

The c o s t / b e n e f i t  

The ADMP program i s  a 
The 

The 

Th is  Cost B e n e f i t  Ana lys i s  assesses t h e  number o f  m ixe r  pumps needed a t  

108 1 "L16311BB460 

Number o f  M i x i n g  Hours Needed 

43 /%@%I ,90750 

ADMP - WEMD 
#RC I #MP I SK 

1 2 2504 
1 2 2504 
1 2 2504 

8 8714 4 
2 4 4574 

6 6644 3 
6 6644 3 
6 6644 3 

3 6 6644 
2 4 4574 
2 4 4574 
1 2 2504 
1 2 2504 
1 2 2504 

8 8714 4 
3 6 6644 
3 6 6644 
2 4 4514 

ii 
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The data in the remaining three columns, representing the three mixer 
pump alternatives for the Hanford Site, was generated by processing case 50 
data based on certain assumptions. The term " # R C "  refers t o  the total number 
of pump installations which is derived by dividing the cumulative mixing hours 
by the assumed pump life. 
assuming 2 mixers per tank, and "SK" is the cumulative cost per tank based on 
a given replacement cost. 

The life-cycle cost is directly influenced by the assumed life of a 
given mixer pump which effects the number of replacements needed over 20 
years. 
servlce life of their designs when the pumps are used in general tank farm 
service. Lawrence Pump, Inc. also estimated the probable service life of the 
Project W-151 mixer pump, which is the current state of the art mixer pump at 
the Hanford Site, when used in environments other than those specified for 
tank AZ-101. The three vendor-supplied pump life estimates are shown below. 

The term "#MP" is the number of pumps (2xRC) 

Both advanced design mixer pump vendors projected the estimated 

Assumed L i f e  Basis 

Lawrence W-151 Pum 2,000-hr 

WEMD Pum 7,000-hr 

The assumed cost to replace a mixer pump at the Hanford Site is 
estimated using the WHC Projects W-151 and W-211 cost-estimating data (see 
Section 4 . 4 ) .  The reoccurring costs, such as electrical power and site 
services were found to be less sensitive, being virtually insignificant 
between the alternatives and, therefore, are not included. 

Assumed Costs Basis 

i i i  
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A d e s c r i p t i o n  and cost -est imate o f  t he  advanced des ign m ixe r  pump 
improvement program are i d e n t i f i e d  i n  sec t i ons  3.0 and 9.0. I n  summary, t h e  
ADMP program w i l l  purchase a mixer  pump and t e s t  i t  i n  a non rad ioac t i ve  
environment t o  i d e n t i f y  " t e e t h i n g "  problems w i t h  the  new systems and r e s o l v e  
these t e c h n i c a l  issues p r i o r  t o  approving the  pump f o r  s e r v i c e  i n  a 
r a d i o a c t i v e  tank.  
t o  Savannah R ive r  S i t e .  
per form a l l  t e s t i n g  needed f o r  t h i s  program. 
work c l o s e l y  w i t h  the  Hanford S i t e  and the  vendor d u r i n g  t h i s  pe r iod .  
t o t a l  c o s t  o f  complet ing t h e  advanced des ign mixer  pump program, i n c l u d i n g  t h e  
procurement o f  one mixer  pump and f u l l - f e a t u r e  t e s t i n g  by t h e  vendors and t h e  
Savannah R ive r  S i t e ,  i s  approx imate ly  $3M. 

The Hanford S i t e  w i l l  p rocure t h e  mixer  pump and d e l i v e r  i t  

The Savannah R ive r  S i t e  w i l l  
The 

The Savannah R ive r  S i t e  has agreed t o  fund and 

CONCLUSION 

The assumptions l i s t e d  i n  t h i s  r e p o r t  are used i n  a spreadsheet program 
t o  p r e d i c t  t h e  ' t o ta l  savings, breakeven date, and program c o s t  as a f u n c t i o n  
o f  assumed pump l i f e .  The r e s u l t s  o f  t h i s  ana lys i s  show, under reasonable 
assumptions, t h e  advanced design mixer  pump program would save t h e  government 
$30M t o  $100M, and t h e  cos t  o f  t h e  program w i l l  be recovered i n  approx imate ly  
5 years.  A s e n s i t i v i t y  ana lys i s  was completed us ing  t h e  spreadsheet model 
which shows a cos t  savings even when us ing  conservat ive assumptions. 
es t ima te  i s  conse rva t i ve  as s i m i l a r  savings from the  Savannah R ive r  S i t e  
advanced des ign mixer  pump program could be expected b u t  are n o t  inc luded.  

The 

The f o l l o w i n g  t a b l e  and the  corresponding graph are the  spreadsheet 
r e s u l t s  which show t h e  est imated t o t a l  program costs  over 20 years.  
two columns on t h e  r i g h t  show t h e  cos t  savings o f  t h e  advanced des ign m ixe r  
pump program compared t o  t h e  c u r r e n t  W-151 mixer  pumps over t h i s  pe r iod .  

The l a s t  

i v  
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LCCMODL - Report Page - Cost Schedule for ADMP Options 

nstalls are Replacemenl 
umber 
f Replacements 
2khrs 6khrs 7khrs 

4 4 4  
3 3 2  
1 0 0  
1 0 0  

4 4 3  
8 1 0 
9 3 5  
3 2 2  
9 1  3 
6 7 3  
9 3 5  
7 0 3  
10 2 1 
8 2 1  
7 5 3  
8 0 0  
8 5 4  
0 0 0  

Cumulative Cumulative 

1180 

8 58100 
9 61200 

10 76500 
11 86700 
12 102000 
13 113900 
14 130900 
15 144500 
16 156400 
17 170000 
18 183600 

32160 31050 23940 
36180 35190 25020 
38190 41400 38310 
52260 47610 34440 
58290 57960 43710 
58290 64170 55610 
62310 66240 68590 
66330 68310 78170 
76380 74520 80020 
78380 74520 93620 
86430 82800 97170 

97170 
97170 

25050 
26010 
35100 
39090 
44040 
49730 
64660 
76190 
81880 
95480 

100800 
100800 

0 0 0  
108 43 40 

Graph of "Cumulative Cost of Pumps" 
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20 year SST Retrieval Sequence at Hanford 
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Abbrev iat ions and Acronyms 

ADMP 
ADRE 
ASME 
CBA 
DST 
ESP 
F u l l  Tank 
HLW 
I NT 
ITP 
LCC 
LCCA 
LLCMOD 
LPI 
MTBF 
PNNL 
RAD 
ROM 
SRS 
SST 
TRU 
TWRS 
UoD 
VFD 
WEMD 
WHC 

advanced des ign mixer  pump 
automated d iagnos t i c  u n i t  f o r  r o t a t i n g  equipment 
American Soc ie ty  o f  Mechanical Engineers 
Cost B e n e f i t  Ana lys i s  
doubl e-she1 1 tank  
extended sludge process ing 
Savannah R ive r  S i t e  F u l l  Waste Tank Mock-up F a c i l i t y  
h igh - leve l  waste 
i n t e g e r  
i n t e r i m  tank  process ing 
l i f e - c y c l e  cos t  
L i f e -cyc le  Cost Ana lys i s  
l i f e - c y c l e  cos t  model 
Lawrence Pump, Inc.  
mean t ime  between f a i l u r e s  
P a c i f i c  Nat ional  Northwest Labora to r ies  
r a d i a t i o n  adsorbed dose 
rough order  o f  magnitude 
Savannah R ive r  S i t e  
s i n g l e - s h e l l  t ank  
t ransu ran ic  
Tank Waste Remediation System 
Uo ( v e l o c i t y )  D ( j e t  diameter) 
v a r i a b l e  frequency d r i v e  
Westinghouse Electro-Mechanical D i v i s i o n  
Westinghouse Hanford Company 

Trademarks 

ARENA/SIMAN a re  trademarks o f  Systems Modeling Corporat ion 
ASPEN i s  a trademark o f  Aspen Technology, I nc .  
gently-Nevada i s  a trademark o f  Ben t l y  Nevada Corporat ion,  Minden, Nevada 
Bergman i s  a trademark o f  Bergman, Inc .  
Bingham i s  a trademark o f  Su lze r  Bingham Pumps, Inc. ,  Por t land,  Oregon 
EXCEL ( o r  Excel )  i s  a trademark o f  M i c r o s o f t  Corporat ion 
Floway i s  a trademark o f  Floway, I nc .  
Macintosh i s  a trademark o f  Apple Computer Corporat ion 
M i c r o s o f t  i s  a r e g i s t e r e d  trademark o f  M i c r o s o f t  Corporat ion 
Oxarc i s  a trademark o f  Oxarc Inc. ,  Pasco, Washington. 
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L i fe -Cyc le  Cost Ana lys i s  o f  t h e  
Advanced Design Mixer  Pump 

1.0 POLICY COMPLIANCE 

The O f f i c e  o f  Management and Budget, C i r c u l a r  No. A-94, Memorandum 
No. 64, p rov ides  guidance on bene f i t - cos t  ana lys i s  and recommends t h a t  i t  be 
based on t h e  l i f e - c y c l e  cos t  (LCC) o f  t h e  a l t e r n a t i v e s  considered. 
method i s  used p r i m a r i l y  on l a r g e  fede ra l  p r o j e c t s ,  i t s  a p p l i c a t i o n  t o  c lean  
up p r o j e c t s  a t  t h e  Hanford S i t e  i s  app rop r ia te  i f  l i m i t e d  i n  scope. 
L i fe-Cycle Cost Ana lys i s  (LCCA) i s  a term used p r i n c i p a l l y  by t h e  government 
f o r  express ing t h e  t o t a l  cos t  o f  an a r t i c l e  o r  system based on d i r e c t  and 
i n d i r e c t  c o s t  which reoccur  and do n o t  reoccur  throughout  t h e  l i f e  o f  t h e  
a l t e r n a t i v e .  The General Serv ices Admin i s t ra t i on  B u l l e t i n ,  No. FPMR E-153, 
suggests t h a t  a l l  f ede ra l  agencies abandon t h e  t r a d i t i o n a l  p r a c t i c e  o f  
p r o c u r i n g  supp l i es  and se rv i ces  on the  bas i s  o f  lowest  compe t i t i ve  b i d s  and 
s u b s t i t u t e  t h e  c r i t e r i o n  o f  lowest  t o t a l  LCC. 

Whi le  t h i s  

The term 

2.0 PURPOSE AND SCOPE 

T h i s  ana lys i s  prov ides cos t  j u s t i f i c a t i o n  f o r  t h e  Advanced Design Mixer  
Pump (ADMP) program based on the  cos t  b e n e f i t  t o  t h e  Hanford S i t e  o f  4 m ixe r  
pump systems de f ined  i n  terms o f  t h e  LCC. 
es t ima te  t h e  t o t a l  number o f  se rv i ce  hours necessary f o r  each mixer  pump t o  
operate over t h e  20-year r e t r i e v a l  sequence p e r i o d  f o r  SST Waste (Cer ta 1995). 
Th i s  s tudy a l s o  considered the  DST waste r e t r i e v e d  p r i o r  t o  t h e  SST waste 
which i s  cons idered t h e  " i n i t i a l  r e t r i e v a l  . "  

A computer model i s  used t o  

The scope o f  t h i s  document i s  l i m i t e d  t o  an LCCA o f  mixer  pump systems 
rep resen t ing  t h e  c u r r e n t  r e t r i e v a l  m ix ing  system a t  t h e  Savannah R ive r  and 
Hanford s i t e s ,  and t h e  advanced r e t r i e v a l  m ix ing  system ( l i n e - s h a f t  d r i v e  and 
submers ib le) .  

Table 1 i s  a l i s t  o f  t he  mixer  pump systems considered i n  t h i s  ana lys i s .  
The c u r r e n t  systems are 1 i ne -sha f t  d r i v e n  dynamic c e n t r i f u g a l  s ing le -s tage  
dua l - vo lu te  s l u r r y  pumps w i t h  t h e  e l e c t r i c  motor mounted ou t  o f  t h e  process 
tank.  The c u r r e n t  pumping systems are w ide ly  used by t h e  SRS and t h e  West 
V a l l e y  S i t e .  The advanced systems b u i l d  on the  c u r r e n t  systems by app ly ing  
lessons l ea rned  i n  the  des ign process t o  both l i n e - s h a f t  d r i v e s  and 
submers ib le  motor u n i t s .  

1 
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Advanced 
System 

(ADMP) 

Table 1. R e t r i e v a l  Systems Considered. 

Current  L i  ne -sha f t  
System water seal 

L i  ne-shaf t  P r o j e c t  
water seal  

2(a) Submersible WEMD 
water seal  

L ine -sha f t  LPI 
gas seal  

2(b) 

3.0 BACKGROUND OF ADMP PROGRAM 

Mixe r  pumps are h igh-capaci ty  low-head pumps w i t h  c losely-spaced s u c t i o n  
and d i scha rge  po r t s .  They a re  designed t o  r e c i r c u l a t e  t h e  f l u i d s  w i t h i n  an 
underground r a d i o a c t i v e  waste tank  t o  achieve m o b i l i z a t i o n  and m i x i n g  o f  waste 
s ludge and supernate. There are two bas i c  types o f  m ixe r  pumps: 
d r i v e  and submers ib le  motor. F igu re  1 shows t h e  bas i c  c o n f i g u r a t i o n  o f  t h e  
two t ypes  i n  a double-shel l  tank.  

l i n e - s h a f t  

Line Shaft Drive Pump Submersible Motor Pump 

F igu re  1. Typ ica l  DST Mixer  Pump Con f igu ra t i on .  

2 



WHC-SD-WM-CBA-001, Rev. 0 

Mixer pumps are key to retrieva! systems such as the Westinghouse 

Mixer pumps may also be used for 

Hanford Company (WHC) Project W-211, Initial Tank Retrieval Systems," which 
is an authorized project at the Hanford Site to provide waste feed up to 10 
DSTs to waste treatment and disposal. 
consolidation of compatible tank wastes to create additional DST storage, or 
to provide mitigation of some watch-list tanks. 
waste mixer pumps for similar functions. 

The SRS also uses nuclear 

The ADMP is a joint development program between the Hanford Site and the 
Projected needs for both sites are as high as 150 mixer pumps over the SRS. 

next 10 years. The Hanford Site and the SRS jointly developed a performance- 
based specification used by the WHC to solicit proposals based on the 
Progressive Procurement Process. 
providing the funding and technical leadership for the prototype mixer pumps. 
The SRS is the lead site for mixer pump testing and i s  providing the funding 
and technical leadership for the testing program. 

The Hanford Site is the lead site and is 

A Request for Proposal was issued January 4, 1994 with 14 responders 
A Source Evaluation Board was formed with technical submitting proposals. 

participants from both sites to rank the proposals on both technical and cost 
performance. Through the progressive procurement process, the list o f  vendors 
narrowed to 2 final Sellers, Westinghouse Electric Corporation and Lawrence 
Pump, Inc. (LPI), who were awarded contracts in April 1995 for Phase I Design. 
Figure 2 shows the schedule of the parallel design effort. 

m 
m 
*5 

y* 
M 
y1 ut> 111 

M 
" IO 

no n 
m 7m 

m nr 

Figure 2. ADMP Phase I Design Schedule. 
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3.1 METHODOLOGY 

Th is  ana lys i s  focuses on t h e  o v e r a l l  cos t -bene f i t  t o  t h e  Hanford S i t e  
over  a p e r i o d  from A p r i l  1998 and t o  August 2022. Th is  d u r a t i o n  was 
e s t a b l i s h e d  us ing  t h e  mod i f i ed  vers ions o f  t h e  Tank Waste Remediation System 
(TWRS) base1 i n e  s i m u l a t i o n  ARENA/SIMAN model and t h e  TWRS process f lowsheet  
ASPEN model t o  generate t h e  r e t r i e v a l  sequence (Cer ta 1995), and t h e  R e t r i e v a l  
Programs O f f i c e  Mu l t i -Year  P r o j e c t  Plan which i nc ludes  P r o j e c t  
w-211. 

W i t h i n  t h e  20-year p e r i o d  p r o j e c t e d  by t h e  r e t r i e v a l  sequence model 
(Cer ta  1995), i t  i s  recognized t h a t  t h e  i n d i v i d u a l  t ank  systems w i l l  have 
d i f f e r e n t  process loads and, t he re fo re ,  d i f f e r e n t  1 i f e - c y c l e  requi rements f o r  
m i x i n g  systems. Tanks such as AW-104 and AW-103, f o r  instance,  w i l l  r e q u i r e  
cons ide rab ly  more mixer  pump se rv i ce  l i f e  than tanks l i k e  AP-104 and AP-108, 
which a re  des ignated as spare tanks.  

To r e s o l v e  t h i s  problem, a spec ia l  subrout ine s o r t  o f  t h e  R e t r i e v a l  
Sequence Model was c rea ted  t o  i d e n t i f y  t h e  approximate t o t a l  number o f  hours 
each tank  system would be requ i red  t o  mix. 
" c y c l e "  f o r  each tank  was obta ined.  The LCC, the re fo re ,  o f  one a l t e r n a t i v e  
m i x i n g  system over t h e  o t h e r  would be t h e  cumulat ive cos t  o f  a l l  28 DST m ix ing  
systems over t h e  20-year pe r iod .  

r e q u i r e d  over t h e  tank  l i f e  c y c l e .  
est imates a re  a v a i l a b l e  f o r  some types o f  ASME pumps which have been used 
e x t e n s i v e l y  i n  i n d u s t r y .  
o f  t h e  ADMP pumps which are t o t a l l y  new designs. The methodology o f  t h i s  
a n a l y s i s  was t o  p r o j e c t  t he  LCC o f  a g i ven  tank  m ix ing  system based on assumed 
r e l i a b i l i t y  f a c t o r s  (see F igure 3 ) .  

Using t h i s  data a un ique r e q u i r e d  

The key cos t  d r i v e r  i s  t he  number o f  mixer  pump replacement cyc les  
Mean t ime  between f a i l u r e s  (MTBF) 

Th is  i n fo rma t ion  i s  o n l y  r e l e v a n t  t o  subcomponents 

1 24 yr - Hanford I 

F igu re  3. Methodology - Cost vs R e l i a b i l i t y  Fac to r  Study. 

4 



WHC-SD-WM-CBA-001, Rev. 0 

4.0 EXPLICIT ASSUMPTIONS 

This sec ion lis s underlying assumptions used to arrive at the 
estimates of future benefits and cost. The analysis contains a statement of 
assumptions, the rationale behind them, and a review of their strengths and 
weaknesses. Key data and results are reported in this section to promote 
independent analysis and review. 

4.1  STATEMENT OF GENERAL ASSUMPTIONS 

A. Assumption: Retrieval sequence 2C3, case 50, is typical of any 
given retrieval sequence at the Hanford Site and can be used to 
adequately estimate the number of transfers and sludge washes 
needed. 

Rationale: In all cases, approximately the same volume of waste 
is moved from SSTs to the high- and low-level waste facilities, 
which require approximately the same number of hours of blending 
and transfers. Other cases considered, such as cases 58 and 96, 
deviated very little in mixing hours needed. 

B. Assumption: Receiver tanks will not require mixing during 
transfers. 
be operated in order to transfer waste into the tank. 

Rationale: Slurry distributer and transfer pump loop circulation 
can be used, as needed, to distribute solids accumulation in one 
region of the tank, therefore, mixing of the receiver tank will 
not be necessary during waste transfers. 

C. Assumption: Mobilization of the waste for initial retrieval in 
the DSTs will take 14 days at full power using both mixer pumps. 

Rationale: Pacific Northwest National Laboratories (PNNL) has 
done extensive modeling using simulants to predict the jet force 
and duration of mixing (10-20 days) to achieve mobilization. For 
the purpose of this study, 14 days was selected as a reasonable 
average mobilization time for the first-time mobilization of a 
given mixer pump. 

0. Assumption: Prior to the first DST transfer, both mixer pumps in 
the staging DSTs will be run at full power for 3 days to mix the 
waste. 

Rationale: Mobilization of the waste is assumed to have already 
occurred, however, a delay in transfer is assumed to have allowed 
some degree of settling. Under these conditions the resuspension 
of solids is assumed to take less mixing time than mobilization. 
Each mixer pump considered has an approximate flow rate of 
10,000 gpm. Two mixer pumps at full power circulate 20,000-gal/m 
or 1,200,000-gal/hr. At this rate, the entire volume o f  a 
1,000,000-gal tank could be ingested through the mixer pump, 

Both mixer pumps in the receiver tank will not have to 

5 
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approx imate ly  68 t imes i n  a 3-day p e r i o d  which i s  cons idered 
adequate f o r  t ank  reuse a p p l i c a t i o n s .  

Assumption: Mixer  pumps are n o t  needed i n  the  second stage 
s e t t l i n g  tanks and the  decanted l i q u i d  tanks.  The second stage 
s e t t l i n g  tanks are l oca ted  between the  sludge wash tanks and t h e  
decanted l i q u i d  tanks.  
s torage tanks be fo re  the  Low-Level Waste Pret reatment  F a c i l i t y .  

R a t i o n a l e :  These 2-tank systems w i l l  con ta in  o n l y  m a t e r i a l  which 
has had i t s  s o l i d s  content  removed. The pr imary purpose o f  DST 
m ixe r  pumps i s  t o  mix o r  m o b i l i z e  undissolved s o l i d s  i n t o  t h e  
l i q u i d  supernate. R e t r i e v a l  sequence 2C3, case 50, does n o t  
r e q u i r e  m ix ing  i n  these tanks.  

Assumption: 
complexed t ransu ran ic  (TRU) tanks t o  r e t r i e v e  SST waste. 

R a t i o n a l e :  Spare DSTs which are needed w i l l  be f i t t e d  w i t h  t h e  
spare mixer  pumps which are on standby, i f  needed. Complexed TRU 
tanks are n o t  p a r t  o f  t h e  R e t r i e v a l  Sequence as t h e  TRU waste i n  
them i s  n o t  compat ib le  w i t h  o the r  waste types and cannot no rma l l y  
be mixed. 

E. 

The decanted l i q u i d  tanks a re  t h e  l a s t  DST 

F. Mixer  pumps are n o t  needed i n  t h e  spare tanks o r  t h e  

4 . 2  NUMBER OF MIXER PUMPS NEEDED 

4 . 2 . 1  The Hanford S i t e  Pump Needs 

Assumption: Sequence 2C3, case 50, de f i nes  a reasonable es t ima te  
o f  t h e  Hanford S i t e  tank  use. 

R a t i o n a l e :  The p r e l i m i n a r y  r e t r i e v a l  and b lend ing  s t r a t e g y  has 
been aDoroved bv TWRS Process Technoloav as a reasonable es t ima te  
o f  m a t e r i a l  f l o w  d u r i n g  t h e  Hanford Si?; r e t r i e v a l  sequence, see 
F igu re  4 (Cer ta 1995). 

The computer model noted above uses t h e  A R E N A p I M A N  modeling programs 
and t h e  ASPEN Modeling Program. A computer subrout ine a l g o r i t h m  was developed 
and coded which i n t e r f a c e s  w i t h  these programs t o  e x t r a c t  t h e  number o f  mixer  
pump runn ing  hours and number o f  t r a n s f e r s  f o r  case 50 (see Appendixes A-C). 

6 
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Retrieval Annex 
Four 75 kgal Tanks 

One 1 Mgal Double-Shell Tank 0 
-~ _ _ _  

Figure 4 .  Preliminary Retrieval and Blending Material Flow Diagram. 
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Transfer/Wash T i t l e  
I 

1 F i l l x . d a t  

2 F i l l s w t . d a t  

3 F i l l w s t  .dat  

4 F i l l h l  .dat  

There a re  4 s o r t s  completed which represent  t h e  major  t r a n s f e r s  between 
t h e  key DSTs (see Table 2) .  

Table 2. ADMP Subrout ine Data F i l e  T i t l e s .  

F i l l x . d a t  i s  t h e  f i l e  which shows the  number and dates o f  t r a n s f e r s  from 
t h e  SY Tank Farm t o  AW-104. T h i s  i s  a c r o s s - s i t e  t r a n s f e r  from t h e  200 West 
Area t o  t h e  200 East Area. 

F i l l s w t . d a t  i s  t he  f i l e  which i d e n t i f i e s  t h e  t r a n s f e r s  from AW-103 t o  

F i l l w s t . d a t  i s  t h e  f i l e  which i d e n t i f i e s  t h e  t r a n s f e r s  from t h e  sludge 

t h e  sludge wash tanks i n  t h e  AN and AW farms. 

wash tanks t o  t h e  washed s o l i d s  tanks i n  the  AY and AZ farms. 

F i l l h l . d a t  i s  t h e  f i l e  which i d e n t i f i e s  t h e  t r a n s f e r s  from t h e  washed 
s o l i d s  tanks t o  t h e  h igh - leve l  waste (HLW) v i t r i f i c a t i o n  p l a n t .  

Th i s  raw data from t h e  above mentioned f i l e s  i s  l i s t e d  i n  Appendix A. 
The da ta  was then  po r ted  i n t o  an Excel spreadsheet program and t o t a l e d .  
Table 3 i s  t h e  r e s u l t  o f  t h i s  e f f o r t ,  which begins i n  t h e  year  2003 and ends 
i n  t h e  yea r  2022. Th is  i s  t h e  t o t a l  number o f  m ix ing  hours t o  r e t r i e v e  SSTs 
The m ix ing  requirements f o r  DSTs i s  assumed t o  take  one campaign as f o l l o w s :  

A .  M o b i l i z a t i o n  f o r  2 weeks (14 days o r  336 h r )  
B. 

Acco rd ing l y  under t h i s  assumption, each va lue l i s t e d  i n  column 4 o f  

M ix ing  w h i l e  t r a n s f e r r i n g  (3 days average o r  72 h r )  

Table 3 has 408 hours added t o  account f o r  mixer  pump r u n  t ime  t o  c lean  ou t  
t h e  present  DST waste. 

d i s s o l v e  i t . 
alone and t h i s  a d d i t i o n a l  waste i s  accounted f o r  i n  t h i s  model by t h e  
f o l l o w i n g  approx imat ion.  

Waste i n  t h e  SSTs i s  o f t e n  d r y  sa l t cake  and water  must be added t o  
The r e s u l t i n g  s o l u t i o n  w i l l  have more volume than  t h e  d r y  waste 

It i s  reasonable t o  assume t h e  d r y  waste w i l l  have t o  be d i l u t e d  1/1 
w i t h  water  t o  o b t a i n  a t r a n s f e r a b l e  f l u i d .  
t h e  waste volume i n  A, AX, and C farms equals 16.5 m i l l i o n  g a l l o n s  o f  sa l t cake  
(WHC 1995). The same document l i s t s  B, EX, and BY farms as hav ing 21.9 

Using waste volumes i t  was noted 

a 
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million gallons of saltcake. 
additional waste which must be transferred. Assuming this equates to 38 
million gallon tank transfers at 72 hours each to mobilize, this equates to 
2,736 hours o f  additional mixing which should be added to AW-103. 

13.4 million gallons, and for T, TX, and TY farms 9.6 million gallons is 
listed. 
be transferred from the 200 West Area through the SY Farm and AW-104. 
equates to 1,656 hr o f  additional transfers. If the time is evenly split 
between the 3 SY tanks and added to the total for AW-104, a reasonable 
approximation i s  obtained. The numbers listed in Table 3 include the 
correction factor for new waste generated in transferring SST waste. 

This is approximately 38 million gallons of 

The monthly report also lists values for S, S X ,  and U farms which i s  

This equates to an additional 23 million gallons of waste that must 
This 

Table 3 mate. 

* Project W-211 t 

** A l l  cumulative numbers include an additional 408 hours to account for DST 
retrieval activity and additional waste created in mobilizing SST waste. 
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This data shows extremely high usage of AW-103 and AW-104 and very low 
usage of AW-105, AN-102, and AN-107. 
cumulative usage hours listed, they have a larger number of campaigns and are 
actually highly used but for short durations. While the average required 
mixing time is 11,571 hours, by eliminating the 6 tanks with the lowest 
cumulative hours, the average mixing system time changes to approximately 
15,453 hours (these cumulative averages are not used in the LCC model). 

4.2.1.2 I n i t i a l  R e t r i e v a l  Assumption 

While the SY Farm has relatively low 

Assumption: 
pumps installed prior to 2003 will assumed to have expired, failed, or 
in need of a new type as of 2003, and the SST retrieval sequence case 50 
begins with new same-type mixing systems in all 18 tanks. Also, 408 
hours i s  added to each tank mixing requirement listed in Table 3 to 
account for DST retrieval. 

Rationale: As stated in assumptions 4.1-C and 4.1-D, an additional 17 
days or 408 hours per mixer pump was added to account for the initial 
LIST retrieval mixing requirement. As can be seen, this additional 
number of hours is insignificant compared to the SST retrieval 
requirement average of 11,571 hours (or 15,453 hours) on the mixing 
systems, and, therefore, error associated with this method is also 
insignificant. A preliminary schedule by Project W-211 shows the first 
2 mixer pumps installed in 1998, or 5 years prior to 2003, which is the 
start of the case 50 retrieval sequence. 

Due to the cumulative radiation dose allowed by the materials used in 
the mixer pumps, the 5-year head start will cause a few of the mixer 
pumps to expire early. The effect in this life-cycle model (LLCMOD) is 
isolated to the 6 W-211 tanks minus the hydrogen watch-list tanks which 
have special mixer pumps and not part of this LLCA. It is impossible to 
assess at this point, without detailed schedule information from Project 
W-211, the impacts of this effect, although it is assumed to be minor. 

For the purpose of this study, the 6 W-211 DSTs with mixer 

4.3 ASSUMED LIFE OF MIXER PUMPS 

The mixer pump design life used in the LCC model is the key assumption 
of this analysis. 
having the greatest effect on the total 20-year program cost. 
of Energy emphasized the importance of having a firm basis for any assumed 
life factors used in cost/benefit studies. 

The reliability of a system is usually determined statistically by 
testing a significant sample and recording the number of system failures over 
the design life, or experience gained in actual operation. In this case where 
the systems under consideration have not been built, a different approach to 
estimating the life of the pump must be used. 

component, such as bearings and electrical motors. The reliability factors 
for these components are based on test data, with only the new system loads 
being estimated. 

It is the most sensitive parameter of all considered, 
The Department 

One method of projecting the life is to use MTBF data for the system 

This alternative approach to full-system testing is far less 
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accurate b u t  use fu l  i n  making out -year  budgetary p r o j e c t i o n s .  The 
o r g a n i z a t i o n  best  q u a l i f i e d  t o  p r o j e c t  equipment l i f e  i s  t h e  vendor t h a t  
designed t h e  mixer  pumps, hav ing t h e  best  understanding o f  t h e  des ign and i t s  
imp1 i c a t i o n s .  

4.3.1 Est imate o f  t h e  WEMD ADMP R e l i a b i l i t y  Factor  

The Westinghouse Electro-Mechanical D i v i s i o n  (WEMD) was contacted and 
asked t h e i r  es t ima te  f o r  a t o t a l  system r e l i a b i l i t y ,  The WEMD used e x i s t i n g  
da ta  f o r  canned motors generated over 30 years through t e s t i n g  programs w i t h  
t h e  U.S. Navy. 
t o  t h e  ADMP's c l e a r  water l u b r i c a t i o n  system and r e l a t i v e l y  l ow  r a d i a t i o n  
f i e l d s  experienced i n  waste tanks compared t o  nuc lea r  power reac to rs .  
WEMD est imated t h e i r  system r e l i a b i l i t y  f a c t o r  i s  2.00 based on t h e  minimum 
design l i f e  requirement o f  5,000 hours, and assuming the  pump i s  f a b r i c a t e d  
w i t h  diamond-coated tungsten ca rb ide  bear ings (see Appendix E ) .  

mechanical seal ,  t h e  est imated number o f  hours o f  ope ra t i on  was est imated by 
t h e  Hanford S i t e  t o  be something l e s s  than 10,000 hours. The SRS s t a t e d  t h e  
weak- l ink i s  t h e  lower  water seal w i t h  which t h e  SRS has no work ing 
experience. The lower  water seal se lec ted  i n  t h e  Phase I design process i s  a 
Bergman sea l .  The WEMD d i d  s t a t e  they  have been cons ide r ing  c o a t i n g  t h e  seal 
faces o f  t h e  lower  seal w i t h  diamond-coating us ing  t h e  same process used f o r  
t h e  bear ings.  Wi thout  t h e  lower  water seal ,  which prevents  t h e  abras ive waste 
m a t e r i a l  from e n t e r i n g  the  bear ing  c a v i t y ,  t h e  Hanford S i t e  has est imated t h e  
l i f e  o f  t h i s  mixer  pump t o  be very l ow  (below 1,000 hours) .  
mechanical sea ls  se lec ted  by WEMD normal ly  does n o t  l a s t  10,000 hours and, 
t he re fo re ,  WHC est imates t h e  l i f e  would be something lower  than the  10,000 
hours. For  t h e  purpose o f  t h i s  LCCA, i t  i s  assumed t h e  r e l i a b i l i t y  f a c t o r  f o r  
t h e  SRS pump w i t h  t h e  standard Bergman seal i s  1.4 which equates t o  an average 
runn ing  l i f e  o f  7,000 hours. 

4.3.2 

The WEMD s ta ted  t h i s  da ta  i s  a p p l i c a b l e  t o  ou r  m ixe r  pump, due 

The 

For equipment l oca ted  i n  the  h o s t i l e  environment, which i nc ludes  t h e  

The t ype  o f  

Est imate o f  LPI ADMP R e l i a b i l i t y  Factor  

The LPI i d e n t i f i e d  a number o f  improvements i n  t h e  advanced des ign m ixe r  
pump over  t h e  W-151-type mixer  pump, which LPI a l s o  designed, t o  improve 
o v e r a l l  system r e l i a b i l i t y .  While both pumps have a minimum design l i f e  o f  
5,000 hours, LPI s t a t e d  due t o  t h e  advanced fea tu res ,  t h e  advanced pump w i l l  
l a s t  l onger .  The general improvement ca tegor ies  are as f o l l o w s .  

. 

. 

R o l l e r  bear ings used ins tead  o f  j o u r n a l  bear ings t o  extend l i f e  
and increase d u r a b i l i t y .  

G a s - f i l l e d  column w i t h  seal-welded j o i n t s  t o  prevent  leakage o f  
r a d i o a c t i v e  m a t e r i a l  i n t o  t h e  column and n o t  add t o  t h e  waste 
volume i n  a f a i l e d  cond i t i on .  

G a s - f i l l e d  s k i r t  below t h e  lower  seal t o  prevent  s l u r r y  
ent ra inment  i n  t h e  seal .  

Independent shaf t  sec t i ons  which e l i m i n a t e  thermal growth 
problems. 

11 
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The LPI est imated t h e  MTBF, o r  overage pump l i f e ,  i s  6,000 hours (see 
Appendix E ) .  For  t h e  purpose o f  t h i s  LCCA, i t  i s  assumed t h e  r e l i a b i l i t y  
f a c t o r  o f  t h e  ADMP i s  1.2 which equates t o  an average runn ing  l i f e  o f  6,000 
hours. 

4.3.3 

E l i m i n a t i o n  o f  elastomers t o  p rov ide  g r e a t e r  r a d i a t i o n  res i s tance .  

Est imate of LPI W-151 R e l i a b i l i t y  Factor  

The LPI speculated on the  average l i f e  o f  t h e  W-151 pump i n  environments 
o t h e r  than  tank  AZ-101 (see Appendix E ) .  The LPI s t a t e s  t h e  AZ-101 waste 
parameters a re  ve ry  s p e c i f i c  which a l l ows  them t o  des ign a mixer  pump w i t h  a 
5,000-hr l i f e .  I f  these u n i t s  are i n s t a l l e d  i n  tanks w i t h  d i f f e r e n t  waste 
parameters, such as h igh-abras ion wastes, t he  MTBF w i l l  decrease and thus  t h e  
pump l i f e  w i l l  decrease. Consider ing t h e  use and opera t i on  o f  mixer  pumps a t  
t h e  Hanford and Savannah R ive r  s i t e s ,  t h e  W-151 pump cou ld  f a i l  a t  2,000 
hours.  
e l i m i n a t e d  most o f  t h e  poss ib le  f a i l u r e  modes w i t h  t h e  new ADMP design.  

For  t h e  purpose o f  t h i s  LCCA, i t  i s  assumed t h e  r e l i a b i l i t y  f a c t o r  o f  
t h e  W-151 t ype  mixer  pump used i n  general se rv i ce  i s  .4 which equates t o  an 
average runn ing  l i f e  o f  2,000 hours. The LPI l e t t e r  concurs w i t h  t h i s  
es t ima te  (see Appendix E ) .  

4.3.4 H i s t o r i c a l  Data from Other S i t e s  

The LPI understands t h e  f a i l u r e  mechanisms f o r  t h e  o l d  des ign and have 

SRS Data 

As s t a t e d  i n  Sect ion 4.2.2 o f  t h i s  document, t h e  SRS has experienced 
problems w i t h  mixer  pumps which have f a i l e d  premature ly  r e l e v a n t  t o  t h e  des ign 
l i f e .  
be fo re  i t  was removed. 
t h i s  t h e  best i n d i c a t o r  o f  t h e  pump l i f e  under those c o n d i t i o n  w i t h  t h e  
present  l i n e - s h a f t  water-column design. 
t h e  SRS have been mod i f i ed  w i t h  a new t ype  o f  mechanical seal be ing i n s t a l l e d  
i n  t h e  lowest  column sec t i on ,  b u t  i s  s t i l l  a temporary f i x  u n t i l  a new design 
i s  a v a i l a b l e .  See Sect ion 5 o f  t h i s  document f o r  more i n f o r m a t i o n  on t h e  
m ixe r  pumps a t  t h e  SRS. 

I n  one case, t ank  51 had a mixer  pump which l a s t e d  f o r  1,400 hours 
Th is  pump f a i l e d  a f t e r  s i g n i f i c a n t  use, which makes 

The m a j o r i t y  o f  t h e  m ixe r  pumps a t  

West V a l l e y  S i t e  Data 

The West V a l l e y  S i t e  has 10 mixer  pumps i n s t a l l e d  i n  2 tanks.  The 
cumulat ive r u n  t ime  f o r  t h e  pumps i s  be ing t o t a l e d  and w i l l  be a v a i l a b l e  e a r l y  
i n  January 1996. Th is  pump 
f a i l e d  a t  approx imate ly  2,500 hours and i t  i s  be l i eved  t h e  l ower  mechanical 
seal faces wore ou t .  The weak- l ink w i t h  t h i s  t ype  o f  pump i s  t h e  sea l .  The 
pumps a re  s i n g l e  l i n e - s h a f t  d r i v e  w i t h  water-columns, made by Floway, and use 
a mechanical sea l .  

Only 1 mixer  pump has f a i l e d  due t o  normal wear. 
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4.3.5 Other Life-Limiting Factors 

The actual life of a mixer pump is dependent on many factors, including 
the environment or pump use. The conditions of the 18-tank mixing units will 
change over the 20-30 years of the retrieval sequence as new waste-blends are 
passed through the tanks on the way to final disposal. 
the estimated pump life are: 

Factors which effect 

Pump Speed 

Startptops 

Bumping 

Abnormal Events 

Abrasive Waste 

Radiation 

Some pumps may be run at less than full power to keep 
a tank mixed, while other pumping systems will have to 
run at full power for extended periods of time to wash 
sludge or perform in-tank pretreatment. 

The number of campaigns is also a factor in pump life. 
When a pump is started, the bearing systems have 
little to no lubrication for a few seconds. Also, 
machined clearances or tolerances are designed for 
operating temperatures which occur at design speed. 
Off-normal temperature conditions result in high-wear 
of the bearing systems. 

The mixer pumps are designed to be run once a month 
for brief periods of time. 
is called pump bumping and keeps material from 
solidifying within the impeller and causing an 
imbalance. Also, bumping keeps the bearings and seal 
lubricant well mixed and distributed. A pump bump is 
not counted as a normal start/stop and will reduce the 
expected life to some extent. Bumping also helps tank 
farm workers identify electrical motor and connection 
problems before they cause complete system failure. 

Abnormal events, such as power outages and tank farm 
shutdown for safety reasons, could effect the life of 
the mixer pumps. It is assumed that each mixer pump 
will experience 3 abnormal start/stops during the 
IO-year installation life. Abnormal events beyond 
this point could limit the life of a mixer pump. 

This maintenance procedure 

Waste in the DSTs/SSTs has not been completely 
characterized. 
abrasive, such as aluminum oxide, may cause excessive 
wear on pump hydraulic parts, such as the impeller and 
pump casing. Impeller wear, if not uniform, can cause 
impeller imbalance which limits the pump life. 
pump reliability factor may be lower for tanks which 
contain abrasive materials. 

While both ADMP pumps are designed for the maximum 
radiation dose expected in the waste tanks ( lo8  rads), 
extended downtime due t o  process changes could cause 
the pump to expire before it wears out. 

Waste which contains high amounts of 

The 
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All of the factors listed are relevant and are considered as a group to 

Accordingly, the factors listed are addressed but not included in 
this LCC study, as all of these factors will effect the mixer pump options 
equally. 
the weighing factors of this study. 

4.4 COST TO PURCHASE EACH MIXER PUMP CONSIDERED 

A. Assumption: The present value is estimated in 1995 dollars. 

Rationale: This is a relative study which compares two 
alternatives based on cost. 
increase with inflation proportionally. Also, this study does not 
t.ake into consideration the time cost of money as the Government 
will not borrow funds to procure the mixer pumps. Present value 
discounts and interest rates are usually used in studies where 
investments are made, such as cost-effectiveness and lease- 
purchase studies. Both options use projected LCCs that are in 
1995 dollars which is reasonable for a direct cost comparison. 
The cost estimates are based on rough order of magnitude (ROM) 
cost estimates, not fixed price bids and, therefore, the costs 
could escalate. 

It is assumed both ADMP options will 

B. Assumption: 
mixer pump from L P I  is assumed to be $435K. 

Rationale: 
for the variable frequency drive (VFD). In addition, an indirect 
procurement cost o f  7%, or $30K, should be added. This totals to 
$435K in 1995 dollars. This estimate is based on the cost to 
purchase 3 units in FY 95. 

Assumption: 
pump is 6535K. 
$310K. 

Rationale: November 1995, the SRS removed and installed a mixer 
pump in tank 51. The removal cost was $125K, the installation 
cost was $100K, and the new pump was $310K (Bingham Pump). 

Assumption: 
Hanford Site OST is $550K. 

The direct and indirect cost to purchase a W-151 

A mixer pump of this type will cost $338K plus $67K 

C. The indirect and direct cost to replace a SRS mixer 
The direct cost to purchase a SRS mixer pump is 

D. The indirect cost to replace a W-211 mixer pump in a 

Rationale: 
replacement pump, should one fail after installation. 

The following breakdown was given for a W-211 

Disposal container/skid $ 30,000 
F1 ex receiver bag 5,000 

Disposal Fee 155,000* 
Labor/equipment to instal 1 130,000 

Total $550,000 

* Assuming $150 ft3 for mixed waste disposal 

Labor/equipment to remove pump 220,000 

Test and startup 10.000 

14 
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The cos t  t o  dispose o f  an ADMP i s  assumed t o  be $50K l e s s  than  a 
W-211 pump, as the  lowest  sec t i on  o f  t he  mixer  pump can be removed 
from t h e  pump and disposed o f  as non-mixed waste. 
t h e  d i sposa l  f ee  by an est imated $50K. 

Th is  reduces 

E. Assumption: A new complete ADMP procurement c o s t  o f  an 
SC-3 system: 

ROM/9 pumps 

WEMD = $752,171 
LPI = 620,000 

Rat ionale:  
decrease as t h e  number o f  u n i t s  ordered increases.  Cost 
e s c a l a t i o n  due t o  cos t  o f  money over t ime  was n o t  considered. 
Estimates are i n  1995 d o l l a r s .  These f i g u r e s  i n c l u d e  t h e  VFD 
d r i v e  u n i t .  

The ROM cos t  i s  based on an o rde r  o f  9 pumps and w i l l  

The average cos t  between t h e  two op t i ons  i s  $686K. 

complete ly  new mixer  pump, as some o f  t h e  equipment i s  reusable.  
The c o s t  t o  rep lace  an SC-3 system o f  each t ype  i s  assumed as 

F. Assumption: Mixer  pumps, when replaced, w i l l  n o t  r e q u i r e  a 

f o l l o w s :  W-151 $300K, WEMD = $535K, LP I  = $505K 

Rat ionale:  The bas i s  f o r  these est imates comes from l e t t e r s  
submi t ted t o  the  WHC a f t e r  a request  f o r  volume o rde r  ROMs: 

Cost t o  rep lace  a LPI W-151 pump: 

LPI  pump $ +360,000 
Less t u r n t a b l e  - 23,000 
Less motor - 37.000 

To ta l  Cost $ 300,000 

Cost t o  rep lace  a WEMD pump: 

WEMD pump $ +752,171 

To ta l  Cost $ 535,171 

Less t u r n t a b l e  - 50,000 
Less VFD u n i t  -167,000 

Cost t o  rep lace  an LPI ADMP pump: 

LPI pump $ +620,000 
Less t u r n t a b l e  - 23,000 
Less motor - 37,000 
Less VFD u n i t  - 55.000 

T o t a l  Cost $ 505,000 

(Order o f  9) 

(Order o f  9) 

(Order o f  9) 
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4 . 5  COST TO OPERATE EACH MIXER PUMP CONSIDERED 

The indirect cost associated with operation of 18-tank systems 
(36 pumps) for 20 years is assumed as shown in Table 4 .  

Table 4 .  Summary of Reoccurring Costs. 

4 . 5 . 1  Electric Power 

Assumption: The electrical power for each alternative is based on 
the Hp motor operating requirements for the required life o f  each 
mixing system for each tank. 

WEMD $ 2,211K 
LPI Options 1,724K 

Rationale: Table 5 is the same as Table 3 with the number of 
campaigns removed and the 408 hours for DST retrieval removed. 
The total number o f  hours for all campaigns is listed and the 
electrical cost of each type of mixer pump is shown over the 
entire life of the mixing system. 
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Table 5. Mixer Pump E l e c t r i c a l  Power Needs over 20 Years. 

To ta l  Number o f  Hours = 208,295 

Assuming power c o s t  $0.04/kwh: 

WEMD @ 350 Hp t 10% = 385 Hp = $ 2,389K 

ADMP LPI @ 300 Hp = 300 Hp = 1,863K 

SRS,  LPI, o r  Bingham = 300 Hp = 1,863K 

(low-power f a c t o r )  

W-151 LPI @ 300 Hp = 300 Hp = 1,863K 

Example: 

1 Hp = 745 w a t t s  

300 Hp x 7 4 5  wat ts  = 223,709 w a t t s / h r  

(0.04 $/kW*hr*hr) x (223.7 kW h r )  x (208,295 h r )  = $1,863M 
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4.5.2 B o t t l e d  N i t rogen  Gas 

Assumption: 
gas-column op t ion ,  and $41K over 20 years f o r  t h e  WEMD mixer  pump. 

Rationale: 
n i t r o g e n  usage has two d i f f e r e n t  f l o w  r a t e s :  

LPI runn ing  .95 bottles/mo/pump 
LPI n o t  runn ing  .20 bottles/mo/pump 
WEMD runn ing  and n o t  runn ing  .20 bottles/mo/pump 

From Table 5 t h e  cumulat ive runn ing  t ime  i s  208 k h r  over  20 years,  which 

Running 208 kh r  = 285 mo 
Not runn ing  

Using t h e  i n f o r m a t i o n  above: 

Running 2 pumps x 285/mo x .95 b o t t l e s  = 541 b o t t l e s  
Not runn ing  b o t t l e s  = 1,614 b o t t l e s  

Cost pe r  b o t t l e  i s  assumed t o  be $25 pe r  b o t t l e  as quoted by Oxarc f o r  a 

T o t a l  cost -est imate f o r  LPI = (541 t 1,614) x $25 = $54K 

B o t t l e d  n i t r o g e n  w i l l  cos t  $54K over  20 years f o r  t h e  L P I  

Dur ing t h e  20-year l i f e - c y c l e  o f  t h e  m ixe r  pumps, t h e  

f o r  18 tanks t o t a l  cumulat ive i n - tank  dwel l  t ime  i s  3,153 kh r .  

3,153 - 208 = 2,945 kh r  o r  4,036 mo 

2 pumps x 4,036/mo x .2 

S i t e  r e f i l l  o f  a E"x4 '  c y l i n d e r  o f  n i t rogen .  

To ta l  cost -est imate f o r  WEMD = (1,616) x $25 = $41K 

4.5.3 Seal Water Disposal  

Disposal  o f  t h e  seal l i q u i d  leakage f o r  t he  pas t  l i n e - s h a f t  des ign must 
be accounted f o r  i n  t h e  cos t  comparison. Whatever r a d i o a c t i v e  waste t reatment  
and d i sposa l  processes are used, any n e t  amount o f  water added t o  t h e  e x i s t i n g  
waste i n v e n t o r y  f o r  any purpose must go though an evaporat ion o r  equ iva len t  
process f o r  d i sposa l .  Since one purpose o f  t he  seal water supply  system i s  t o  
m a i n t a i n  t h e  i n t e r i o r  o f  t he  support column f r e e  o f  contaminat ion,  e i t h e r  
f r e s h  o r  complete ly  decontaminated water must be suppl ied.  
through t h e  pump suppor t  column mechanical seals  adds t o  waste volume and 
e v e n t u a l l y  must be evaporated. 

I n  a d d i t i o n  t h i s  water must be b u f f e r e d  by chemicals t o  min imize 
c o r r o s i o n  i n  t h e  m ixe r  pump components and i n  t h e  waste tank.  
s o l i d s  f o l l o w  t h e  seal leakage i n t o  t h e  waste stream r e q u i r i n g  eventual  
t reatment  and d i sposa l .  

l i q u i d  mechanical seals  a t  t h e  SRS. Mixer  pumps i n  tank  51 a t  t h e  SRS have 
exper ienced seal  f a i l u r e s  i n  t h e  pas t  and have had l e a k  r a t e s  as h i g h  as 3.3 
gpm i n  t h e  f a i l e d  c o n d i t i o n .  
a l e a k  r a t e  o f  .02 gpm o r  (75  ml/min) .  

Thus any leakage 

Such chemical 

The amount of leakage i s  est imated from severa l  years o f  exper ience w i t h  

Under normal c o n d i t i o n s  t h e  SRS m ixe r  pumps have 
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The new W-151 mixer pumps have an approximate design leak rate of 2 
ml/min not running and 4 ml/min running. 
leak rate of 100 ml/hr or 1.66 ml/min running and it is assumed to be 1 ml/min 
not running. 

The WEMD mixer pump has a designed 

W-151 - running 4 ml/hr 
W-151 - not running 2 ml/hr 
WEMD - running 1.66 ml/hr 
WEMD - not running 1 ml/hr 

Table 5 shows the total number of hours the mixer pumps must run is 
approximately 208,295 hours. The total number of hours the mixer pumps will 
be installed but not running is more difficult to estimate and essentially is 
the cumulative time between transfers for all the pumps. 

(20 years x 36 pumps) - 208,295 hr = 6,095,449 hr 

20-year Total Water Usage 

W-151 - running 4 ml/hr 208,295K = 220 gal 
W-151 - not running 2 ml/hr 6,095K = 3,220 gal 

WEMD - running 1.66 ml/hr 208,295K = 91 gal 
WEMD - not running 1 ml/hr 6,095K = 1,610 gal 

These totals assume the operating seals functioning normally. Under a 

For the purpose of this study, we 
failed-seal condition the leak rates have been measured at the SRS to be as 
high as 10 gpm when the mixer is running. 
will assume the seals have not failed. 
over 20 years is small (less than 4,000 gal) and the disposal cost of this 
waste is not considered in the LCC estimate. 

4 .5 .4  Freeze Protection and Water Supply 

Accordingly, the waste volume increase 

Assumption: It is assumed the water supply system for a mixer pump 
which requires water (W-151 and the WEMD) will cost $2,07OM. 

R a t i o n a l e :  The following is the breakdown of the assumptions used to 
establish the cost of water-lubricated mixer pumps. 

Filtered Water: 

In the case of the W-151-type water-lubricated shaft pumps, the water 

In addition to this function, the waste under normal 

The clearance between the seal and the rotating 

which enters the line-shaft column must lubricate the journal bearings 
supporting the shaft. 
conditions will, to some extent, pass through the lower seal to assure waste 
does not enter the column. 
shaft is small, and thus, requires process water filtration. The annual cost 
to maintain a water-filtration system for a single mixer pump is estimated to 
be $700/yr. 

19 



WHC-SO-WM-CBA-001, Rev. 0 

Pressur ized Water: 

The water  f o r  t h e  column must be p ressu r i zed  t o  balance t h e  h y d r o s t a t i c  
pressure a t  t h e  l ower  seal (zero pressure d i f f e r e n t i a l ) .  
r u n  and ma in ta in  t h e  pressure system i s  assumed t o  be $1,000 p e r  pumplyr. 

The annual c o s t  t o  

Freeze Pro tec t i on :  

The annual cos t  o f  f reeze  p r o t e c t i o n  i s  unknown, b u t  thought  t o  be 
s i g n i f i c a n t .  For the  purpose o f  t h i s  ana lys i s  i t  i s  assumed t o  be $2,000 
pumplyr. 

F i l l  Only i n  V e r t i c a l  Pos i t i on :  

The a d d i t i o n a l  cos t  and r i s k  t o  f i l l  t h e  W-151 pump i n  t h e  v e r t i c a l  
p o s i t i o n  versus t h e  h o r i z o n t a l  i s  unknown. 
assumed t o  c o s t  $5,000 i n  a d d i t i o n a l  work p lans and s a f e t y  assessment and 
crews needed f o r  work i n  RCA pe r  i n s t a l l a t i o n .  
$550 i n s t a l l a t i o n  cos t .  However, i s  n o t  i nc luded  i n  t h e  SRS cost -est imate f o r  
t h e  i n s t a l l a t i o n  o f  a mixer  pump. 

Vent and F i l l  Same Time: 

The a d d i t i o n a l  cos t  t o  vent and f i l l  d u r i n g  i n s t a l l a t i o n  r e q u i r e s  

However, f o r  t h i s  a n a l y s i s  i t  i s  

Th is  cos t  i s  i nc luded  i n  t h e  

a d d i t i o n a l  i n s t a l l a t i o n  equipment. It i s  assumed t o  cos t  $9,000 pe r  
i n s t a l l a t i o n  f o r  t h i s  t ype  o f  pump. 
i n s t a l l a t i o n  cos t  o f  $550. 

Again, t h i s  cos t  i s  i nc luded  i n  t h e  

DisDosal o f  Water i n  Column ( D i D  Tube): 

On removal, t h e  water i n  t h e  column must be disposed. The water  i s  
u s u a l l y  d ra ined  back i n t o  the  tank  through a d i p  tube. The amount o f  water  i s  
500-gal, a t  $.60/gal t o  evaporate. The cos t  t o  dispose o f  t h e  column water  i s  
$300 pe r  removal p l u s  $1,700 f o r  t h e  crew. For t h e  WEMD pump t h e  volume i s  
50-gal a t  a d i sposa l  cos t  o f  $1,730. 

Summary o f  cos ts :  F i l t e r  $ 700 
Pressur ized 1,000 
Freeze p r o t e c t i o n  2.000 

To ta l  20-yr c o s t  f o r  36 pumps = $2,664M 
Actual  i n s t a l l a t i o n  schedule (52,664M) x (.75) = $1,998M 

To ta l  $3,700 per lyr lpump 

Column water  d isposal  = 2,00O/pump 

To ta l  water cos t  f o r  36 pumps = $72K 

To ta l  f reeze  p r o t e c t i o n  cos t  = $2,07OK 
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4.5.5 Pump Maintenance (Pump Bumping) 

Assumption: 
month. 
term e f f e c t s  o f  i n t e r n a l  s o l i d  waste bu i l dup  which causes seal f a i l u r e  
and i m p e l l e r  imbalance. For t h e  purpose o f  t h i s  s tudy we assume t h e  
c o s t  o f  t h i s  maintenance program t o  be 56,531K. 

Rationale: 
personnel f o r  4 hr/mo a t  a cos t  o f  $70 pe r /h r .  
Operat ions e f f o r t  used t o  bump tank  241-SY-101. 

1 s t  pump - 3 people x 4 h r  x $7O/hr = $840/bump 
2nd pump - $840 x .80 = $672/bump 

f o r  18 m ix ing  systems, 2 pumps/tank = 36 mixers 
over  20 years = 240 months 
18 mixers x 240 mo = 4,320 pump bumps 

1 s t  pump - $840 per/bump x 4,320 bumps = 53,628K 
2nd pump - $672 per/bump x 4,320 bumps = 62,903K 

It i s  assumed the  ADMP mixer  pumps w i l l  be bumped once p e r  
Th is  p reven t i ve  maintenance i s  designed t o  min imize t h e  long-  

The pump bumping was est imated t o  r e q u i r e  3 Operat ions 
Th is  i s  t h e  approximate 

5.0 LIFE-CYCLE COST-ANALYSIS MODEL 

The LLCMOD i s  a computer program w r i t t e n  i n  M i c r o s o f t  Excel Vers ion 3.0 
which accepts data f i l e s  from the  R e t r i e v a l  Sequence Model, case 50, and post -  
processes t h e  d a t a  i n t o  c o s t  and schedule i n f o r m a t i o n  under d i f f e r e n t  assumed 
m ixe r  pump r e l i a b i l i t y  f a c t o r s .  The model t o  evaluate t h e  LPI W-151 pump, the  
LPI ADMP, and t h e  WEMD ADMP mixer  pumps i s  shown i n  F igu re  5. 
were chosen because cos t  i n f o r m a t i o n  associated w i t h  t h e  purchase, 
i n s t a l l a t i o n ,  and d isposal  was a v a i l a b l e .  V e r i f i c a t i o n  o f  t h i s  model i s  seen 
i n  Appendix D which shows t h e  equat ions used i n  t h e  spreadsheet program. 

pumps. A l l  o t h e r  assumptions have a comparat ive ly  minimal e f f e c t  on t h e  t o t a l  
program c o s t  and t h e  breakeven date. 
pa ramet r i c  r e l a t i o n s h i p  which r e l a t e s  t h e  c o s t / b e n e f i t  and cos t / recove r  
breakeven p o i n t  based on an assumed l i f e  and p roduc t i on  cos ts  o f  each m ixe r  
pump system. 
r e s u l t s  o f  an example program r u n  under the  g i ven  assumptions. 

These 3 pumps 

The model 's  most s e n s i t i v e  parameter i s  t h e  assumed l i f e  o f  t h e  m ixe r  

The end r e s u l t  o f  t h e  model i s  a 

F igu re  5 i s  t h e  LLCMOD Summary Report page which shows t h e  
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Life Cycle Cost Model for ADMP 
(LCCMOD -Report Page) 

12/13/95 MN Hall 
Notes: 1) Program savings Includes discbunts for reusable equpmenl and difference behveen 

a new pump cos1 and a replacement pump cosl. 

:ase 50 Data I W-151 I ADMP-LPI 1 ADMP - WEMD 
# I Tank I Hrs I I R C I I M P (  SK I I R C  I I M P  I SK I I R C  I I M P  1 S K  

2 2250 I 1 2 2504 1 SY-101 47551 3 6 5370 I 1 
2 SY-102 2787 2 
3 SY-103 1662 1 
'4 AW-104 23412 12 
5 AW-103 11691 6 
6 AN-I01 14683 8 
7 AN-104 15956 8 
8 AN-105 14636 8 
9 AN-I06 14639 8 
10 AW-101 13293 7 
11 AW-102 13406 7 

13 AN-102 1350 1 
14 AN-107 1482 1 
15 AY-101 21417 11 
16 AY-102 16588 9 

12 AW-105 '1726 1 

4 3670 
2 1970 

24 20670 
12 10470 
16 13870 
16 13870 
16 13870 
16 13870 
14 12170 
14 12170 
2 I970 
2 1970 
2 1970 
22 18970 
18 15570 

1 2 
1 2 
4 8  
2 4  
3 6  
3 6  
3 6  
3 6  
3 6  
3 6  
1 2 
1 2 
1 2 
4 8  
3 6  
3 6  

2250 
2250 
8280 
4260 
6270 
6270 
6270 
6270 
6270 
6270 
2250 
2250 
2250 
6280 
6270 

1 
1 
4 
2 
3 
3 
3 
3 
2 
2 
1 
1 
1 
4 
3 

2 2504 
2 2504 
8 8714 
4 4574 
6 6644 
6 6644 
6 6644 
6 6644 
4 4574 
4 4574 
2 2504 
2 2504 
2 2504 
8 8714 
6 6644 

ADMP - LPI ADMP - WEMD 

PC2 1125 PC3 1252 
PCR 850 PCR2 1005 PCR3 1035 

20 Year 20 Year 

Cost Assumptions 
W-151 New Cost = 435 (4.4 2) 

Pro ram Savings Li%][$k] 
ADMP-LPI New = 620 (4.4.5j 
ADMP-WEMD New= 752 (4.4.5) 
SRS- Binham New = 310 (4.4.3) 
W-151 Replace = 300 (4.4.6) 
ADMP -LPI Replace = 505 (4.4.6) 
ADMP -WEMD Replace 535 (4.4.6) 

WHC Indirect- W151 550 (4.4.4) 
WHC Indirect ~ ADMP= 500 (4.4.4) 
SRS lndirecl Bingham 225 (4.4.3) 

Cos1 lo Operaled for 20 Yrs = (Note Significanl belween Options, See Section 4.5) 

Figure  5 .  Li fe-Cycle Cost  Model for ADMP. 
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5 . 1  NUMBER OF REPLACEMENT CYCLES 

The LCCMOD uses the information in Table 3 and processes it using the 

The number of replacement cycles is calculated by dividing the 

following re1 ationships. 

cumulative run hours located in column C by the assumed life to estimate the 
number of installations needed over the life of each tank. The formula takes 
credit for remaining running hours left after a campaign is finished and 
applies them to the next campaign. 
used is in the case of the last campaign. 
number of installations, including the first. 

The only run time on the mixer pump not 
This equation predicts only the 

Installations = INT (C9/WHR)t 1 

INT = The integer of 

Example: ' INT (14636/2000) t 1 = ( 7  t 1) = 8 

In this case the program would predict 1 new install, and 7 
replacements would be needed if the mixer pump wears out in 2,000 
hours and it is needed for 14,636 hours. 

5.2 NUMBER OF PUMPS NEEDED PER TANK 

The number of pumps needed is calculated by taking the number of 
installations and multiplying them by 2 ( 2  pumps per tank). 
to Hanford Site DSTs, as the SRS installs 3 to 4 mixers per tank, and in this 
case the number of installations should be multiplied accordingly. 

This applies only 

No. of Pumps = ( 2  x number of installations) 

5 . 3  COST OF MIXER PUMPS 

The cost of the mixer pumps per tank over the 20-year retrieval sequence 
was calculated by multiplying the number of mixer pumps needed by the cost. 
The program takes into consideration the difference in cost of a new system 
over the reduced cost of a replacement system using the following 
re1 ati onshi p. 

Cost = (PC*2)t[ PCR*Z*ABS(DZ-l] ) 

where PC = New cost 
PCR = Replacement cost 
D2 = Number of installations 

ABS = Absolute value function 

or 

Cost = ( 2  x cost of new) t ( 2  x replacement cost x number of 
rep1 acements) 
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This function takes into account the cases where only one set of pumps 
is needed and in this case the second half of the equation is zero, which is 
correct. 

5.4 SUM OF MIXER PUMPS NEEDED OVER 20 YEARS 

Using the EXCEL SUM function, the cumulative totals are added to show 
the number of mixer pumps needed over the 20-year retrieval sequence. 
represents the cumulative number of mixer pumps, both new and replacements, 
which will have to be purchased and installed into the 18 DSTs. This 
information is helpful to visualize the need for commonality and 
standardization of mixer pumps at the Hanford Site and the SRS. 

The sum 

5.5 

mixer pumps for the 20-year retrieval sequence. 
totals i s  the savings, or cost of the ADMP program, compared to the W-151-type 
mixer pump at the assumed mixer pump life as stated. 

SUM OF MIXER PUMP COSTS OVER 20 YEARS 

Using the' EXCEL SUM function shows the total program cost of procuring 
The difference between these 

5.6 SUM OF INSTALLATIONS OVER 20 YEARS 

The totals shown under the column called #RC, which stands for number of 
replacement cycles, is the total number of mixer pump installations needed. 
This number is helpful in error-checking between the LCCMOD spreadsheet and 
the LCCMOD2 spreadsheet which factors in time, to come up with the breakeven 
date for different mixer pump assumptions. 

5.7 ASSUMED L IFE 

The assumed cumulative pump hours used in the model is input from 
Appendixes A through C, cumulative tank totals located at the end of each 
appendix. 
function and are manually entered into the LCCMOD spreadsheet. 

These totals are calculated using the spreadsheet EXCEL SUM 

5.8 ASSUMED COST 

The costs listed for new and replacement mixing systems are from vendor 
ROM estimates assuming outside contracts. 
consideration the time cost of money as the Government will not borrow funds 
to procure the mixer pumps. 
usually used in studies where investments are made, such as cost-effectiveness 
and lease-purchase studies. 
are in 1995 dollars which is reasonable for a direct cost comparison. 
cost-estimates are based on ROM cost-estimates, not fixed price bids and, 
therefore, the costs could escalate. The cost-assumption references to the 
appropriate sections of this report are cited on the report page next to the 
value shown. The cost values are treated as variables in the spreadsheet to 
allow rapid analysis of different assumed mixer pump costs. 

This model does not take into 

Present value discounts and interest rate are 

Both options use projected mixer pump costs that 
The 
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5.9 ASSUMED REPLACEMENT COST 

The assumed replacement cos t  i s  t he  cos t  o f  t h e  new mixer  pump, l e s s  t h e  
c o s t  o f  t h e  equipment which can be reused, such as the  VFD, t u r n t a b l e ,  and, i n  
t h e  LPI case, t h e  e l e c t r i c  motor. See Sect ion 4 assumptions. 

5.10 ADMP PROGRAM SAVINGS 20 YEARS 

The va lue  i n  t h i s  c e l l  i s  t h e  d i f f e r e n c e  between t h e  W-151 t o t a l  mixer  

Th is  va lue  i s  
pump program cos t ,  and the  ADMP t o t a l  mixer  pump program cos t  over  t h e  20 
years d e f i n e d  by t h e  r e t r i e v a l  sequence f o r  t h e  Hanford S i t e .  
l i s t e d  i n  terms o f  thousands o f  d o l l a r s  and i s  t he  r e l a t i v e  i n d i c a t o r  whether 
t h e  ADMP program has va lue under t h e  present  assumptions. 
s i g n i f i c a n t l y  d i f f e r e n t  f o r  t he  SRS, as they have a 32-year r e t r i e v a l  sequence 
and t h e  number o f  s tag ing  tanks i s  8 i ns tead  o f  18 a t  t h e  Hanford S i t e .  

Th i s  va lue i s  

6.0  EXAMPLE - RESULTS OF 2,000/6,000/7,000-H0UR L IFE ASSUMPTION 

To i l l u s t r a t e  t h e  cos t /bene f i t  r e l a t i o n s h i p ,  Table 6 i s  presented us ing  
t h e  assumed l i f e  and r e l i a b i l i t y  f a c t o r s  presented i n  Sect ion 4.3.  
s t a t e d  t h a t  w i t h o u t  s u f f i c i e n t  phys i ca l  t e s t i n g  o f  a s i g n i f i c a n t  sample o f  
mixer  pumps, t h e  s t a t i s t i c a l  p r o b a b i l i t i e s  r e l a t e d  by the  r e l i a b i l i t y  f a c t o r s  
g i ven  i s  marg ina l  a t  best .  
mixer  pump vendors, however, t he  example becomes the  best  p o s s i b l e  es t ima te  o f  
c o s t  sav ings o f  t h i s  program. 

It must be 

I n  us ing  t h e  r e l i a b i l i t y  f a c t o r s  supp l i ed  by the  

* See Sec t ion  4.3 
** See Sec t ion  4.3.2 and 4.3.3 
*** See Sect ion 4.3.1 

To i l l u s t r a t e  t h e  r e s u l t s  o f  t h e  assumptions see F igu re  5 which i s  t h e  
LCCMOD r e p o r t  page. 
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The da ta  f i l e  shown i n  Appendixes A through C i s  used as i n p u t  t o  
LCCMOD2 which f a c t o r s  i n  a new dimension " t ime"  t o  show "when" t h e  sav ings i s  
r e a l i z e d .  Th is  model does n o t  account f o r  t he  d i f f e r e n c e  i n  new pump cos ts  
versus replacement pump cos ts  as i t  was d i f f i c u l t  t o  es t ima te  us ing  t h e  EXCEL 
so f tware  and i t  was seen t o  be i n s i g n i f i c a n t  rega rd ing  t h e  end r e s u l t s .  
LCCMOD program p r e d i c t s  approx imate ly  a F l O O M  savings f o r  bo th  the  6,00O/hr 
and 7,00O/hr m ixe r  pumps. 

ADMP program c o s t  o f  F3M w i l l  be recovered i n  t h e  f i r s t  5-6 years o f  t h e  
r e t r i e v a l  sequence. 
d e s c r i p t i o n  o f  t h e  cos t  o f  t he  ADMP Program. 

The 

The LCCMODZ (see F igu re  6) shows s i m i l a r  r e s u l t s  and shows t h e  assumed 

See Sect ion 9.0 o f  t h i s  r e p o r t  f o r  a breakdown and 

6.1 SIGNIFICANCE OF RESULTS 

The m a j o r i t y  o f  t h e  replacement begins 5-6 years i n t o  t h e  r e t r i e v a l  
sequence (see f i g u r e s  7, 8 ,  and 9 ) .  
2010, wherein an ADMP would have i t s  g rea tes t  value. The b e n e f i t  o f  t h e  ADMP 
program i s  s i g n i f i c a n t  b u t  w i l l  n o t  be r e a l i z e d  f o r  a t  l e a s t  15 years from 
1995. The r e t r i e v a l  sequences a t  t he  Hanford S i t e  and the  SRS are over  g r e a t  
pe r iods  o f  t ime  (20 years and 32 years, r e s p e c t i v e l y ) .  To de lay  t h e  
development o f  advanced pumps w i l l  de lay t h e  l a g  t ime  needed f o r  them t o  begin 
b e n e f i t i n g  t h e  government. I f  advanced technology mixer  pumps are n o t  
implemented a t  t he  beginning o f  t he  sequence, they  w i l l  have ve ry  l i t t l e  
b e n e f i t  as t h e  c o s t  and t ime  t o  recover ,  once the  s t a t e  o f  t he  a r t  pumps s t a r t  
t o  f a i l ,  i s  ve ry  s i g n i f i c a n t .  

Th i s  equates t o  t h e  yea r  2009 t o  t h e  yea r  
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LCCMODP - Report Page - Cost Schedule for ADMP Options 

Cost of Pumps 
YrlZkhn 6khrs 7khrs  

1 6800 8040 8280 

, ; ~ ~ s  all in; are ;ace;en 

Number of Pum s of Re lacements 
Yr Zkhrs 6khrs 7Khrs  2khrs 6khrs 7khm 

Number 

16 14 12 

Savings (over 2k) 
6khrs  7Khrs 

-1240 -1480 

7 5 3  

lumps (not sensitive to outcome). 
Cumulative Icumulative I 

3 13600 14070 124201 -%: 2 11900 14070 12420 
1180 

7 40800 
8 56100 
9 61200 

10 76500 
11 66700 
12 102000 
13 113900 
14 130900 
15 144500 
16 156400 
17 170000 
18 183600 

26130 
321 60 
36180 
38190 
52260 
58290 
58290 
62310 
66330 
76380 
76380 
86430 

20700 
31050 
35190 
41400 
4761 0 
57960 
641 70 
66240 
68310 
74520 
74520 
82800 

14670 
23940 
25020 
38310 
34440 
43710 
5561 0 
68590 
78170 
80020 
93620 
97170 

20100 
25050 
26010 
35100 
39090 
44040 
49730 
64660 
761 90 
81880 
95480 

100800 
100800 

108 43 40 

Graph of "Cumulative Cost of Pumps" 
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20 year SST Retrieval Sequence at Hanford 
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6.2 2,000-HOUR MIXER PUMP REPLACEMENT SCHEDULE 

- 

-I- 

Under the assumption t h a t  the mixer pump wi l l  have a 2,000 ac tua l  l i f e ,  
o r  MTBF equals  2,000 hours ,  the LLCMODZ r e p o r t  was generated ( see  Figure 7 ) .  
The numbers on t h e  Y a x i s  a r e  r e l a t e d  t o  t h e  tank numbers used i n  Table 3 f o r  
each tank ,  and t h e  X a x i s  i s  time i n  years  from 1 t o  20 y e a r s  represent ing  t h e  
Hanford S i t e  Retr ieval  SST Sequence ( see  Appendix A ) .  

2000 hrs Pump InstallationlReplacement Schedule 

2 4 6  8 10 12 14 16 18 
Years for Case 60, Starting at 2003 

Figure 7. 2,000-hour Mixer Pump Replacement Schedule. 
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6 . 3  6,000-HOUR MIXER PUMP REPLACEMENT SCHEDULE 

Under t h e  assumption t h a t  t h e  mixer  pump w i l l  have a 6,000 a c t u a l  l i f e ,  
o r  MTBF equals 6,000 hours, t h e  LLCMODZ r e p o r t  was generated (see F igu re  8). 
The numbers on t h e  Y a x i s  are r e l a t e d  t o  t h e  tank  numbers used i n  Table 3 f o r  
each tank,  and t h e  X a x i s  i s  t ime  i n  years from 1 t o  20 years rep resen t ing  t h e  
Hanford S i t e  R e t r i e v a l  SST Sequence (see Appendix 8). 

18 

16 

14 

12 

2 10 
E 
z' 
6 8 .  
x 

r 

6 

4 

2 

0 

0 

6000 hrs Pump Life - InstalllReplacement Schedule 

2 4  

I- 

6 8 10 12 14 16 
Years for Case 50, Starling at 2003 

18 

F i g u r e  8. 6,000-hour Mixer  Pump Replacement Schedule. 
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6.4 7,000-HOUR MIXER PUMP REPLACEMENT SCHEDULE 

Under t h e  assumption t h a t  t h e  mixer  pump w i l l  have a 7,000 actual  l i f e ,  
o r  MTBF equals 7,000 hours, t h e  LLCMODZ r e p o r t  was generated (see F igure 9) .  
The numbers on t h e  Y a x i s  are r e l a t e d  t o  t h e  tank  numbers used i n  Table 3 f o r  
each tank, and t h e  X a x i s  i s  t ime  i n  years from 1 t o  20 years rep resen t ing  t h e  
Hanford S i t e  R e t r i e v a l  SST Sequence (see Appendix C) .  
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F igu re  9. 7,000-hour Mixer  Pump Replacement Schedule. 
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6.5 PARAMETRIC RESULTS 

As s t a t e d  p rev ious l y ,  t h e  LCCMOD program p r e d i c t s  t h e  r e l a t i v e  b e n e f i t  
While t h e  WHC i s  c o n f i d e n t  t h e  va lues o f  t h e  program under key assumptions. 

used i n  t h e  example are reasonable, it must be s t a t e d  t h a t  t h e  r e l a t i o n s h i p  i s  
a pa ramet r i c  r e l a t i o n s h i p .  
r e l a t i o n s h i p ,  t h e  f o l l o w i n g  s e c t i o n  presents  t h e  r e s u l t s  under a range o f  
assumed va lues.  

systems a re  equal .  
can be assessed whether t h e  program w i l l  have b e n e f i t  o r  n o t  and t h e  r e l a t i v e  
magnitude o f  t h e  b e n e f i t .  The data f o r  t he  graph was generated us ing  LCCMOD 
and i t e r a t i n g  t h e  assumed l i v e s  f o r  t h e  mixer  pumps u n t i l  t h e  20-year program 
b e n e f i t  was equal. 

To i l l u s t r a t e  the  s e n s i t i v i t y  o f  t h e  pa ramet r i c  

F igu re  10 i s  the  breakeven graph which shows t h e  p o i n t  a t  which t h e  2 
By assuming a p o i n t  above t h e  graphed l i n e  o r  below it, i t  
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F igu re  10. Breakeven Graph f o r  W-151/ADMP-LPI Pumps. 

Once a p o i n t  i n  F igu re  10 i s  assumed, rep resen t ing  2 assumed m ixe r  pump 
l i v e s ,  t h e  r e l a t i v e  cos t  o f  each o p t i o n  i s  shown i n  F igu re  11 and by 
s u b t r a c t i n g  t h e  two, t h e  c o s t  savings i s  ca l cu la ted .  

31 



WHC-SD-WM-CBA-001, Rev. 0 

900 

800 

700 

600 

- 500 c 
v) .- 6 = ._ = 400 

300 

200 

io0 

0 

0 2000 4000 6000 
Mixer Pump Life (Hrs)  

8000 io000 

F i g u r e  11. T o t a l  Cost o f  M i x e r  Pump Program Assuming L i f e  i n  Hours. 
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6.6 SENSITIVITY ANALYSIS 

In addition to the parametric results o f  the previous section which 
produced graphical results, this section i s  presented in tabular form for 
clarity and ease of reference. 
requested the following 4 cases be presented to clearly show the sensitivity 
of the assumptions. Using the LCCMOD spreadsheet program, different estimates 
were modeled and the results are presented below in Table 7. 

During peer review of this document, DOE-RL 

Table 7. Tabulated Results of Sensitivity Analysis 

CASE 

Case 1 

W-151 ...... 2,000 hrs 
ADMP-LPI ... 6,000 hrs 
ADMP-WEMD .. 7,000 hrs 
Case 2 

W-151 ...... 3,000 hrs 
ADMP-LPI ... 6,000 hrs 
ADMP-WEMD .. 7,000 hrs 

Case 3 

W-151 ...... 3,000 hrs 
ADMP-LPI ... 9,000 hrs 
ADMP-WEMD . 10,000 hrs 

Case 4 

W-151 ...... 4,000 hrs 
ADMP-LPI ... 9,000 hrs 
ADMP-WEMD . 10,000 hrs 

RESULTING SAVINGS OVER 20 YEARS 

ADMP-LPI over W-151 = $ 97.710M 
ADMP-WEMD over W-151 = $ 97.848M 

ADMP-LPI over W-151 = $ 41.610M 
ADMP-WEMD over W-151 = $ 41.7481.1 

ADMP-LPI over W-151 = $ 63.720M 
ADMP-WEMD over W-151 = $ 58.308M 

ADMP-LPI over W-151 = $ 36.520M 
ADMP-WEMD over W-151 = $ 31.108M 
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7 . 0  THE SRS COST/BENEFIT CONSIDERATIONS 

Specific information regarding the number of mixing hours needed per 
tank is not available at this time. Due to the lack o f  this information, 
projections of the number of mixer pumps and the associated costs over the 
32-year retrieval sequence is not calculated. 
for the SRS are unknown they are assumed to be significant, and based on this 
assumption the SRS has participated thus far in the ADMP development program. 
A current effort is underway to project the specific pump needs and will be 
available in early 1996. 
known regarding the equipment and problems. 

While specific mixer pump needs 

The following section is a brief overview of what is 

7 . 1  BASIC PUMP CONFIGURATION 

The SRS mixer pumps consist of 4 basic designs. 
water-filled columns, with line-shafts driving a submersible pump impeller 
which intakes from the bottom of the tank and discharges to the immediate 
sides. All of the pumps are powered by above-grade electric motors. The 
majority of the large mixer pumps installed at the SRS are supplied by the LPI 
and Bingham. The basic configuration of the 4 types are described below. 

All of the pumps have 

A. 125 hp, UoD = 13, 2-nozzle, low-shear sludge pump 
B. 150 hp, UoD = 13, 2-nozzle, high-shear sludge pump 
C. 200 hp, UoD = 2 2 ,  1-nozzle, high-shear sludge pump 
D. 300 hp, UoD = 22, 4-nozzle, low-shear mixer pump 

All pumps have above-grade electric motors, 360 degree rotation, with 
slip rings for electrical contact. All have water-filled columns, line-shaft 
drives of submersible centrifugal single impeller pumps (bottom suction/ 
discharge). 
waste tanks. The SRS risers are 24"  or 36" while the Hanford Site risers are 
34" or 42". 

The SRS waste tanks have smaller risers than the Hanford Site 

7 . 2  BEARING WATER LEAKAGE RATES 

Of the 19 pumps installed at the SRS (tanks 41, 42, 48, 49, 50, and 51), 
only 4 pumps have had an unacceptable water-column leak rates. The 4 pumps 
are installed in tank 51 at the SRS and are equipped with the new modified 
Bergman seals. Currently, all 4 mixer pumps are operating within acceptable 
limits. Two of these pumps failed during startup earlier and had excessive 
leak rates (>2.5 gpm). After bumping the pumps, however, the leak rates on 
pump G, H, and 83 stabilized to . 2  to . 5  gpm. 
excessively ( > 7 . 5  gpm), which is somewhat dependent on operating speed. The 
SRS believes, from all indications, that the bottom seal on the B1 riser has 
failed. 
pump, which had not been installed, showed hydraulic impeller imbalance was 
the cause of the seal failure and could be corrected by machining the 
impellers versus sand casting them. 

Pump 61 continues to leak 

This assumption was later confirmed when an analysis on a sister 
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Under t h e  assumption t h a t  none o f  these pumps w i l l  be repa i red ,  t h e  
combined l e a k  r a t e  i n  tank  51  w i l l  be approx imate ly  8-9 gpm, depending on 
speed, o n l y  when t h e  pumps are running.  This  would be unacceptable p a r t l y  
because t h e  l e a k i n g  m ixe r  pumps are the  l a s t  feed tank  be fo re  t h e  
v i t r i f i c a t i o n  p l a n t .  Dur ing t r a n s f e r  o f  waste t o  t h e  v i t r i f i c a t i o n  p l a n t ,  a 
process which cou ld  take  as l o n g  as 12-14 days, an a d d i t i o n a l  180,000 g a l  o f  
waste cou ld  be added t o  t h e  c u r r e n t l y  planned waste volume i f  t h e  sea ls  are 
n o t  r e p a i r e d  o r  rep laced.  

7.3 REPAIR OF LOWER SEALS 

Most o f  t h e  pumps have leaked r a d i o a c t i v e  m a t e r i a l  i n t o  t h e  water- 
columns which makes decontamination more d i f f i c u l t  and c o s t l y .  
a t  t h e  SRS i s  t o  use t h e i r  299H F a c i l i t y  t o  decontaminate and r e p a i r  j e t  mixer  
pumps which had d e f e c t i v e  o r  damaged lower  confinement seals .  
f a c i l i t y  mixer  pumps have been decontaminated, disassembled, and t h e  l ower  
sea ls  have been' rep laced.  Recently, however, a mixer  pump from tank  51  was 
disassembled and s tud ied  b u t  n o t  repa i red .  It i s  t h e  c u r r e n t  p o l i c y  a t  t h e  
SRS n o t  t o  count on seal r e p a i r s  i n  the  299H F a c i l i t y  f o r  m ixe r  pumps. 
Replac ing a m ixe r  pump a t  t he  Hanford S i t e  would cos t  an a d d i t i o n a l  $550,000 
i n  d i sposa l  cos ts  which may make t h e  r e p a i r  o p t i o n  v i a b l e .  
t h i s  o p t i o n  are n o t  a v a i l a b l e  a t  t h i s  t ime  f o r  t he  Hanford S i t e .  

Pas t -p rac t i ce  

I n  t h i s  

Cost-estimates f o r  

The c u r r e n t  designs are acceptable t o  the  SRS and they  have a c u r r e n t  
o rde r  f o r  17 mixer  pumps o f  t h e  same design w i t h  the  mod i f i ed  Bergman lower  
sea l .  T h i r t e e n  mixer  pumps are f o r  waste removal, 2 low-shear and 2 h igh-  
f l ow .  Fu r the r  evidence o f  t he  adequacy o f  t h i s  design i s  supported by t h e  
Hanford S i t e  P r o j e c t  W-151 which w i l l  use two o f  t h e  same pumps (water-column, 
l i n e - s h a f t  d r i v e )  t h a t  have an improved lower  seal .  

The p r o j e c t e d  l e a k  r a t e s  o f  any new design i s  h i g h l y  specu la t i ve  i n  
na tu re .  
o f  i n a c t i v i t y ,  due t o  c r y s t a l l i z a t i o n  o f  waste which has been known t o  seep 
i n t o  t h e  pump d u r i n g  pe r iods  o f  i n a c t i v i t y .  

7.3.3 The SRS Pump Needs 

t o  t h e  v i t r i f i c a t i o n  f a c i l i t y .  These tanks are numbered 1 through 51. To 
date,  t h e r e  a re  21 mixer  pumps i n s t a l l e d  i n  6 tanks (see Table 8 ) ,  and another  
17 m ixe r  pumps a re  on o rde r  (see Table 9) .  

A l l  mechanical seals  may develop increased l e a k  r a t e s  a f t e r  pe r iods  

The SRS has 51 r a d i o a c t i v e  waste tanks which need waste t r a n s f e r r e d  o u t  

35 



WHC-SD-WM-CBA-001, Rev. 0 

Tank Number o f  
Pumps 

Tank 41 3 

Tank 42 4 

Tank 48 4 

Tank 49 4 

Tank 50 2 

Tank 51 4 

Status  

Low-hr, new seal 

1,000-hr, o l d  seal 

Low-hr, new seal 

Low-hr, new seal 

Low-hr, new seal 

1,400-hr, new seal 

A t  present ,  a l l  o f  t h e  mixer  pumps i n s t a l l e d  are n o t  l e a k i n g  water  from 
t h e i r  l ower  mechanical seals .  The o l d  s t y l e  seal has been mos t l y  rep laced  
w i t h  t h e  new, mod i f i ed  Bergman, which i s  per forming as expected. 
i n s t a l l e d  m ixe rs  i n  Tank 51, t h e  i m p e l l e r s  have a l s o  been rep laced  w i t h  
machined i m p e l l e r s  versus sand cas t  impe l l e rs ,  which i s  a l s o  thought  t o  have 
c o n t r i b u t e d  t o  t h e  mechanical seal f a i l u r e .  

On t h e  newly 

Type 
Waste removal 

Low-shear 

High- f low 

Quantity Intended Use 
13 Staging tanks 

2 Staging tanks 

2 DWPF feed tanks 

A t  t h i s  t ime,  t h e  SRS i s  n o t  ab le t o  p r o j e c t  how many o f  t he  remain ing 
45 tanks w i l l  need m ix ing  systems bu t  w i l l  p rov ide  computer modeling r e s u l t s  
f rom t h e  PRODMOD program, a dynamic program which uses t h e  Simplex programming 
used i n  opera t i ons  research.  The PRODMOD i s  ve ry  s i m i l a r  t o  t h e  ASPEN model 
used a t  t h e  Hanford S i t e  t o  p r o j e c t  waste volume needs over t h e  r e t r i e v a l  
sequence. P re l im ina ry  runs from t h e  PRODMOD show a r e t r i e v a l  sequence o f  32 
years.  
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8.0 ADMP DEVELOPMENT PROGRAM TO INCREASE THE RELIABILITY 

The h i s t o r y  and background o f  t h e  ADMP program i s  s t a t e d  i n  Sec t i on  3.0 
o f  t h i s  document. The program was s t a r t e d  i n  November 1993 and t o  da te  has 
completed t h e  development o f  a mixer  pump s p e c i f i c a t i o n  and has completed 2 
advanced m ixe r  pump designs under a progress ive procurement process. 
cos ts  o f  t h i s  program are est imated i n  Table 10. 

The sunk 

8.1 DEVELOPMENT PROGRAM STRATEGY 

The remain ing p a r t  o f  t h e  ADMP development program i s  e s s e n t i a l l y  a 
t e s t i n g  program, wherein the  " tee th ing "  problems o f  t he  mixer  pump systems are 
i d e n t i f i e d  and solved. The p lan  i s  t o  take  t h e  ADMP pumps t o  t h e  SRS and t e s t  
them e x t e n s i v e l y  i n  a nonrad ioac t i ve  tank  f o r  2,000 t o  3,000 hours t o  i d e n t i f y  
mechanical problems which are i n e v i t a b l e  w i t h  any new mechanical system. 

Through t h e  Progress ive Procurement Process, t h e  WHC downselected t o  one 
pump vendor on January 24, 1996 and se lec ted  the  LPI des ign f o r  t h e  f i r s t  pump 
t o  be tes ted .  Th is  s tudy shows t h e  r e l a t i v e l y  small  f i n a n c i a l  advantage o f  a 
m ixe r  pump which l a s t e d  l onger  than 6,000 h r  (see F igu re  11). Both ADMP pump 
designs, WEMD and LPI, were g i ven  the  f u l l  t echn ica l  p o i n t  r a t i n g  (70/70) i n  
t h e  downselect ion process as both were considered t e c h n i c a l l y  responsive t o  
t h e  minimum requi rements o f  t h e  s p e c i f i c a t i o n .  A t  t h a t  p o i n t ,  cos t  becomes 
t h e  d r i v e r  and t h e  L P I ' s  proposal was t h e  lowest  cos t .  

8.2 DEVELOPMENT PROGRAM DESCRIPTION 

The SRS F u l l  Waste Tank Mock-up F a c i l i t y  ( F u l l  Tank) w i l l  be used t o  
t e s t  t h e  ADMP pumping u n i t s .  The F u l l  Tank i s  l o c a t e d  i n  t h e  TNX area a t  t h e  
SRS (see f i g u r e s  12 and 13). It i s  a f u l l - s c a l e  mockup o f  an HLW tank  used 
f o r  t e s t i n g  H1.W process ing pumps p r i o r  t o  i n s t a l l a t i o n  i n  r a d i o a c t i v e  tanks.  
The F u l l  Tank d u p l i c a t e s  t h e  tank  diameter ( 8 5 - f t )  and mounting s t r u c t u r e  
l o c a t i o n  (d i s tance  from t h e  tank  bottom). The F u l l  Tank does no t ,  however, 
d u p l i c a t e  t h e  tank  depth. 
suppor t i ng  s t r u c t u r e  overhead prov ides the  mounting suppor t  f o r  f u l l - s c a l e  
pumps. The t a n k  ho lds  approx imate ly  212,000 gal  o f  water, o r  c l a y  s imulant ,  
when f i l l e d  t o  t h e  5 - f t  l e v e l .  
power, process water, and p l a n t  compressed a i r .  

The F u l l  Tank i s  an open tank  8 - f t  deep. A 

Serv ices t o  t h e  f a c i l i t y  i n c l u d e  e l e c t r i c  
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r P U M P  

Figure 12. Perspective View o f  the SRS TNX Test facility. 
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figure 13. Plan View o f  the SRS TNX. 
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Pump positions #3 and #5 will be used for the ADMP test program. Pump 
position #3 will be used for checkout and position #5 will be used for the 
long-term reliability tests (2,000 to 3,000 hours). A smaller tank will be 
installed at position #5 for the simulant tests. 
testing with smaller volumes o f  simulant and allows testing at other positions 
to proceed independently of position #5 (depths >5 ft). 

8.2.1 Data Acquisition 

on the parameter of interest. 

The smaller tank will allow 

Data acquisition will be accomplished in a combination of ways depending 

Vi brati on The SRS/Interim Waste Technology is planning on 
purchasing a Bently-Nevada automated diagnostic unit 
for rotating equipment (ADRE) system to support the 
HLW processing pump testing. The ADRE system is a 
state of the art system for the collection and 
analysis of rotating equipment vibration data. 
system will be available for the ADMP test program. 

Temperature The mixer pump thermocouples in the motors and 
bearings will be monitored for temperature signatures 
and variance. Output from these thermocouples will be 
fed electronically to a chart recorder or a Macintosh- 
based data acquisition system. 

Other parameters, such as buffer fluid (water or gas) usage, pressure, 

This 

motor voltage, amps, etc., are best recorded by Operations personnel in the 
operating log or operating procedure forms. 

8.2.2 Initial Checkout and Water Tests 

pump operation. 
the data acquisition system, and the pump. 
vibration, motor amperage, speed, and voltage will be monitored. 

operation data. Jet profile tests will be included in the water tests. The 
purpose of these tests is to determine the jet velocity profile away from the 
pump discharge nozzle. 
centerline will be determined. Hot film anemometers, pressure transducers, or 
drag targets are potential candidates for measuring the velocity and profile 
of the discharge jet. 

monitored: 

The objective of the initial 500-hr water test is to check out the ADMP 
Included in this test will be a checkout of the turntable, 

During these tests, pump 

The 500-hr waste test will be conducted on each pump to gain preliminary 

Velocity as a function of distance from the jet 

During the 500-hr water tests the following parameters will be 

- Startup vibration signatures 
- Shutdown vibration signatures 
- Steady state vibration signatures 
- Motor or bearing temperatures 
- Buffer fluid usage - Motor parameters (speed, voltage, amps, etc.) 

39 



WHC-SD-WM-CBA-001, Rev. 0 

Once the 500-hr water test for the ADMP is completed, it will be 
evaluated prior to proceeding to the long-term (1,500-hr) reliability test 
phase. 
will be accomplished by bearing oil analysis and shaft run out measurements to 
measure bearing wear. Also, column presser checks and impeller inspections 
will be made to assess structural integrity. This information will be sent to 
the WHC and the mixer pump vendor to resolve issues prior to proceeding with 
any long-term reliability testing. 

The evaluation will look for abnormal component wear or damage. This 

8.2.3 Long-Term 1,500-hour Reliability Tests 

Long-term reliability tests will be conducted to assess the pump wear 
The ADMP will be tested characteristics over the expected mixer pump life. 

for a minimum of 2,000 hours of operation (including the water test). 
this duration, a minimum of 100 start/stops and a minimum of 10 emergency 
stops are planned. A duty cycle mimicking a typical waste processing 
operation, such as an ESP waste cycle or an ITP concentration cycle, will be 
followed for some o f  the reliability test. 

During 

The same parameters identified for the water test will be measured in 
the long-term test. 
disassembled and inspected to determine its overall condition. The seal will 
be sent back to the vendor for evaluation. 

waste will be used (sand in clay) for a portion of the long-term reliability 
test. 
due to safety, cost, and environmental concerns. 

8.2.4 Failure Tests 

Near the end of the long-term test, the pump will be subjected to 
several failure scenarios that are deemed most likely to occur during the life 
of the pump. Seal failure, purge gas control failure, and column pressure 
loss will be evaluated to assess the impacts to the overall tank system. 

After these test are complete, the mixer pump will be 

A simulant which is representative of the physical properties of the 

Components used in the simulant are limited to non-caustic materials 

8.2.5 Facility Preparations 

The following activities are needed to prepare the Full Tank facility at 
the SRS for the ADMP tests. 

Install a simulant tank (6-ft diameter, IO-ft tall, 2,000-gal) at 
pump position #5. 
to add and remove slurry simulants. 
equipment will be supplied and funded by the SRS. 

Install new baseplate and turntable (supplied by pump vendors). 
Fabricate baseplate adaptor plates or modify baseplate. 

Install VFD units to drive pumps. 

The tank will need cooling coils and provisions 
The tank and the supporting 
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8 . 3  DEVELOPMENT COST AND SCHEDULE PROJECTIONS 

The development cos t  o f  t h e  remaining p o r t i o n  o f  t h i s  program are l i s t e d  
i n  Table 11. 

* 
** Cost-estimates by t h e  SRS 12/14/95. 

Cost-estimates i nc lude  t h e  s imulant  t ank  and o t h e r  suppor t i ng  equipment. 

The t o t a l  cos t  o f  t h e  o r i g i n a l  ADMP program, which i nc ludes  t h e  
procurement o f  2 mixer  pumps and f u l l - f e a t u r e  t e s t i n g  o f  each by t h e  vendors 
and t h e  SRS, was approx imate ly  S6.5M. 
program, which i nc ludes  sunk costs ,  t he  purchase o f  1 pump and reduced 
t e s t i n g ,  i s  approx imate ly  $2.7M. 

The t o t a l  c o s t  o f  t h e  downsized ADMP 

9.0 COST/BENEFIT CONCLUSIONS 

The $3M c o s t  o f  t h e  ADMP program ($2.7M) w i l l  be recovered i n  t h e  f i r s t  
5 years.  
n o t  i nc luded  i n  t h e  LCCMOD2 computer est imate (see F igu re  6 ) .  
shows t h e  importance o f  us ing  t h e  ADMP a t  t h e  beginning o f  t he  r e t r i e v a l  
sequence as l i t t l e  savings w i l l  be r e a l i z e d  i f  the  ADMP i s  deployed i n  t h e  
m idd le  o f  t h e  sequence. 
equ iva len t  c o s t / b e n e f i t  when measured against  t he  e x i s t i n g  design. 

Th is  i s  a conserva t i ve  est imate as the  cos t  savings f o r  t h e  SRS were 
Th is  s tudy 

Th is  study a l so  shows t h a t  both ADMPs demonstrate an 
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10.0 RECOMMENDATION 

Based on the findings of this analysis, it is recommended that a mixer 
pump improvement program be maintained throughout the retrieval sequence at 
the Hanford Site and the SRS to identify technical issues and apply lessons 
learned to follow-on mixer pump procurements. 
recommended as the most cost-effective approach to obtaining the advanced 
reliability mixer pumps needed for the retrieval sequence at the Hanford Site 
and the SRS. 

The ADMP program is also 
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Tank Start Date Days Hours Cumulative Replacemen Tank # 
Date 

AN-I07 9/23/2021 44.7 1074 17.8 14 

AY-101 1/1/2010 362.5 8700 8.47 15 
AY-101 1/1/2010 362.5 8700 6.8 15 
AY-101 1/1/2010 362.5 8700 7.04 15 
AY-101 1/1/2010 362.5 8700 8700 7.27 15 6.47 
AY-101 6/30/2012 99.4 2385 11085 8.96 15 8.96 
AY-101 2/9/2015 116.3 2791 13876 11.58 15 11.58 
AY-101 7/8/2017 128.7 3089 16965 13.99 15 13.99 
AY-101 5/17/2019 113.0 2712 19877 15.85 15 15.85 
AY-IO1 7/1/2021 43.3 1040 20717 17.97 15 17.97 
AY-101 2/7/2023 12.2 292 21009 11.9 15 19.58 

Total= 21009 16 15 
7.82 16 

AY-102 12/28/2010 200.8 4814 4814 7.6 16 7.46 
AY-102 4/9/2013 113.3 2719 7534 9.74 16 9.74 
AY-102 8/23/2015 112.6 2702 10236 12.11 16 12.11 
AY-102 1/31/2018 123.7 2969 13205 14.55 16 14.55 
AY-I02 4/28/2020 113.1 2714 15919 16.8 16 16.80 
AY-102 2/13/2022 10.9 261 16180 12.33 18 18.59 

Total= 16180 14.78 16 
17 16 

8.22 17 
AZ-101 7/15/2011 144.1 3458 3458 8 17 8.00 
AZ-IO1 11/1/2013 114.8 2755 6214 10.3 17 10.30 
AZ-IO1 2/13/2018 122.8 2947 9161 12.59 17 12.59 
AZ-IO1 6/4/2018 117.2 2813 11974 14.89 17 14.89 
AZ-IO1 10/2/2020 115.7 2777 14750 17.23 17 17.23 
AZ-IO1 7/20/2022 16.7 402 15152 11 17 19.02 

Total= 15152 13 17 

8.82 18 
AZ-102 12/8/2011 151.3 3631 3631 8.6 18 8.40 
AZ-102 3/1/2014 113.7 2729 6360 10.63 18 10.63 
AZ-102 9/30/2018 121.8 2923 9283 15.22 18 15.22 
AZ-102 2/27/2021 113.6 2726 12010 17.63 18 17.63 
AZ-102 12/14/2022 32.4 778 12788 9.5 18 19.43 

Total = I2788 16 18 

>>>>>>>>> data from FILLSW.DAT 
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AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 

AW-I03 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 

AW-103 

AW-I03 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-I03 
AW-103 
AW-103 
AW-103 
AW-I03 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 

8/8/2004 
711 812005 
411 1/2006 
7/22/2006 

1 011 7/2006 
12/1 412006 

5/6/2007 
7/7/2007 

9/21/2007 
1 1 I1 712007 
1/10/2008 
3/2/2008 

4/27/2008 
2/17/2009 
4/27/2009 
5/29/2009 
6/5/2009 

11/24/2009 
2/3/2010 

1/13/2011 
2/26/2011 
7/29/2011 
911 71201 1 
11/7/2011 

12/22/2011 
2/22/2012 
5/21/2012 
6/30/2012 

7/9/2012 
9/1/2012 

10/12/2012 
1 1/4/2012 
7/21/2013 
9/24/2013 

11/17/2013 
2/7/2014 
4/7/2014 

6/20/2014 
8/12/2014 

10/21/2014 
12/17/2014 
21231201 5 
3/12/2015 
4/22/2015 
6/12/2015 

12/24/2015 
2/29/2016 
4/27/2016 
6/4/2016 

10/4/2016 
11/28/2016 

1.7 
7.0 
9.2 
8.8 
8.4 
8.1 
9.9 
9.6 
9.3 
9.0 
5.8 
7.2 
5.8 
8.0 
7.7 
2.2 
3.7 
2.3 
2.3 
9.3 
6.3 

10.6 
10.4 
2.4 

10.9 
8.6 

10.6 
2.1 
5.4 
9.6 
3.1 
9.0 

10.7 
10.0 
6.3 
9.4 
6.8 
9.8 
9.1 

10.1 
9.1 
3.3 
6.8 
4.8 
2.9 
9.9 
8.7 
1.2 
6.5 
6.7 

10.4 
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41 
169 
220 
212 
202 
194 
238 
231 
224 
217 
139 
174 
138 
191 
185 
52 
89 
56 
56 

222 
151 
255 
249 
58 

26 1 
207 
255 
51 

129 
231 

74 
217 
257 
240 
150 
225 
164 
234 
218 
242 
219 
80 

164 
114 
70 

238 
209 
29 

157 
160 
250 

41 
21 0 
430 
642 
844 

1038 
1276 
1507 
1731 
1948 
2087 
2261 
2399 
2591 
2776 
2828 
2917 
2973 
3029 
3252 
3403 
3658 
3907 
3965 
4226 
4433 
4688 
4738 
4867 
5098 
51 72 
5389 
5646 
5886 
6036 
6261 
6425 
6659 
6877 
7119 
7339 
7418 
7583 
7697 
7767 
8006 
8214 
8244 
8400 
8560 
8809 
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1.06 5 1.06 
2.01 
2.74 
3.02 
3.26 
3.42 
3.81 
3.98 
4.18 
4.34 

4.49 5 4.49 
4.63 
4.78 
5.60 
5.78 
5.87 
5.89 
6.36 
6.56 
7.50 
7.62 
8.04 
8.18 
8.32 

8.44 5 8.44 
8.61 
8.85 
8.96 
8.99 
9.14 
9.25 
9.31 

10.02 
10.20 

10.35 5 10.35 
10.57 
10.73 
10.94 
11 .OB 
11.27 
11.43 
11.62 
11.66 
11.77 
11.91 

12.45 5 12.45 
12.63 
12.79 
12.69 
13.23 
13.38 



AW-103 
AW-103 
AW-103 
AW-IO3 
AW-103 
AW-103 
AW-IO3 
AW-103 
AW-103 
AW-103 
AW-103 

AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 

AW-104 

AW-104 

AW-104 
AW-104 
AW-I04 

AW-104 
AW-104 
AW-I04 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-I04 
AW-104 

AW-104 
AW-104 

AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 

AW-104 

AW-104 

AW-104 

1/30/2017 
11/29/2017 

2/2M018 
4/23/2018 
6/16/2018 

11/16/2018 
3/23/2019 
5/30/2019 
8/2/2019 

8/31/2019 
1 121 /2020 

1/15/2003 
3/5/2003 

4/23/2003 
5/28/2006' 
8/4/2006 

10/1/2006 
12/14/2006 
2/23/2007 
4/29/2007 
511 8/2007 
8/2/2007 

10/14/2007 
10/30/2007 

2/8/2008 
3/28/2008 
5/11/2008 
5/23/2008 
6/5/2008 

8/27/2008 
9/9/2008 

10/9/2008 
11/23/2008 
I /6/2009 

2/22/2009 
4/1/2009 

411 3/2009 
5/20/2009 
6/2/2009 

1 OH 4/2009 
12/25/2009 
1/12/2011 
2/11/2011 
3/30/2011 
7/30/2011 
8/31/2011 
9/27/2011 

10/20/2011 

9.1 
10.9 
9.5 
8.7 
9.6 

10.7 
10.7 
10.7 
3.6 
9.2 

10.4 

11.0 
10.2 
9.4 
9.3 

11.0 
11.0 
10.6 
10.3 
3.0 

10.6 
10.3 
10.0 
9.1 

11.0 
10.2 
3.6 

11.0 
9.1 
9.0 
9.6 

11.0 
11.0 
10.0 
10.1 
9.2 
9.2 
2.7 
3.3 

11.0 
9.1 

10.5 
11.0 
9.3 
9.6 

11.0 
9.2 

10.0 
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21 8 
261 
228 
208 
231 
257 
257 
257 

87 
221 
251 

11283 

264 
246 
226 
224 
264 
264 
255 
246 

73 
254 
246 
239 
218 
264 
245 

86 
264 
21 8 
215 
232 
264 
264 
240 
242 
220 
221 
64 
79 

264 
220 
253 
264 
222 
231 
264 
222 
239 

9028 
9288 
9516 
9724 
9955 

10212 
10468 
10725 
10812 
I 1  033 
11283 

264 
510 
736 
959 

1224 
1488 
1743 
1990 
2063 
2318 
2562 
2801 
301 9 
3284 
3529 
3614 
3879 
4096 
4312 
4543 
4808 
5072 
5312 
5554 
5774 
5995 
6059 
6138 
6403 
6622 
6875 
7139 
7361 
7593 
7857 
8079 
831 8 
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15.35 

13.55 
14.38 
14.56 
14.78 
14.93 

5 15.35 
15.69 
15.88 
16.06 
16.14 
16.53 

1 4 -0.50 
-0.37 
-0.23 
2.87 
3.05 
3.21 
3.42 
3.61 

3.79 4 3.79 
3.84 
4.05 
4.25 
4.29 
4.57 
4.70 
4.82 
4.86 

4.89 4 4.89 
5.12 
5.15 
5.24 
5.36 
5.48 
5.61 
5.71 
5.75 

5.85 4 5.85 
5.88 
6.25 
6.45 
7.50 
7.58 
7.71 
8.04 
8.13 

8.2 4 8.20 
8.27 



AW-I04 

AW-I04 

AW-104 

AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-I04 

AW-104 
AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 
AW-104 
AW-104 

AW-104 

12/7/2011 
1/4/2012 

1/20/2012 
4/6/2012 

5/25/2012 
7/5/2012 

8/24/2012 
10/1 1/2012 
10/23/2012 
11/22/2012 
12/10/2012 
12/21/2012 
1/21/2013 
8/25/2013 
9/7/2013 

9/26/2013 
11/17/2013 
11/25/2013 
12/19/2013 

1/2/2014 
3/12/2014 
5/1/2014 
6/4/2014 

7/19/2014 
8/18/2014 
9/1/2014 

1011 31201 4 
10/25/2014 
12/9/2014 

12/21/2014 
1/25/2015 
2/9/2015 

4/19/2015 
5/3/2015 

5/11/2015 
5/27/2015 

1 1 / I  4/2015 
12/25/2015 
1/13/2016 
1/29/2016 
2/11/2016 
3/4/2016 

3/19/2016 
3/26/2016 
4/20/2015 
811 912016 

10/31/2016 
11/15/2016 
12/17/2018 
12/30/2016 
1 /25/201'7 

9.1 
11.0 
4.7 

11.0 
9.7 

11.0 
9.2 
9.2 
9.3 
3.7 

10.2 
7.7 
2.5 

11.0 
9.3 

11.0 
9.1 
4.2 

11.0 
6.6 

11.0 
10.2 
9.4 

11.0 
9.1 
9.8 

10.1 
9.1 
9.2 
9.5 
9.5 

10.5 
9.5 

10.5 
4.6 
0.5 

10.5 
2.7 

11.0 
11.0 
9 3  
3.8 
9.3 
4.7 

11.0 
11.0 
11.0 
10.7 
7.5 

10.2 
5.7 
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218 
264 
112 
264 
233 
264 
221 
222 
222 
89 

244 
184 
60 

264 
222 
264 
217 
102 
264 
157 
264 
244 
226 
264 
21 8 
235 
243 
219 
220 
229 
229 
252 
229 
253 
110 
13 

252 
66 

264 
264 
222 

92 
224 
112 
264 
264 
264 
257 
180 
246 
137 

8536 
8801 
891 3 
9178 
9410 
9675 
9895 

10117 
10339 
10428 
10672 
10856 
10916 
11180 
11402 
11667 
11884 
11 986 
12250 
12406 
12672 
12916 
13142 
13406 
13625 
13860 
14103 
14321 
14542 
14770 
14999 
15251 
15480 
15733 
15842 
15855 
16107 
16173 
16437 
16702 
16924 
17016 
17240 
17352 
17616 
17881 
18145 
18402 
18582 
18828 
18965 
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9.25 

10.43 

11.25 

12.34 

13.3 

8.40 
8.48 
8.52 
8.73 
8.86 
8.98 
9.1 1 
9.25 
9.20 
9.36 
9.41 
9.44 
9.52 

10.12 
10.15 
10.20 
10.35 
10.37 
10.43 
10.47 
10.66 
10.80 
10.69 
11.02 
11.10 
11.14 
I I .25 
11.28 
11.41 
11.44 
11.54 
11.56 
11.77 
11.80 
11 .83 
11.67 
12.34 
12.45 
12.50 
12.55 
12.58 
12.64 
12.68 
12.70 
12.77 
13.10 
13.30 
13.34 
13.43 
13.47 
13.54 
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AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 

2/1 31201 7 
3/12/2017 

11/27/2017 
12/27/2017 

2/4/2018 
3/6/2018 

3/11/2018 
3/22/2018 
5/8/2018 

6/15/2018 
6/29/2018 
7/25/2018 
8/5/2018 

8/16/2018 
1/5/2019 

411 7/2019 
6/10/2019 
6/17/2019 
7/22/20 1 9 
9/4/2019 

911 5/2019 

5.8 
4.5 

11.0 
11.0 
10.1 
10.1 
1.1 
9.4 
7.6 

11.0 
11.0 
2.3 
8.7 
7.3 
9.6 

11.0 
10.5 
3.4 

10.5 
2.0 

10.4 

139 
1 os 
264 
264 
242 
24 1 
26 

225 
183 
264 
264 
56 

210 
176 
231 
264 
252 
81 

252 
48 

249 
23004 

>>>>>> data from FILLWST.DAT 
AN-I01 9/15/2008 56 
AN-I01 1/8/2010 0 
AN-I01 1/1/2011 54 
AN-I01 10/17/20i1 0 
AN-I01 12/11/2011 54 
AN-I01 8/22/2012 55 
AN-I01 11/27/2013 54 
AN-101 12/1/2014 54 
AN-I01 1/16/20'16 1 
AN-I01 1/18/20'16 54 
AN-I01 12/12/2016 1 
AN-I01 12/14/20'16 53 
AN-I01 6/8/2018 53 
AN-I01 4/9/2019 2 
AN-I01 4/10/2019 52 
AN-I01 6/21/2021 54 

1341 
8 

1286 
5 

1292 
1311 
1289 
1293 

12 
1285 

17 
1272 
1273 

55 
1245 
1290 

14275 

AN-I04 1/7/2008 4 107 
AN-I04 1/8/2008 52 1250 
AN-I04 12/14/2008 53 1270 
AN-I04 10/3/2009 53 1271 
AN-I04 7/21/2011 53 1280 
AN-I04 6/24/2012 54 1285 
AN-I04 7/10/2013 54 1287 

19103 
19212 
19476 
19741 
19983 
20224 
20250 
20475 
20658 
20922 
21186 
21242 
21452 
21628 
21858 
22123 
22375 
22456 
22707 
22756 
23004 

1341 
1348 
2635 
2640 
3932 
5243 
6533 
7825 
7838 
9123 
91 39 

10412 
11685 
11 740 
12984 
14275 

107 
1357 
2835 
3906 
51 86 
6470 
7758 

14.65 

15.78 

5.17 

7.47 

8.41 
9.1 1 

12.52 

13.42 

15.74 
17.94 

13.59 
13.66 
14.38 
14.46 
14.57 

4 14.85 
14.66 
14.69 
14.82 
14.92 
14.96 
15.03 
15.06 
15.09 
15.48 

4 15.76 
15.91 
15.93 
16.03 
16.15 
16.18 

6 

6 

6 
6 

5.17 
6.49 
7.47 
8.26 
8.41 
9.11 

10.37 
11.38 
12.51 
12.52 
13.42 
13.42 
14.91 
15.74 
15.74 
17.94 

4.48 7 4.48 
4.48 

5.42 7 5.42 
6.22 

8.02 7 8.02 
8.95 
9.99 
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AN-I 04 
AN-I 04 
AN-I 04 
AN-I 04 
AN-I04 
AN-I04 
AN-I 04 
AN-I04 
AN-I 04 

AN-I 05 
AN-I 05 
AN-I 05 
AN-105 

AN-I05 
AN-I 05 
AN-105 
AN-I 05 
AN-105 
AN-I 05 

AN-I05 

AN-105 
AN-I 05 

AN-105 

AN-I 05 

AN-I 05 

5/25/2014 
4/9/2016 

1/28/2017 
1 111 5/2017 
11/5/2018 
11/5/2018 
9/4/2019 

911 1 120 1 9 
811 5/2021 

11/1/2008 
11/1/2008 
1/4/2011 
9/7/2011 
5/9/20 1 2 

511 1 I201 2 
8/17/2013 
8/20/2013 
8/21/2014 
8/22/2014 
11/4/2015 
8/8/2016 
8/8/2016 

11/24/2017 
6/4/2018 

3/12/2019 

55 
54 
2 

52 
3 

52 
1 

55 
52 

1315 
1292 

47 
1250 

81 
1238 

12 
1308 
1248 

15540 
- 

55 1310 
0 3 

54 1296 
54 1297 

1 30 
52 1258 
0 1 

54 1302 
I 36 

52 1247 
54 1294 
2 41 

51 1233 
1 27 

53 1266 
54 1288 

AN-105 3/23/2020 54 1298 
14228 

AN-I 06 

AN-106 
AN-I 06 
AN-I 06 

AN-I06 

AN-I06 

AN-I 06 

AN-106 
AN-I06 
AN-I06 
AN-I06 

12/30/2008 
12/16/2009 
711 81201 I 
3/26/2012 
8/28/2013 
7/8/2014 

12/14/2015 
11/1/2016 
8/6/20 1 8 
4/6/2019 

2/21 /2020 

53 
53 
53 
54 
54 
54 
54 
55 
53 
55 
54 

1282 
1283 
1280 
1299 
1293 
1292 
1299 
1321 
1280 
1320 
1284 

14231 
- 

AW-101 1/7/2011 54 1285 
AW-101 12/13/2011 53 1278 
AW-101 10/19/2012 54 1306 
AW-101 8/14/2013 54 1292 
AW-IO1 1/5/2015 53 1265 

9073 
10364 
10411 
11662 
11 742 
12980 
12992 
14301 
15548 

1310 
1312 
2609 
3906 
3937 
5194 
5195 

6533 
7780 
9075 
9116 

10349 
10376 
11642 
12930 
14228 

6498 

1282 
2565 
3844 
5144 
6437 
7728 
9027 

10347 
11627 
12947 
14231 

1285 
2583 
3869 
5161 
6425 

10.86 
12.74 

15.32 
15.32 

16.17 

5.3 

7.48 

8.83 

10.1 

12.31 

13.07 

15.66 
16.7 

5.46 
6.42 

10.12 

12.42 
13.31 

15.73 
16.61 

7.48 
8.42 

10.09 
11.48 

7 
7 

7 
7 

7 

8 

8 

8 

8 

8 

8 

8 
8 

9 
9 

9 

9 
9 

9 
9 

10 
10 

10 
10 

10.86 
12.74 
13.55 
14.34 
15.32 
15.32 
16.15 
16.17 
18.09 

5.30 
5.30 
7.48 
8.15 
8.82 
8.83 

10.09 
10.10 
11.11 
11.11 
12.31 
13.07 
13.07 
14.37 
14.89 
15.66 
16.70 

5.46 
8.42 
8.01 
8.70 

10.12 
10.98 
12.42 
13.31 
14.90 
15.73 
16.61 

7.48 
8.42 
9.27 

10.09 
11.48 
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AW-101 1/30/2016 53 1283 
AW-101 11/11/2016 53 1275 
AW-101 11/23/2017 56 1333 
AW-101 6/24/2019 55 1324 
AW-IO1 6/21/2020 52 1244 

12885 

AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-I 02 
AW-102 
AW-102 
AW-102 
AW-102 

711 1 12005 
3/28/2006 
4/2/2006 
1/8/2011 

7/22/2011 
9/8/2012 

10/9/2012 
2/30/2014 
3/1/2014 
1 /2/2016 

10/20/2016 
11/18/2017 

7/6/2019 

55 1323 
1 35 

56 1345 
1 32 

53 1261 
2 47 

52 1238 
1 15 

52 1256 
54 1295 
53 1278 
54 1289 
55 1319 

AW-102 1/28/2021 53 1261 
12998 

AW-105 7/6/2005 55 

>>>>>> data from FILLX.DAT 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 

3/9/2003 
11/29/2005 
5/31/2006 
8/7/2006 

9/20/2006 
10/9/2006 
12/4/2006 

1 2/18/2006 
2/12/2007 
3/1/2007 

4/26/2007 
5/8/2007 

5/26/2007 
7/21/2007 
811 812007 
10/4/2007 

10/21/2007 
12/18/2007 
1/28/2008 
2/14/2008 
311 @.I2008 
3/31/2008 
5/8/2008 

3.6 
2.7 
3.0 
3.0 
0.9 
2.9 
I .o 
2.7 
1 .o 
2.6 
0.8 
1.1 
2.6 
1 .I 
2.6 
0.9 
2.8 
3.0 
0.9 
2.9 
1 .o 
2.7 
0.8 

1318 

85 
65 
71 
71 
21 
68 
23 
66 
23 
66 
19 
25 
62 
26 
63 
22 
67 
71 
21 
68 
23 
66 
19 

7706 
8984 

1031 7 
11641 
12885 

1323 
1358 
2703 
2735 
3996 
4043 
5281 
5297 
6555 
7649 
9128 

10417 
11736 
12998 

1318 

85 
150 
221 
293 
31 3 
382 
405 
471 
493 
560 
579 
604 
667 
692 
756 
770 
645 
916 
937 

1005 
1028 
1094 
1114 

13.33 
14.37 

17.11 

1 .99 

2.71 

9.15 

10.63 

13.27 
14.35 

17.55 

1.97 

1 

10 
10 

10 

11 

11 

11 

11 

I 1  
11 

11 

12 

1 

12.55 
13.33 
14.37 
15.95 
17.11 

1.99 
2.70 
2.71 
7.49 
8.02 
9.15 
9.24 

10.63 
12.47 
13.27 
14.35 
15.98 
17.55 

I .97 

-0.35 
2.37 
2.88 
3.06 
3.18 
3.23 
3.39 
3.43 
3.58 
3.63 
3.78 
3.81 
3.86 
4.02 
4.09 
4.22 
4.27 
4.43 
4.54 
4.58 
4.68 
4.71 
4.82 
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SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 

5/27/2008 
7/5/2008 

811 8/2008 
8/30/2008 
9/28/2008 

1011 312008 
11/12/2008 
11/26/2008 
12/28/2008 
1/12/2009 
2/12/2009 
2/24/2009 
3/23/2009 
411 5/2009 
511 8/2009 
5/30/2009 
6/3/2009 

1011 7/2009' 
2/15/2011 
8/3/2011 

8/20/2011 
10/1/2011 

12/1 Ol2011 
1 /22/20 1 2 
4/9/2012 

4/26/2012 
8/27/2012 

10/26/2012 
11/23/2012 
12/13/2012 
1 /22/20 13 

11/20/2013 
12/25/2013 

2/5/20 1 4 
6/6/2014 
9/3/2014 

10/3/2014 
12/1 2/2014 
1 11 51201 5 
1/30/2015 
3/9/2015 
4/9/2015 

4/22/2015 
5/22/2015 

11/17/2015 
12/4/2015 
ill 512016 
2/30/20 16 
3/9/2016 

3/28/2016 
4/25/2018 

3.1 
3.0 
0.9 
2.9 
0.7 
3.0 
0.8 
2.9 
0.9 
2.8 
0.7 
2.5 
1 .o 
2.7 
0.9 
0.9 
1.1 
3.2 
3.2 
3.0 
0.9 
3.2 
2.6 
1 .8 
2.8 
1 .o 
3.5 
3.0 
1.3 
2.9 
0.9 
3.0 
3.2 
2.9 
2.6 
3.0 
0.9 
3.1 
0.8 
3.2 
3.0 
0.8 
3.1 
2.2 
2.7 
1.1 
2.6 
1 .o 
1.3 
2.1 
2.7 

76 
71 
21 
68 
17 
72 
20 
69 
23 
66 
17 
60 
24 
65 
23 
22 
27 
76 
77 
71 
21 
77 
63 
39 
68 
24 
83 
71 
31 
70 
22 
73 
77 
69 
61 
71 
21 
74 
19 
76 
71 
20 
75 
53 
66 
26 
63 
25 
32 
51 
64 

1189 
1260 
1281 
1349 
1387 
1438 
1458 
1528 
1550 
1617 
1634 
1694 
1718 
1783 
1806 
1828 
1855 
1931 
2008 
2080 
2100 
2177 
2240 
2279 
2347 
2371 
2454 
2525 
2556 
2626 
2648 
2721 
2798 
2867 
2929 
3000 
3021 
3095 
3114 
31 90 
3261 
3281 
3356 
3409 
3475 
3501 
3564 
3509 
3621 
3672 
3736 
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7.59 

4.87 
4.97 
5.09 
5.13 
5.21 
5.25 
5.33 
5.37 
5.45 
5.50 
5.58 
5.62 
5.89 
5.75 
5.84 
5.88 
5.89 
6.26 

1 7.59 
8.05 
8.10 
8.22 
8.41 
8.52 
8.74 
8.78 
9.12 
9.29 
9.36 
9.42 
9.53 

10.35 
10.45 
10.57 
10.90 
11.14 
11.22 
11.42 
11.51 
11.55 
11.65 
11.74 
11.77 
11.86 
12.35 
12.39 
12.51 

12.66 
12.71 
12.78 
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SY-101 
SY-101 
SY-101 
SY-IO1 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 

5/25/2016 
8/22/2016 

9/8/2016 
I Ill 8/2016 
1/27/2017 
3/14/2017 
3/12/2018 
6/17/2018 
8/8/2018 

4/19/2019 
7/11/2019 

9/2/2019 

1 .I 
2.6 
1.3 
3.2 
2.0 
1.6 
1 .o 
2.9 
3.0 
2.7 
1.6 
2.1 

27 
62 
30 
77 
47 
38 
24 
69 
73 
64 
38 
50 

SY-101 9/5/2019 0.5 11 
4347 

SY-102 
SY-102 
SY-102 
SY-I 02 
SY-I 02 
SY-102 
SY-I02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 

1/19/2003 
7/23/2006 
5/12/2008 
9/12/2008 
4/3/2009 

1/14/201 I 
1/31/2011 
4/3/2011 
9/3/2011 

10/23/2011 
12/23/2011 

1 /9/2012 
7/8/2012 

10/14/2012 
12/24/2012 
8/28/2013 
9/15/2013 
9/28/2013 
11/8/2013 
12/8/2013 
3/15/2014 
4/3/2014 

6/21/2014 
8/21 I201 4 

10/28/2014 
11/29/2014 
12/24/2014 

5/6/2015 
2/2/20 1 6 

3/21/2016 
12/20/2016 
1/19/2017 
2/15/2017 

11/29/2017 
12/16/2017 

3.8 
0.8 
I .2 
2.9 
2.7 
2.7 
1 .I 
3.3 
3.0 
3.0 
1 .o 
1 .o 
3.2 
3.0 
3.2 
3.2 
1.1 
2.6 
1.2 
1.6 
2.6 
1.2 
1.3 
2.7 
2.7 
1.1 
2.6 
3.2 
3.2 
2.7 
3.0 
0.9 
2.0 
2.8 
I .o 

92 
20 
30 
69 
65 
65 
27 
80 
71 
71 
25 
23 
77 
71 
77 
77 
27 
62 
30 
38 
63 
29 
31 
65 
65 
27 
63 
77 
77 
65 
71 
21 
48 
68 
24 

3764 
3825 
3856 
3932 
3980 
4017 
4042 
4110 
4183 
4247 
4285 
4335 
4347 

92 
112 
142 
21 I 
276 
342 
368 
448 
520 
591 
616 
639 
716 
787 
864 
94 1 
968 

1030 
1060 
1098 
1161 
I190 
1220 
1286 
1351 
1378 
1440 
1517 
1594 
1660 
1731 
1752 
1800 
1868 
1892 

13.6 

1 

12.87 
13.11 
13.16 
13.35 

I 13.54 
13.67 
14.66 
14.93 
15.07 
15.77 
16.00 
16.14 
16.15 

2 -0.49 
3.02 
4.83 
5.16 
5.72 
7.50 
7.55 
7.72 
8.14 
8.28 
8.44 
8.49 
8.98 
9.25 
9.45 

10.12 
10.17 
10.21 
10.32 
10.40 
10.67 
10.72 
10.94 
11.11 
11.29 
11.38 
11.45 
11.81 
12.56 
12.69 
13.44 
13.52 
13.60 
14.38 
14.43 

Page A-9 



WHC-SD-WM-CBA-001. Rev. 0 

SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I02 
SY-102 
SY-102 
SY-102 

SY-103 
SY-103 

SY-IO3 
SY-103 
SY-103 
SY-103 
SY-IO3 

SY-103 

SY-103 
SY-103 
SY-103 
SY-103 
SY-103 
SY-103 
SY-103 
SY-103 

SY-103 
SY-103 
SY-103 

SY-103 

2/6/2018 
2/26/20 1 8 
3/26/2018 
5/10/2018 
6/18/2018 

7/4/2018 
71261201 8 
811 an01 8 

1/8/2019 
2/5/2019 

5/31/2019 
81251201 9 -- 

1 /4/2003 
12/29/2009 
911 8M011 
1/7/2012 

5/29/2012 
11/5/2012 
9/9/20 1 3 
5/4/20 14 

7/22/20 14 
8/9/20 I 4  

1 011 6/20 I 4  
12/26/2015 
1/16/2016 
2/14/2016 
11/4/2016 
1/3/2017 

12/30/2017 
1/25/2018 
3/9/20 1 8 
7/2/2018 

2.7 65 
0.8 19 
3.3 78 
2.6 63 
1 .o 23 
0.9 21 
0.8 19 
2.5 61 
2.5 60 
0.8 20 
1.2 28 
1.6 37 

2387 

3.8 
3.7 
0.9 
2.9 
3.4 
0.9 
2.7 
3.0 
3.0 
0.9 
2.9 
1 .o 
1.2 
2.8 
3.7 
3.0 
3.0 
0.9 
2.9 
3.0 

92 
88 
21 
68 
81 
21 
65 
71 
71 
21 
68 
23 
29 
67 
89 
71 
71 
21 
68 
71 

SY-103 6/13/2019 3.2 77 
1254 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Summary of Totals 
SY-101 4347 
SY-102 2387 
SY-103 1254 
AW-104 23004 
AW-103 11283 
AN-101 14275 
AN-104 15548 
AN-105 14228 
AN-106 14231 
AW-101 12885 

1957 
1976 
2054 
2117 
2140 
2161 
2180 
2241 
2301 
2321 
2349 
2387 

92 
180 
200 
269 
350 
370 
435 
506 
577 
598 
666 
689 
718 
785 
874 
946 

1017 
1037 
1106 
1177 
1254 

14.7 

1 

14.57 
14.63 

2 14.70 
14.83 
14.93 
14.98 
15.04 
15.10 
15.49 
15.57 
15.88 
18.12 

3 -0.53 
6.46 
8.18 
8.48 
8.88 
9.31 

10.16 
10.81 
11.02 
11.07 
11.26 
12.45 
12.51 
12.59 
13.31 
13.48 
14.47 
14.54 
14.66 
14.97 
15.92 
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11 AW-102 12998 
12 AW-105 1318 
13 AN-102 942 
14 AN-107 1074 

16 AY-102 16180 
17 AZ-101 15152 
18 AZ-102 12786 

15 AY-101 21009 

i a  

16 

14 

12 

i 10 s 
s a  
z 
x 

* 

6 

4 

2 

2000 hrs Pump lnstallationlReplacement Schedule 

0 2  4 

I 

I 

6 8 10 12 14 
Years for Case 50, Starting at 2003 

16 
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Tank Start Date Days Hours Cumulative Replace Tank # 
Date 

6000 hrs Data Run -Case 50 Appendix B 

AN-107 9/23/2021 44.7 1074 

AY-IO1 1/1/2010 362.5 8700 
AY-IO1 6/30/2012 99.4 2385 
AY-IO1 2/9/2015 116.3 2791 
AY-101 7/8/2017' 128.7 3069 
AY-101 5/17/2019 113.0 2712 
AY-101 7/1/2021 43.3 1040 
AY-101 2/7/2023 12.2 292 

875.4 21009 

AY-102 12/28/2010 200.6 4814 
AY-102 4/9/2013 113.3 2719 
AY-102 8/23/2015 112.6 2702 
AY-102 1/31/2018 123.7 2969 
AY-102 4/28/2020 113.1 2714 
AY-102 2/13/2022 10.9 261 

674.2 16180 

AZ-IO1 7/15/2011 144.1 3458 
AZ-IO1 11/1/2013 114.8 2755 
AZ-IO1 2/13/2016 122.8 2947 
AZ-101 6/4/2018 117.2 281 3 
AZ-IO1 10/2/2020 115.7 2777 
AZ-101 7/20/2022 16.7 402 

631.3 15152 

AZ-102 12/8/2011 151.3 3631 
AZ-102 3/1/2014 113.7 2729 
AZ-102 9/30/2018 121.8 2923 
AZ-102 2/27/2021 113.6 2726 
AZ-102 12/14/2022 32.4 778 

532.8 12788 

>>>>>>>>> data from FILLSWT.DAT 
AW-103 8/8/2004 1.7 
AW-103 711 812005 7.0 
AW-103 411 1/2006 9.2 
AW-103 7/22/2006 8.8 

41 
169 
220 
212 

17.8 

6700 6.6 
11085 7.28 
13876 11.58 
16965 
19677 15.65 
20717 
21 009 

4814 7.6 
7534 9.74 

10236 
13205 14.55 
1591 9 
16180 

3458 8 
6214 10.3 
9161 

11974 
14750 17.23 
15152 

3631 8.6 
6360 10.63 
9283 

12010 17.63 
12788 

41 1.06 
210 
430 
642 

14 

15 
15 
15 

15 

16 
16 

16 

17 
17 

17 

18 
18 

18 

5 

6.47 
8.96 

11.58 
13.99 
15.65 
17.97 
19.58 

7.48 
9.74 

12.1 1 
14.55 
16.80 
18.59 

8.00 
10.30 
12.59 
14.89 
17.23 
19.02 

8.40 
10.63 
15.22 
17.63 
19.43 

1.06 
2.01 
2.74 
3.02 
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AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-IO3 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 

1 011 712006 
12/14/2006 

5/8/2007 

9/21 12007 
11/17/2007 
1/10/2008 
3/2/2008 

4/27/2008 
2 1  712009 
4/27/2009 
5/29/2009 
6/5/2009 

11/24/2009 
2/3/2010 

1/13/2011 
2/26/2011 
7/29/2011 ' 
9/17/2011 
11/7/2011 

1 2/22/20 1 1 
2/22/2012 
5/21 I201 2 
6/30/2012 
7/9/2012 
9/1/2012 

10/12/2012 
1 1/4/2012 
7/21/2013 
9/24/2013 

11/17/2013 
2/1/2014 
4/7/2014 

6/20/2014 
8/12/2014 

1012112014 
12/17/2014 
2/23/2015 
3/12/2015 
4/22/2015 
6/12/2015 

12/24/2015 
2/29/2016 
4/27/2016 
6/4/2016 

10/4/2016 
11/28/2016 
1/30/2017 

11/29/2017 
2/2/2018 

4/23/2018 

7n12007 

8.4 
8.1 
8.9 
9.6 
9.3 
9.0 
5.8 
7.2 
5.8 
8.0 
7.7 
2.2 
3.7 
2.3 
2.3 
9.3 
6.3 

10.6 
10.4 
2.4 

10.9 
8.6 

10.6 
2.1 
5.4 
9.6 
3.1 
9.0 

10.7 
10.0 
6.3 
9.4 
6.8 
9.8 
9.1 

10.1 
9.1 
3.3 
6.8 
4.6 
2.9 
9.9 
8.7 
1.2 
6.5 
6.7 

10.4 
9.1 

10.9 
9.5 
8.7 

202 
194 
238 
231 
224 
217 
139 
174 
138 
191 
185 
52 
89 
56 
56 

222 
151 
255 
249 

58 
26 1 
207 
255 
51 

129 
231 
74 

217 
257 
240 
150 
225 
164 
234 
21 8 
242 
219 
80 

164 
114 
70 

238 
209 
29 

157 
160 
250 
21 8 
261 
228 
208 

844 
1038 
1276 
1507 
1731 
1948 
2087 
2261 
2399 
2591 
2776 
2828 
291 7 
2973 
3029 
3252 
3403 
3658 
3907 
3965 
4226 
4433 
4688 
4738 
4867 
5098 
51 72 
5389 
5646 
5886 
6036 10.35 
6261 
6425 
6659 
6877 
7119 
7339 
7418 
7583 
7697 
7767 
8006 
8214 
8244 
8400 
8560 
8809 
9028 
9288 
9516 
9724 

5 

3.26 
3.42 
3.81 
3.98 
4.18 
4.34 
4.49 
4.63 
4.78 
5.60 
5.78 
5.87 
5.89 
6.36 
6.56 
7.50 
7.62 
8.04 
8.18 
8.32 
8.44 
8.61 
8.85 
8.96 
8.99 
9.14 
9.25 
9.31 

10.02 
10.20 
10.35 
10.57 
10.73 
10.94 
11.08 
11.27 
11.43 
11.62 
11.66 
11.77 
11.91 
12.45 
12.63 
12.79 
12.89 
13.23 
13.38 
13.55 
14.38 
14.56 
14.78 
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AW-103 
AW-103 
AW-103 
AW-103 
AW-I03 
AW-103 
AW-103 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 

6/16/2018 
1 1 /I 61201 8 
3/23/2019 
5/30/2019 
8/2/2019 

8/31/2019 
1 121 I2020 

1/15/2003 
3/5/2003 

4/23/2003 
5/28/2006 
8/4/2006 

10/1/2006 
12/14/2006~ 
2/23/2007 
4/29/2007 
511 812007 
8/2/2007 

1 011 412007 
10/30/2007 

2/8/2008 
3/28/2008 
511 1/2008 
5/23/2008 
6/5/2008 

8/27/2008 
9/9/2008 

10/9/2008 
11/23/2008 

1/6/2009 
2/22/2009 
4/1/2009 

411 312009 
5/20/2009 
6/2/2009 

10/14/2009 
12/25/2009 
1 /I 2/201 I 
2/1 1/2011 
3/30/2011 
7/30/2011 
8/31/2011 
9/27/2011 

10/20/2011 
12n/2011 
1/4/2012 

1/20/2012 
4/6/2012 

9.6 
10.7 
10.7 
10.7 
3.6 
9.2 

10.4 

11.0 
10.2 
9.4 
9.3 

11.0 
11.0 
10.6 
10.3 
3.0 

10.6 
10.3 
10.0 
9.1 

11.0 
10.2 
3.6 

11.0 
9.1 
9.0 
9.6 

11.0 
11.0 
10.0 
10.1 
9.2 
9.2 
2.7 
3.3 

11.0 
9.1 

10.5 
11.0 
9.3 
9.6 

11.0 
9.2 

10.0 
9.1 

11.0 
4.7 

11.0 
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231 
257 
257 
257 
87 

221 
251 

11283 

264 
246 
226 
224 
264 
264 
255 
246 
73 

254 
246 
239 
218 
264 
245 
86 

264 
21 8 
21 5 
232 
284 
264 
240 
242 
220 
221 
64 
79 

264 
220 
253 
264 
222 
231 
264 
222 
239 
218 
264 
112 
264 

9955 
10212 
10468 
10725 
10812 
11033 
11283 

264 
51 0 
736 
959 

1224 
1488 
1743 
1990 
2063 
2316 
2562 
2801 
3019 
3284 
3529 
3614 
3879 
4096 
4312 
4543 
4808 
5072 
5312 
5554 
5774 
5995 
6059 
6138 
6403 
6622 
6875 
7139 
7361 
7593 
7857 
8079 
8318 
8536 
8801 
8913 
9178 
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14.93 
15.35 
15.69 
15.88 
16.06 
16.14 
16.53 

1 4 -0.50 
-0.37 
-0.23 
2.87 
3.05 
3.21 
3.42 
3.61 
3.79 
3.84 
4.05 
4.25 
4.29 
4.57 
4.70 
4.82 
4.86 
4.89 
5.12 
5.15 
5.24 
5.36 
5.48 
5.61 
5.71 
5.75 

5.85 4 5.85 
5.88 
6.25 
6.45 
7.50 
7.58 
7.71 
8.04 
8.13 
8.20 
8.27 
8.40 
8.48 
8.52 
8.73 
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AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 

AW-I04 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 

AW-I04 

AW-I04 

AW-104 

AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 

AW-104 

5/25/2012 
7/5/2012 

8/24/2012 
1011 11201 2 
10/23/2012 
11/22/2012 
12/1 0/2012 
12/21/2012 

1 121 1201 3 
8/25/2013 

9/26/2013 
1111 71201 3 
11/25/2013 
12/19/2013 

112/2014 
311 2/2014 

5/1/2014' 
6/4/2014 

7/19/2014 
811 81201 4 
9/1/2014 

1011 31201 4 
10/25/2014 
12/9/2014 

1 2/21 I201 4 
1/25/2015 
2/9/2015 

4/19/2015 
5/3/2015 

5/11/2015 
5/27/2015 

11/14/2015 
12/25/2015 

111 312016 
1/29/2016 
2/11/2016 
3/4/2016 

3/19/2016 
3/26/2016 
4/20/2016 
811912016 

10/31/2016 
11/15/2016 
12/17/2016 
12/30/2016 
1/25/2017 
2/13/2017 
3/12/2017 

11/27/2017 
12/27/2017 

9ni2013 

9.7 
11.0 
9.2 
9.2 
9.3 
3.7 

10.2 
7.7 
2.5 

11.0 
9.3 

11.0 
9.1 
4.2 

11 .o 
6.6 

11.0 
10.2 
9.4 

11.0 
9.1 
9.8 

10.1 
9.1 
9.2 
9.5 
9.5 

10.5 
9.5 

10.5 
4.6 
0:5 

10.5 
2.7 

11.0 
11.0 
9.3 
3.8 
9.3 
4.7 

11.0 
11.0 
11.0 
10.7 
7.5 

10.2 
5.7 
5.8 
4.5 

11.0 
11.0 

233 
264 
221 
222 
222 
89 

244 
184 
60 

264 
222 
264 
21 7 
102 
264 
157 
264 
244 
226 
264 
218 
235 
243 
219 
220 
229 
229 
252 
229 
253 
110 
13 

252 
66 

264 
264 
222 
92 

224 
112 
264 
264 
264 
257 
I80 
246 
137 
139 
109 
264 
264 

941 0 

9895 
10117 
10339 
10428 
10672 
10856 
10916 
11180 
11402 
11667 
11 884 
11 986 
12250 
12408 
12672 
12916 
13142 
13406 
13625 
13860 
14103 
14321 
14542 
14770 
14999 
15251 
15480 
15733 
15842 
15855 
16107 
16173 
16437 
16702 
16924 
17016 
17240 
17352 
17616 
17881 
18145 
18402 
18582 
18828 
18965 
191 03 
19212 
19476 
19741 

9075 
8.86 
8.98 
9.11 
9.25 
9.28 
9.36 
9.41 
9.44 
9.52 

10.12 
10.15 
10.20 
10.35 
10.37 

10.43 4 10.43 
10.47 
10.66 
10.80 
10.89 
11.02 
11.10 
11.14 
11.25 
11.28 
11.41 
11.44 
11.54 
11.58 
11.77 
11.80 
11.83 
11.87 
12.34 
12.45 
12.50 
12.55 
12.58 
12.64 
12.68 
12.70 
12.77 
13.10 

13 3 4 13.30 
13.34 
13.43 
13.47 
13.54 
13.59 
13.66 
14.38 
14.46 
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AW-104 
AW-104 
AW-IO4 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 
AW-104 

AW-104 

AW-104 

AW-104 

AW-104 
AW-104 
AW-104 

>>>>>> 
AN-I01 
AN-I01 
AN-101 

AN-101 
AN-I01 

AN-I01 

AN-I01 
AN-101 
AN-I01 
AN-101 
AN-101 
AN-101 
AN-I01 

AN-101 
AN401 

2/4/2018 
3/6/2018 

311 1/2018 
3/22/2018 
5/8/2018 

6/15/2018 
6/29/2018 
7/25/2018 
8/5/2018 

8/16/2018 
1/5/2019 

411 7/2019 
611 0/2019 
611 71201 9 
7/22/2019 
9/4/2019 

9/15/2019 

data from FILLWS 
911 512008 
1/8/2010 
1/1/2011 

1 OH 71201 1 
12/11/2011 
8/22/20 12 

11/27/2013 
12/1/2014 
111 61201 6 
1/18/2016 

12/12/2016 
I 2/14/2016 

6/8/2018 
' 4/9/2019 
4/10/2019 

10.1 
10.1 
1.1 
9.4 
7.6 

11.0 
11.0 
2.3 
8.7 
7.3 
9.6 

11.0 
10.5 
3.4 

10.5 
2.0 

10.4 

T.DAT 
56 
0 

54 
0 

54 
55 
54 
54 
1 

54 
1 

53 
53 
2 

52 

242 
241 
26 

225 
183 
264 
264 
56 

210 
176 
231 
264 
252 

81 
252 
48 

249 
23004 

1341 
8 

1286 
5 

1292 
131 1 
1289 
1293 

12 

17 
1272 
1273 

55 
1245 

285 

AN-101 6/21/2021 54 1290 
14275 

- 

AN-104 
AN-I04 
AN-104 
AN-I 04 
AN-1 04 

AN-I 04 
AN-I04 

AN-I04 
AN-I04 
AN-I 04 
AN-I 04 

1/7/2008 
1/8/2008 

12/14/2008 
10/3/2009 
7/21/2011 
6/24/2012 
7/10/2013 
5/25/2014 
4/8/2016 

1/28/2017 
11/15/2017 

4 
52 
53 
53 
53 
54 
54 
55 
54 
2 

52 

107 
1250 
1278 
1271 
1280 
1285 
1287 
1315 
1292 

47 
1250 

19983 
20224 
20250 
20475 
20658 
20922 
21186 
21242 
21452 

21858 
22123 
22375 
22456 
22707 
22756 
23004 

21628 

1341 
1348 
2635 
2640 
3932 
5243 
6533 
7825 
7838 
8123 
91 39 

10412 
11685 
11740 
12984 
14275 

107 
1357 
2635 
3906 
5186 
6470 
7758 
9073 

10364 
10411 
11662 
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5.17 

10.37 

15.14 

4.48 

8.95 

14.57 
14.65 
14.66 
14.69 
14.82 
14.92 
14.96 
15.03 
15.06 
15.09 
15.48 
15.76 
15.91 
15.93 
16.03 
16.15 
16.18 

6 5.17 
6.49 
7.47 
8.26 
8.41 
9.11 

6 10.37 
11.38 
12.51 
12.52 
13.42 
13.42 
14.91 
15.74 

6 15.74 
17.94 

7 4.48 
4.48 
5.42 
6.22 
8.02 

7 8.95 
9.99 

10.86 
12.74 
13.55 
14.34 
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AN-I04 11/5/2018 3 81 11742 
AN-I04 11/5/2018 52 1238 12980 15.32 
AN-I04 9/4/2019 1 12 12992 
AN-I04 9/~1/2019 55 1308 14301 
AN-I 04 8/15/2021 52 1248 15548 

15548 

AN-105 11/1/2008 55 1310 
AN-I05 11/1/2008 0 3 
AN-I05 1/4/2011 54 1296 
AN-I05 9/7/2011 54 1297 
AN-I05 5/9/2012 1 30 
AN-I05 5/11/2012 52 1258 
AN-I05 8/17/2013 0 1 
AN-I05 8/20/2013 54 1302 
AN-I05 8/21/2014 1 36 
AN-I05 8/22/2014' 52 1247 
AN-I05 11/4/2015 54 1294 
AN-I05 8/8/2016 2 41 
AN-I05 8/8/2016 51 1233 
AN-I05 11/24/2017 1 27 
AN-I05 6/4/2018 53 1266 
AN-I05 3/12/2019 54 1288 
AN-I 05 3/23/2020 54 1298 

14228 

AN-I 06 
AN-I 06 

AN-I06 
AN-I 06 

AN-I06 

AN-I06 
AN-I06 
AN-I 06 
AN-I 06 
AN-I06 
AN-I 06 

12/30/2008 
12/16/2009 
7/18/2011 
3/26/2012 
8/28/2013 
7/8/2014 

12/14/2015 
11/1/2016 
6/6/2016 
4/6/2019 

2/21/2020 

53 
53 
53 
54 
54 
54 
54 
55 
53 
55 
54 

1282 
1283 
1280 
1299 
1293 
1292 
1299 
1321 
1280 
1320 
1284 

14231 

AW-101 1/7/2011 
AW-101 12/13/2011 

AW-101 8/14/2013 

AW-IO1 1/30/2016 

AW-101 10/19/2012 

AW-101 1/5/2015 

AW-101 11/11/2016 
AW-101 11/23/2017 
AW-101 6/24/2019 

54 1285 
53 1278 
54 1306 
54 1292 
53 1265 
53 1283 
53 1275 
56 1333 
55 1324 

5.3 1310 
1312 
2609 
3906 
3937 
51 94 
5195 
6498 10.1 
6533 
7780 
9075 
91 16 

10349 
10376 
11642 
12930 15.66 
14228 

1282 5.46 
2565 
3844 
5144 
6437 10.12 
7728 
9027 

10347 
11627 
12947 15.73 
14231 

1285 7.48 
2563 
3869 
5161 
6425 11.48 
7708 
8984 

10317 
11641 

15.32 
7 15.32 

16.15 
16.17 
18.09 

8 

8 

5.30 
5.30 
7.48 
8.15 
8.82 
8.83 

10.09 
10.10 
11.11 
11.11 
12.31 
13.07 
13.07 
14.37 
14.89 

8 15.66 
16.70 

9 

9 

9 

10 

10 

5.46 
6.42 
8.01 
8.70 

10.12 
10.98 
12.42 
13.31 
14.90 
15.73 
16.61 

7.48 
8.42 
9.27 

10.09 
11.48 
12.55 
13.33 
14.37 
15.95 
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AW-IO1 8/21/2020 52 1244 
12885 

AW-102 
AW-102 
AW-102 
AW-102 

AW-102 
AW-102 

AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 

711 112005 
3/28/2006 
4/2/2006 
1/8/2011 

7/22/2011 
9/8/2012 

10/9/2012 
2/30/2014 

3/1/2014 
1/2/2016 

10/20/2016 
1 111 8/2017 

7/6/2019 
1/28/2021~ 

55 
1 

56 
1 

53 
2 

52 
1 

52 
54 
53 
54 
55 
53 

AW-105 7/6/2005 55 

>>>>>> data from FILLX.DAT 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-IO1 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 

3/9/2003 
11/29/2005 
5/31/2006 
8/7/2006 

9/20/2006 
10/9/2006 
12/4/2006 

12/18/2006 
2/12/2007 

3/1/2007 
4/26/2007 
5/8/2007 

5/26/2007 
7/21/2007 
811 812007 
10/4/2007 

10/21/2007 
12/18/2007 
1/28/2008 
2/14/2008 
311 812008 
3/31/2008 
5/8/2006 

5/27/2008 
7/5/2008 

811 812008 
8/30/2008 

3.6 
2.7 
3.0 
3.0 
0.9 
2.9 
1 .o 
2.7 
1 .o 
2.8 
0.8 
1 .I 
2.6 
1.1 
2.6 
0.9 
2.8 
3.0 
0.9 
2.9 
1 .o 
2.7 
0.8 
3.1 
3.0 
0.9 
2.9 

1323 
35 

1345 
32 

1261 
47 

1238 
15 

1258 
1295 
1278 
1289 
1319 
1261 

12998 

1318 

85 
65 
71 
71 
21 
88 
23 
66 
23 
66 
19 
25 
62 
26 
63 
22 
67 
71 
21 
68 
23 
66 
19 
76 
71 
21 
68 

12885 

1323 
1358 
2703 
2735 
3996 
4043 
5281 
5297 
6555 
7849 
9128 

10417 
11736 
12998 

1318 

85 
150 
22 1 
293 
313 
382 
405 
471 
493 
560 
579 
604 
667 
692 
756 
778 
845 
916 
937 

1005 
1028 
1094 
1114 
1189 
1260 
1281 
1349 

17.11 

1.99 

10.63 

17.55 

1.97 

1 

10 

11 

11 

11 

12 

1 

17.11 

I .99 
2.70 
2.71 
7.49 
8.02 
9.15 
9.24 

10.63 
12.47 
13.27 
14.35 
15.98 
17.55 

1.97 

-0.35 
2.37 
2.88 
3.06 
3.18 
3.23 
3.39 
3.43 
3.58 
3.63 
3.78 
3.81 
3.86 
4.02 
4.09 
4.22 
4.27 
4.43 
4.54 
4.58 
4.66 
4.71 
4.82 
4.87 
4.97 
5.09 
5.13 
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SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-lQl 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 

9/28/2008 
1011 312008 
1 1 / I  2/2008 
11/26/2008 
12/26/2008 
1/12/2009 
2/12/2009 
2/24/2009 
3/23/2009 
4/15/2009 
511 812009 
5/30/2009 
6/3/2009 

10/17/2009 
2/15/2011 
8/3/2011 

81201201 I 
10/1/2011' 

12/10/2011 
1 /22/2012 
4/9/2012 

4/26/2012 
8/27/2012 

10/26/2012 
11/23/2012 
12/13/2012 
1/22/2013 

11/20/2013 
12/25/2013 

2/5/2014 
6/6/2014 
9/3/2014 

1 0/3/20 1 4 
12/1 2/2014 
1/1 51201 5 
1/30/2015 
3/9/2015 
4/9/2015 

4/22/2015 
5/22/2015 

11/17/2015 
1 2/4/20 1 5 
111 51201 6 
2/30/2016 
3/9/2016 

3/28/2016 
4/25/2016 
5/25/2016 
8/22/2016 
9/8/2016 

I1/18/2016 

0.7 
3.0 
0.8 
2.9 
0.9 
2.8 
0.7 
2.5 
I .o 
2.7 
0.9 
0.9 
1.1 
3.2 
3.2 
3.0 
0.Q 
3.2 
2.6 
1.6 
2.8 
1 .o 
3.5 
3.0 
1.3 
2.9 
0.9 
3.0 
3.2 
2.9 
2.6 
3.0 
0.9 
3.1 
0.8 
3.2 
3.0 
0.8 
3.1 
2.2 
2.7 
1.1 
2.6 
1 .o 
1.3 
2.1 
2.7 
1 .l 
2.6 
1.3 
3.2 

17 
72 
20 
69 
23 
66 
17 
60 
24 
65 
23 
22 
27 
76 
77 
71 
21 
77 
63 
39 
68 
24 
83 
71 
31 
70 
22 
73 
77 
69 
61 
71 
21 
74 
19 
76 
71 
20 
75 
53 
66 
26 
63 
25 
32 
51 
64 
27 
62 
30 
77 

1367 
1438 
1458 
1528 
1550 
1617 
1634 
1694 
1718 
1783 
1806 
1828 
1855 
1931 
2008 
2080 
21 00 
2177 
2240 
2279 
2347 
2371 
2454 
2525 
2558 
2626 
2648 
2721 
2798 
2867 
2929 
3000 
3021 
3095 
3114 
3190 
3261 
3281 
3356 
3409 
3475 
3501 
3564 
3589 
3621 
3672 
3736 
3764 
3825 
3856 
3932 

5.21 
5.25 
5.33 
5.37 
5.45 
5.50 
5.58 
5.82 
5.69 
5.75 
5.84 
5.88 
5.89 
6.26 
7.59 
8.05 
8.10 
8.22 
8.41 
8.52 
0.74 
8.78 
9.12 
9.29 
9.36 
9.42 
9.53 

10.35 
10.45 
10.57 
10.90 
11.14 
11.22 
11.42 
11.51 
11.55 
11.65 
11.74 
11.77 
11.86 
12.35 
12.39 
12.51 

12.66 
12.71 
12.78 
12.87 
13.11 
13.16 
13.35 
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SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 

SY-102 
SY-I02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 

1 /27/2017 
3/14/2017 
3/12/2018 
6/17/2018 

8/8/2018 
4/19/2019 
711 1/201 9 
9/2/201 9 
9/5/201 9 

2.0 
t .6 
1 .o 
2.9 
3.0 
2.7 
1 .e 
2.1 
0.5 

1/19/2003 3.8 
7/23/2006 0.8 
5/12/2008 1.2 
9/12/2008 2.9 
4/3/2009 2.7 

1/14/2011' 2.7 
1/31/2011 1.1 
4/3/2011 3.3 
9/3/2011 3.0 

10/23/2011 3.0 
12/23/2011 1 .o 

1/9/2012 1 .o 
7/8/2012 3.2 

10/14/2012 3.0 
12/24/2012 3.2 
8/28/2013 3.2 
9/15/2013 1 .I 
9/28/2013 2.6 
11/8/2013 1.2 
12/8/2013 1.6 
3/15/2014 2.6 
4/3/2014 1.2 

6/21/2014 I .3 
8/21/2014 2.7 

10/28/2014 2.7 
11/29/2014 1.1 
12/24/2014 2.6 

5/6/2015 3.2 
2/2/2016 3.2 

3/21/2016 2.7 
12/20/2016 3.0 
1/19/2017 0.9 
2/15/2017 2.0 

1 1129/2017 2.8 
12/16/2017 1 .o 

2/6/2018 2.7 
2/26/2018 0.8 
3/26/2018 3.3 
5/10/2018 2.6 

47 
38 
24 
69 
73 
64 
38 
50 
11 

4347 
- 

3980 
401 7 
4042 
4110 
4183 
4247 
4285 
4335 
4347 

92 92 
20 112 
30 I42  
69 21 1 
65 276 
65 342 
27 368 
80 448 
71 520 
71 591 
25 616 
23 639 
77 716 
71 787 
77 864 
77 94 1 
27 968 
62 1030 
30 1060 
38 1098 
63 1161 
29 1190 
31 1220 
65 1286 
65 1351 
27 1378 
63 1440 
77 1517 
77 1594 
65 1660 
71 1731 
21 1752 
48 1800 
68 1868 
24 1892 
65 1957 
19 1976 
78 2054 
63 2117 

13.6 1 13.54 
13.67 
14.88 
14.93 
15.07 
15.77 
16.00 
16.14 
16.15 

1 2 -0.49 
3.02 
4.83 
5.16 
5.72 
7.50 
7.55 
7.72 
8.14 
8.28 
8.44 
8.49 
8.98 
9.25 
9.45 

10.12 
10.17 
10.21 
10.32 
10.40 
10.67 
10.72 
10.94 
11.11 
11.29 
11.38 
11.45 
11 .81 
12.56 
12.69 
13.44 
13.52 
13.60 
14.38 
14.43 
14.57 
14.63 
14.70 
14.83 
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SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I02 
SY-102 
SY-102 

SY-103 
SY-103 
SY-103 

SY-103 
SY-103 
SY-103 
SY-103 
SY-103 
SY-103 

SY-103 

SY-103 

SY-103 

SY-103 

SY-103 

SY-103 
SY-103 
SY-103 
SY-103 
SY-103 
SY-103 

6/18/2018 
7/4/2018 

7/26/2018 
8/18/2018 

1/8/2019 
2/5/2019 

5/31/2019 
8/25/2019 

1/4/2003 
12/29/2009 
9/18/2011 
1/7/2012 

5/29/2012 
11/5/2012 
9/9/2013 
5/4/2014 

7/22/2014 
8/9/2014 

10/16/2014 
12/26/2015 
111 6/2016 
2/14/2016 
1 1 /4/2016 
1/3/2017 

12/30/2017 
1/25/2018 
3/9/2018 

1 .o 23 
0.9 21 
0.8 I 9  
2.5 61 
2.5 60 
0.8 20 
1.2 28 
1.6 37 

2387 

3.8 
3.7 
0.9 
2.9 
3.4 
0.9 
2.7 
3.0 
3.0 
0.9 
2.9 
1 .o 
1.2 
2.8 
3.7 
3.0 
3.0 
0.9 
2.9 

92 
88 
21 
68 
81 
21 
65 
71 
71 
21 
68 
23 
29 
67 
89 
71 
71 
21 
68 

2140 
2161 
21 80 
2241 
2301 
2321 
2349 
2387 

92 
180 
200 
269 
350 
370 
435 
506 
577 
598 
666 
689 
718 
785 
874 
946 

1017 
1037 
1106 

7/2/2018 3.0 71 1177 
SY-103 6/13/2019 3.2 77 1254 

1254 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
11 
12 
13 
14 

Summary 
SY-IO1 
SY-102 
SY-I03 
AW-104 
AW-103 
AN-101 
AN-1 04 
AN-1 05 
AN-I06 
AW-101 
AW-102 
AW-105 
AN-I02 
AN-1 07 

O f 1  'otals 
4347 
2387 
1254 

23004 
11283 
14275 
15548 
14228 
14231 
12885 
12998 
1318 
942 

1074 

14.93 
14.96 
15.04 
15.10 
15.49 
15.57 
15.88 
16.12 

1 3 -0.53 
6.46 
8.18 
8.48 
8.88 
9.31 

10.16 
10.81 
11.02 
11.07 
11.26 
12.45 
12.51 
12.59 
13.31 
13.48 
14.47 
14.54 
14.66 
14.97 
15.92 
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15 AY-101 21009 
16 AY-102 16180 
17 AZ-lo1 15152 
18 Az-102 12780 

10 

16 

14 

12 

.5 10 
5 z 
3 

r-. 5 6  

6 

4 

2 

0 

0 

6000 hrs Pump Life - InstalllReplacement Schedule 

4 6 10 12 
Years for Case 50, Starting at 2003 

14 16 10 
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WHC-SD-WM-CBA-001, Rev. 0 

7000 hrs Data Run -Case 50 

M. N. Hall 12/13/95 
Notes 1) The ReDlacement dates are in 2 0 t h ~  of the Retrieval Sequence begining in 2003. 

Appendix C 

2) Replacement Date is the Date In 2 0 t h ~  wherein the intraval will be exceeded (ie 7000 hrs) 
ITank Start Date Days Hours Cumulative Replace Tank #I 
I Date I 
>>>>>> data from FILLHL.DAT 
AN-I02 8/14/2021 39.2 942 17.55 13 

AN-I07 9/23/2021 44.7 1074 17.8 14 

8700 8700 7.27 15 6.47 AY-IO1 1/1/2010 362.5 
2385 11085 8.96 15 8.96 AY-IO1 6/30/2012 99.4 

AY-101 2/9/2015 116.3 2791 13876 . 6.6 15 11.58 
AY-101 7/8/2017 128.7 3089 16965 13.99 15 13.99 

AY-101 7/1/2021 43.3 1040 20717 17.97 
AY-IO1 2/7/2023 12.2 292 21009 19.58 

AY-101 5/17/2019, 113.0 2712 19677 15.85 

875.4 21 009 

AY-102 12/28/2010 200.8 4814 4814 7.6 16 7.46 
AY-102 4/9/2013 113.3 2719 7534 9.74 16 9.74 
AY-102 8/23/2015 112.6 2702 10238 12.11 
AY-102 1/31/2018 123.7 2969 13205 14.55 
AY-I02 4/28/2020 113.1 2714 15919 16.8 16 16.80 
AY-102 2/13/2022 10.9 261 16180 18.59 

674.2 16180 

AZ-IO1 7/15/2011 144.1 3458 3458 8 17 8.00 
AZ-IO1 11/1/2013 114.8 2755 6214 10.30 
AZ-IO1 2/13/2016 122.8 2947 9161 12.59 17 12.59 
AZ-101 6/4/2018 117.2 2813 11 974 14.89 
AZ-IO1 10/2/2020 115.7 2777 14750 17.23 17 17.23 
AZ-IO1 7/20/2022 16.7 402 151 52 19.02 

631.3 15152 

AZ-102 12/8/2011 151.3 3631 3631 8.6 18 8.40 
AZ-102 3/1/2014 113.7 2729 6360 10.63 
AZ-102 9/30/2018 121.8 2923 9283 15.22 18 15.22 
AZ-102 2/27/2021 113.6 2726 12010 17.63 
AZ-102 12/14/2022 32.4 778 12788 19.43 

532.8 12788 

>>>>>>>>> data from FILLSWT.DAT 
AW-103 8/8/2004 1.7 41 41 1.06 5 1.06 
AW-103 7/18/2005 7.0 169 210 2.01 
AW-103 4/11/2006 9.2 220 430 2.74 
AW-103 7/22/2006 8.8 212 642 3.02 
AW-103 10/17/2006 8.4 202 844 3.26 
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AW-103 
AW-103 
AW-103 

AW-103 
AW-I03 

AW-I03 

AW-103 
AW-103 
AW-103 
AW-103 
AW-IO3 
AW-103 
AW7103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-103 

AW-103 

AW-103 

AW-103 

AW-103 

AW-103 

AW-IO3 

AW-103 

AW-103 
AW-103 
AW-103 
AW-103 
AW-103 

AW-103 
AW-103 

AW-103 
AW-103 
AW-103 
AW-103 
AW-103 
AW-IO3 
AW-103 
AW-103 
AW-103 

AW-103 

AW-103 

AW-103 
AW-103 
AW-103 
AW-I03 
AW-103 
AW-103 
AW-I03 

12/14/2008 
5/6/2007 

9/21 12007 
1111 712007 
111012008 
3/2/2008 

4/27/2008 
2/17/2009 
4/27/2009 
5/29/2009 
6/5/2009 

11 /24/2009 
2/3/2010 

111 31201 1 
2/26/2011 
7/29/2011 
9/17/2011' 

12/22/2011 
2/22/2012 
5/21/2012 
6/30/2012 
7/9/2012 
9/1/2012 

10/12/2012 
11/4/2012 
7/21/2013 
9/24/2013 

11/17/2013 
2/7/2014 
4/7/2014 

6/20/2014 
811 2/2014 

1 0/21/2014 
12/17/2014 
2/23/2015 
3/12/2015 
4/22/20 1 5 
6/12/2015 

12/24/2015 
2/29/2016 
4/27/2016 
6/4/2016 

10/4/2016 
11/28/2016 
1/30/2017 

11/29/2017 
2/2/2018 

4/23/2018 
6/16/2018 

71-1/2007 

I 11-1/201 I 

8.1 
9.9 
9.6 
9.3 
9.0 
5.8 
7.2 
5.8 
6.0 
7.7 
2.2 
3.7 
2.3 
2.3 
9.3 
6.3 

10.6 
10.4 
2.4 

10.9 
8.6 

10.6 
2.1 
5.4 
9.6 
3.1 
9.0 

10.7 
10.0 
6.3 
9.4 
6.8 
9.8 
9.1 

10.1 
9.1 
3.3 
6.8 
4.8 
2.9 
9.9 
8.7 
1.2 
6.5 
6.7 

10.4 
9.1 

10.9 
9.5 
8.7 
9.6 

194 
238 
231 
224 
217 
139 
174 
138 
191 
185 
52 
89 
56 
56 

222 
151 
255 
249 
58 

26 1 
207 
255 

51 
129 
231 

74 
21 7 
257 
240 
150 
225 
164 
234 
218 
242 
219 
80 

164 
114 
70 

238 
209 
29 

157 
160 
250 
218 
26 1 
228 
208 
231 

1038 
1276 
1507 
1731 
1948 
2087 
2261 
2399 
2591 
2776 
2828 
291 7 
2973 
3029 
3252 
3403 
3658 
3907 
3965 
4226 
4433 
4688 
4738 
4867 
5098 
5172 
5389 
5646 
5886 
6036 
6261 
6425 
6659 
6877 
7119 11.27 
7339 
7418 
7583 
7697 
7767 
8006 
8214 
8244 
8400 
8560 
8809 
9028 
9288 
9516 
9724 
9955 

3.42 
3.81 
3.98 
4.18 
4.34 
4.49 
4.63 
4.78 
5.60 
5.78 
5.87 
5.89 
6.36 
6.56 
7.50 
7.62 
8.04 
8.18 
8.32 
8.44 
8.61 
8.85 
8.96 
8.99 
9.14 
9.25 
9.31 

10.02 
10.20 
10.35 
10.57 
10.73 
10.94 
11 .OB 

5 11.27 
11.43 
11.62 
11.66 
11.77 
11.91 
12.45 
12.63 
12.79 
12.89 
13.23 
13.38 
13.55 
14.38 
14.56 
14.78 
14.93 
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AW-103 
AW-103 
AW-103 
AW-103 

AW-103 
AW-103 

AW-I04 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 
AW-104 

AW-104 

AW-104 

AW-104 
AW-104 

’ AW-104 
AW-104 

AW-104 
AW-104 

AW-104 
AW-104 
AW-104 

AW-104 

AW-104 

AW-104 

AW-104 

AW-104 

AW-104 

AW-104 
AW-104 
AW-104 

AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 

11/16/2018 
3/23/2019 
5/30/2019 
8/2/2019 

8/31 /2019 
I /21 /2020 

1/15/2003 
3/5/2003 

4/23/2003 
5/28/2008 
8/4/2006 

1 OH E006 
12/14/2006 
2/23/2007 
4/29/2007 
5/18/2007 
8/2/2007 

1 011 412007 
10/30/2007 

2/8/2008 
3/28/2008 
511 1 /ZOO8 
5/23/2008 
6/5/2008 

8/27/2008 
9/9/2008 

10/9/2008 
1 1 /23/2008 

1 /6/2009 
2/22/2009 
4/1/2009 

411 3/2009 
5/20/2009 
6/2/2009 

10/14/2009 
12/25/2009 
1/12/2011 
2/11 120 1 1 
3/30/2011 
7/30/2011 
8/31 1201 1 
9/27/2011 

10/20/2011 
12/7/2011 
1 /4/2012 

1/20/2012 
4/6/2012 

5/25/2012 

10.7 
10.7 
10.7 
3.6 
9.2 

10.4 

11.0 
10.2 
9.4 
9.3 

11.0 
11.0 
10.6 
10.3 
3.0 

10.6 
10.3 
10.0 
9.1 

11.0 
10.2 
3.8 

11.0 
9.1 
9.0 
9.6 

11.0 
11.0 
10.0 
10.1 
9.2 
9.2 
2.7 
3.3 

11.0 
9.1 

10.5 
11.0 
9.3 
9.6 

11.0 
9.2 

10.0 
9.1 

11.0 
4.7 

11.0 
9.7 
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257 
257 
257 
87 
221 
251 

11283 

264 
246 
226 
224 
264 
264 
255 
246 

73 
254 
246 
239 
218 
264 
245 
86 

264 
21 8 
21 5 
232 
264 
264 
240 
242 
220 
221 

64 
79 

264 
220 
253 
264 
222 
231 
264 
222 
239 
21 8 
264 
112 
264 
233 

10212 
10468 
10725 
10812 
11 033 
11283 

264 
510 
736 
959 

1224 
1488 
1743 
1990 
2063 
2316 
2562 
2801 
301 9 
3284 
3529 
3614 
3879 
4096 
4312 
4543 
4808 
5072 
5312 
5554 
5774 
5995 
6059 
6138 
6403 
6622 
6075 
7139 
7361 
7593 
7857 
8079 
831 8 
8536 
0801 
891 3 
91 78 
9410 

15.35 
15.69 
15.88 
16.06 
16.14 
16.53 

1 4 -0.50 
-0.37 
-0.23 
2.87 
3.05 
3.21 
3.42 
3.61 
3.79 
3.84 
4.05 
4.25 
4.29 
4.57 
4.70 
4.82 
4.86 
4.89 
5.12 
5.15 
5.24 
5.36 
5.48 
5.61 
5.71 
5.75 
5.85 
5.88 
6.25 
6.45 
7.50 

7.58 4 7.50 
7.71 
8.04 
8.13 
8.20 
8.27 
8.40 
8.48 
8.52 
8.73 
8.86 
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AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 

AW-104 

, AW-104 

AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
~ ~ - 1 0 4  
AW-104 
AW-104 
AW-IO4 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

7/5/20 1 2 
8/24/2012 

1011 1/2012 
10/2312012 
1 1 /22/2012 
12/1 0/2012 
I 2/21 120 1 2 

1/21/2013 
8/25/2013 
9n/20 1 3 

9/26/2013 
1 Ill 71201 3 
11/25/2013 
12/19/2013 

1/2/2014 
3/12/2014 

5/1/2014 
6/4/20 1 4 

711 91201 4 
8/16/2014 
9/1/2014 

10/13/2014 
10/25/2014 

12/9/2014 
12/21/2014 

1/25/2015 
2/9/2015 

411 9/2015 
5/3/20 1 5 

5/11/2015 
5/27/2015 

1 1 I1 4l2015 
12/25/2015 
1/13/2016 
1/29/2016 
2/11/2016 

3/4/2016 
3/19/2016 
3/26/2016 
4/20/2016 
811 912016 

1 OI31/2016 
11/15/2018 
131 712016 
12/30/2016 
1/25/2017 
2/13/2017 
3/12/2017 

11/27/2017 
12/27/2017 

2/4/2016 

11.0 
9.2 
9.2 
9.3 
3.7 

10.2 
7.7 
2.5 

11.0 
9.3 

11.0 
9.1 
4.2 

11.0 
6.6 

11.0 
10.2 
9.4 

11.0 
9.1 
9.8 

10.1 
9.1 
9.2 
9.5 
9.5 

10.5 
9.5 

10.5 
4.6 
0.5 

10.5 
2.7 

11.0 
11.0 
9.3 
3.8 
9.3 
4.7 

11.0 
11.0 
11.0 
10.7 
7.5 

10.2 
5.7 
5.8 
4.5 

11.0 
11.0 
10.1 

264 
221 
222 
222 
89 

244 
184 
60 

264 
222 
264 
21 7 
102 
264 
157 
264 
244 
226 
264 
216 
235 
243 
21 9 
220 
229 
229 
252 
229 
253 
110 
13 

252 
66 

264 
264 
222 

92 
224 
112 
264 
264 
264 
257 
180 
246 
137 
139 
109 
264 
264 
242 

9675 
9695 

10117 
10339 
10428 
10672 
10856 
10916 
11180 
11402 
11667 
11884 
11 986 
12250 
12408 
12672 
12916 
13142 
13406 
13625 
13860 
14103 
14321 
14542 
14770 
14999 
15251 
15480 
15733 
15842 
15855 
16107 
16173 
16437 
16702 
16924 
17016 
17240 
17352 
17616 
17881 
18145 
18402 
18582 
16828 
18965 
19103 
19212 
19476 
19741 
19983 

8.98 
9.11 
9.25 
9.28 
9.36 
9.41 
0.44 
9.52 

10.12 
10.15 
10.20 
10.35 
10.37 
10.43 
10.47 
10.66 
10.80 
10.89 
11.02 
11.10 
11.14 

11.25 4 11.25 
11.28 
11.41 
11.44 
11.54 
11.58 
11.77 
11 .BO 
11.83 
11.87 
12.34 
12.45 
12.50 
12.55 
12.58 
12.64 
12.68 
12.70 
12.77 
13.10 
13.30 
13.34 
13.43 
13.47 
13.54 
13.59 
13.66 
14.38 
14.46 
14.57 
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AW-104 
AW-104 
AW-104 
AW-104 
AW-104 

AW-104 
AW-104 

AW-104 

AW-104 
AW-104 
AW-104 
AW-I04 
AW-104 
AW-104 
AW-104 
AW-104 

3/6/2018 
3/11/2018 
3/22/2018 
5/8/2018 

611 51201 8 
6/29/2018 
7/25/2018 
8/5/2018 

811 61201 8 
1/5/2019 

411 7/20 1 9 
6/10/2019 
6/17/2019 
7/22/2019 
9/4/2018 

9/1 SI201 9 

10.1 
I .I 
9.4 
7.6 

11.0 
11.0 
2.3 
8.7 
7.3 
9.6 

11.0 
10.5 
3.4 

10.5 
2.0 

10.4 

>>>>>> data from FILLWST.DAT 
AN-I 01 911 5/2008 56 
AN-101 1/8/2010 0 
AN-I01 1/1/2011 54 
AN-101 10/17/2011 0 
AN-I01 12/11/2011 54 
AN-I01 8/22/2012 55 
AN-101 11/27/2013 54 
AN-101 12/1/2014 54 
AN-I 01 1 / I  6/2016 1 
AN-I01 1/18/2016 54 
AN-I01 12/12/2016 1 
AN-1 01 1 2/14/2016 53 
AN-I01 6/8/2018 53 
AN-101 4/9/2019 2 
AN-I01 4/10/2019 52 
AN-101 6/21/2021 54 

AN-104 
AN-I 04 
AN-I 04 
AN-I04 
AN4 04 
AN-I04 
AN-104 
AN-I 04 

AN-I04 
AN-I04 
AN-I 04 

AN-104 

1/7/2008 
1/8/2008 

12/14/2008 
10/3/2009 
7/21/2011 
6/24/2012 
7/10/2013 
5/25/2014 
4/9/2016 

1 /28/20 1 7 
1111 512017 
11/5/2018 

4 
52 
53 
53 
53 
54 
54 
55 
54 
2 

52 
3 

241 
26 

225 
183 
264 
264 
56 

210 
176 
231 
284 
252 
81 

252 
48 

249 
23004 

1341 
' 8  

1286 
5 

1292 
1311 
1289 
1293 

12 
1285 

17 
1272 
1273 

55 
1245 
1290 

14275 

107 
1250 
1278 
1271 
1280 
1285 
1287 
1315 
1292 

47 
1250 

81 

20224 
20250 
20475 
20658 
20922 
21186 
21242 
21452 
21628 
21858 
22123 
22375 
22456 
22707 
22756 
23004 

1341 
1348 
2635 
2640 
3932 
5243 
6533 
7825 
7838 
9123 
9139 

10412 
11685 
11740 
12984 
14275 

14.96 

5.17 

11.38 

17.94 

107 4.48 
1357 
2635 
3906 
51 86 
6470 
7758 9.99 
9073 

10364 
10411 
11662 
11742 

14.65 
14.66 
14.69 
14.82 
14.92 

4 14.96 
15.03 
15.06 
15.09 
15.48 
15.78 
15.91 
15.93 
16.03 
16.15 
16.18 

6 

6 5.17 
6.49 
7.47 
8.28 
8.41 
9.11 

10.37 
6 11.38 

12.51 
12.52 
13.42 
13.42 
14.91 
15.74 
15.74 
17.94 

7 

7 

4.48 
4.48 
5.42 
6.22 
8.02 
8.95 
9.99 

10.86 
12.74 
13.55 
14.34 
15.32 
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AN-104 11/5/2018 52 1238 
AN-1 04 9/4/2019 1 12 
AN-I04 9/11/2019 55 1308 
AN-104 8/15/2021 52 1248 

15548 

AN-105 11/1/2008 55 1310 
AN-105 11/1/2008 0 3 
AN-105 1/4/2011 54 1296 
AN-I05 9/7/2011 54 1297 
AN-105 5/9/2012 1 30 
AN-I05 5/11/2012 52 1258 
AN-1 05 8/17/2013 0 I 
AN-1 05 8/20/2013 54 1302 
AN-I05 8/21/2014 1 36 
AN-I05 8/22/2014 52 1247 
AN-105 11/4/2015' 54 1294 
AN-105 8/8/2018 2 41 
AN-105 8/8/2016 51 1233 
AN-105 11/24/2017 1 27 
AN-1 05 8/4/2018 53 1266 
AN-I05 3/12/2019 54 1288 
AN-I 05 3/23/2020 54 1298 

14228 

AN-I06 

AN-1 08 
AN-I06 
AN-I06 
AN-1 06 
AN-I06 
AN-I 06 
AN-1 06 
AN-I06 
AN-1 06 

AN-106 

AW-IO1 
AW-101 
AW-101 
AW-101 
AW-101 
AW-101 
AW-101 
AW-101 
AW-101 
AW-101 

12/30/2008 
12/18/2009 
7/18/2011 
3/26/2012 
8/28/2013 
7/8/2014 

12/14/2015 
11/1/2016 
6/6/2018 
4/6/2019 

2/21/2020 

1/7/2011 
12/13/2011 
10/19/2012 
8/14/2013 
1/5/2015 

1/30/2016 
1 111 1 /2016 
11/23/2017 
8/24/2019 
8/21/2020 

53 
53 
53 
54 
54 
54 
54 
55 
53 
55 
54 - 

1282 
1283 
1280 
1299 
1293 
1292 
1299 
1321 
1280 
1320 
1284 

14231 

54 
53 
54 
54 
53 
53 
53 
56 
55 
52 

1285 
1278 
1306 
1292 
1265 
1283 
1275 
1333 
1324 
1244 - 

12980 
12992 
14301 
15548 

1310 
1312 
2609 
3906 
3937 
51 94 
51 05 
6498 
6533 
7700 
9075 
9116 

10349 
10376 
11642 
12930 
14228 

1282 
2565 
3044 
5144 
6437 
7728 
9027 

10347 
11627 
12947 
14231 

1285 
2583 
3869 
5161 
8425 
7708 
8984 

10317 
11841 
12885 

16.17 

5.3 

11.11 

16.7 

5.46 

10.98 

18.61 

7.48 

12.55 

7 

8 

8 

8 

9 

9 

9 

10 

10 

15.32 
16.15 
18.17 
18.09 

5.30 
5.30 
7.48 
8.15 
8.82 
8.83 

10.09 
10.10 
11.11 
11.11 
12.31 
13.07 
13.07 
14.37 
14.89 
15.66 
16.70 

5.46 
6.42 
8.01 
8.70 

10.12 
10.98 
12.42 
13.31 
14.90 
15.73 
16.61 

7.48 
8.42 
9.27 

10.09 
11.48 
12.55 
13.33 
14.37 
15.95 
17.11 
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AW-IO2 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-102 
AW-I02 
AW-102 
AW-102 
AW-102 

711 112005 
3/28/2006 
4/2/2006 
1/8/2011 

7/22/2011 
9/6/2012 

10/9/2012 
2/30/2014 
3/1/2014 
I /2/2016 

10/20/2018 
11 / I  812017 

7/6/2019 
1/28/2021 
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12885 

55 
1 

56 
I 

53 
2 

52 
1 

52 
54 
53 
54 
55 
53 

AW-105 7/6/2005 55 

>>>>>> data from FILLX.DAT 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-IO1 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-IO1 
SY-101 
SY-101 
SY-IO1 
SY-101 
SY-IO1 
SY-101 

3/9/2003 
11 /29/2005 
5/31/2006 
8/7/2006 

9/20/2006 
10/9/2006 
12/4/2006 

1211 812006 
211 2/2007 
3/1/2007 

4/26/2007 
5/8/2007 

5/26/2007 
7/21/2007 
811 812007 
10/4/2007 

10121 /2007 
1211 812007 
1/28/2008 
2/14/2008 
311 812008 
3/31 12008 
5/8/2008 

5/27/2008 
7/5/2008 

811 812008 
8/30/2008 
9/28/2008 

3.6 
2.7 
3.0 
3.0 
0.9 
2.9 
1 .o 
2.7 
1 .o 
2.8 
0.8 
1.1 
2.6 
1.1 
2.6 
0.9 
2.8 
3.0 
0.9 
2.9 
1 .o 
2.7 
0.8 
3.1 
3.0 
0.9 
2.9 
0.7 

1323 
35 

1345 
32 

1261 
47 

1238 
15 

1258 
1295 
1278 
1289 
1319 
1261 

12998 
- 

1318 

85 
65 
71 
71 
21 
68 
23 
66 
23 
66 
19 
25 
62 
28 
63 
22 
67 
71 
21 
68 
23 
66 
19 
76 
71 
21 
68 
17 

I .99 1323 
1358 
2703 
2735 
3996 
4043 
5281 
5297 
6555 
7849 12.47 
9128 

10417 
11 736 
12998 

1318 1.97 

85 1 
150 
22 1 
293 
31 3 
382 
405 
471 
493 
560 
579 
604 
667 
692 
756 
778 
845 
916 
937 

1005 
1028 
1094 
1114 
1189 
1260 
1281 
1349 
1367 

11 I .99 
2.70 
2.71 
7.49 
8.02 
9.15 
9.24 

10.63 
11 12.47 

13.27 
14.35 
15.98 
17.55 

12 1.97 

1 -0.35 
2.37 
2.88 
3.06 
3.18 
3.23 
3.39 
3.43 
3.58 
3.63 
3.78 
3.81 
3.86 
4.02 
4.09 
4.22 
4.27 
4.43 
4.54 
4.58 
4.68 
4.71 
4.82 
4.87 
4.97 
5.09 
5.13 
5.21 
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SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-I01 
SY-I01 
SY-I01 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-io1 
SY-I01 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 
SY-IO1 
SY-101 
SY-101 
SY-101 
SY-101 
SY-I01 
SY-I01 
SY-101 
SY-101 
SY-I01 
SY-101 
SY-101 
SY-101 

10/13/2008 
11/12/2008 
11 /26/2008 
12/26/2008 
1/12/2009 
2/12/2009 
2/24/2009 
3/23/2009 
411 512009 
511 812009 
5/30/2009 
6/3/2009 

l o l l  7/2009 
2/15/2011 

8/3/2011 
8/20/2011 
10/1/2011 

12/10/2011 
1/22/2012 
4/9/2012 

4/26/2012 
8/27/2012 

10/26/2012 
11/23/2012 
12/13/2012 
1/22/2013 

11/20/2013 
1 2/25/2013 

2/5/2014 
6/6/2014 
9/3/2014 

10/3/2014 
12/12/2014 
1/15/2015 
1/30/2015 
3191201 5 
4/9/2015 

4/22/2015 
5/22/2015 

11/17/2015 
12/4/2015 
111 51201 6 
2/30/2016 
3/9/2016 

3/28/2016 
4/25/2016 
5/25/2016 
8/22/2016 
9/8/2016 

1111 812016 
1/27/2017 

3.0 
0.8 
2.9 
0.9 
2.8 
0.7 
2.5 
1 .o 
2.7 
0.9 
0.9 
1.1 
3.2 
3.2 
3.0 
0.9 
3.2 
2.6 
1.6 
2.8 
1 .o 
3.5 
3.0 
1.3 
2.9 
0.9 
3.0 
3.2 
2.9 
2.8 
3.0 
0.9 
3.1 
0.8 
3.2 
3.0 
0.8 
3.1 
2.2 
2.7 
1.1 
2.6 
1 .o 
1.3 
2.1 
2.7 
1.1 
2.6 
1.3 
3.2 
2.0 

72 
20 
69 
23 
66 
17 
60 
24 
65 
23 
22 
27 
76 
77 
71 
21 
77 
63 
39 
68 
24 
83 
71 
31 
70 
22 
73 
77 
69 
61 
71 
21 
14 
19 
76 
71 
20 
75 
53 
68 
26 
63 
25 
32 
51 
64 
27 
62 
30 
77 
47 

1438 
1458 
1528 
1550 
1617 
1634 
1694 
1718 
1783 
1806 
1828 
1855 
1931 
2008 
2080 
2100 
21 77 
2240 
2279 
2347 
2371 
2454 
2525 
2556 
2626 
2648 
2721 
2798 
2867 
2929 
3000 
3021 
3095 
3114 
3190 
3261 
3281 
3356 
3409 
3475 
3501 
3504 
3589 
3621 
3672 
3736 
3764 
3825 
3856 
3932 
3980 

5.25 
5.33 
5.37 
5.45 
5.50 
5.58 
5.62 
5.69 
5.75 
5.84 
5.88 
5.89 
6.26 
7.59 
8.05 
8.10 
8.22 
8.41 
8.52 
8.74 
8.78 
9.12 
9.29 
9.36 
9.42 
9.53 

10.35 
10.45 
10.57 
10.90 
11.14 
11.22 
11.42 
11.51 
11.55 
11.65 
11.74 
11.77 
11.86 
12.35 
12.39 
12.51 

12.66 
12.71 
12.76 
12.87 
13.11 
13.16 
13.35 
13.54 
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SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 
SY-101 

SY-I02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-I02 
SY-I02 
SY-102 
SY-102 
SY-I 02 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 
SY-102 

311 41201 7 
311 2/2018 
611 71201 8 
8/8/2018 

411 91201 9 
711 1/2019 
9/2/2019 
9/5/2019 

1/19/2003 
7/23/2006 
5/12/2008 
911 2/2008 
4/3/2009 

1/14/2011 
1/31/2011 ' 
4/3/2011 
9/3/2011 

10/23/2011 
12/23/2011 

1/9/2012 
7/8/2012 

10/14/2012 
12/24/2012 
8/28/2013 
911 51201 3 
9/28/2013 
1 1/8/2013 
12/8/2013 
3/15/2014 
4/3/2014 

6/21/2014 
8/21/2014 

10/28/2014 
1 1/29/2014 
12/24/20 14 

5/6/2015 
2/2/2016 

3/21/2016 
12/20/2016 
111 9/2017 
2/15/2017 

11/29/2017 
12/16/2017 

2/6/2018 
2/26/2018 
3/26/2018 
5/10/2018 
611 81201 8 

1.6 
1 .o 
2.9 
3.0 
2.7 
1.6 
2.1 
0.5 

3.8 
0.8 
1.2 
2.9 
2.7 
2.7 
1 .I 
3.3 
3.0 
3.0 
1 .o 
1 .o 
3.2 
3.0 
3.2 
3.2 
1 .I 
2.6 
1.2 
1.6 
2.6 
1.2 
1.3 
2.7 
2.7 
1 .I 
2.6 
3.2 
3.2 
2.7 
3.0 
0.9 
2.0 
2.8 
1 .o 
2.7 
0.8 
3.3 
2.6 
1 .o 

38 4017 
24 4042 
69 4110 
73 4183 
64 4247 
38 4285 
50 4335 
11 4347 - 

4347 

92 
20 
30 
69 
65 
65 
27 
80 
71 
71 
25 
23 
77 
71 
77 
77 
27 
62 
30 
38 
63 
29 
31 
65 
65 
27 
63 
77 
77 
65 
71 
21 
48 
68 
24 
65 
19 
78 
63 
23 

92 
112 
142 
21 1 
276 
342 
368 
448 
520 
591 
616 
639 
716 
787 
864 
94 1 
968 

1030 
1060 
1098 
1161 
1190 
1220 
1286 
1351 
1378 
1440 
1517 
1594 
1660 
1731 
1752 
1800 
1868 
1892 
1957 
1976 
2054 
2117 
2140 

1 2 

13.67 
14.66 
14.93 
15.07 
15.77 
16.00 
16.14 
16.15 

-0.49 
3.02 
4.83 
5.16 
5.72 
7.50 
7.55 
7.72 
8.14 
8.28 
8.44 
8.49 
8.98 
9.25 
9.45 

10.12 
10.17 
10.21 
10.32 
10.40 
10.67 
10.72 
10.94 
11.11 
11.29 
11.38 
1 I .45 
11 .81 
12.56 
12.69 
13.44 
13.52 
13.60 
14.38 
14.43 
14.57 
14.63 
14.70 
14.83 
14.93 
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SY-102 7/4/2018 0.9 
SY-102 7/26/2018 0.8 
SY-102 8/18/2018 2.5 
SY-102 1/8/2019 2.5 
SY-102 2/5/2019 0.8 
SY-102 5/31/2019 1.2 
SY-102 8/25/2019 1.6 

SY-103 

SY-103 
SY-103 

SY-103 
SY-103 
SY-103 

SY-103 

SY-103 
SY-103 
SY-103 
SY-103 
SY-103 

SY-103 

SY-103 

SY-103 

* SY-103 

SY-103 

SY-103 

SY-I 03 

SY-103 

SY-103 

1/4/2003 
12/29/2009 
9/18/2011 

1 n/201 2 
5/29/2012 
11/5/2012 
9/9/2013 
5/4/2014 

7/22/2014 
8/9/2014 

10/16/2014 
12/26/2015 
1/16/2016 
2/14/2016 
11/4/2016 
1/3/2017 

12/30/20 17 
1/25/2018 
3/9/201 8 
7/2/20 1 8 

6/13/2019 

3.8 
3.7 
0.9 
2.9 
3.4 
0.9 
2.7 
3.0 
3.0 
0.9 
2.9 
1 .o 
1.2 
2.8 
3.7 ' 
3.0 
3.0 
0.9 
2.9 
3.0 
3.2 

Summary of 1 
1 SY-101 
2 SY-102 
3 SY-103 
4 AW-104 
5 AW-103 
6 AN-101 
7 AN-104 
8 AN-105 
9 AN-106 
10 AW-101 
11 AW-102 
12 AW-105 
13 AN-102 
14 AN-107 
15 AY-IO1 

rotals 
4347 
2387 
1254 

23004 
11283 
14275 
15548 
14228 
14231 
12885 
12998 
1318 
942 

1074 
21009 

21 2161 
19 21 80 
61 2241 
60 2301 
20 2321 
28 2349 
37 2387 

2387 

92 92 
88 180 
21 200 
88 269 
81 350 
21 370 
65 435 ' 

71 506 
71 577 
21 598 
68 666 
23 689 
29 71 8 
67 785 
89 874 
71 946 
71 1017 
21 1037 
68 1108 
71 1177 
77 1254 - 

1254 

14.98 
15.04 
15.10 
15.49 
15.57 
15.88 
18.12 

1 3 -0.53 
6.46 
8.18 
8.48 
8.88 
9.31 

10.16 
10.81 
11.02 
11.07 
11.26 
12145 
12.51 
12.59 
13.31 
13.48 
14.47 
14.54 
14.66 
14.97 
15.92 
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16 AY-102 16180 
I? Az-101 151 52 
18 Az-io2 12788 

18 

16 

14 

12 

4 10 
z’ 
6 8  
x 

+. 

6 

4 

2 

0 

0 

7000 hrs Pump InstallationlRepIacement Schedule 

4 6 8  10 12 14 16 
Years for Case 50, Starting at 2003 

18 
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APPENDIX D: LIFE-CYCLE COST MODELS 1 AND 2 
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LCCMOD 1 

D- 2 



WHC-SD-WM-CBA-001, Rev. 0 

LCCMOD 1 

D-3 



WHC-SD-WM-CBA-001, Rev. 0 

LCCMOD 1 

. D-4 



WHC-SD-WM-CBA-001, Rev 0 

Life Cycle Cost of Mixer Pump 

200000 

180000 

160000 - 140000 
Y 

3 120000 2 100000 
g 80000 

60000 

40000 
20000 

0 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  
20 year SST Retrieval Sequence at 

LCCMOD 2 

D-5 



WHC-SD-WM-CBA-001, Rev 0 

1 

LCCMOD 2 

D-6 



WHC-SD-WM-CBA-001, Rev 0 

I: 50 

LCCMOD 2 

D-7 



APPENDIX E:  VENDOR PERFORMANCE ESTIMATE LETTERS 

E- 1 



WHC-SD-WM-CBA-001, Rev. 0 Appendix E 
- 

Wenlngliouse 
Electric Corporallon 

Energy Sysleins 
Ltr. No. 334231-054 

tlrcllo Mechasi:il OlYislDn 

1000 C11rswIcL: Lvrnua 
ChtswIcL Prnntylvmla 15024 I3nn 
Cable WlClltSWlCK 
id121 983 sunn 
letei 1 0 3 3 8 ~  

Decernber 15,  I995 
Mr. K. S. Iloerl 
Westinghouse Hanford Company 
P.O. Box 1970 
2355 Stevens Drive 
Ricliland, Wasliitigton 99352 

Di J r  Mr. IloeTt: 

SUDJECl: Mixer I’uiiip Reliability Analysis 

In accordance with your verbal request. please find enclosed our reliability nrid life expectancy 
analysis for (lie current EMD Advaiiced Mixer Puinp Design. 11 is our understanding Iliat lliis 
data is lo be used for an iiiteriial lire cycle cost evalualiori only. Towards that end. EMD has 
prepared  lie enclosed analysis based on good eiigineering judgement using data present today. 
This enclosed evaluation shall IIOI be conslnied as a n  alteration to h e  current specificatioii 
requirements for lire expectancy. 

Should you have any questions regarding this data, please do no1 liesitale to coiitacl me directly. 

Very truly yours, 

cc: R. Dickinson 
J.  Drake 
E. O’Neil 



WHC-SD-WM-CBA-001. Rev. 0 Appendix E 

W m l  ADVANCED RADIOACTIVE WASTE TANK M I J . E R P !  December 12, 1995 
Page 2 

The wear r a t e  da t a  from the  hydraulic component ma te r i a l  wear t e s t s  
can be d i r e c t l y  appl ied  t o  the  mixer pump a p p l i c a t i o n .  The wear r a t e  
da t a  from t.he bearing coniporierit mater ia l  wear t e s t s  can be appl ied  t o  
tlie mixer pump cont ro l led  leakage s e a l .  

For type CF3 c a s t  s t a i n l e s s  s t e e l ,  the  pred ic ted  wear of the  pump 
hydraul ic  components f o r  1 0 , 0 0 0  hours of ope ra t ion ,  a t  maximum speed 
and w i t h  a waste f l u i d  Mi l le r  nunher of 50, is ,091 inches .  It is  
c l e a r l y  understood t h a t  tlle niixer pump w i l l  not be operated a t  i ts  
maximum s p e e d ' a l l  oE the  tinre and, the  waste f l u i d  w i l l  not always 
have a Mi l l e r  nunber of 5 0 .  Therefore,  the  pred ic ted  wear of t he  iiiixer 
pump hydraul ic  components w i l l  be l e s s  than ,091 inches ,  and the  
expected opera t ing  l i f e  of the  hydraulic coniponents is g r e a t e r  than 
10 ,000  hours.  

For type CF3 c a s t  s t a i n l e s s  s t e e l  w i t h  the  chromide ceraniic coa t ing ,  
t h e  p red ic t ed  wear f o r  1 0 , 0 0 0  hours of ope ra t ion ,  a t  maximum speed and 
w i t h  a waste f l u i d  Mi l le r  ~iuniber of 50 ,  is . 0 0 0 8  inches.  This ceramic 
coa t ing  w i l l  be used t o  limit abras ive  wear a t  t h e  impel le r  hub 
running c learance  loca t ion  which cont ro ls  t he  impel le r  pressure  
balance and thus the  impeller t h r u s t  load .  The expected opera t ing  l i f e  
of  t he  impel le r  hub s e a l  arrangement is g r e a t e r  than 1 0 , 0 0 0  hours.  

For tungsten carb ide  w i t h  diamond coa t ing ,  t he  pred ic ted  wear of the  
bear ings  f o r  10,000 hours of opera t ion ,  a t  maximum speed and with a 
waste f l u i d  Mi l l e r  number of 5 0 ,  is c.001 inches .  The mixer pump 
bear ings  w i l l  be operating i i i  clean water and t h e r e f o r e ,  t he  expecte'd 
bear ing  opera t ing  l i f e  i s  g r e a t e r  than 1 0 , 0 0 0  hours.  The mixer piimp 
con t ro l l ed  leakage s e a l  w i l l  be lub r i ca t ed  with c lean  water bu t ,  t he  
waste Eluid w i l l  be on one s i d e  of the  s e a l  i n t e r f a c e  and could 
p o t e n t i a l l y  impact the  s e a l  wear l i f e .  B u t ,  s i n c e  tlie n i i n i m i i m  
th ickness  of the  diamond coating 011 the  s e a l  su r f aces  w i l l  be ,001 
inches ,  t he  expected opera t ing  l i f e  of the  con t ro l l ed  leakage s e a l  
assembly is g r e a t e r  than 1 0 , 0 0 0  hours.  

Therefore ,  based on a spec i f i ed  design l i f e  of 5 , 0 0 0  hours,  t h e  
r e l i a b i l i t y  f a c t o r  f o r  the mixer pump is considered t o  he  2 . 0 0 .  

. 

niixreli  
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A reliability analysis is a calculation of tlie probability that a 
particular piece of equipment will achieve a specified operating life. 
For the WE:MD Advanced Radioactive Waste Tank Mixer Pump, this is a 
calculation of the probability that the unit will operate for 5,000 
hours over a 10 year period. In order to perform a reliability 
analysis, it is necessary to have failure rate data for all of the 
component parts that make up the equipment. However, since the portion 
of the Advanced Mixer Pump that is above the radiation shield can be 
maintained, it is only that portion of the Advanced Mixer Pump that is 
"Down Hole" that needs to be included in the reliability analysis. 
Failure rate data is required for the stator coils, the electrical 
power cables, the bearings, the seal, etc. For the reliability 
analysis to be rigorous, the failure rate data must be for the 
specific component parts that make u p  the iinit. It is possible however 
to make a reliability estimate based 011 failure rate data for similar 
components operating under similar conditions. 

Since the WEMD Advanced Radioactive Waste Tank Mixer Pump has not yet 
been manufactured, no failure rate data exists for the exact 
components that are used in the mixer pump design. However, operating 
experience for components similar to tlie key components of the mixer 
pump exists that can be used to make a reliability estimate. This 
operating experience is summarized below. 

WEMD canned motor pumps that employ the same insulation system for the 
stator coils have operated in excess 100,000 hours over 2 5  years of 
service without any maintenance. 

WEMD canned motor pumps that employ similar fluid film bearings 
lubricated with clean water have operated in exess of 100,000 hours 
over 2 5  years of service without any maintenance. With the controlled 
leakage seal arrangement, the mixer pump motor bearings will be 
lubricated with clean water. 

Electrical power cables with the same insulation system have operated 
at the voltage and current levels of the mixer pump for periods 
significantly in excess of the 5000 hour design life. And, the thermal 
rating of the power cables for the mixer pump has been conservatively 
applied in order to assure that the 5000 hour operating life is 
achieved. 

The wear tests performed by WEME to support the designs of the 
hazardous waste pump development programs provide some important wear 
rate data that can be used to perform an calculation of the expected 
operating life for the advanced mixer pump. These wear tests were 
performed with a waste fluid simulant that exhibited a Miller nunber 
significantly in excess of the maximum specified value of 50. 

E-4 
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EPUMPS INC, 
311 Marketst. LawrencqMA * USA 01843 

47AxT.k- 
DATE: December 12,1995 LrI  KEF! 91189-14 

TO: Westiiigbouve Hauford Co. 
A1'TN: Rlr. Keith noeft FA?(:509- 372-3B3 3793 

SUBJECT: MMI-SPV-424907 
Reliability Comparison IO MI01 Punips 

Dear Kiedi, 

In  respoiisc lu your requesl for a design reliability comparison between the A2101 pumps m d  
the prototype design we arc please to submit the following for your considerntion. 

I t  is our rulders(ulding tlist MI'BF for sleeve bca~ing pumps previously utilized for ieruediation 
service probably solnewliere around 2000 Ius. Boscd upon design ftdtures wllich have heen 
incorporated we estimate that (he MTBF fur the prototype design should be approximately GOO0 
Ius. 

Best Regards. 

.&&-+-.-- 
Dale D. Aiidrcwv 
Project Manager 



t 

WHC-SD-WM-CBA-001, Rev. 0 
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FAX: (608) 975-4291 

DAW: December 12,1995 

TO: \Vestinghouse Haurord Co. 

hTI 'N :  M i .  Keith J3oerf 

LYI IUfF: 91189-13 

SUUJECI': hKII-SPV-424YU7 

Dcar Kictli, 

111 response to your request h r  a design reliability cou~pn~isou between h e  U I O 1  punips and 
tlie prototype desiga w e  a c  please to submit the following for your consideration. 

l ledpuLi le  

Ius. sleeve bearing wear will probably be sul%cienl to put l l ie mechu*cal seals at risk. 

Reliability Coiii[iarisou Io AZIUI I'uriips 

'lhe h z 1 O l  pwnps linve 8 desigli hfe of 5000 hs operotion over I 0 years inslalled lice. At 5000 

'The Prototype pmnp is also designed Tor a 10 year iusbUed Me, buf its rotor and seal have beell 
designed to operate for tlie rull 10 ) ~ a r  period. 

&&lJ&ijp 
111 oddition IO h e  increased clesigr~ life n uumber of reatures have been provide lo improve h e  
~veiall  reliability of tlie u i l .  Strule of the fcatures are BS rullows: 

p 

' 
' 

Seal welding of culurun jobits lo prevent lcnkage fioiu [be tank iulo Chc colunm. 
C;RS fillccl column lo p~evciil lcnkapc orradioactive ~iioterid inlo Ibe eri\~iro~unct~l. 
Gas filled skirt below Uie lower seal IO prevent slurry enhaiument in Ute sed.  
Rcruolable independent SII& sectious whicli elin~ir~alc thermal growtli problem. 
Elhiualiori o1Elastomerr lo provide gieater radistiou resishace. 

hmwm. 
lased UIJOU a coniparalive study of the hvo designs we have concluded Chat Uie protolype 11as a 
i!aljficRuIIy lligber operational desigri life and a relinbiliiy factor 014.5 times (he MI01 pwnp. 

NURlllLR O F  PAGES, INCLUDING 11119 SIIEEI': 
(If ItnnrmLcaioo Is lucomplete, plrarr s&br a t  once.) 
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