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EXECUTIVE SUMMARY

This report is an'eva1uation‘of high-/Tow-Tlevel radioactive liquid waste
transport alternatives. The high4716w~1eve1 radiogctive liquid waste will be
transported from the 200 West Area to‘the 200 East Area and within the
200 East Areas for safe storage and disposal. This evaluation %s required to
document the results in response to a question raised during the comment
period of the. Environmental Impact Statement for Safe Interim Storage of

Hanford Tank Waste.'

A previous study? provided the foundation for this evaluation. The
study investigated the technical feasibility and 1ikelihood of approval for
shipping large (19,000 L [5,000 gal]) samples of actual tank waste from the
200 -Areas to hot cell facilities in other areas on the Hanford Site. The
study provided the estimated cost of the 16ad/unloading facility and the risk

assessment that were used in this .evaluation.

The high-/low-level radioactive waste transport alternatives are the
Aboveground Transport System (AGTS) and Underground Transport System (UGTS).
The AGTS methods considered were an "off-the-shelf" shielded French LR-56 Cask
System (3,800 L [1,000 gal]), a conceptual 19,000-L (5,000-gal) shielded
trailer tanker system (truck), and a coqceptua] 37,850-L (10,000-gal) shiered
rail tanker system. The UGTS methdd considered is a 60% design buried pipe

system with unlimited transfer volume capability.

. 'DOE, 1994, Environmental Impact Statement for. Safe Interim Storage of
Hanford Tank Waste, DOE/EIS-0212, Washington State Department of Ecology and
U.S. Department of Energy, Richland Operations Office, Olympia, Washington.

%4owden, G. F., 1993, Pilot Plant Hot Test Facility Siting Study,
WHC-SD-WM-TA-143, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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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 main 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 6f 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
lTowest 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 Toading 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 exposuré cost, the UGTS buried pipe system for the
total Hanford Site cleanup (1995 to 2028) total estimated cost is 65% less -
expensive than the Towest AGTS (rail tanker system). During the Towest
demanded year (2003) for transport of Tiquid waste, rail tanker car and
. trailer tanker car roundtrips required travel distances exceeding the
. estimated yearly allowable AGTS mileage limit of 400 km (250 miles) for
transport of high-level radioactive waste that was set as a limit for an
incredible accident scenario without imposing administrative controls. Note
that the AGTS mileage was based on the Howden document pre]iminary.risk
assessment. Therefore, actual mileage limits may be different than those

presented here.

The buried pipe (UGTS) designh is approximately 60% complete. The
Preliminary Safety Analysis Report for Replacement of the Cross-Site Transfer
System, Project W-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 Analysis Report for Replacement
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
of 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, Ti?]e I
(Preliminary Design), Title II (Definitive Design), and construction
activities have not been started. -The fourth uncertainty is related to
. resolution of tecﬂnica] issues such as radiation exposure, 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.
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-REPLACEMENT OF THE CROSS-SITE TRANSFER SYSTEM
LIQUID WASTE TRANSPORT ALTERNATIVES
EVALUATION, PROJECT W-058

[

1.0 INTRODUCTION

1.1 SCOPE

This study was initiated in response to a question on the Environmental
Impact Statement For Safe Interim Storage of Hanford Tank Waste (DOE 1994)
(regarding the technical basis for preferring pipeline transport of Watch List
waste to rail tanker car or trailer tanker car transport). This study
includes information on volume projections, system descriptions, personnel
exposure, technical uncertainties and costs associated with transportation of
radioactive 1liquid waste from the 200 West Area to the 200 East Area and
within the 200 East Area by the Aboveground Transport System (AGTS) versus the
Underground Transport System (UGTS). The AGTS considered in this study was
the French LR-56 cask, trailer tanker car, and rail tanker.car with the
required load/unload facilities. The UGTS used in this study was buried pipes
with associated diversion boxes that connect from the SY Tank Farm to the
244-A Lift Station.

1.1.1 Waste, Volume, and Source . .

A near-term (1995 to 2005) liquid waste transfer estimated volume
(Toth 1995, Hanlon 1994, Strode 1994) was developed and the details are shown
in Table 1-1. During this period, the estimated total waste volume of
49.509 million L (13.063 million gal) is scheduled for transporting from the
200 West Area to the 200 East Area and within the 200 East Area. The total
estimatéd volume includes mostly facility-generated waste, decommissioning
cleanout, SY Tank Farm retrieval, and facility flushes. Table 1-1 identifies
the facilities from which the waste originates and the quantity of waste
associated with the respective facility.

A long-term (1995 to 2028) liquid waste transfer estimated volume of
757.1 million L (200 million gal) (Brantley 1994) was also considered in the
evaluation. The long-term estimated volume includes the estimated near-term
transfers, single-shell tank retrieval, and transfer from safe storage to
disposal facilities.

1.1.2 Schedule

The schedule driver is the Hanford Federal Facility Agreement and Consent
Order (Tri-Party Agreement) (Ecology et al. 1994) Milestone M-43-07C,
"Replacement of Cross-Site Transfer System Operational by February 1998." As
described in WHC-SD-WM-EV-094, Tank Waste Remediation System Transfer Facility
Compliance Plan (Hansen 1994), replacement of the existing cross-site transfer

1-1




¢-1

SOURCE . YEARLY VOLUME (galons) TOTAL

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 VOLUME (gal.)

Facility Generation .

S—Plant 216000 216000 216000 216000 216000 216000 216000 216000 216000 216000 216000 2376000

T-Plant 180000 180000 180000 180000 180000 180000 180000 180000 180000 180000 180000 1980000

PFP Laboratory w/solid 36000 36000 36000 36000 36000 36000| ° 36000 36000 36000 36000 36000 396000

PFP Stabilization w/flush [} 0 31000 278000 210000 42000 0 0 0 0 0 561000

SY Tank Farm

TK 101-SY Diln/Retrieval (4] 0 0 0 0 (1] 0 0 0 0 0 0

TK 101-SY* 0 0 0 0 0 0 0 0 0 0 0 0

TK102-SY* 450000 0 0 312000 4] 0 0 0 0 0 0 762000

TK 103—-SY Diln/Retrieval 0 0 0 0 0 0 0 0 0 0 0 0

TK103-8SY* 0 0 0 0 0 0 0 0 0 0 0 (1]

Flushes .

SWL Pump. w/o flush (200W)** 111000 736000 534000 809000 258000 26000 0 0 0 0 0 2474000

SST Solids Retrv(200W from TX)** 0 0 0 0 0 0 0 0 0 800000 1200000 2000000

Fac.Gen.+SWL+TCO(200W) 37000 100000 79000 107000 52000 29000 26000 26000 26000 26000 26000 534000

TF lines, cross—site, ALC(200W)**1 180000 180000 180000 180000 180000 180000 180000 180000 180000 180000 180000 1980000

TOTAL VOLUME (gallons) 1210000 1448000 1256000 2118000 1132000 702000 638000 638000 638000 1438000 1838000 13063000

Unless otherwise flagged, data reported here is from the “Double Shell Tank Inventory and Available Space” report, by A.D. Toth, 12/28/1994

*Waste Tank Summary Report for Month Ending, by B.M. Hanlon, WHC—-EP—-0182~81, 12/31/1994

**QOperational 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 flush/injection is equally divided between 200W and 200E

TERMS/ACRONYMS ,

ALC = Alr Lift Circulator SST = Single~Shell Tank TCO = Terminal Clean Out = tank

PFP = Plutonium Finishing Plant SWL = Salt—-Well Liquid TF = Tank Farm

*G00Z 03 S661--91SeM pLhbi]
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lines is required because the existing system does not comply with current
environmental regulations and portions of the Tine are nearing the end of
their design Tife.

1.2 ASSUMPTIONS

The following assumptions were made in preparing this study.

©

Identical quantities of 11qu1d waste are used for the AGTS and the
UGTS.

Personnel exposure was based on a surface dose of 200 mrem/h for the
LR-56 Cask System (Smith 1994) and the same surface dose for rail
tanker car and trailer tanker car systems. Personnel exposure was
based on a surface dose of <0.05 mrem/h for the outside of the UGTS
diversion boxes (Brantley 1994).

The AGTS options include an "off-the-shelf" 3,800-L (1,000-gal)
shielded French truck, a conceptual 19,000-L (5,000-gal) shielded .
trailer tanker car, and a conceptual 37 850-L (10,000-gal) shielded
rail tanker car.

The AGTS consists of two load/unload facilities located at the
SY Tank Farm, and the A Tank Farm Complex.

The UGTS consists of four diversion boxes located near the SY Tank
Farm, existing vent station, B Plant, and the A Tank Farm Complex.

Decontamination and decommissioning (D&D) of two of the Toad/unload
facilities (AGTS) is equivalent to four of the diversion boxes
(UGTS).

The design and fabrication cost of the trailer tanker car and rail
tanker car is the same as the French truck (LR-56), which is
approximately $2.5 million.

Before release of the trailer tanker car or rail tanker car from the
Toad/unload facility, radiological surveys to monitor for
contamination and surface decontamination during upset conditions
are required by HSRCM-1, Hanford Site Radiological Control Manual
(WHC 1994). The radiological surveys and any surface
decontamination will be contact 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 systems include the following:

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

Shielded rail tanker car - truck (conceptua])
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 6430.1A, General Design Criteria (DOE 1989).
These facilities would be Tocated 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, Sections 3.1 and 3.2.2, of WHC-SD-WM-TA-143
(Howden 1993). Some major design features of the load/unload facilities
include the following:

o e ¢ o

e Remotely connect and disconnect the pump, and maintain transfer
pumps and valves using master/slave manipulators

e Drive-through load/unload shielded cells

e Remotely operated equipment (bridge-mounted electromechanical
manipulator, crane) in load/unload cells for recovery from upset
conditions

e 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

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

¢ Sample storage capability (94,600 L [25,000 gal]).

The existing low-level waste unloading facility 204-AR will require
modification to incorporate the above features for high-level waste
activities.

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 Tead 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
Plant Hot Test Facility Siting 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/Unload Facility.
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2.1.2 Trailer Tanker Car - Truck

This is a 19,000-L (5,000-gal) capacity, shielded (5.1 cm [2 in.] of
Jead) double-shell steel tank (about 2.4 m [8 ft] in diameter by 4.9 m [16 ft]
long) mounted on a special low-boy heavy-duty trailer (Figure 2-3). Design
and procurement activities would be required for this system. Detailed
information can be obtained from WHC-SD-WM-TA-143, Appendix B, Section 3.2.3,
pages B-14 through B-23 (Howden 1993). The trailer tanker car will use the
existing road connected between the 200 West and 200 East Areas with approx-
imately 1.5 km (4,800 ft) of .potential additional new road in the.200 East
- Area to avoid sharp.road curves and proximity to existing office trailers
(Trost 1995). The road distance from the $Y Tank Farm facility to the A Tank
Farm complex is 10.7 km (6.7 miles) and from-the B Plant facility to the
A Tank Farm complex is 1.9 km (1.2 miles). The actual road layout is shown in
Figure 2-4.

o
-

2.1.3 Rail Tanker Car

The rail tanker car is a 37,850-L (10,000-gal) capacity, shielded (5.1 cm
[2 in.] of lead equivalent) double-shell tank mounted on a special rail
flat-car. This is a special shielded trailer tanker car and would require
design modification and procurement activities. The non-shielded 75,700-L
(20,000-gal) rail tanker is shown in Figure 2-5. The rail tanker car will use
the existing railroad connected between the 200 West Area and the 200 East
Area with approximately 0.7 km (2,200 ft) of additional new railroad to
provide rail spurs to the SY Tank Farm, B Plant, and A Tank Farm Complex
(Trost 1995). The rail distance from the SY Tank Farm facility to the A Tank
Farm Complex is 15.5 km (9.7 miles), and 5.0 km (3.1 miles) from the B Plant
facility to the A Tank Farm Complex. The actual rail layout is shown in
Figure 2-6. . .

2.1.4 Buried Pipe

The UGTS pipe-in-pipe has two parallel buried pipes connecting the
SY Tank Farm at 241-SY-A and -B valve boxes in the 200 West Area with the
244-A Lift Station and 241-AR-151 diversion box in the 200 East Area. A third
pipe connects B Plant with the cross-site transfer system in the 200 East
Area. The route is approximately 10.4 km (6.5 miles) Tong. The actual buried
pipe route is shown in Figure 2-7. The system consists of 7.6-cm (3-in.)
diameter 304L stainless steel pipes encased in 15.2-cm (6-in.) diameter carbon
steel buried pipes with Teak detection, three diversion boxes with booster
pumps in two of the diversion boxes, and a vent station. The diversion boxes
would be located near the SY Tank Farm, near B Plant, and at the A Tank Farm
Complex, whereas the vent station is lTocated at the highest point in the
600 Area. The replacement of the cross-site transfer system block diagram is
shown in Figure 2-8 and additional details can be obtained from "
WHC-SD-W058-FDC-001, Functional Design Criteria for Project W-058, Replacement
of Cross-Site Transfer System (Brantley 1994). The design of the facility is
shown in Figure 2-9. Some major design features of the diversion boxes
include the following:
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Figure 2-3. ITlustration of the 20,000-L (5,000-Gal)
Tank Mounted on a Heavy-Duty Trailer.

21

HQ\ng 5

o i
s
T
IO
I




WHC-SD-W058-TA-001

Revision O

*

56-2-¢
reeQquqz

41IS dJO4NVH.

. QO M3N I I
QV0y INLSIXI MEREMER

Vayvy "3 002

Road Layout.

Figure 2-4.

=
o
[m B

XN .
0
AN

Vyy

aQvoy 4001 ANdY[

4. AN

2N0H Qvod pWA- :

" m§ EIIQ

w\} £ 31noy g | | | F _.r
N A

vayvy 009

2-6

o
Y3¥v °N 002

Vil 31N0y

9 31Nnod




S 5w 2

WHC-SD-W058-TA-001
Revision 0

Figure 2-5. Low-Level Liquid Transporter
(Requires Shielding for High-Level).
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Rail Layout.

figure 2-6.
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Figure 2-7. Buried Pipe Route.
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Figure 2-9. Underground Transportation System Diversion Box.
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o Operation of the system is automated by using a monitor control
system

e Shielded floor and flush capability for contact-handled ‘maintenance
of transfer pumps, valves, and instruments

e Portable ventilation system for maintenance

e Permanent greenhouse and instrument building.

2.2 COSTS AND COMPARISONS

The data used to develop the various costs associated with each mode of
waste transport are shown later in this section. The French truck was
eliminated from further analysis because its 1imited capacity resulted in an
excessive number of trips (see Table 2-1) making it noncompetitive relative to
the other modes of transport. The types of costs involved include the
following: .

Project

Operational

Evaporation (disposal of flush water)
Personnel exposure

Decommissioning

Summary.

2.2.1 Project Cost Comparison

The project cost for each transport mode is shown in Table 2-2. The
project cost to go ranges from $49.2 million for the UGTS, $31.9 million for
the rail tanker system, and $34.9 million for the trailer tanker system. The
UGTS costs include the pipeline, diversion boxes, vent station, pumps, and
leak detectors. The AGTS costs include the vehicles, load/unload stations,
portion of new road, and a rail spur.

2.2.2 Operational Cost Comparison

The expenses as the result of supporting personnel to transfer liquid
waste (regardless of mode) are considered as operational costs. The support
personnel are typically operations, engineering, health physics, maintenance,
quality assurance, safety, and others.

As shown in Tables 2-3 and 2-4, the cost of transporting radioactive
liquid waste via the UGTS is $0.17/L ($0.63/gal). This compares favorably to
the least expensive AGTS mode (rail tanker) of $0.30/L ($1.15/gal).

2.2.3 Evaporation Cost Comparison

After each transfer of radioactive liquid waste the transferring vehicle

(regardless of mode) will require flushing. Tables 2-5 and 2-6 show the

2~-13
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Number of Transfers/Trips--1995 to 2005.

Table 2-1.
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GIVEN

Ppe/Route Length Addition (mile)
Buried Pipe:

Truck:

Rail:

Minimum Required New Facility
Buried Pipe (Diversion Box):
Truck (Load/Unload):
Rail(Load/Unload):

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

6.5 (SY Tank Farm To 244—-A~Lift Station)
0.92 (Use 200 Arca Existing Road)
0.42 (RaitSpurs toSY and A TF Complex)

4 (DB#1, Vent Station, MWTF—East, DB#3)
1 (SY Tank Farm)
1 (SY Tank Farm)

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

Ppe/Required Transportation Vehicle

Buried Pipe (Pumps, Leak Det,, etc.):
Truck:
Rail:

1 (Inckidespare capability)

COST PER UNIT
Pipe/Route Construction Cost Per Length ($/mile)
Buried Pipe:
Truck:*
Rail:*
Facility Cost ($/facility) Upgrade Existing
Buried Pipe (Diversion Box): N/A
Truck (Load/Unload):** 9000000
Rail({Load/Unload):** 9000000

Pipe/Transportation Vehicle Cost ($/each)
Buried Pipe (Pump, Leak Det,, etc.):

3 (1spare) Truck:***
2 (1 spare) Rail;***
Method Project Cost ($) Total Project
Route Facility Vehicle/Other Cost ($) R
Buried Pipe **** 19214000 20000000 10014000 49228000 (Escalated 1995)
Truck 920000 26500000 7500000 34920000 (Escalated 1993)
Rail 420000 26500000 5000000 31920000 (Escalated 1993)

* Estimate Road and Rail Construction, by E. T. Trost, 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 transporter LR—56 (1000 gallons capacity) estimated cost, 02/1495

w«4# Total Estimated W~058 Project Costs is $52700000. Howevex, the Project had spent $3472000

1478000
1000000
1000000

‘¢-¢ °iqel

New Facility
5000000
17500000
17500000

10014000
2500000
2500000
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Operational Cost Comparison--1995 to 2005.

Table 2-3.
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Operational Cost Comparison--1995 to 2028.

Table 2-4.
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GIVEN COST PER UNIT
Total Number Of Trips or Transfors (Table 2) Waste Wator Evaporation Cost ($/ga¥ion)®
Buried Pipe: 26 (SY to A Farm Compien) Buried Pipe: '
Truck: 2613 (SY t0 A Facm Complex) Touck:
Raik: 1306 (SY 10 A Farm Complex) Rail:
Flush Water Volume (gallon)/Transfer* Flush Water Evaporation Cost ($transfer)
Buried Pipe: ’ 32000 Buried Pipe (1 Volume Fill and 1 Volume Flush):
Truck: 4300 Truck (1 Volume Flush):
Rail: 4900 Rail (1 Voluma Flush): .
Method Evaporation Cost ($) |
{fush water)
Buried Pipe 2106801
Truck 28310134
Rail 16130192 *

* See Appendix B ~ Design Calculation “Evaporation Cost Comparison Bases," by D. V. Vo 2/10/85

2.52
2.52
80640

10836
12348
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GIVEN
Total Number Of Trips or Transfors
Buried Pipe:
Truck:
Rail:
Flush Water Volume (gallon)/Transfer*
Buried Pipe:
Truck:
Rail:

COST PER UNI(T
Wasio Water Evaporation Coat ($/galion)*
400 (SY to A Farm Complex) Buried Pipe: ‘
40000 (SY to A Farm Complex) Truck: .
20000 (SY to A Farm Complex) Rail:
Flush Water Evaporation Cost ($transfer)
32000 Buried Pipe (1 Volume Filland 1 Volume Flush):
4300 Truck (1 Volume Flush):
4900 Rail (1 Volume Flush):
Method Evaponation Cost ($)
(Aush water)
Buried Pipe 32256000
Truck 433440000
Rail 246960000

*See Ap'pendlx B — Design Calculation “Evaporation Cost Comparison Bases,"by D. V. Vo 2/10/95
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quantity of flush water required for each mode of transport and the cost to
dispose of (evaporate) the flush water. The unit cost of evaporation is the
same regardless of the transport mode. The total cost for evaporation is
less for the UGTS because less flush water is required in transporting
49.509 million L (13.063 million gal) of waste via UGTS than AGTS.

2.2.4 Personnel Exposure Cost Comparison

The detriment associated with radiation exposure to personnel is
expressed in dollar value. The cost related to radiation exposure due to
radiological survey is shown in Tables 2-7 and 2-8. The tables show that the
buried pipe mode of waste transport is more cost efficient than the AGTS,
because the UGTS is operated remotely via a monitor control system and 1t has
been designed to have a very small radiation surface dose. Dolliar costs are
the principal factor, although the acceptability of a policy of "burning out”
workers is debatable and is an issue under as low as reasonably achievable
(ALARA) pr1nc1p]es If those costs are not included, the rail mode has a
small economic advantage during the 1995 to 2005 t1me frame. However, when
the time frame is extended to 2028 the UGTS has a large dollar advantage over
the AGTS with or without the personnel replacement costs.

The UGTS and the AGTS will address ALARA considerations to minimize
personnel radiation exposure. The UGTS will be designed to have a maximum
surface dosage of 0.05 mrem/h and the AGTS will have sufficient shielding to
limit surface dosage to 200 mrem/h. For the AGTS, a radiological smear survey
is required to be performed on the cupola (inside), cupola (outside), platform
(deck), underplatform, walk platform, handrails, ladder, tanker sides, tanker
ends, belly/drain, coupling/knuckle, assembly and lever, hand braker, wheel
truck assemblies, and wheels. Because several of the survey areas do not
directly contact the tanker car surface, a radiation exposure dose versus
distance calculation was done (Figure 2-10). Therefore, the selected average
radiation exposure dose of 100 mrem/h at approximately 75 cm (2.5 ft) from the
cask is used in this evaluation. Westinghouse Hanford Company guidelines
assign a cost of $2,500/man-rem for health effects and $22,500/man-rem for
replacement personnel (the cost of replacing the individual worker in the
specific work force who has approached a preset limit). The replacement
personnel cost is based on the average weekly wages and benefits and assumes
12 person-weeks to train each affected worker. These numbers were used in
computing the costs for personnel exposure. Thus, the personnel health
($2,500/man-rem) associated cost is designated as the lower cost and the
replacement personnel ($22,500/man-rem) associated cost is designated as the
upper cost in the evaluation. However, it is assumed that the upper cost can
be reduced to $11,250/man-rem by proper p1ann1ng and managing of proposed
personnel.

2.2.5 Decommissioning Cost Comparison
Regardless of the transport mode employed, decommissioning will be
required. Decommissioning costs for each mode of transport are shown in

Table 2-9. The costs for decommissioning of the buried pipe (UGTS) are about
$17.7 million compared to $1.3 million and $2.1 million for trailer tanker
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GIVEN . . COST PER UNIT (Broper mgmt
Total Number Of Heakth Physis Techaician Require To Survey The Traanspocter @ Rad. Bxposure Cost($/Porson—Aem)®  Lower Upper Upper
Buried Pipa: [ Buried Pipe: 2500 22500 11250
Truck: 2 Truck: 2500 22500 11250
Rail: , 2 Rail: 2500 22500 11250
Estimated Radiological Survey Time (hour)/Person® Radiation Surface Dose (mRem/hd)* R
Buried Pipe: 0 . Buried Pipe: o 0.05
Truck: 8 (survey before leaving and beforeunboading)  Truck: 100
Rail: 8 (survey before leaving and bebxeunbading)  Rail: ' 100
Total Number Of Trips or Transfers (Table 2)
Buried Pipe: 26 (SY to A Farm Complex)
Truck: 2613 (SY to A Farm Complex)
Rail: 1306 (SY to A Farm Complex)

*L-2 ?lqel

23

I2-¢

Method Radtation Exposure Cost ($) :
Lower Upper Upper
(with proper 3 )
Buried Pipe 0 0 0
Truck 10450400 94053600 47026800
Rail 5225200 47026800 23513400

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

® See Appendix C — Design Cakulation “Radiation Exposure Cost Comparison Bases,"by D. V. Vo 2/10/95
** Cost Benelit Analysis at Westinghouse Hanford Company, by R. L Brown and C. J. Stephan, WHC-SA~1533—FP, April 1992,
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G!Vﬂ COS! EEB Uﬂ! ! (Proper mgmt
Total Number Of Health Physis Technician Require To Survey The Transporter ¢ Rad. Bposure Cost($/Person—Rom)*  Lower Uppeor Upper
Buried Pipe: [} Buried Pipe: 2500 22500 11250
Truck: 2 Truck: 2500 22500 11250
Rail: 2 Rail: 2500 22500 11250
Estimated Radiological Survey Time (howur)/Person® Radiation Surface Dose (mRem/h)*
Burled Pipe: 0 Buried Pipe: 0.05
Truck: 8 (survey bebore leaving and beforeunbading)  Truck: 100
Rail: 8 (survey before leaving and bebreunboading)  Rail: 100
Tote! Number Of Trips or Transfers (Table 2)
Buried Pipe: 400 (SY to A Farm Complex) .
Truck: 40000 (SY to A Farm Complex)
Rail: 20000 (SY to A Farm Complex)
Method Radiation Exposure Cost ($)
Lower Upper Upper
(with proper 13 )
Buried Pipe 0 0 0
Truck 160000000 1440000000 720000000
Rail 80000000 720000000 360000000

Note: Survey time does not inlude the remaining 8 hours when the transporter is not full
(i.e. 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 Analysis at Westinghouse Hanfod Company, by R. L Brown and C. J. Stephan, WHC—SA—-1533—FP, Apyil 1992.
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Surface Dose versus Distance Away from the Cask.
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cars and rail tanker cars, respectively. As stated in Section 1.2, the D&D
cost of the load/unload facilities (AGTS) as compared to the diversion boxes
(UGTS) was assumed to be equal.

2.2.6 Summary Cost Comparison

The UGTS (buried pipe) has the Towest overall total cost for near term
(1995 to 2005) and long term (1995 to 2028) as shown in Table 2-10. The UGTS
higher initial project cost and final D&D costs have been offset by the lower
operational, evaporation, and radiation exposure costs which resulted in the
Towest overall total cost.

For the near-term (1995 to 2005) waste transfer, the total lower
estimated cost for buried pipe (UGTS) is 8% less than the rail tanker (AGTS)
method. However, the percentage cost differential increases to 40% for near-
term and upper radiation exposure, 69% for long-term and lower radiation
exposure, and 84% for long-term and upper radiation exposure as shown in
Table 2-10. NOTE: The rail tanker system (AGTS) upper radiation exposure
percentage is a higher cost than the buried pipe (UGTS) and is reduced from
40% to 25% for near term and from 84% to 78% for long term because of
anticipated proper planning and managing of exposed personnel. Even though
the rail tanker car method appeared to have the next lowest overall total cost
for near term (i.e., approximately 49.509 million L [13.063 million gal] or
less), the high radiation exposure to tank farm workers for routine operation
is a concern for the long term.

The AGTS (trailer tanker car) has the highest total cost for near term
(1995 to 2005) and long term (1995 to 2028) as shown in Table 2-10.

For the total Hanford Site cleanup (1995 to 2028), the UGTS is

considerably less expensive (65%) than any AGTS even without taking credit for
radiation exposure cost as shown in Table 2-10.
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Solid Waste Disposal Rate (FY 95) for Aadiation Mix Waste — ($/1t3)*

a COST PER UNIT
Total Estimatoed Longht Of Process Pipe (T)*
Buried Pipe: 64500 (Allspace) Buried Pipe:
Truck: 3973 (1space) Truck:
Rail: . 3972 (1 sparc) Rail:
Required Transportation Vehical Buried Pipe Remove and Package Cost ($/11)*
Buried Ppe: ' 0 Buried Pipe:
Truck: 3 (Tx18Y) Truck:
Rail: 2 (12'x44) Rail:
Method Facility D& D | Pipe Remove | Ppe Disposal Vehical Disposal [Summary D & D
Cost ($) Cost ($) Cost ($) Cost ($) Cost ($)
Buried Pipe Same ** 9933000 2190965 0 12123965
Truck Same ** 611842 134957 359522 1106321
Rait Same ** 611688 134923 1721792 2468403

* See Appendix D — Deslign Calculation *Decommissioning Cost Compatison Bases," by D. V. Vo 2/10/95
** The facility disp osal cost is ASSUMED to be equal
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SUMMARY COST COMPARISON (1995 — 2005)

Mecthod Project Opemation | Evaporation Cost ($) Radiation Bposure ($) Summary DED| TOTAL ESTIMATED COST ($)
Cost (§) Cost ($) (Alush water) Lower Upper Upper Cost ($)* Lower Upper Upper
(wlth proper mgmt) (with proper mgmt))
Buried Pipe * 49228000 8229690 2106801 0 0 [] 12123965 71688455 71688455 71688455
Truck 34920000 22076470 268310134 10450400 94053600 47026800 1106321 96863324 180466524 133439724
Rail 31920000 22076470 16130192 5225200 47026800 23513400 2468403 77820265 119621865 96108465
Method TOTAL COST DEVIATION PERCENTAGE (%)
Lower Upper Upper
g (with proper mgmt)
Buried Pipe 0 0 0
Truck 35 152 86
Rail 9 67 34
SUMMARY COST COMPARISON (1995 — 2028)
Method Project Operation | Evaporation Cost ($) Radiation Exposure ($) Summary DD TOTAL ESTIMATED COST ($) ‘
Cost ($) Cost ($) (Rush water) Lower Upper Upper| Cost ($)* Lower Upper Upper
{with proper mgmt) ' (with proper mgmt)|
Buried Pipe ® 49228000 126000000 32256000 0 0 0 12123965] 219607965 219607965 219607965
Truck 34920000 338000000 433440000 160000000 1440000000 720000000 1106321 967466321 2247466321 1527466321
Rail 31920000 338000000 246960000 80000000 720000000 360000000 2468403 699348403 1339348403 979348403
Method TOTAL COST DEVIATION PERCENTAGE (%)
* Lower Upper Upper
(with proper mgmt)
Buried Pipe 0 0 0
Truck N 923 596
Rail 218 510 346

* Decommision cost does not include the diversion box or loading/unloading facilities
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3.0 CONCLUSIONS

The AGTS versus UGTS evaluation has resulted in the following specific
and overall conclusions.

3.1 SPECIFIC CONCLUSIONS

1.

A total of 13,063 trips (Table 2-1) are required to transfer the-
49,509 million L (13.063 million gal) of radioactive liquid waste in
11 years using the 3,800-L (1,000-gal) capacity French truck. Based
on the number of required trips, it js impractical and uneconomical
to use the French truck system to routinely transport radioactive
Tiquid waste from the 200 West Area to the 200 East Area and within
the 200 East Area. Thus, the buried pipe system, trailer tanker .
system, and rail tanker.system were the three methods selected for
further evaluation.

The project (Table 2-2) and D&D costs (Table 2-9) for AGTS and UGTS
are fixed (that is, independent from the estimated total transfer
volume). The UGTS requires higher project cost to go than the AGTS
rail tanker system and trailer tanker system costs by 35% and 29%,
respectively. The final D&D costs for the UGTS are 79% and 91%
greater than the AGTS rail and trailer, respectively. NOTE: The
initial project costs and final D&D costs are the same to transfer
either 3.8 L (1 gal) or 757.1 million L (200 million—gal).

The UGTS requires much less personnel support relative to the AGTS
for the same capacities. Therefore, the UGTS buried pipe
operational costs are 63% (for the near term) and 68% (for the long
term) less than the AGTS rail tanker system and trailer tanker
system, respectively. The operational cost details are shown in
Tables 2-3 and 2-4.

The UGTS generates the Teast amount of secondary waste (flush water)
in transferring of radioactive liquid waste (near term -

49,509 million L [13.063 million gal] and long term -

757.1 million L [200 million gal]) from the 200 West Area to the
200 East Area and within the 200 East Area. Because of limited
available double-shell tank space, generation of the radioactive
liquid waste must be minimized. The evaporation cost comparison is
shown in Tables 2-5 and 2-6. The UGTS buried pipe evaporation costs
are approximately 8 times and 13 times less than the AGTS rail
tanker system and trailer tank system for near and long term.

During routine transfer, there is essentially no personnel radiation
exposure (ALARA) associated with the UGTS (buried pipe), whereas the
AGTS total estimated radiation exposure is 2,090 man-rem (rail
tanker car) and 4,180 man-rem (trailer tanker car) for near term as
shown in Table 2-7. Because the Westinghouse Hanford Company
Radiological Administrative Control Level is set at 5 rem/year per
radiological worker (i.e., whole body) (WHC 1994), the estimated
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radiation exposure equates to a yearly average number of "burned
out" personnel of 38 (rail tanker car) and 76 (trailer tanker car).

3.2 OVERALL CONCLUSIONS

1.

The UGTS (buried pipe) has the lowest overall total cost for near
term (1995 to 2005) and long term (1995 to 2028) as shown in

Table 2-10. The UGTS higher initial project cost and final D&D
costs have been offset by the least operational, evaporation, and
radiation exposure costs which resuited in the lowest overall total
cost.

The rail trailer system 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 and accident administrative control during transport of high-
level radioactive waste.

The AGTS (trailer tanker éar) has the highest total cost for near
term (1995 to 2005) and long term (1995 to 2028) as shown in
Table 2-10.

For the total Hanford Site cleanup (1995 to 2028), the UGTS is
considerably less expensive (65%) than any AGTS even without taking
credit for radiation exposure cost as shown in Table 2-10.

The risk assessment for the cross-site AGTS (Howden 1993) limited
annual mileage for transporting radioactive sludge (without
dilution) to <400 km (250 miles). The annual mileage limitation
was set so that the accidental release frequency is considered
incredible (i.e., <10°%/yr) without imposing administrative
controls. The lowest demanded year for transport of liquid waste is
2003. The estimated total yearly (2003) transfer distance
(roundtrip) is 1,019 km (637 miles) for rail tanker car and 2,782 km
(1,739 miles) for trailer tanker car (Table 2-1). Rail tanker car
and trailer tanker car roundtrips required travel distances that
will have exceeded the yearly allowable AGTS 1imit of 400 km

(250 miles). Therefore, other stringent administrative controls
(fire trailer escort, barricade road crossing, etc.) are required to
increase the allowable mileage which will increase the operational
cost.

*Note that the criteria for the Howden document were preliminary, and
have since been formally documented in WHC-SD-TP-RPT-001 (Mercado 1994). A
new risk assessment would be needed as part of any formal safety documentation
(i.e., safety analysis report for packaging) for a selected AGTS. Therefore,
actual mileage limits may be different than those presented here.
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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. Also, 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 programmatic milestones. Thus, 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 II (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 administrative 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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Message Contents
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ABOVE GROUND TRANSFER OF RADIOACTIVE LIQUIDS

VALUE ENGINEERING STUDY
TRANSPORT LIQUIDS COST SUMMARY ATTACHMENT I
TRANSPORT LIQUIDS COST SUMMARY |
OPERATIONAL COSTS LOW LEV PSRS
25 mi 10 mi TANK TTANK PILOT
RAIL RAIL TRUCK . TRUCK 1CASK PIPE CASK
FUNCTION GAL; 19000 19000 5000- 000 1000] 1500000} .t
v a D mmrmmy JIRNER sl
LOAD | .
PACKAGE UQUID $ 2000 2000 3000: 1500 1500] 200000 4000
1 - 1
MOUNT CARRIAGE NA . NA NA NA 500jincl abv _{inclabv
MOVE | i .
MOVE CARRIAGE _ [(SECURITY] 3000 3000 3000i 300|incl gbv 000
(S per hr) 1000 1000 250! 100 250 250
HRS 14 10| 4i 4 4 4
TOT HRLY 14000 100001 1000: 400 1000|NA 1000
UNLOAD )
UNLOAD CARRIAGE NA NA NA *NA 200}inc! abv _|incl cbv
; ]
EMPTY CONTAINER 2000 2000 3000 1500 2000linc! abv 2000
CLEAN CONTAINER inclabv linclabv lincl incl abv lincl abv incl abv 1200
RETURN | i '
MOUNT CARRIAGE ‘INA NA NA ‘NA neg NA neg
| : :
MOVE CARRIAGE NA NA NA INA 1000|NA 1000
[
UNLOAD CARRIAGE NA NA NA -NA neqg- NA neg
T T
MAINT. CONTAINER inclabv linclebv :inclabv ‘inclabv 5000] 750000 7000
TOT per shipment  |south of \ 21000 17000 IGID 3400 142001 950000 21200
north of W 18000 14000 7000¢ 3400 11200 950000 18200
S pergal south of w $1.11 $0.89 $2.00 $0.68 $14.20 $0.63 | $3.028.57
north of W $0.95 $0.74 $1.40 $0.68 $11.20 | -~ 50.63 | $2.600.00
at 3000gd $7.00 $5.67 :
3 [poge 54 I
l
— |
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[58] From: Brian J Tucker at ~WHC82 2/1/95 3:09PM (1132 bytes: 23 1ln)
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. The FY 96 waste volume is a
somewhat reliable estimate provided by Tank Farms
Engineering. The FY 97, 98, and 99 waste volumes are pure
estimates.

1N1A 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

B-3
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(100 £)  Re-T-THIATE  HE WIGTF WATER £UAPMATION cOTT

-

THERE ARE TWO CAMFAANS pLANNED T FY j99S. THE FIRST (HripPar -fJ

s = ————— e ———— S ———— i i et el e B T TR o | e e P

Was DeVE onN It |y itH.73E DINL EVAPORATE VOLuMES of 2.19 - iplovs

AND THE NEXT CAMPARIGN 15 ScHEDULED For 06 |15 wirnt 4 TARAET

EVARORATION VOLUME OF Z,.04 A4dlloNs . PAGE 3 IS THE DETHIL ceiMprl-
MESSAGE FROM 77/ 24H2-A EURPORATOR. PROCESS ENﬁriUEE/Z(ELViS 1,;:).

EXPETED T QS FONDWA FTOR THE 242-4 EVAPORADR. 12 i!’&,\‘zu,ooo

FDSP202M00 Financial Data System 02/02/1995 23:43:09
Data as of: 02/02/1995 Activity / 4 Page: 46
CM CM [o,] FYTD FYTD FYTD CURRENT FY EXPECTED FY
BUDGET ACTUALS VARIANCE BUDGET ACTUALS VARIANCE BAC FUNDS

1N1A 242-A/AP&AW TANK FAR HR 19,803 15,617 4,186 73,428 56,051 17,377 224,728 ---
ST 117.2 89.8 27.4 122.5 91.0 31.5 119.9 ---

$ 1,201.5 1,003.8 197.7 6,479.9 3,277.4 1,202.6 13,433.9 12,174.0

GA/CSP 182.7 165.5 17.2 744.4 569.4 175.0 2,115.5 ---

T $ 1,384.2 1,169.3 214.9 5,224.3 3,846.7 1,377.6 15,549.4 12,174.0

— + g
S RE- E<TIMATED EYARRATICN 0Lt (15: 12 174,000 /4, 730,010 7 allonz

TARATED EVADORATION (0T (1Y =|f2.52 Jiatins | =—
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[70] From: Elvis Q Le at ~WHC338 2/9/95 12:41PM (1793 bytes: 33 1n)

To:. Douglas V (Doug) Vo at ~KEH16 . .
cc: Elvis Q Le

Subject: Evaporator Campaigns 94-95°

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

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 "Process Evaluation
Report".

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 "Process Evaluation
Report".

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 WVF 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 asgistance.

Elvis Le
242-A Evaporator

BD-6400-060.1 (12/87)
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(10)

3 )TRAUSFb72 FOM 204 AR TAN K TRFLER pTﬁ///(f/k'H“TO - 290 Jz0 7 peV. go
U JTUANSFER FROM 204p FHIL (HIE 13 TPWK FAgM " TO — 190 - 130 £V Do
5[ rros3 SITE RANSFER FROCEDRE 10257 4202 42 | 1U 4N,

103 -AN o [02-S 7 vir 2445 N TO - 05 —0a60 "' P A-1
6 ) (UISTE TLANSFER LINE PREHERTING ¢rilevtnniol) © () - 058 - ozaj' 1zi]a?
Pr/ COOLS- SITE TRANSFER., FLM WATER. GeptRATION ETTIMATED UoLurt S .

PURIED PIPE ESTIMATED YOLUME (calions) = PREHEAT (ee:g 5) + FLUSH (Ref 6>
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=132,000 3auor\$l A

B[ RAIL[TRUCK CAR FUSH WATER.
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LOANNG 5TATION @ UNLOADING 517

(zg. lor ) (£ef 37 3)

- 1] RAi L. EZIMATED  yoLorE {/n//on? ) 50 3(\llons+ (200 aallon: )
2 DECON wHSTE
(For Deton w ) . T 2450 grl flons

1

2AIL- “STINMRTED VULUHE'{jﬂ//ms) = Z/—ISOJN’OHB ¥ 100% contoe ey
(PR *1tW sz.v/zrz,“)

= lkﬁoo«‘c\\ions I -

= [z ( TRUCK ESTIMBTED yOLUME {ﬁr///o;zsj = 56 3n\lovx& + 21 2y qatonc,
(FOR LAK. WAHSTE)

TRUCIL 71 METED VeLwrlE /jﬂ//a/' 2) = ZISOgallyps (@) coprireeses
{FoR HLW Zwrry ) )

- \4:00 fal’sn s i -

@/\ EVAPIR #TIoN _coST~ EXAMPLE ¢ ALcOLATION

EVPPOITON (88T (&) =(TormL # s ) (FLosH Vol 7rip ) ( Frostl WWJEK Vs ond oN/T (05T 7t vou D,
TP (J™*Yp) (F/garn )
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Reference © Drawing Dbg 83AP 5 ReV. B, by HAMITEN. ENGIZ Tre. 5527
% S
pesuMprion: § RAIL CAR N BE NSP%ED AS A wHOLE .( SAME iR RUCK. )
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