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EXECUTIVE SUMMARY 

This r e p o r t  i s  an evaluation of high-/low-level r ad ioac t ive  l i q u i d  waste 

t r anspor t  a l t e r n a t i v e s .  The high-*/low-level rad ioac t ive  l i q u i d  waste will be 

t ranspor ted  from the 200 West Area t o ' t h e  200 East Area and w i t h i n  the 

200 East Areas f o r  'safe s to rage  and d isposa l .  This evaluation is  required t o  

document'the results i n  response t o  a question r a i s e d  during the comment 

period of  the .  Environmenta7 Impact Statement f o r  Safe I n t e r i m  Storage o f  

Hanford Tank Waste. 

A previous study2 provided the foundation f o r  this evaluation. The 

study inves t iga ted  the technical f e a s i b i l i t y  and 1 i kel i hood of  approval f o r  

shipping large (19,000 L [5,000 ga l ] )  samples of  actual  tank  waste from the 

200-Areas t o  hot  cell  faci l i t ies  i n  o the r  areas on the Hanford S i t e .  The 

study provided the estimated c o s t  .of the load/unloading f a c i l i t y  and the risk 

assessment t h a t  were used i n  t h i s : eva lua t ion .  

The high-/l ow-1 eve1 r ad ioac t ive  waste t r anspor t  a1 ternatives a r e  the 

Aboveground Transport System (AGTS) and Underground Transport System (UGTS) . 
The AGTS methods considered were an "off-the-shelf" sh ie lded  French LR-56 Cask 

System (3,800 L [1,000 ga l ] ) ,  a conceptual 19,000-L (5,000-gal) sh ie lded  

t r a i l e r  t a n k e r  system ( t ruck)  , and a conceptual 37,850-L (10,000-gal) shielded 

r a i l  t anker  system. 

system w i t h  u n l  imi t ed  t r a n s f e r  volume capabil i t y .  

The UGTS method considered is a 60% design buried p i p e  

. 'DOE, 1994, Environmental Impact Statement for:  Safe I n t e r i m  Storage o f  
Hanford Tank Waste, DOE/EIS-0212, Washington S t a t e  Department o f  Ecology and 
U.S. Department of Energy, Richland Operations Office, Olympia, Washington. 

WHC-SD-WM-TA-143, Rev. 0, Westinghouse Hanford Company, Rich1 and, Washington. 
2Howden, G.  F., 1993, P i l o t  P7ant Hot Test F a c i l i t y  S i t i n g  Study, 

i i i  
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The evaluation investigated the estimated high-/low-level radioactive 

waste transport volume requirement for near term (1995 to 2005) of 

49.509 million L (13.063 million gal) and long term (1995 to 2028) of 

757.1 million L (200 million gal). The evaluation focused on the following 

areas: initial project cost, operational cost, secondary waste generation due 

to flushing, radiation exposure to personnel, and final decontamination and 

decommissioning (D&D) . The operational cost, secondary waste generation, 

radiation exposure, and D&D bases were developed to estimate a cost basis'for 

comparison with the initial project cost. 

The detailed comparison of the three inain candidate methods (buried pipe, 

trailer tanker car, and rail'tanker car) are provided in Sections 2.0 and 3.0 

of this report. The French LR-56 cask (truck) was not included in the 

detailed comparison because the large number of trips required made it 

impractical and uneconomical. 

The buried pipe (UGTS) resulted in the lowest overall total cost for near 

term (1995 to 2005) and long term (1995 to 2028) as shown in Table 2-10. The 

higher initial project cost and final D&D costs for the UGTS are offset by the 

lower operational, evaporation, and radiation exposure costs which result in a 

lowest overall total cost. The rail tanker car method (AGTS) appeared to have 

the next lowest overall total cost. However, the high radiation exposure to 

tank farm workers for routine operation is a concern for the long-term, 

accident administrative control during transport of high-level liquid 

radioactive waste, and a fully loaded shielded 37,850-L (10,000-gal) rail 

tanker car nearly exceeding the railroad loading requirement. The trailer, 

tanker car (AGTS) resulted in the highest total cost for near term (1995 to 

iv 
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2005) and long term (1995 to 2028) as shown in Table 2-10. Even without 

taking credit for radiation exposure cost, the UGTS buried pipe system for the 

total Hanford Site cleanup (1995 to 2028) total estimated cost is 65% less . 

expensive than the lowest AGTS (rail tanker system). During the lowest 

demanded year (2003) for transport of liquid waste, rail tanker car and 

. trai 1 er tanker car roundtri ps required travel di stances exceeding the 

. estimated yearly allowable AGTS mileage limit of 400 km (250 miles) for 

transport o f  high-level radioactive waste that was set as a limit for an 

incredible accident scenario without imposing administrative controls. 

that the AGTS mileage was based on the Howden document preliminary risk 

assessment. Therefore, actual mileage 1 imits may be different than those 

presented here. 

Note 

The buried pipe (UGTS) design is approximately 60% complete. The 

Preliminary Safety Analysis Report for Replacement of the Cross-Site Transfer 

System, Project 1-058 revision' and a system engineering design requirements 

document are being prepared. Also, the environmental documentation for the 

UGTS is well underway. . The integrated Project W-058 is supporting Tri-Party 
Agreement Operational Milestone M-43-07C of February 1998. Thus, there is no 

technical uncertainty associated with UGTS. In contrast, there are several 

uncertainties associated with the AGTS. The first one is related to the 

preparation of the project documents as required by DOE Order 4700.1.2 These 

documents have not been prepared for the AGTS, which may impact the estimated 

'Kidder, R. J. , 1993, Preliminary Safety Ana7ysis Report for Rep7acement 
of the Cross-Site Transfer System, Project W-058, WHC-SD-W058-PSAR-001, 
Rev. 0, Westinghouse Hanford Company, Richland, Washington. 

2DOE, 1987, Project Management System, DOE Order 4700.1 , U: S. Department 
o f  Energy, Washington, D.C. 
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cost and/or schedule. The second uncertainty is the estimated project cost 

for AGTS, which was based on preconceptual ideas. The third uncertainty is 

related to meeting the Tri-Party Agreement Operational milestone by February 

1998. This is the biggest uncertainty because the Conceptual Design, Title I 

(Preliminary Design), Title I1 (Definitive Design), and construction 

activities have not been started. -The fourth un'certainty is related to 

. resolution o f  technical issues such as radiation exposureo additional accident 

administrative control during transport, a shielded 37,850-L (10,000-gal) rail 

tanker car exceeding the railroad loading requirements, remote operations 

(connect/disconnect), and seismically qualified equipment. 

vi 
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1.1 SCOPE 

.REPLACEMENT OF THE CROSS-SITE TRANSFER SYSTEM 

EVALUATION, PROJECT W-058 
L I Q U I D  WASTE TRANSPORT ALTERNATIVES 

. 
1.0 INTRODUCTION 

T h i s  study was i n i t i a t e d  i n  response t o  a question on the Environmenta7 
Impact Statement for Safe Interim Storage of Hanford Tank Waste (DOE 1994) 
(regarding the technical basis f o r  prefer r ing  pipeline transpou't of Watch List 
waste t o  ra i l  tanker  c a r  o r  t r a i l e r  tanker  car t r anspor t ) .  This study 
i ncl udes i nformat i on on vol ume pro jec t ions  , sys$em descri p t i  ons , personnel 
exposure, technical  unce r t a in t i e s  and cos t s  associated w i t h  t r anspor t a t ion  of 
rad ioac t ive  l i q u i d  waste from the 200 West Area t o  the  200 East Area and 
w i t h i n  the, 200 East Area by the Aboveground Transport System (AGTS) versus the  
Underground Transport  System (UGTS). The AGTS considered i n  this study was 
the French LR-56 cask, t r a i l e r  tanker  car ,  and rail tanker -car  w i t h  t h e  
required load/unload f a c i l i t i e s .  The UGTS used i n  this study was buried pipes 
w i t h  associated divers ion boxes t h a t  connect from the SY Tank Farm t o  the  
244-A Lift S ta t ion .  

1.1.1 Waste, V i 1  ume, and Source --.. 

A near-term (1995 t o  2005) l i q u i d  waste t r a n s f e r  estimated volume 
(Toth 1995, Hanlon 1994, Strode 1994) was developed and the d e t a i l s  a r e  shown 
i n  Table 1-1. During this period, the estimated t o t a l  waste volume of 
49.509 mi l l ion  L (13.063 mil l ion g a l )  is scheduled f o r  t ranspor t ing  from the  
200 West Area t o  the 200 East Area and w i t h i n  the 200 East Area. The t o t a l  
estimated volume includes mostly f a c i l  ity-generated waste, decommissioning 
cleanout,  SY Tank Farm r e t r i e v a l ,  and f a c i l i t y  f lushes .  Table 1-1 i d e n t i f i e s  
t he  f a c i l i t i e s  from which the waste o r ig ina t e s  and the quant i ty  of waste 
associated w i t h  the respec t ive  f a c i l i t y .  

A long-term (1995 t o  2028) l i q u i d  waste t r a n s f e r  estimated volume of 
757.1 mi l l ion  L (200 mil l ion g a l )  (Brantley 1994) was a l s o  considered i n  the 
evaluat ion.  The long-term estimated volume includes the estimated near-term 
t r a n s f e r s ,  s ingle-shel l  tank r e t r i e v a l  , and t r a n s f e r  from s a f e  s torage  t o  
disposal f a c i l i t i e s .  

1.1.2 Schedul e 

The schedule d r i v e r  i s  the  Hanford Federal Facility Agreement and Consent 
Order (Tri-Party Agreement) (Ecology e t  a1 . 1994) Milestone M-43-07CY 
"Replacement o f  Cross-Site Transfer  System Operational by February 1998." As 
described i n  WHC-SD-WM-EV-094, Tank Waste Remediation System Transfer Facility 
Comp7iance P7an (Hansen 1994) , replacement of the ex i s t ing  c ros s - s i t e  t r a n s f e r  
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Unless otherwise flagged, data reported here Is from the "Dohle Shell Tank Inventory and Available Space" report by AD. Toth, 12/28/1994 
*Waste Tank Summary Report for Month Ending, by B.M. Hanlon, WHC-EP-O182-81,12/31/1994 
**OperatiinaI Waste Volume Projection, by J.N. Strode, WHC-SD-WM-ER-029, Rev. 20, Table 3,09/12/1994 
*** Tank Farm lines. cross-site, Air Lift Circulator water flushlinjection Is equally divided between 200W and 200E 
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l ines is  required because the e x i s t i n g  system does not  comply w i t h  current 
environmental regula t ions  and por t ions  of the l i n e  a r e  nearing the end of 
their  design l i f e .  

1.2 ASSUMPTIONS 

The 

0 

e 

0 

e 

e 

e 

8 

8 

following assumptions were made i n  preparing this study. 

Ident ica l  q u a n t i t i e s  of l i q u i d  waste are used f o r  the AGTS and the 
UGTS . 
Personnel exposure was based on a surface dose of  200 mrem/h f o r  the 
LR-56 Cask System (Smith 1994) and the same su r face  dose f o r  r a i l  
tanker car and t r a i l e r  tank& car systems. 
based on a su r face  dose o f  t0.05 mrem/h f o r  the ou t s ide  of  the UGTS 
divers ion  boxes (Brant1 ey 1994). 

Personnel exposure was 

The AGTS options include an "off-the-shelf" 3,800-L (1,000-gal) 
sh ie lded  French truck, a conceptual 19,000-L (5,000-gal) shielded . 
t ra i le r  tanker  car, and a conceptual 39,850-L (10,000-gal) shielded 
r a i l  t anker  car .  

The AGTS c o n s i s t s  of  two load/unload fac i l i t i es  loca ted  a t  the 
SY Tank Farm, and the A Tank Farm Complex. 

The UGTS c o n s i s t s  of  fou r  d ivers ion  boxes loca ted  near the SY Tank . 
Farm, e x i s t i n g  vent s t a t i o n ,  B Plant ,  and the A Tank Farm Complex. 

Decontamination and decommissioning (D&D) of  two of  the load/unload 
faci l i t ies  (AGTS) is equivalent t o  fou r  of  the d ivers ion  boxes 
(UGTS) . 
The design and f a b r i c a t i o n  c o s t  o f  the t r a i l e r  tanker  c a r  and r a i l  
tanker car i s  the same a s  the French truck (LR-56), w h i c h  i s  
approximately $2.5 million. 

Before r e l e a s e  of the t r a i l e r  tanker  c a r  o r  r a i l  t anke r  c a r  from the 
load/unload f a c i l i t y ,  rad io logica l  surveys t o  monitor f o r  
contamination and su r face  decontamination during upset conditions 
are requi red  by HSRCM-1, Hanford S i t e  Radio7ogica7 Contro7 Manua7 
(WHC 1994). The rad io logica l  surveys and any sur face  
decontamination will be contac t  handled. 
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2.0 DISCUSSION 

2.1 SYSTEM DESCRIPTIONS 

Brief descriptions of the AGTS and the UGTS are given below. Additional 
details on each system may be found in the reference listed with each system. 
The modes of potential transport iystems include the following: 

Shielded French LR-56 cask (modified off-the-shelf) 
Q Shielded trailer tanker car (conceptual) 

Shielded rail tanker car - truck (conceptual) 
0 Shielded buried pipe (60% design). 

Two load/unload facilities are required to support the AGTS. The 
conceptual design of the facility is shown in Figure 2-1. Because the*AGTS is 
required to operate daily, the facility- will be designed to minimize radiation 
exposure as required by DOE Order 6430.1AY Genera7 Design C r i t e r i a  (DOE 1989). 
These facilities would be located at the SY Tank Farm., and at the 204-AR near' 
the A Tank Farm Complex. Additional details can be obtained from pages 5-21, 
5-24, and 5-25 and Appendix B y  Sections 3.1 and 3.2.2, of WHC-SD-WM-TA-143 
(Howden 1993): Some major design features of the load/unload facilities 
i ncl ude the fol 1 owing: 

0 

Remotely connect and disconnect the pump, and maintain transfer 
pumps and valves using master/sl ave manipulators 

Drive-through load/unload shielded cells 

Remotely operated equipment (bridge-mounted electromechanical 
mani pul ator, crane) in 1 oad/unl oad cell s for recovery from upset 
conditions 

Shielded doors at each end of load/unload cells and a second set of 
outer doors to provide a double air barrier in the event of a spill 

Zoning ventilation for trailerLrai1 cell, pump/valve cell , and solid 
waste handing cell to provide secondary confinement 

Sampl e storage capabi 1 i ty (94,600 L [ 25 , 000 gal 3 ) . 
The existing low-level waste unloading facility 204-AR will require 

modification to incorporate the above features for high-level waste 
act i vi ti es . 
2.1.1 French LR-56 Cask 

The French truck is a 3,800-L (1,000-gal) capacity, shielded (5.1 cm 
[2 in.] of lead equivalent) container mounted on a trailer tanker car. The 
truck comes equipped with pumps, sampling devices, valves, etc. The truck is 
an "off-the-shelf" item and would require no design efforts (Figure 2-2), 
Detailed descriptions and cost can be obtained from WHC-SD-WM-TA-143, Pilot 
P7ant Hot Test  F a c i 7 i t y  S i t i n g  Report, Appendix M (Howden 1993). The French 
truck will use the existing road connected between the 200 West and 200 East 
Areas. 
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Figure 2-1. Proposed Aboveground Transportation System 
Transporter Load/Unl oad Faci 1 i ty. 
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2.1.2 Trailer Tanker Car - Truck 

This i s  a 19,000-L (5,000-gal) capacity,  shielded (5.1 cm [2 i n . ]  of 
lead)  double-shell steel tank (about 2.4 m [8 f t ]  i n  diameter by 4.9 m [16 f t ]  
long) mounted on a spec ia l  low-boy heavy-duty t r a i l e r  (Figure 2-3). Design 
and procurement a c t i v i t i e s  would be required f o r  this system. Detailed 
information can be obtained from WHC-SD-WM-TA-143, Appendix B y  Section 3.2.3, 
pages 8-14 through 8-23 (Howden 1993). The t ra i le r  tanker  car will use the 
e x i s t i n g  road connected between the 200 kdest and 200 East Areas w i t h  approx- 
imately 1.5 km (4,800 f t )  of .po ten t ia1  addi t iona l  new road i n  the .200  East 

. Area t o  avoid sharp . road  curves and proximity t o  e x i s t i n g  o f f i c e  t r a i l e r s  
(Trost  1995). 
Farm complex is 10.7 km (6,7 miles) and f rom-the  B Plant f a c i l i t y  t o  the 
A Tank Farm complex is 1.9 km (I .2 miles) 
Figure 2-4. 

The road d i s t ance  from the !;Y Tank Farm f a c i l i t y  t o  the A Tank 

The actual  road 1 ayout is  shown i n  

2.1.3 Rail Tanker Car 

The ra i l  tanker c a r  is a 37;850-L (10,000-gal) capac i ty ,  sh ie lded  (5.1 cm 
[2 i n . ]  of l ead  equiva len t )  double-shell t ank  mounted on a special r a i l  - 
f l a t - ca r .  This  is a spec ia l  sh ie lded  t r a i l e r  tanker  car and would r equ i r e  
design modification and procurement a c t i v i t i e s .  The non-shielded 75,700-L 
(20,000-gal) r a i l  tanker  i s  shown i n  Figure 2-5. 
the e x i s t i n g  r a i l r o a d  connected between the 200 West Area and the 200 East 
Area w i t h  approximately 8.7 km (2,200 f t )  of  addi t iona l  new r a i l r o a d  t o  
provide rail spurs  t o  the SY- Tank Farm, B P lan t ,  and A Tank Farm Complex 
(Trost  1995). 
Farm Complex i s  15.5 km (9.7 mi-les), and 5.0 km (3.1 miles) from the B P lan t  
f a c i l i t y  t o  t h e  A Tank Farm Complex. The actual  ra i l  layout  i s  shown i n  
Figure 2-6. 

The ra i l  t anke r  c a r  will use 

The rail d i s t ance  from the !;Y Tank Farm f a c i l i t y  t o  the A Tank 

2.1.4 Buried Pipe 

The UGTS pipe- in-pipe has two p a r a l l e l  buried pipes connecting the 
SY Tank Farm a t  241-SY-A and -B valve boxes i n  the 200 West Area with the 
244-A Lift S t a t i o n  and 24-1-AR-151 d ivers ion  box i n  the 200 East Area. A t h i r d  
pipe connects B P lan t  w i t h  the c ross - s i t e  transfer system i n  the 200 East 
Area. The rou te  i s  approximately 10.4 km (6.5 miles) long. The actual  buried 
pipe rou te  i s  shown i n  Figure 2-7. The system c o n s i s t s  of 7.6-cm (3-in.) 
d i  ameter 304L stain1 ess steel pi pes encased i n  15.2-cm (6-i n . ) d i  ameter carbon 
steel buried p ipes  w i t h  l e a k  de tec t ion ,  three d ivers ion  boxes w i t h  booster 
pumps i n  two o f  the d ivers ion  boxes, and a vent s t a t i o n .  
would be loca ted  near the SY Tank Farm, near B P lan t ,  and a t  the A Tank Farm 
Complex, whereas the vent s t a t i o n  i s  loca ted  a t  the h ighes t  p q i n t  i n  the 
600 Area. 
shown i n  Figure 2-8 and addi t iona l  d e t a i l s  can be obtained from‘ 
WHC-SD-W058--FDC-00lY Functional Design Criteria for Project W-058, Replacement 
of Cross-Site Transfer System (Brantley 1994). 
shown i n  Figure 2-9. 
include the following: 

The d ivers ion  boxes 

The replacement of the c ross - s i t e  transfer system block diagram i s  

The design of the f a c i l i t y  i s  
Some major design f e a t u r e s  of the d ivers ion  boxes 
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'Figure 2-3. Illustration o f  the 20,000-L (5,000-Gal) 
Tank Mounted on a Heavy-Duty Trailer. 
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Figure 2-5. Low-Level Li quid Transporter 
(Requires Shielding for High-Level). 
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Figure 2-6. Rail Layout. 
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Figure '2-7. Buried Pipe Rwte. 
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Figure 2-8. Rep1 acement o f  Cross-Si te Transfer' System. 
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Figure 2-9. Underground Transportation System Diversion Box. 

Underground Transportat ion System 
Diversion BOX- 
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Operation of  the system i s  automated by using a monitor  control  
system 

Shielded f l o o r  and flush capab i l i t y  for contact-handled 'maintenance 
of  transfer pumps, valves, and instruments 

Portable  ven t i l a t ion  system f o r  maintenance 

Permanent greenhouse and instrument building . 

2.2 COSTS AND COMPARPSONS . 
The da ta  used t o  develop the various cos t s  associated w i t h  each mode i f  

waste t r anspor t  a r e  shown l a t e r  i n  this sect ion.  The French truck was 
eliminated from further ana lys i s  because i t s  1 imited capaci ty  resu l ted  in  an 
excessive number of trips (see Table 2-1) making i t  noncompetitive r e l a t i v e  t o  
the o ther  modes of t ranspor t .  The types of costs involved include the  
following: 

e Project  
Operational 

e Evaporation (disposal of flush water) 
Personnel exposure 
Decommissioning 
Summary. 

2.2.1 Projec t  Cost Comparison 

The project cost for each t ranspor t  mode is shown i n  Table 2-2. The 
pro jec t  cost t o  go ranges from $49.2 mill ion for the UGTS, $31.9 mil l ion for 
the r a i l  tanker  system, and $34.9 mi l l i on  f o r  the t r a i l e r  tanker  system. The 
UGTS c o s t s  include the pipeline, divers ion boxes, vent s t a t i o n ,  pumps, and 
leak de tec tors .  The AGTS costs include the vehicles ,  load/unload s t a t i o n s ,  
portion of new road, and a r a i l  spur. 

2.2.2 Operational Cost Comparison 

The expenses as  the result of supporting personnel t o  t r a n s f e r  l i qu id  
waste ( regard less  of mode) a re  considered as  operational costs. The support  
personnel a r e  t y p i c a l l y  operations,  engineering, heal th  physics, maintenance, 
qua l i t y  assurance, s a fe ty ,  and others. 

As shown i n  Tables 2-3 and 2-4, the cos t  of  t ranspor t ing  rad ioac t ive  
l i qu id  waste v i a  the UGTS is $0.17/L ($0.63/gal). T h i s  compares favorably t o  
t he  l e a s t  expensive AGTS mode ( r a i l  tanker) o f  $0.30/L ($1.15/gal) .  

2.2.3 Evaporation Cost Comparison 

( regard less  of mode) w i l l ' r e q u i r e  f lushing.  Tables 2-5 and 2-6 show the  
After  each t r a n s f e r  of rad ioac t ive  l i q u i d  waste the t r ans fe r r ing  vehicle  
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Table 2-1. Number of Transfers/Trips--1995 to 2005. 
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MelhOC! Prqcct Cost ($) Total Project 
Route Facility Vehkle/Olher Cost ($1 

Buried Ppe **** 19214000 20000000 10014000 49228000 
Truck 92oooO 26500000 7500000 3492oooO 

3192oooO Rail 420000 2650oooO 5000000 

a ‘  

(Eralacd 1995) 
(Eralaed 1993) 
(Eralned 1993) 

GlVEN COST PER UNQ 

N 
1 
w 
VI 

melfbute ~ength ~ a o n  (mile) 
Buried Ppe: 
T m k  
Raid: 

Mhbnum Required New Facility 
Buried Ppe (Diversion Box): 
Truck (Load/Unload): 
Raii(Load/Unload): 

Minimum Modified Facility 
Buried Ppe (Diversion Box): 
Truck (Load/Unload): 
Rail(Load/Unload): 

PpelRequred Transportation Vc 
Buried Pipe (Pumps, Leak Det, etc.): 
Truck 
Rad: 

PpelROute Construction Cost Per Length ($/mile) 
6.5 (SYTanlcFarmTo244-A-UAStatim) Buried Pie: 

0.92 (Use2OOArcaExiingRoad) TNck* 
0.42 (RaiiSplncoSYandAWCompla) Wk* 

Faality cost ($/facilii) &grade Ejasling 
4 (DWI. Vent Statim, MWIF-W. DW3) Buried Ppe (Diversion Box): NIA 

9000000 
9000000 

Truck (L&dbnload):** 
Rail(Load/Unload):** 

I (SYTanlrFam) 
1 (SYTantFarm) 

0 
1 (204-AR) 
1 (204-AR) 

1 (lncbdesparecapabihy) 
3 (1 rpare) 
2 (1 spare) 

Piiellianspoitation Vc.Jkki Cost [bleach) 
Buried Ppe (Pump, Leak Det, etc.): 
Truck:*”* 
Rail:*** 

E 1 

Estimate Road and Rail Construction, by E T. Trosl, 01/26/95 
** Pilot Plant Hot Test Facility Siting Study, by G. F. Howden, WHC-SD-WM-TA-143 Rev. 0. Table 5-2.11/18/1993 
*** W. A Brooks provides the French truck lransporter LR-56 (IO00 gallons capacity) estimated cost, 02/14/95 
**** Total Estimated W-058 Project Costs is $52700000. Howevq h e  Project had spent $3472000 
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Tab1 e 2-3. Operational Cost Compari son--1995 t o  2005. 
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Table 2-4. Operational Cost Comparison--1995 to 2028. 
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FIU~ water V O I U ~ ~  (~0yon)ndee 
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Truck 
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Truck (1 Volume Flush): 
Rail (1 Volume Flush): 

flush vrate 

Buried Pipe 32256000 
43344oooo 
24696oooO 

See Append& B - Design Calculation "Evaporation Cost Conparkon Bases,'by D. V. Vo 2/10pJ5 
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quant i ty  of flush water required 
di'spose of (evaporate) the flush 
same rega rd le s s  of  the t r anspor t  
less f o r  the UGTS because l e s s  f 
49.509 mi l l ion  L (13.063 mi l l ion  

f o r  each inode of t r anspor t  and the c o s t  t o  
water. 
mode. The t o t a l  c o s t  f o r  evaporation i s  
u s h  water i s ' r e q u i r e d  i n  t r anspor t ing  
g a l )  of waste v i a  UGTS than AGTS. 

The u n i t  c o s t  of evaporation i s  the 

2.2.4 Personnel Exposure Cost Comparison 

The detriment assoc ia ted  w i t h  radiat-ion exposure t o  personnel i s  
expressed in d o l l a r  value. The c o s t  r e l a t e d  t o  r a d i a t i o n  exposure due t o  
rad io logica l  survey is  shown i n  Tables 2-7 and 2-8. The t a b l e s  show t h a t  the 
buried p ipe  mode o f  waste t r a n s p o r t  is more c o s t  efficient than the  AGTS, 
because the UGTS is  operated remotely v i a  a monitor control  system and i t  has 
been designed t o  have a very small r ad ia t ion  surface dose. Dol la r  c o s t s  a r e  
the pr inc ipa l  f a c t o r ,  although the a c c e p t a b i l i t y  o f  a po l icy  of  ''-burning out"  
workers i s  debatable and is  an issue under a s  low a s  reasonably achievable 
(ALARA) principles. If those  c o s t s  a r e  not  included, the ra i l  mode has a 
small economic advantage during the 1995 t o  2005 time frame. 
the time frame is extended t o  2028 the UGTS has a l a r g e  d o l l a r  advantage over 
the AGTS w i t h  o r  without the personnel replacement cos t s .  

However, when 

The UGTS and the AGTS will address ALARA cons idera t ions  t o  minimize 
personnel r a d i a t i o n  exposure. The UGTS will be designed t o  have a maximum 
su r face  dosage of  0.05 mrem/h and the AGTS will have sufficient sh ie ld ing  t o  
limit su r face  dosage t o  200 mrem/h. For the AGTS, a rad io logica l  smear survey 
is  requi red  t o  be performed on the cupola ( i n s i d e ) ,  cupola (ou t s ide ) ,  platform 
(deck), underplatform, walk platform, handra i l s ,  l adder ,  t anker  s i d e s ,  t anker  
ends, be l ly /dra in ,  coupling/knuckle, assembly and l eve r ,  hand braker,  wheel 
t ruck  assemblies, and wheels. Because several of the survey a reas  do not 
d i r e c t l y  con tac t  the tanker  c a r  surface, a r ad ia t ion  exposure dose versus 
d i s t ance  ca l cu la t ion  was done (Figure 2-10). Therefore, the se l ec t ed  average 
r a d i a t i o n  exposure dose o f  100 mrem/h a t  approximately 75 cm (2.5 f t )  from the 
cask is  used i n  this evaluation. Westinghouse Hanford Company gu ide l ines  
assign a c o s t  o f  $2,500/man-rem f o r  hea l th  effects and $22,500/man-rem f o r  
replacement personnel (the c o s t  o f  rep lac ing  the individual worker i n  the 
specific work fo rce  who has approached a preset l i m i t ) .  
personnel c o s t  is based on the average weekly wages and b e n e f i t s  and assumes 
12 person-weeks t o  t r a i n  each a f f ec t ed  worker. These numbers were used i n  
computing the c o s t s  f o r  personnel exposure. Thus, the personnel hea l th  
($2,500/man-rem) assoc ia ted  c o s t  is designated as the lower c o s t  and the 
rep1 acement personnel ($22,500/man-rem) assoc ia ted  c o s t  i s  designated a s  the 
upper c o s t  i n  the evaluation. However, i t  i s  assumed t h a t  the upper c o s t  can 
be reduced t o  $11 , 250/man-rem by proper p l  anni ng and managing of proposed 
personnel. 

The replacement 

2.2.5 Decommissioning Cost Comparison 

required.  
Table 2-9. 
$17.7 mi l l ion  compared t o  $1.3 mi l l ion  and $2.1 mi l l ion  f o r  t r a i l e r  tanker  

Regardless of the t r anspor t  mode employed, decommissioning wi l l  be 
Decommissioning c o s t s  f o r  each mode of t r anspor t  a r e  shown i n  
The c o s t s  f o r  decommissioning of the buried p i p e  (UGTS) a r e  about 
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Radiation Surface Dose (rnRemlhr)* 
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Total Number Of T+s or Transfen (Table 2) 
Buried Pipe: 26 (SY toA FamCornpla) 
Truck: 26 13 (SY to A Fam Cornpla) 
Rail: 1306 (SYtoAFamCornpla) 

Radiition muntcost() 

l ~ w o a  emat 
Buried Ppe 47026800 
Truck 10450400 94053600 

23513400 Rail 5225200 47026800 

(FP= mgml 
Upper &per 
22500 11250 
222500 11250 
222500 11250 

0.05 
100 
100 

Note: Survey time does not inlude the remaining 8 hours when lhe transporter is not full ' 
(Le. after unloading and before loading of liquid waste) 

See Appendix C - Design Calculation "Radiation Exposure Cost Comparison Bases," by D. V. Vo 2/10/95 
** Cost Benefit h l y s i s  at Westinghouse Hanfoord Company, by R. L Brown and C. J. Stsphkn, WHC-sA-1533-FP, April 1992. 
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Rad: 

Total Number Of Trips or Tramfers (T&b 2) 
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100 
100 

11 250 
11 250 
11250 

Note: Survey time does not inlude the remaining 8 burs when the transpolter is not full 
(i.e. after unloading and before loading of liquid waste) 

See Appendix C - Design Calculstion'Radiatbn Erposure Cost Conparkon Basesayby D. V. Vo 2/10/95 
** Cost Benelit h l y s i s  atWestinghoLMt Hanfod Company. by R L Brown and C. J. Stepha& WHC-SA-1533-FP. April 1992. 
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Figure 2-10. Aboveground Transportation System--Radioiogical 
Surface Dose versus Distance Away from the Cask. . 
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c a r s  and r a i l  t anker  c a r s ,  respec t ive ly .  As s t a t e d  i n  Section 1.2, the D&D 
c o s t  of  the load/unload f a c i l i t i e s  (AGTS) as compared t o  the d ivers ion  boxes 
(UGTS) was assumed t o  be equal. 

2.2.6 Summary Cost Compar i son 

(1995 t o  2005) and long term (1995 t o  2028) a s  shown i n  Table 2-10. The UGTS 
higher i n i t i a l  p r o j e c t  c o s t  and final D&D c o s t s  have been o f f s e t  by the lower 
opera t iona l ,  evapofation, and r ad ia t ion  exposure c o s t s  w h i c h  r e s u l t e d  i n  the 
Idwest overa l l  t o t a l  c o s t ,  

The UGTS (buried pipe)  has the lowest overa l l  t o t a l ' c o s t  f o r  near term 

For the near-term (1995 t o  2005) waste transfer, t h e  t o t a l  lower 
estimated c o s t  f o r  buried p ipe  (UGTS) is 8% less than the r a i l  t anke r  (AGTS) 
method. However, the percentage c o s t  d i f f e r e n t i a l  increases  t o  40% f o r  near- 
term and upper r ad ia t ion  exposure, 69% f o r  long-term and lower r a d i a t i o n  
exposure, and 84% f o r  long-term and upper r ad ia t ion  exposure a s  shown in  
Table 2-10, NOTE: The r a i l  tanker system (AGTS) upper r ad ia t ion  exposure 
percentage is  a higher c o s t  than the buried p i p e  (UGTS) and is  reduced from 
40% t o  25% f o r  near term and from 84% t o  78% f o r  long term because o f  
an t i c ipa t ed  proper planning and managing o f  exposed personnel. Even though 
the r a i l  t anke r  car method appeared t o  have the next lowest overa l l  t o t a l  cos t  
f o r  near term ( i .ee ,  approximately 49.509 niil l ion L [13.063 mil l ion  g a l ]  o r  
l e s s ) ,  the high r a d i a t i o n  exposure t o  tank farm workers f o r  rou t ine  operation 
is a concern f o r  the long term. 

The AGTS ( t r a i l e r  tanker  ca r )  has the h ighes t  t o t a l  c o s t  f o r  near term 
(1995 t o  2005) and long term (1995 t o  2028) a s  shown i n  Table 2-10. 

For the t o t a l  Hanford S i t e  cleanup (1995 t o  2028), the UGTS i s  
considerably less expensive (65%) than any AGTS even without tak ing  c r e d i t  f o r  
r ad ia t ion  exposure c o s t  a s  shown i n  Table ;!-lo. 
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See Appendix D - Design Calculation "Decommissioning Cost Conparison Baaes,'by D. V. Vo 2/10/95 
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3.0 CONCLUSIONS 

The AGTS versus UGTS evaluation has resu l ted  in the  following s p e c i f i c  
and overal l  concl usi ons . 

' 3.1 SPECIFIC CONCLUSIONS 

1. A t o t a l  of 13,063 trips (Table 2-1) a r e  required t o  t r a n s f e r  t h e '  
49.509 m i l l i o n  L (13.063 mil l ion ga l )  of  rad ioac t ive  l i q u i d  waste in 
11 years  using the  3,800-L (1,000-gal) capaci ty  French truck. Based 
on the  number of  required trips, i t  j s  impractical  and uneconomical 
t o  use the  French t ruck  system t o  rout ine ly  t r anspor t  rad ioac t ive  
l i q u i d  waste from the  200 West Area t o  the  200 East Area and within 
the 200 East Area. Thus, t he  buried pipe system, t r a i l e r  tanker  . 
system, and r a i l  tanker.system were the  th ree  methods se lec ted  f o r  
f u r t h e r  evaluat ion.  

2. The pro jec t  (Table 2-2) and D&D cos t s  (Table 2-9) for AGTS and UGTS 
a r e  f ixed ( t h a t  i s ,  independent -from the  estimated t o t a l  t r a n s f e r  
volume). The UGTS requi res  higher pro jec t  cos t  t o  go than the  AGTS 
r a i l  tanker  system and t r a i l e r  tanker system cos t s  by 35% and 29%, 
respec t ive ly .  The f i n a l  D&D cos t s  f o r  t he  UGTS a r e  79% and 91% 
g r e a t e r  than the  AGTS r a i l  and t r a i l e r ,  respec t ive ly .  NOTE: The 
i n i t i a l  p ro jec t  cos t s  and f i n a l  D&D cos t s  a r e  the  same t o  t r a n s f e r  
e i t h e r  3.8 L (1 ga l )  o r  757.1 mil l ion L (200 mil l ion--gal) .  

3. The UGTS requi res  much l e s s  personnel s u p p o r t  re la t ' ive  t o  the  AGTS 
f o r  the  same capac i t i e s .  Therefore, the  UGTS buried pipe 
operational cos t s  a r e  63% (for the  near term) and 68% (for the  l o n g  
term) l e s s  than the  AGTS r a i l  tanker  system and t r a i l e r  tanker  
system, respec t ive ly .  The operational cos t  d e t a i l s  a r e  shown in 
Tables 2-3 and 2-4. 

4. The UGTS generates  t he  l e a s t  amount of secondary waste ( f lu sh  water) 
i n  t r a n s f e r r i n g  of rad ioac t ive  l i q u i d  waste (near term - 
49.509 m i l l i o n  L [13.063 mil l ion ga l ]  and long term - 
757.1 mil l ion L [200 mil l ion ga l ] )  from the  200 West Area t o  the  
200 East Area and w i t h i n  t he  200 East Area. Because of l imited 
ava i l ab le  double-shell tank space, generation of  the  rad ioac t ive  
l i q u i d  waste must be minimized. The evaporation cos t  comparison i s  
shown in Tables 2-5 and 2-6. 
a r e  approximately 8 times and 13 times l e s s  than the  AGTS r a i l  
tanker  system and t r a i l e r  tank system for near and l o n g  term. 

The UGTS buried pipe evaporation cos ts  

5. During rout ine  t r a n s f e r ,  t he re  i s  e s s e n t i a l l y  no personnel rad ia t ion  
exposure (ALARA) associated with the  UGTS (buried p ipe ) ,  whereas the 
AGTS t o t a l  estimated rad ia t ion  exposure i s  2,090 man-rem ( r a i l  
tanker  c a r )  and 4,180 man-rem ( t r a i l e r  tanker ca r )  f o r  near term as 
shown in Table 2-7. Because the  Westinghouse Hanford Company 
Radiological Administrative Control Level is s e t  a t  5 rem/year per 
radiological  worker ( i  .e. , whole body) (WHC 1994) , t h e  estimated 
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r ad ia t ion  exposure equates t o  a year ly  average number o f  "burned 
o u t "  personnel of 38 ( r a i l  tanker. c a r )  and 76 ( t r a i l e r  tanker c a r ) .  

3.2 OVERALL CONCLUSIONS 

1. 

2. 

3. 

4. 

5. 

The UGTS (buried pipe) has the  lowest overal l  t o t a l  cos t  f o r  near 
term (1995 t o  2005) and long term (1995 t o  202.8) as shown in 
Table 2-10. 
c o s t s .  have been o f f s e t  by the  1 e a s t  .operational , evaporation , and 
r ad ia t ion  exposure c o s t s  which resu l ted  i n  t he  lowest overal l  t o t a l  
cos t .  

The UGTS higher i n i t i a l  p ro jec t  cos t  and f i n a l  D&D 
* 

The r a i l  t r a i l e r  system method (AGTS) appeared t o  have the  next 
lowest overa l l  t o t a l  cos t .  However, t he  h i g h  rad ia t ion  exposure t o  
tank farm workers f o r  rout ine  operation is a concern f o r  the  long 
term and accident adminis t ra t ive control dur ing  t r anspor t  of high- 
leve l  rad ioac t ive  waste. 

The AGTS ( t r a i l e r  tanker  i a r )  has the  highest  t o t a l  cos t  f o r  near 
term (1995 t o  2005) and long term (1995 t o  2028) as shown in 
Table 2-10. 

For the  t o t a l  Hanford S i t e  cleanup (1995 t o  2028), t he  UGTS i s  
considerably l e s s  expensive (65%) than any AGTS even without taking 
c r e d i t  f o r  r ad ia t ion  exposure cos t  as shown i n  Table 2-10. 

The risk assessment for the  c ros s - s i t e  AGTS (Howden 1993) l imi ted  
annual mileage for t ranspor t ing  r3dioact ive sludge ( w i t h o u t  
d i l u t i o n )  t o  t400 km (250 miles) .  The annual mileage l imi t a t ion  
was s e t  so t h a t  the  ac t identa l  r e l ease  frequency is considered 
incredib le  ( i  .e. , 40' / y r )  without imposing adminis t ra t ive  
cont ro ls .  The lowest demanded year for t r anspor t  of l i q u i d  waste i s  
2003. The estimated t o t a l  year ly  (2003) t r a n s f e r  d i s tance  
( roundt r ip)  i s  1,019 km (637 miles) f o r  r a i l  tanker  c a r  and 2,782 km 
(1,739 miles) f o r  t r a i l e r  tanker  car (Table 2-1). 
and t r a i l e r  tanker  c a r  roundtr ips  required t r ave l  d i s tances  t h a t  
will have exceeded the  year ly  allowable AGTS limit of 400 km 
(250 miles) .  Therefore, o ther  s t r i n g e n t  adminis t ra t ive cont ro ls  
( f i r e  t r a i l e r  e sco r t ,  barr icade road crossing,  e t c . )  a r e  required t o  
increase  the  allowable mileage which will increase the  operational 
cos t .  

Rail tanker  car  

*Note t h a t  t he  c r i t e r i a  f o r  the  Howden document were preliminary,  and 
have s ince  been formally documented in WHC-SD-TP-RPT-001 (Mercado 1994).  A 
new risk assessment would be needed as pa r t  of  any formal s a fe ty  documentation 
( i . e . ,  s a fe ty  ana lys i s  repor t  f o r  packaging) f o r  a se lec ted  AGTS. 
actual mileage l i m i t s  may be d i f f e r e n t  than those presented here. 

Therefore, 

3-2 



WHC-SO-W058-TA-001 .. 
Revision 0 

4.0 TECHNICAL UNCERTAINTIES 

4.1 UGTS 

The buried pipe (UGTS) design is approximately 60% complete. The 
Preliminary Safety Analysis Report (Kidder 1993) revision and a system 
engineer design requirement document are being prepared. A1 so, the environ- 
mental documentation for the UGTS is underway. The integrated Project W-058 
is supporting the Tri-Party Agreement Operational Milestone M-43-07C of 
February 1998 as well. as other programmatjc milestones. TKus, there is.no 
technical uncertainty associated with the UGTS. 

4.2 AGTS 

The following technical uncertainties are associated with the AGTS. The 
preparation of the documents as described in Section 4.1 are required by 
DOE Order 4700.1 , Project  Management System (DOE 1987). However, these 
documents have not been prepared for the AGTS. The estimated cost associated 
with the AGTS Conceptual Design Report would be $200,000 to $500,000 and it 
would take about a year to complete. The estimated project cost for AGTS was 
based on preconceptual ideas. Conceptual Design, Title I (Preliminary 
Design) , Title I1 (Definitive Design), and construction activities have not 
been started to meet the Tri-Party Agreement Operational milestone. This is 
the major uncertainty. Other technical issues, such as ,radiation .exposure, 
additional accident admini strative control during transport , a .shielded 
37,850-L (10,000-gal) rail tanker car exceeding the rail truck loading 
requirements, remote operations (connect/disconnect), seismically qualified 
equipment, etc., all require resolution. 
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Craft (Man-Days) I 
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WTF Transfer Procedure Development 
WTF Prepastory Transfers 
bVFT Prep Repairs/Upgrades 
W Prep Pressure Test 
Cross-Slte Transfer RR 
Sornpling 
Cross-Sib Transfer 

Totals 

10% Contingency 

Augmented Total 

105 
160 

420 
20 
57 
630 

0 

21 I 

~~ ~ ~~ 

250 396 131 150 50  100 50 53 53 62 58 60 1413 

25 40 13 15 5 10 5 5 5 6 6 6  

275 436 144 165 55 110 55 58 58 68 64 66 
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Subtotal 

io% Contingency $ 770 

Total sa485 
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[ 5 5 ]  From: Leonard T (TY) Blackford at -WHC229 2 /13/95  3:33PM (1112 bytes: 23 In 
1 
To: Douglas V (Doug) Vo at -KEB16 
cc: Paul J Crane 
Sub j ect : ?.AILCAR COSTS FOR TUTUJLFSOLTD ............................... xessage Contents ------------------------------" 

Doug; 

Sorry for the delay but had trouble relocating data. 

The following is a cost estimate for railcar turnaround at 
221-T. This estimate was developed last year as part of a 
ECCEL item submitted when we recaived our TSD Fernit. 

Cost are for one time turnaround of one rzilcar: 

Bargaining unit labor: $3879 (192hrs) 
iiealth Physics Labor: $1507 (2: hrs) 
Exempt Labor/Support: $ 2 6 0 4  ( l o a  hrs) 
Laboratory Analysis : Sl5,OOO (based on gast costs) 

Total costs per transfer: $23,090 

Approximately 2 transfers per year at this tine. 

Let me know if I can be of any further assistance: 

L. Ty Blackford 
IYanager/ T Plant Engineering 

. 
. -  
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WESTINGHOUSE HANFORD COMPANY 
ABOVE GROUND TRANSFER OF RADIOACTIVE LIQUIDS 

VALUE ENGINEERING STUDY 

. .  

TRANSPORT LIQUIDS COST SUMMARY ATTACHMENT I I  
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[58] From: Brian J Tucker at -WHC82 2/1/95 3:09PM (1132 bytes: 23 In) 
To: .Douglas V (Doug) Vo at -KEH16 
cc: Brian J Tucker 
Subject: Evaporator Cost Analysis ............................... Message Contents ..................... 

Doug, 

As we discussed over the'phone this afternoon, I have 
estimated the cost per gallon to process waste through the 
242-A Evaporator using current and projected budgets, and 
campaign waste volumes. 
somewhat reliable estimate provided by Tank Farms 
Engineering. The FY 97, 98, and 99 waste volumes are pure 
estimates. 

The FY 96 waste volume is a 

lNlA budget/Volume treated = Cost per gallon 

FY 95: $12.85M/2.035 M gallons = $6.31 

FY 96: $12.85M/3 M gallons = $4.28 

Cost per gallon in FY 97, 98, and. 99 will be $3.21 assuming 
4 M gallons processed per year and annual budgets of 
$12.85M. 

I hope this is helpful. 

Brian Tucker 
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[70] From: FJvis Q Le at -WHC338 2/9/95 12:4fPM (1793 bytes: 33 In) 
To:,Douglas V (Doug) Vo at -KEH16 
cc: Elvis Q Le 
Subject: Evaporator Campaigns 94-95' 

Per your request, I am kitting to summarize our ealier conversation regarding 
to Evaporator Campaigns 94-95. 

............................... Message Contents ............................... 

Campaign 94-1 took place between April 15 and June 14, 1994. From an available 
2.87 million gallons of dilute waste contained in 102-AW, 106-AW and 103-AP, an 
overall Waste Volume Reduction (WVR) of 2.39 million gallons (83% WVR factor) 
was achieved. The post-run document (WHC-SD-WM-PE-053, Rev.0) was issued on 
September 30, 1994 to summarize the results of 242-A Evaporator Campaign 94-1 as 
required per WHC-IP-0842 Section 8.12, subsection 6.2 ItProcess Evaluation 
Reportt1. 

Campaign 94-2 was started on September 22, 1994 and completed on November 19, - 1994. Approximately 3.21 million gallons of dilute waste from 101-AP, 107-AP, 
108-AP and tank heels from 102-AW and 106-AW were processed, achieving the 
WVRF goal of 87% (2.79 million gallons). A post-run document is currently 
being prepared to fulfill WHC-IP-0842 requiremement of ItProcess Evaluation 
Reportll . 
Campaign 95-1 start-up date is presently scheduled on June 1, 1995. 
Approximately 2.43 million gallons of dilute waste from 106-AP, 107-AP, and 
106-AW will be processed. Based on a preliminary projection, a W F  of 2.04 
million gallons can be achieved, 

Campaign 96-1 is tentatively scheduled on October 1, 1995. About 830,000 
gallons of dilute complexed waste from 101-AY will be processed. Based on 
its unique characteristic.in nature, it is projected that a WVF of 620,000 
gallons can be achieved. 

Please let me know if I can be futher of assistance. 

Elvis Le 
242-A Evaporator 
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FOE five year planning purposes, S o l i d  Waste Programs 
estimates the FY95 - FY99 S t o r a g e  Disposal R a t e s  a s  
follows: 

6 0  
I to 

1 7 3  " 

7 2  
2 0  

2 0 7  

8 6  
21 

2 4 9  - 
1 0 4  
2 L  
299 

1 2 4  

358 

LLW ($/ft3) 

RMW ($/ft3) 

TRU ( $ / f t 3 )  

HAZ ( $ / c o n t a i n e x  

1 2 5  15.Q 180 216 2 6 0  

4 6 9  563 6 7 6  
- . _ _  

811 973 
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