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Executive Summary

This study evaluated a variety of treatment and disposal technolcgies
for mizxed waste (MW) meeting the following criteria:

1, Single-Shell and Double-Shell Tank System ({(tank farms)
equipment and other debris

2. length greater than 12 feet

3. contaminated with listed MW from the tank farms

This waste stream, commonly referred to as tank farms long-length
contaminated equipment {(LLCE), poses a unique and costly set of
challenges during all phases of the waste management lifecycle. For
example, due to the physical size, dose rate and shielded weight
involved, the SY-101 air lance retrieval project required some
$1,200,000 per air lance simply to get this type of waste into
storage. Projected treatment and disposal costs would significantly
add to that total. '

Clearly, a more cost-effective process path was needed for LLCE, and
treatment would be an integral part of this process path. This study
was conducted to select the optimum technology for treatment and
disposal of LLCE based on cost, regulatory, and technical
considerations. The preferred treatment and disposal technologies
will be incorporated into the coverall process path.

The results showed that two alternatives were clearly superior to the
others in terms of cost, and offered competing advantages and
disadvantages. The first alternative, called the "Full-Size
Macroencapsulation” (FSM) alternative, would entail treatment of
transuranic (TRU) LLCE items at WRAP-2B and macroencapsulation of the
remaining LLCE items in seal-welded polyethylene containers in
accordance with 40 CFR 268.45. Other container materials such as
stainless steel and fiberglass composites would alsc be suitable for
FSM. The polyethylene containers would then be disposed in a landfill
meeting the minimum technelogy requirements for MW disposal in
accordance with RCRA Subtitle C (i.e., double-liner, leachate
collection system, and groundwater monitoring).

The second alternative, called the "Grout Vault" alternative, would
entail treatment of TRU LLCE items at WRAP-2B and macroencapsulaticn
and disposal of the remaining LLCE items in the grout wvaults in
accordance with 40 CFR 268.45. The grout vaults also meet minimum
technology reguirements for MW disposal in accordance with RCRA
Subtitle C.

The grout vault alternative is the most cost-effective in the long
run, however the grout vaults are covered by a Tri-Party Agreement
milestone and would require resolution of Safety Analysis Repcrt and
Performance Assessment issues. In addition, the high level of
containment and shielding provided by the grout vaults may be better
utilized for disposal of extremely high dose rate process equipment
during deccontamination and decommissioning of the canyon buildings.

The FSM alternative, on the other hand, would be less cost-effective
in the long run, but wcould use unmcdified existing facilities which do
not have significant regulatory, safety and performance assessment
issues, and would save grout vault space for high dose egquipment
disposal. As a result, this study recommends the immediate
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develcpment of the FSM treatment alternative to meet near-term
treatment needs, while continuing to develcp the grout vault
alternative for disposal of high dose rate equipment. This study also
recommends that when the grout vaults have been modified for waste
disposal, a cost-benefit analysis be conducted to determine if LLCE
disposal shculd be shifted to the grout vaults at that time.

Development of FSM should concentrate on the following items:

1. brief regulating agencies on pcsition that LLCE does not
contain free liquids

2. design and procure polyethylene macroencapsulation containers

3. modify design of retrieval and transportation equipment to be

compatible with full-size macroencapsulation

Development of the grout vault alternative should concentrate on the
following items:

1. brief regulating agencies on position that LLCE does not
contain free liquids

2. resolve treatment after placement in a landfill issues

3. resolve question of grout vault availability for waste disposal

4. determine acceptability of the grout wvault macro-encapsulation

concept to regulating agencies and stakeholder groups

5. evaluate the availability of capital to modify the grout wvaults
for the waste disposal mission

The resulting LLCE macroencapsulation process line will provide low

cost, robust and flexible treatment capability for LLCE and a wide
range of similar equipment contaminated with listed MW.

ii
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Treatment Options for Tank Farms
Long-length Contaminated Equipment

1.0 Objective

The primary cbjective of this study was to select the treatment
method, or combination of methods, which should be developed for long-
length contaminated equipment {LLCE}) from the Single-Shell and Double-
Shell Tank systems. The information developed would then serve as
justification for more detailed development of the preferred treatment
method (s).

The secondary objective was to develop a preliminary basis for sizing
LLCE storage and disposal facilities. Clearly, both the expected LLCE
retrieval rate and the planned treatment methods addressed by this
study would have significant impact on future needs in these areas,
therefore the results would provide important justification for
selecting design capacity cf cngoing facility construction projects.

1.1 Background and Scope

Throughout the majority of Hanford's operational history, LLCE from
the various tank farms were simply rinsed off, wrapped in plastic, and
buried as radicactive low-level waste (LLW). In February 199C the
Double-Shell Tank System Part A, Form 3 Permit Application was revised
to include listed waste code F003, which resulted in reclassification
of tank farms waste as listed MW, and imposed hazardous waste handling
requirements on MW-contaminated egquipment such as LLCE. Ecology, RL
and WHC recognized that the regulatory framework at the time did not
adequately address management of equipment which had been in contact
with listed MW. Therefore, a slightly modified version of the
criginal rinse and disposal practice, based on the EPA/Eccology triple
rinse requirement for empty hazardous waste containers, was approved
for use by DOE and Ecology on site. Tank farms operations continued
essaentially as before!?,

In 1992, however, the EPA promulgated a collection of changes tc the
Resource Conservation and Recovery Act (RCRA) hazardous waste
regulations which specifically addressed management of listed MW-
contaminated equipment. Known as the "Debris Rule," this legislation
invalidated the Ecclegy-approved triple rinse procedure and subjected
@ll listed MW-contacted equipment to the new EPA standards for
hazardous debris management.

Since that time, WHC has expended considerable effort to develop a
RCRA-ceompliant, cradle-to-grave mechanism to disposition failed LLCE.
These efforts have so far resulted in improved retrieval equipment and
procedures, standardized generic transportation equipment, and
development of storage facilities to handle long, heavily shielded
containerized equipment. As the latest step in this ongoing process,
this study was performed to initiate detailed develcpment of treatment
capability for LLCE.

‘Letter, T. L. Nord, Ecoloay, to 5. H. Wisness, RL, "Equipment Decontamination
Procedures, " dated July, 24, 1891,

:Letter, E. A. Bracken, RL, to T. L. Nord, Ecclogy, "Equipment Decontamination, ™
29102456 21-EAB~123, dated June, 5, 1991,
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1.2 Purpose and Need

LLCE has been and will continue to be generated, both to support
general tank farms operations and long-term tank waste retrievai/
vitrification milestones. However, due to the regulated nature of
LLCE, they would be restricted from land disposal until successful
compietion of treatment. Therefore, LLCE would continue to collect in
storage until treatment capability could become operational.

This constraint applies tc all listed MW generated on site. However,
the unique size, shielded weight and high dose rate characteristics of
LLCE would make all phases of retrieval, transportation and storage
extremely expensive. Thus, while long-term stcrage for future
treatment has been a cost effective tactic for most listed MW on site,
LLCE was thought to be an exception.

To verify this qualitative evaluation, and to provide adequate fiscal
justification to support development of treatment capabilities, a
detailed study was clearly needed to compare the stcrage costs of
deferral with the cost of treatment activities. This study was
conducted to meet that need.

2.0 Summary

The study methodolegy and findings have been summarized below. First,
the treatment methods available for LLCE and the inherent restrictions
applicable to each treatment method were defined. To account for
individual treatment method restrictions, combinaticns of treatment
methods were designed to treat the entire LLCE waste stream. As a
result, each of these treatment method combinations, called "treatment
alternatives" for the purposes of this study, would constitute a RCRA-
compliant cradle-to-grave waste management plan for LLCE.

A detailed cost estimate of each alternative was then conducted, and
the best compromise between technical, regulatory and cost concerns
were determined. Based on the information in this study, two
treatment alternatives were selected as preferred zlternatives for
future development.

The first alternative would defer treatment of the transuranic (TRU)
fracticn of the LLCE waste stream until WRAP-2B, and would treat the
remaining LLCE components by full-size macro-encapsulation (FSM). FSM
would be accomplished by transferring the LLCE item into a long
polyethylene container, filling the internal void spaces, and welding
the end cap on. Other container materials such as stainless steel and
fiberglass composites would also be suitable for FSM. The FSM
container would then be disposed in a landfill meeting the minimum
technology requirements for MW disposal in accordance with RCRA
Subtitle C.

The second alternative would defer treatment of the TRU fraction of
the LLCE waste stream until WRAP-2B, and would treat the remaining
LLCE components by macroencapsulation in the grout wvaults. In this
alternative, the grout vaults would serve as a combination treatment
and disposal facility.

The FSM alternative would be achievable in the next fiscal year, use
cff-the-shelf technology and reguire little or no additional funding.
As a result, the FSM alternative was selected for immediate
development. The grout vault alternative would offer minimum cost,

2
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minimum disposed waste volume, simplified handling and improved
ability to handle very high dose rate items, however a number of
regulatory and funding issues would require resolution. Therefore,
the grout vaults were selected for longer term development.

3.0 Recommendations and Ceonclusions
3.1 Recommendations

This study recommends development of the FSM alternative to meet near-
term treatment needs, and development of the grout vaults for
treatment of high dose rate equipment. Detailed recommendations have
been broken down into the folleowing areas:

3.1.1 FSM Development

The following recommendations should be implemented by SWD and TWRS
immediately to develop FSM treatment.

1. Initiate a joint SWD/TWRS engineering design and development
effort for FSM treatment.

2. Initiate re-engineering of the generic transport container/
trailer system to be consistent with the FSM design effort.

3. Grant a schedule extension to the transportation equipment
design team to allow Jjoint development of transportation
egquipment and FSM treatment.

4, Ensure that transportation system redesign would also be
compatible with the grout vault concept,

5. Initiate a dialog between SWD, TWRS, Bechtel Hanford
Incorporated (BHI) and DOE-RL to potentially increase the space
allotted to SWD in the Project W-025/W-025A trenches.

6. Based on the discussions with BHI, determine the need for a
line item preoject teo construct additional RCRA subtitle C
trench space.

7. Ensure that the site-~wide Form 2 revision includes all
provisions necessary to support macroencapsulation of hazardous
debris.

8. Initiate the required permit modifications.

3.1.2 Grout Vault Development

The following recommendations should be implemented by SWD and TWRS to
develop the grout vault concept:

1. Initiate dialog with the regulating agencies and stakeholder
groups to assess the acceptability of the concept.

2. Evaluate the availabkility of capital funding reqguired to
support grout vault modificaticns.

3. If availability, acceptakility and funding issues can be

successfully resolved, initlate a line item project to modify
the grout vaults for high dose rate treatment.

3
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4, Once the grout vaults are operational, perform an updated cost-
benefit study to determine if LLCE treatment and disposal
should be shifted to the grout vaults.

3.1.3 SWD Planning

The following recommendations should be implemented immediately to
ensure that SWD long-range planning remains consistent with the
results of this study.

1. Suspend projects to develop extraction-based treatment methods
for LLCE. Since future data may indicate that the trapped
liquid portion of the LLCE waste stream was underestimated by
this study, or future studies may determine that an extraction-
based treatment capability is required for other applications,
the data generated by these development activities should be
retained.

Z. Continue tc fund development of WRAP-ZB. Ensure that LLCE
reguirements have been scoped into WRAP-2B planning, or
pianning for any follow-on remote-handled (RH) TRU capable
treatment facility.

3. Continue to develop LLCE storage pads. Size the pads to store
a minimum of 20 LLCE items.

4. Review the SWD cost structure to ensure that appropriate cost
incentives are in place to encourage waste treatment by the
waste generator versus storage.

5. Update the Solid Waste Program Technical Baseline Description
(WHC-5D-WM-RPT-06C) to reflect development the FSM and grout
vault missions.

3.1.4 Site-Wide Planning

Even using the most cost effective technologies available, the cost of

LLCE retrieval/disposal operations would be considerable ($20C K to

5600 K per item). Therefore, the following recommendations should be

considered for site-wide implementation.

1. Establish a policy to leave as many LLCE items in place as is
consistent with tank farms operations and TPA milestones.

2. Endeavor to place removed LLCE in an empty riser in the same
tank if at all possible.

3. Endeavor to place removed LLCE in an empty riser in the same
tank farm if a riser in the same tank is not available.

4, Factor LLCE life cycle cost information into the selection
process for tank waste retrieval system designs.

3.2 Conclusions

Deferral of treatment of the TRU fraction of LLCE until WRAP-2B is the
only viable option available, and should be pursued by implementing
the recommendations in Section 3.1.

FSM would be the most cost-effective and robust treatment alternative

4
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available in the near-term, and should be developed by implementing
the recommendations in Section 3.1.

The grout vault concept has the potential to offer lower treatment and
disposal cost in the future, and should be developed by implementing
the recommendations in Section 3.1.

4.0 Uncertainties

While any cost estimate effort is subject to a variety of minor
uncertainties, the following areas were considered to be the major
sources of uncertainty. To allow for uncertainties in these areas the
cost estimate models in Appendix C and E were designed to be easily
updated as more information becomes available, which would allow
revalidation the conclusions reached by this study.

4.1 Overhead Costs

The direct-billed activities regarding LLCE treatment have been
reasonably well established by this study, however a reliable and
proven method to assess the impact of overhead cost could not be
determined, and therefore was not included. The overhead costs
incurred by operations in a fixed facility were thought to exceed
those for field operations. As a result, the actual cost differential
between the grout vaults and FSM may be slightly smaller than shown in
Appendix G.

4.2 Treatability Group Percentages

The treatability group percentage calculations discussed in Section
5.4 were conducted with the best data available at present, however
empirical data from future LLCE retrieval operations may indicate a
significantly different distribution of LLCE items. For example, a
marked increase in TRU generation may make it cost effective to
accelerate WRAP-2B, or as is more likely, to develop a modest TRU size
reduction and repackaging capability before WRAP-2B becomes
operational.

5.0 Description of Treatment Methods and Alternatives
For the purposes of this study the following definitions were used:

- A treatment method was defined as a sequence of processes from
the point of generation tc the point of disposal which
collectively meet current regulatory requirements for a subset
of the LLCE waste stream.

- A treatment alternative was defined as a combination of
treatment methods which effectively dispositions the entire
LLCE waste stream.

Since most of the treatment methoeds evaluated in this study would be
applicable only to a subset of the LLCE waste stream, a distinction
between "treatment methods" and "treatment alternatives" was
necessary. A discussion of the individual treatment methods selected
for evaluation, the restrictions applicable to each method, and the
combination of available methods into separate alternatives has been
included in this section. Cost comparisons were conducted between
alternatives, as opposed to between methods, to ensure that the
results were representative of the entire LLCE waste stream.

5
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5.1 Acceptable Treatment Methods

A Value Engineering study with TWRS and SWD subject matter experts was
used to identify the various LLCE treatment methods which would be
both technically feasible and acceptable from a regulatory

perspective. The results of the Value Engineering study have been
summarized in Figure 1.

Figure 1. Treatment Methods - Basic

Retrieve
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Transport
LLCE.

!

Storage

Field size
reduction:

Size reduce in
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facility.

I . < N

Size reduce in
greenhouse.
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Poirt of .
Generation MGP,"B T 2706-T WRAP-28. MW Trench. Grout Vaults.
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. N 7 Z J
Jreatment
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Immobilization Extraction. Destruction.
. 7

\MW Landﬁll\ \LLW B“"a'\ \Grout Vaults\
Grounds.

5.2 Initial Screening

Figure 1 clearly illustrates that a substantial number of acceptable
treatment methods would be avallable. To simplify Figure 1 to a
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manageable size and complexity, a series of initial cost and
gualitative screening evaluations were conducted. A discussion of the
rationale for each initial screening evaluation has been included in
Section 5.Z2.1 through 5.2.5 below.

5.2.1 Extraction/Destruction Methods

Although both extraction-based and destruction-based treatment methods
would generally be applicable to LLCE waste, further investigation
showed that extraction-based methods had far more potential for
success and fewer ceontaminant restriction concerns. As a result,
destruction-based methods were not pursued further.

5.2.2 Treatment by Generator

Extraction treatment under treatment by generator (TBG) provisions’®
would require significantly more cost and effort than immobilization
under TBG. Extraction treatment would require provisions for handling
any solid or liquid secondary waste generated, for repackaging the
LLCE after treatment into burial containers, and for assessing
compliance with a difficult performance standard based upon a visual
inspection of the contaminated surface. On the other hand,
immobilization treatment would regquire none of these capabilities. As
a result, immopilization was the only TBG method considered.

5.2.3 Immokbilization

Although numerous fechnologies currently exist for immobilization of
waste, the cost of conducting immobilization would be significantly
lower when performed in a container as a TBG activity. The Form 2
notification! process required for TBG activities would be
significantly easier, quicker and less expensive than the traditicnal
permitting process, and has already been initiated to cover
immobilization technologies. Also, TBG activities would offer
significant operational savings in terms of simplified waste analysis,
facility design, construction and operation requirements. As a
result, TBG-compatible immobilization methods were considered wherever
possible.

5.2.4 Mcbile Facllity Options

Initial cost estimates on a variety of mobile facility concepts showed
that the cost differences between mobile size reduction facilities and
full mobile treatment facilities would be minimal, therefore only full
mobile treatment facility options were pursued further. Concept
sketches and the associated cost estimate results have been included
for reference in Appendix G.

The major advantage of using a mobile treatment facility would be the
ability to place the facility within the arc of the retrieval crane,
thereby allowing transfer of the LLCE to the treatment facility
without associated transportation costs. Unfortunately, however, many
of the individual tank farms have extensive above-ground equipment and

*WAC-173-303, Dangercus Waste Regulations, Section 170(3), "Requirements for
generators of dangerous waste,” dated December 8, 1993.

4WAC—173—303, Dangercus Waste Regulaticns, Section 060(2), "Notification arnd
identificatior numbers,” dated December 8, 1993.

7
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other interferences which would prevent placement of a mobile facility
within the arc of the crane. As a result, LLCE would have to be
transported in many cases and the benefit of treatment facility
mobility would be lost. The mobile facility would become in reality a
"temporary" facility in a fixed location.

If transportation costs to bring LLCE to the facility were added to
facility procurement costs, the cost of this type of "temporary"
facility would be comparable to or higher than the fixed facility
concepts under consideration. Therefore, moblle treatment facility
concepts were not pursued further.

5.2.5 WRAP-2A

WRAP-2A had been planned as a MW macro/microencapsulation facility
which would handle debris and any other waste streams amenable to
encapsulation. Since limited remote~handling capability and no size
reduction capability has been planned for WRAP-22, LLCE would have to
be processed to meet < 200 mr/hr and 4 ft by 4 £t by 4 ft box size
requirements prior toc treatment there®. LLCE which met these criteria
could also be macroencapsulated in the field (either in the tank farm
or a SWD facility) for a fraction of the projected $650/ft® treatment
cost at WRAP-2A. As a result, use of WRAP-2A as a LLCE treatment
facility was not pursued further.

5.2.6 Summary

Using the results in Section 5.2.1 through 5.2.5, the treatment
methods tree in Figure 1 was greatly simplified. The resulting
treatment methods tree has been summarized in Figure 2. A detailed
description of each treatment method shown in Figure 2 has been
provided in Section 5.3.

5.3 Description of Treatment Methods

This section contains meore detailed descriptions of the treatment
methods summarized in Figure 2. Each method was also assigned a
shorthand notation for later use.

5.3.1 No Action (NA}

The no action alternative would entail deferral of all treatment.
LLCE would be stored indefinitely.

5.3.2 WRAP-2B (2B)

Treatment at WRAP-2B was assumed to entall a size reduction step
followed by extraction-based treatment. After treatment, the TRU
fraction would be packaged for shipment to the Waste Isolation Pilot
Plant (WIPP) and the LLW fraction would be sent to disposal. The LLW
fraction which met the release requirements from RCRA® following
extraction technology treatment would be disposed in the LLW burial
grounds, and the LLW fraction which did not would be macroencapsulated

bWHC—FD*WIOOmFDC—OOl, Functional Design Criteria, Waste Receiving and Processing
Module ZA, Project W-10Q, Section 1.0, Revision 2, dated October 4, 1293

“4 CFR 268, Land Dispcsal Restrictions, Paragraph 268.45(c), "Conditioned
exc_usion of treated debris," dated July 1, 1992.
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Figure 2, Treatment Methods - Simplified
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and disposed in the MW landfill.

WRAP-2B was assumed to be a green field facility, constructed from the
ground up for treatment of both TRU and remote-handled waste. When
used in concert with other treatment methods, WRAP-2B was assumed to
treat the available TRU waste inventory first, then use any excess
capacity to treat LLW.

Each LLCE item destined for treatment at WRAP-2B would be stored in
its type B transport container or a specialized storage container on
an uncovered storage pad until a treatment slot became available.

5.3.3 221-7 Canyon (T)

Treatment at 221-T would entail a size reduction step followed by
extraction-based treatment. After treatment, the fraction which met
the release requirements from RCRA would be disposed in the LLW burial
grounds, and the fraction which did not would be encapsulated and
dispesed in the MW landfill.

The 221-T process line would be installed on the T Plant canyon deck,
along with provisions to allow LLCE to be brought into the canyon,
liquid waste handling upgrades, ventilation upgrades, and other work
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required to bring the canyon deck work area up to code’. Due to canyon
deck space constraints, 221-T would have only one process line. This
fact, along with other facility constraints®?, would restrict 221-T to
processing only LLW and not TRU.

Each LLCE item destined for treatment at 221-T would be stored in its
type B transport container or a specialized storage container on an
uncovered storage pad until a treatment slot became available.

5.3.4 2706-T Annex (06)

Treatment at 2706-T would entail a size reduction step followed by
extraction-based treatment. After treatment, the fraction which met
the release requirements from RCRA would be disposed in the LLW burial
grounds, and the fraction which did not wculd be encapsulated and
disposed in the MW landfill.

The 2706~T preocess line would be installed in an annex tc the existing
2706-T facility at the T Plant®. To minimize facility costs, the 2706-
T annex would have only one process line. This fact, alcng with other
facility constraints'®, would restrict 2706-T to processing only LLW
and not TRU.

Each LLCE item destined for treatment at 2706-T would be stored in its
type B transport contalner or a specialized storage container on an
uncovered storage pad until a treatment slot became available.

5.3.5 Grout Vaults (GRV)

The most cost effective mechanism for macroencapsulation treatment in
the grout vaults would entail loading LLCE into a grout vault as they
are generated, storing the LLCE until a layer of equipment had
accumulated, and covering the LLCE layer with a complete l1ift of
encapsulating material. In this way, the encapsulating material would
serve as the macroencapsulant, and the grout vault would serve as an
interim storage facility and as the MW land disposal facility.

5.3.6 Full-Size Macroencapsulation (FSM)
FSM design primarily considered TBG macroencapsulation methods. & TBG
macroencapsulation method would have to meet the basic TBG

requirements?!;

- Treatment must occur in an accumulation tank or container.

"WHC-SD-WM-ES-283, Long Term Decontamination Engineering Study, Section 6.0,
"Alternative 1: T Plant,™ Revision O, Draft.

ﬂWHC-SD—WM—ES—ZSB, Long Term Decontzmination Engineering Study, Appendiz A, "T

;

Plant Systems Engineering Study,"” Sectlon 4.4,2, "Transuranics,” Revision 0, Dra‘ct.

*WHC-SD-WM-E5-283, Long Term Decontamination Engineering Study, Section 7.0,
"Alternative 2: New Facility," Revision 0, Draft.

Y%HC-SD-WM-ES-283, Long Term Decontamination Engineering Study, Appendixz &, "T
Plant Systems Engineering Study," Section 4.4.2, "Transuranics,” Revisicn 0, Draft.

11WAC—173—303, Dangerous Waste Regulations, Section 170(3) (b), "Requirements for
generators of dangercus waste,” dated December 8, 1993.
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- The waste must be treated, and subsequently stored or disposed,
in a permitted facility within 90 days of the generation date.

The technology chosen for consideration was based on a poclyethylene
macroencapsulation container with a specially-designed thermal weld
sealing capability. 1In order to address radicnuclide content
concerns, the macrcencapsulation container would also be selected to
meet NRC high integrity container (HIC) criteria. Certification of
the container by the NRC would not be required, however. This type of
macroencapsulation HIC, or MHIC, design would require only minor
modifications tc commercial HICs available from a number of vendors.

Treatment would entaill rolling the LLCE into the MHIC, filling the
void space to prevent burial ground subsidence, and welding on the
lid. All steps were initially planned to be performed by TWRS at the
point of generation (tank farm) under TBG. The package would then be
shipped te the MW landfill and disposed. Treatment at the tank farm
would provide the advantages of fewer handling coperations
(particularly under high dose rate conditions), simplified permitting
and shipment direct to disposal, but would require re-design of the
transport container, transport trailer and MW landfill tec allow for
handling of the added weight of void space fill materials.

5.3.7 Field Dunnage Removal (FDR)

Treatment by this method would entail dunnage removal in the field
using a specially-designed greenhouse and cutting equipment, followed
by a macroencapsulation method similar to the FSM method described in
Section 5.3.6. Dunnage refers to top flanges, pump motors and other
hardware above riser flange level, which would require a significantly
larger container diameter than the majority of the LLCE item. The FDR
method would coffer the advantages of smaller, lighter MHIC packages
and smaller MW trench space requirements, but would reguire a complex
hands~on cutting operation in the field.

5.3.8B Field Size Reduction (FSR)

Treatment by this method would entail size reduction of the entire
LLCE item in the field using existing cutting equipment, followed by
macroencapsulation in a smaller version of the MHIC discussed in
Section 5.3.6. A crane would be used to lower the LLCE vertically
into a glove bag, which would be positioned on top of a 150 gal MHIC.
A shear-type cutting mechanism enclosed in the glove bag would then be
used to cut the 1tem at the desired length, and the cut piece would be
placed into the MHIC. Once the MHIC was full, the remaining LLCE item
would be bagged and moved to another pre-positioned MHIC assembly.

The above process would be repeated as necessary until size reduction
was complete. Following size reduction, the void spaces in the MHICs
would be filled and the lids would be welded on. All steps would be
performed by TWRS at the point of generation {(tank farm) under TBG.
The packages would then be shipped to the MW landfill and disposed.

The FSR operation would basically be a contact-handled evolution, and
would be limited to LLCE with a maximum dose rate of approximately 100
mr/hr gamma and desired dose rate significantly less. Since shielding
beta radiation would ke much easier than gamma, higher dose rate items

11
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could be accepted if the radiation was primarily beta'”. Alsc, the
existing shear equipment is limited to 4 inch OD items, and shears
with significantly larger capacity would not be sufficiently mobile to
be compatible with FSR.

5.4 Treatability Groups

As discussed in Section 5.0, each treatment method would incur
different operating restrictions based on the physical and
radiological characteristics of the waste, as well as the design and
construction of the treatment equipment and regulatory requirements.
As a result, the LLCE waste stream was subdivided into separate
treatability groups, based on treatment method restrictions, in order
to conduct meaningful comparisons. Given the treatment methods listed
in Figure 2, the following waste characteristics were found to be
significant:

- Waste Classification: TRU vs LLW

- Geometry: Complex Geometry vs Straight Pipe

- Dose Rate: Ccntact-Handled vs Remote-Handled

- Trapped Liquids: Trapped Liquids vs No Trapped Liquids
- Diameter: <4 inch vs > 4 inch

A discussion of the justification for each subdivision has been
included below.

5.4.1 Waste Classification

The classification of LLCE as TRU or LLW would be significant for two

reasons:

1. TRU materials are restricted from land disposal by DQOE Order
5820.2 and 10 CFR 61.

2. TRU-capable treatment facilities must meet more stringent
requirements for ventilation, contaminaticn control, and assay
equipment than non-TRU facilities (DOE Crder 6430.13;.

Due to the DOE ban on near-surface land disposal of TRU materials, a
processing line for TRU LLCE would have to either size reduce and
macroencapsulate the TRU LLCE for disposal at WIPP, or remove
sufficient TRU radionuclides from the waste matrix to change the
classification to LLW. Consequently, a viable TRU facility would
generally have a size reducticn line followed by an sextraction line, a
macroencapsulation line, or a combination of the two.

As discussed in Section 5.3, the size reduction/extraction treatment
methods under develcopment at 221-T and the 2706-T annex would also be
non-viable for TRU. Therefore, the only viable option for processing
TRU equipment would be WRAP-2B.

5.4.2 Geometry
LLCE geometry would be significant primarily because existing FSR

capabilities would be limited to relatively simple straight pipe
items. Therefore, the LLCE waste stream was divided into a straight

12,

Per telephone conversaticn, D. P. Neibuhr to W, S. Josephsorn, on October 17,
1994.
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pipe treatability grcup, which would encompass all FSR-compatible
equipment configurations, and a complex geometry treatabkility group,
which would encompass all other equipment configurations.

5.4.3 bose Rate

Equipment dose rate would be significant primarily because FSR
operations would be limited to contact-handled items (dose rate < 100
mr/hr).

5.4.4 Trapped Liqgquids

The presence of free liquids would be significant because free liquids
are prohibited from land disposal'’. Extraction-based treatment
methods would remove free liquids as part of the treatment process,
however immobilization-based methods would not. Therefore, LLCE
immobilized via macroencapsulation (i.e. FS8M, FDR, FSR and grout wvault
treatment methods) must not contain free ligquids to be acceptable for
land disposal.

The analytical method to determine whether containerized waste
contains free liquids invelves obtaining a representative sample of
the waste and placing a 100-g sample into a paint filter®?*, If
liquid is observed dripping from the filter holding the sample during
a five minute period, the waste matrix is considered to have free
liguids, It 1is, however, virtually impossible to cobtain a
representative sample from LLCE waste. Since this type of sampling
difficulty is exactly why EPA promulgated the debris rule, this
discussion is offered in lieu of sampling to establish that the LLCE
waste stream does not contain free liguids.

The term "free liquids" refers to liquids which readily separate from
the sclid portion of the waste under ambient temperature and
pressure'®. Based con this definition, there are two types of liquids
in a macroencapsulated LLCE disposal package which warrant discussion.
The twe types of liquids, neither of which meet the regulatory
definition of free liquids, are residual liquids and trapped liquids.
Residual liquids refers to occasional drops of water and/or surface
films that could remain on the exterior of an LLCE item following
rinsing as part of retrieval operations from a tank. Residual liquids
are not considered free liquids because surface tension properties
will not allow this liquid to readily separate from the LLCE following
retrieval from a tank.

The second circumstance warranting discussion concerns trapped
liguids. This term refers to measurable quantities of liquid which

Yunc-173-303, Dangerous Waste Regulations, Section 140(4)(b), "Disposal of liguid
waste, " dated December 8, 1993.

Yiys EPA SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, Test Method 9050, "Paint Filter Liquids Test, " Update 2, dated April 1985,

l5WAC—1'?3—303, Dangerous Waste Requlations, Sectien 140(4) (b) {iii}), "Disposal of
liquid waste," dated December 8, 1893,

'%40 CFR 260, Hacardous Waste Management System: General, Paragraph 260.10,
"Definitions, " dated July 1, 199C.
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could be trapped or retained in some LLCE designs. By definition®’,-
LLCE with trapped liquids could be construed as a container. When a
LLCE item can meet the definition of container and the definition of
an empty container'® the empty container rule and the debris rule wculd
be utilized to dispose of LLCE as follows.

In cases where the internal and external surfaces of the LLCE met the
clean debris surface performance standard for hazardous debris'’, but
the interior components of the LLCE contain trapped liquids, the
debris rule would be utilized to exit RCRA and the empty container
rule would be utilized to dispose of the LLCE item as an intact, empty
container (crushing the container would be impractical). Disposal of
intact, empty containers are not subject to the standards for
hazardous debris and would only have to meet disposal standards for
low-level radicactive waste. Since residual wastes (both solid and
liguid) are allowed to be disposed of in intact empty containers as
long as wastes have been taken out using practices commonly employed
to remove materials from that type of container, disposal of trapped
liguids in this scenario meets all applicable RCRA requirements.

These trapped liguids would not be considered free liquids because
they would not readily separate from the LLCE item following retrieval
from a tank.

In other trapped liquid scenarios, the internal and external surfaces
of the LLCE item would not meet the clean debris surface performance
standard (e.g. still be contaminated with waste from the tank farms).
In this case, the LLCE would be disposed of both as an intact empty
container and as macroencapsulated hazardous debris. In this
situation, the LLCE item may also display other characteristics®® or
criteria® of a dangerous waste. The empty container provisions would
be utilized to allow for disposal of trapped liquids. Because of the
contaminated surfaces of the LLCE item, the provisions for
macroencapsulated hazardous debris would also be utilized to allow for
disposal as mixed waste. Since the theoretical maximum volume of
trapped liguid in any LLCE design falls well below the 1% of capacity
requirement for empty containers?, the elements of the empty container
rule would be satisfied for both situations above.

Finally, each LLCE item wil}l be retrieved from a tank into a flexible
recelver so that the LLCE item is not exposed to the atmosphere during
retrieval activities. Sufficient abscrbent material has been

"WRC-173-303, Dangerous Waste Regulations, Section 040, "Definitions,” dated
Decerber 8, 1993.

IEWAC—ITB—BOB, Dangerous Waste Regulations, Secticn 160(2)(a), “"Containers," dated
December 8, 1993.

%40 cFR 268, Land Disposal Restrictions, Paragraph 268.45 Table 1, "Alternative
Treatment Standards for Hazardous Debris," Footnote 3, dated July 1, 1992,

““WaC-173-303, Dangerous Waste Regulations, Section 090, "Dangerous waste
characzcteristics,” dated December B8, 1983,

ZhgAC-173-303, Dangerous Waste Regulations, Section 100, "Dangerous waste
criteria,” dated Lecember B, 1993.

“TWAC-173-303, Dangerous Waste Regulations, Section 1€0(2) (a), "Containers," da:zed
December B, 1983.

14
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incorporated into the flexible receiver design to provide a minimum
2:1 absorbent ratic inside the flezible receiver bag for any liquids.

5.4.5 Diameter

Equipment diameter would be significant primarily because exi§ting
field size reduction capabilities are limited to < 4 inch OD items.

5.4.6 Summary

The subdivisions in Section 5.4.1 through Section 5.4.5 were traced
through a flow chart to determine the percentages of each treatability
group. The calculated treatability group percentages have been
summarized in Table 1. A detailed description of the percentage
calculations has been included in Appendix D. For compactness, the
shorthand notation for each treatability group assigned in Table 1 was
used throughcut the remainder of this study.

Table 1. Treatability Groups

Treatability Group Netation Percentage
TRU TRU 4.0 %
Trapped Liguids TL 12.8 &
LLW, Complex Geometry, CD > ¢ inch cor RH MACRO 50.7 %
LLW, Straight Fipe, CH, OD £ 4 inch FSR 32.5 %

5.4.7 Other Criteria

A number of important considerations and concerns were generated
during the Value Engineering session which subsequent investigations
ultimately determined did not warrant a subdivision of the LLCE waste
stream. However, the reasoning for rejecting these criteria has been
included for future reference.

5.4.7.1 Chemical Content

The chemical content of the waste was originally thought to be &
potential limiting factor since many of the debris treatment
technclogies in 40 CFR 268.45 have significant contaminant
restrictions. However, as treatment method designs were further
refined, it became clear that the methods most applicable to LLCE
would be extraction and immgbilization, which would not have any
contaminant restrictions relevant to LLCE treatment.

5.4.7.2 Lubricants

Many pumps have lubricating oil sumps or sealed bearings lubricated
with grease, and these substances may, under some circumstances, be
prohibited from land disposal. For example, new lubricating oil and
grease may carry EPA toxicity, Washington state toxicity, and
Washington state persistence codes depending on the constituents.
Also, old lubricants may be designated with EPA or Washington state
toxicity codes due to entrained metals. If the total weight of
lubricants were to exceed 10% of the waste item, the waste would be
considered organic/carbonaceous waste, which would be land disposal

15
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restricted in Washington state®’. Finally, liquid lubricants would
incur the free liquids restrictions discussed in Section 5.4.4.

Howewver, following removal of any liquid lubricants {draining the
crankcase, etc.) there would generally be sufficiently small amounts
of lubricants remaining, in the form of sealed bearings and residual
films, that application of concentration-based ccdes would be
unlikely. Thus EPA toxicity, Washington state toxicity and Washington
state persistence codes would no longer apply. Similarly, it would be
unlikely that the waste would be considered organic/carbonaceous
waste. The resjdual film would aiso not meet the regulatory
definition of free liquid and would be considered residual liquids.
Therefore, all LLCE items were assumed to have any liquid lubricants
removed, to the maximum extent possible, prior to immobilization.

5.4.7.3 Waste Category

Macroencapsulation-based treatment methods would not be applicable to
greater than category 3 or greater than class C waste, since the
former is prohibited freom land disposal by WHC prcocedures and the
latter by DOE order 5820.2A., However, the most detailed LLCE
characterization studies available®' indicated that greater than
category 3/greater than class C waste would in most cases alsce be TRU,
therefcre a separate treatability group would not be warranted.

5.5 Description of Alternatives

In this section, the treatment methods listed in Figure 2 and the
treatability groups listed in Table 1 were combined into treatment
alternatives. Some of the possible combinations of methods were
deleted in order to avoid overlapping treatment capability (i.e. both
T Plant and 2706-T were not included together in the same alternative,
etc) .

The matrix of the treatment alternatives considered, with the
applicable codes, have been summarized in Table 2.

6.0 Cost Estimates

Cost estimates were conducted for each treatment alternative described
in Table 2 to provide a basis for selecting the preferred treatment
alternative. A detailed description of the modeling and cost
estimation methodologies used have been included in Appendix E and F.
The cost estimate results have been summarized in Figure 3 through
Figure 8, and included in table form in Appendix H.

7.0 Cost Analysis

The cost estimate data in Figure 3 through Figure 8 was analyzed to
determine the optimum treatment alternatives. The analysis steps and
results have been summarized ir this section.

“YWAG-173-303, Dangercus Waste Regulations, Section 140(4){d), "Disposal of
organic/carbonacecus waste,” dated December 8, 1993.

MNHC-SD-WM-ES-265, Disposal of Tank Farm Leng-Length Contaminated Egquipment:
slternative Options Study and Engineering Suppert Information, Table D-€, Revisien O,
"Manimum Curle Content for Each Waste Lontainer," dated December 7, 19932,
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Table 2. Treatment Alternatives
Alternative Treatability Groups

Code TRU TL MACRC FSR
NE& Storage Storage Storage Storage
2B WRAP-Z2B WRAP-2B WRAP-2B WRAP~-ZB
2B/T WRAP-2B 221-T Canyon 221-T Canyon 221-T Canyon
2B/06 WRAP-2B 2706-T Annex 2706-T Annex 2706-T Annex
2B/GRV WRAP-2B Grout Vaults Grout Vaults Grout Vaults
2B/FSM WRAP-2B FSM FsM FSM
2B/FDR WRAP-2B FDR FDR FDR
2B/FSR WRAP~2B WRAP-2B WRAF-~-2B FSR
2B/T/FSR WRAP-2B 221-T Canyon 221-T Canyon FSR
2B/06/FSR WRAP-2B 2706-T Annex 2706-T Annex FSR
2B/GRV/FSR WRAP-28B Grout Vvaults Grout Vaults FSR
2B/FSM/ PSR WRAP-2B FsM FSM FSR
2B/2B/FSM WRAP-2B WRAP-2B FSM FSM
2B/06/FSM WRAP-2B 2706-T Annex FSM FSM
2B/ 2B/GRV WRAP-ZB WRAP-2B Grout Vaults Grout Vaults
2B/06/FSM WRAP-2B 2706-T Annex Grout Vaults Grout Vaults

7.1 No Action Alternative

As shown in Figure 3, the nc action alternative was prohibitively

expensive for all feed rates. Therefore, the no action alternative

was rejected.
7.2 Deferral

As shown in Figure 3, the per item cost of the WRAP-2B only option
(deferral for future treatment) would approach the per item cost of
the other alternatives at low feed rates. It is important to note
that even at the lowest feed rate modeled, the per item cost of the 2B
alternative was still 19% higher than the FSM alternative and 28%
higher than grout vault alternative. As a result, the WRAP-2B only
alternative was rejected.

7.3 Fixed Facilities

As shown in Figure 3, the per item cost of treating LLCE in a fixed
facility, in particular the 2706-T annex, was found to approach the
per item cost of the FSM and grout vault alternatives at the baseline
retrieval rate (1921 items retrieved). At lower retrieval rates the
capital cost of the facility would be spread over a smaller feed
stream and would drive up per item cost. At higher retrieval rates
the retrieved LLCE exceed the treatment capacity of the facility. The
additional storage cost incurred would exceed the cost benefit from
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spreading the capital cost of the facility across a large feed stream,
and again would tend to drive up per item cost. All fixed facilities
displayed this minimum cost point behavior.

To determine the sensitivity of this behavior to 2706-T construction
cost, the construction cost was set to zero and the model was
recalculated. The results of the zero cost run have been included as
Figure 4. It is instructive to note that even at zero construction
cost, the 2706-T curve did not reach breakover with the FSM or grout
vault options.

7.4 Dunnage Removal

To further develop the FSM concept, the cost benefit of dunnage
removal was explored in Figure 5. The cost of performing dunnage
removal was found to almost exactly offset the cost savings in terms
of burial trench space, smaller MHICs and simplified handling at lower
retrieval rates. Also, at higher retrieval rates the 2B/FDR
alternative became significantly more costly due to capacity
limitations. <Consequently, the dunnage removal option would offer
little or no cost benefit. In addition, the dunnage removal operation
would involve increased risk of werker exposure. As a result, the FDR
alternative was rejected.

7.5 Field Size Reduction

As shown in Figure 6, FSR would offer appreciable cost benefit when
added to the FSM alternative. The FSR operation would, however,
involve an increased risk of worker exposure. The decision to conduct
FSR would then become a risk management decision. Since worker
exposure concerns have led scme key elements of TWRS operations tc
consider FSR unfit for routine, repetitive use, FSR-related
alternatives were not considered as a preferred alternative. However,
if planned operations would require removal of a thermocouple-sized
item from a tank with known low Cs5-137 content, the concerns with FSR
would be minimized. In such one-time-only applicaticns, field size
reduction operations shculd be seriously considered.

Figure 6 also clearly shows that FSR provides little or no cost
benefit when added tc the greout vault alternative until very high
retrieval rates have been reached. Therefore, if the grout vault
treatment line were operational, FSR operations should not be
considered unless processing at the grout vaults was unavailable at
the tire of retriewval.

7.6 Trapped Liquids

As shown in Figure 7 and Figure 8, if LLCE items containing trapped
liquids were prohibited from immobilizaticn, the small size of the TL
treatability group would not justify construction of an extraction-
based treatment facility such as the 2706-T Annex. Therefore, in this
scenario treatment of the TL treatability group should be deferred for
WRAP-Z2ER.

8.0 Discussion of Preferred Alternatives
The 2B/GRV alternative proved to be the most cost effective, with a
per unit cost approximately 25% less than the 2B/FSM alternative.

This ccst difference was within the accuracy of this analysis, and
certainly within the potenftial increase in grout vault cost given the
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unresolved issues. As a result, cost alone could not provide a clear
choice between the 2B/GRV and 2B/FSM alternatives. Therefore a more
detailed examination of the advantages and disadvantages of each
alternative was conducted.

8.1 F8M Advantages/Disadvantages
8.1.1 Advantages

The FSM alternative would use off-the-shelf technology and existing
disposal facilities, therefore an operational date in FY 1996 would hke
a reasonable estimate. Also, development of the FSM alternative would
require only CENRTC and expense funding and should be achievable
within the existing funding allocaticon. Polyethylene
macroencapsulation is a standard waste treatment practice outside the
nuclear industry, thus a precedent for FSM has been well-established.
For this reason, most significant regulatory questions have largely
been resolved. Regulator concurrence with the residual and trapped
liquid discussion in Section 5.4.4 is still an outstanding issue,
however this issue would be common to both FSM and the grout wvault
alternative,

8.1.2 Disadvantages

The FSM alternative would require rigging and handling of long, heavy,
potentially high dose rate items without the advantage of specialized
remote handiing equipment. The complexity of the handling operations
would, as & result, drive the per-unit cost above the grout vault
alternative. Also, since each LLCE item would take up the worst-case
solid volume, the total disposed volume would be 10 times greater than
the grout vault alternative.

8.2 Grout Vault Advantages/Disadvantages
8.2.1 Advantages

Due to the remote handling capability provided, the 2B/GRV alternative
would cffer the simplest handling requirements and greatest ease cof
operation. This simplified handling was primarily responsible for the
low per unit cost of the grout vault alternative as well. Also, since
the LLCE items would be stacked in the grout vaults covered only by
the flexible receiver as opposed to a large diameter cylinder, the
disposed volume of waste for the grout vault alternative would be a
factor of 10 lower than full-size macroencapsulation.

B.2.2 Disadvantages

The grout vault alternative has a number of significant unresolved
issues which would strongly affect feasibility and cost effectiveness.
Since the grout vaults have been identified as a back-up to the new
DST construction project, there is no clear indication that the grout
vaults would be available for this mission regardless of the relative
cost. effectiveness. Also, the LLCE would be macroencapsulated tc meet
the treatment standard after placement in a land disposal unit. The
existing regulatory framework does not support this mode of operation.
Finally, the grout vault alternative would require approximately
57,000,000 of capital funding to modify the first vault for LLCE, and
approximately $1,500,000 for subseguent vaults. Since capital funding
of this magnitude would only be available through the line item
funding process, the operaticnal date of the grout vaults would be
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five years in the future at best and would be subject te the whims of
congressional funding.

8.3 Summary

The F3M alternative would be achievable in the next fiscal year, use
off-the-shelf technology and reguire no additional funding. As a
result, the FSM alternative was selected for immediate development.

The grout vault alternative would offer minimum cost, minimum disposed
waste volume, simplified handling and improved ability to handle very
high dose rate equipment, however a number of regulatory and funding
issues would require resolution. Therefore, the grout vaults were
selected for longer term development.

9.0 Storage Capacity Planning

From FY 1695 to FY 2005, the predicted storage regquirements for the
two preferred alternatives would be:

2B/FSM: 10 items
2B/GRV: 70 items

Therefore, the recommended apprcoach would be tc provide storage for a
median number of items, with the understanding that as mcore data
becomes available on LLCE retrieval rates, additional storage modules
may need to be constructed in the future. The recommendation of this
study would be to provide storage for 20 items in the near term,

20
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Figure 3. Cost/Item Comparison - Overall
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Figure 5. Cost/Item Comparison - Field Dunnage Removal
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Figure 7. Cost/Item Comparison - 2B/FSM Option w/ Trapped Liquids
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Table A-1: TWRS Riser Study/ LLCE Equipment List

TEM#  TANK FARM PIT RISER FY EQUIPMENT TYFE DRAWING NO DRAWING NO DRAWING NO DRAWING NO

1 DCRT 244-A F 1984  PUMP, TRANSFER H-2-38232
2 DCRY 244X 2 1984  PUMP, TRANSFER H-2-73835
3 DCRT 244-5 H 1984  PUMP, TRANSFER H-2-T 1056
4 DCRT 244-TX 2 1964  PUMP, TRANSFER H-2-73935
5 DCRT 244-TX 3 1994  PUMP, AGITATOR H-2-95279
6 101 AP 1A 3A 1994 PUMP, TRANSFER H-2-81843
T 107 AP TA 3A 1984  PUMP, TRANSFER H-2-91843
8 102 AW 2E 24A 1984  PUMP, 242A FEED H-2-01843
4 106 AW 6A 3A 1994  PUMP, TRANSFER H-2-81543
10 102 SY 2 24A 1904 PUMP, X-SITE, FLEX FLOAT H-2-763%52
" 108 AP aa A 1995 PUMP, TRANSFER H-2-91843
12 102 sY - TA 1996  SPECIFIC GRAVITY H-2-37766
13 CATCH usdie 1z 1986 PUMP, TRANSFER, SUBMERSIBLE H-2-93099
14 CATCH A302 12 1956 PUMP, TRANSFER H-2-93039
16 CATCH UX-302 7 1966 PUMP, CATCH TANK H-2.83098%
16 DCRT 244-CR-3 - 1996  PUMP, TRANSFER H-2-99161
17 DCRT 244-CR-3 - 1906  PUMP, AGITATOR H-2-36021
18 102 AP 2D 13 1896  PUMP, GROUT FEED H-2-91643
19 104 AW 4A k2 1896 PUMP, TRANSFER H-2.91543
20 101 ¥4 10 1A 1996  PUMP, MIXER VENDOR
Fral Lyl AZ 1E ic 1996  PUMP, MIXER VENDOR
22 106 c BA 9 1886 PUMP, SLURRY NEW
23 106 c 6B 13 1996  PUMP, HEEL NEW
24 108 c 6C 3 1996  SLUCER NEW
25 101 sY —_ 58 1996 CAMERA H-2-131617
26 101 sY — 178 1996  MIT H-2-85123
27 01 sy — 18 1996 VDTT TREE H-2-845016
28 101 sY -_— 17C 1996 MM H-2-85123
29 1 8Y -— 14A 1996  VDTT TREE H-2-815016
30 CATCH 3I1-ER 1z 1997  PUMP, CATCH TANK, SUBMERSIBLE H-2-83099
31 CATCH A-350 ira 1997  PUMP, TRANSFER H-2-95322
32 CATCH 151AL 12 1997  PUMP, CATCH TANK H-2-68371 H-8-1105 (026F10)
33 1M1 AN 1A 3A 1997  PUMP, TRANSFER Ha2:91943
34 107 AN TA 114 1887  PUMP, EJECT MIXER, H-2.85264
35 104 AP 4A 3A 1887  PUMP, TRANSFER H-2-81943
36 106 AP 54 34 1987  PUMP, TRANSFER H-2-91943
37 106 AP 6A 3A 1987  PUMP, TRANSFER H-2-91843
£ 101 AW -_ 4 1987 THERMOCOUPLE TREE H-2-34304
39 104 AW 1A 3A 1997  PUMP, TRANSFER H-2-91943
40 102 AW 2E 24A 1997  PUMP, 242A FEED H-2-91543
L3 105 AW 5A 3A 1997  PUMP, FLEX FLOAT H-2-91542
42 101 AY 1BORID 1BOR 1D 1997 PUMP, TRANSFER H-2-33178%
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Table A-1: TWRS Riser Study/ LLCE Equipment List

TEM #

43

44

45

46

47

49

51

52

53

&

61

63

f

70

71

72

73

74

5

18

78

9

81

82

83

84

TANK

102
106
106
102
103

103

102
103
102
103
101
101
102
CATCH
o
102
103
107
107
01
102

102

102
102
104
DCRT
DCRT
OCRT
103
107
107

1™

FARM

AY

53 4

5Y

8Y

L

AW

5y

sY

55z k22

555 %5 % 3%

AW

AW

AW

3

AW

PIT

20

244y

244-V

2E

244-A

244BX

244-TX

7B

c

RISER

iz

£

~ £ ¢

-

7A

1A

244

FY

1997
1997
19467
1887
1997
18497
1988

1998

1998
1968
1998
1998
1988
1999
1999
1999
1999
1999
1689
1989

1986

1999
1939
1939
1999

199%

EQUIPMENT TYPE

PUMP, TRANSFER
THERMOCOUPLE TREE
THEAMOCOUPLE TREE
PUMP, FLEX FLOAT
THERMOCOUPLE TREE
PUMP, TRANSFER
DIP TUBES
PUMP, TRANSFER
PUMP, TRANSFER

.
THERMOCOUPLE TREE
PUMP, TRANSFER
PUMP, FLEX FLOAT
DIP LEG
PUMP, MIXER
THERMOCOUPLE TREE
PUMP, CATCH TANK
THERMOCOUPLE TREE
THERMOCOUPLE TREE
THERMOCOUPLE TREE
THERMOCOUPLE TREE
PUMP, TRANSFER
THERMOCOUPLE TREE
THERMOCOUPLE TREE
PUMP, TRANSFER
THERMOCOUPLE TREE
THERMOCOUPLE TREE
THERMOCQOUPLE TREE
THERMOCOUPLE TREE
THERMOCOUPLE TREE
PUMP, CDU FEED
SPECIFIC GRAVITY
THERMOCOWUPLE TREE
AIR LIFT CIRCULATOR
PUMP, 2424 FEED
PUMP, TRANSFER
PUMP, TRANSFER
PUMP, TRANSFER
PUMF, AGITATOR
PUMP, TRANSFER
PUMP, ANNULUS
PUMP, LEAK DETECT

PUMP, LEAK DETECT

A2

DRAWING NO

H-2-03179
H-2-80342

H-2-00342.20
275352
H-2-34304
H-2-75352
H-2-73867
H-2-73935
H-2-91943
H-2-90492
H-2-91943
H2-91843
+H-2-37766
VENDOR
H-2-34304
H-2-93009
H-2-34304
H-2-34304
H-2-34304
H-2-34304
H-2-91943
H-2-90492
H-2-90492
H-2-81043
H-2-90492
H-2-90492
H-2-90492
H-2-90492
H-2.90492
H-2-81943

H-2-70356-2
H-2-34304
H-2-70548
H-2-91843
H-2-91943
+-2-38232
273035
H-2-95279
H2-91942
H-2-95323
H-2-95323

H-2-95323

DRAWING NO

DRAWING NO

DRAWING NO



ITEM ¥

2

91
92

a

a7

99

100
™
102

103

105
106

107

m

11z

113

114
115
116
u7
118

119

TANK

1
101

101

DCRT
104
104
103
104
105
106
107
108

102

105

106

106

105

1

1

101

101

101

™

101

11

106

101

FARM

AW
AY

AY

0

¥ 35 8 FEEZOE

AW

A

AW

AW

AW

AN

»

22 2 » » »

PT

6B

1BOR 1D

5A
5B

2445

47
A4
448
54
&R
TA
&A

2E

10

1G

1A
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Table A-1: TWRS Riser Study/ LLCE Equipment List

RISER

20A
130R 16

18 OR 1D

¥ R £ 28t E R YR E .

-

b

19

18

7

FY

EQUIPMENT TYPE

PUMP, ANNULUS
THERMOCOUPLE TREE
PUMP, TRANSFER
THERMOCOUPLE TREE
PUMP, SLUDGE
DISTRIBUTER JET
PUMP, TRANSFER
THERMOGOUPLE TREE
PUMF, TRANSFER
PUMP, TRANSFER
PUMP, TRANSFER
PUMP, TRANSFER
PUMP, TRANSFER
PUMP, TRANSFER
PUMP, TRANSFER
PUMP, 242A FEED
THERMOCOWPLE TREE
PUMP, TRANSFER
THERMOCOUPLE TREE
THERMOGOUPLE TREE
PUMP, TRANSFER
THERMOCOUPLE TREE
PUMP, TRANSFER
THERMOCOUPLE TREE
PUMP, TRANSFER

THERMOCOUPLE TREE

LIQUID LEVEL WELL

THERMOCOUPLE TREE, PROFILE

THERMOCOQUPLE TREE

LIQUID OBSERVATION WELL
CRUST BREAKER

STEAM COIL

STEAM COIL
THERMOCOUPLE TREE
PUMP, TRANSFER

PUMP, MIXER

DRAVWING NO

H-2-96323
H-2:34304
H-2-93179

H-2-50342-10

™D
TBD
H-2-71056
H-2-34304
H-291943
H-2-91943
H-2-91643
H-2-91943
H-2-61843
H-2-61843
H-2-81043
H-2-01943
H-2-34304
H-2-91843
H-2-34304
H-2-34304
+H2-91943
+-2-34304
H-2-91943
H-2-34304
H-2-91943
H-2.58036
H-2-58998
H-2-74591
™D
H-2-58036
H-2-53998
H-2-74691
H-2-58036
H-2-58998
H-2:74691
H-2-93715
TBD
H-2-64673
H-2-64673
H-2-34304
H-2-91943

H-2-83715

DRAYWING NO

H-2-99128

H-2-99138
H-2.55922

H-2-36509

H-2-89138
H-2-55922
H-2-36509
H-2.99138
H-2-58922

H-2-36509

H-2-71203

DRAWING NO

H-2-36505

H-2-74691-3
H-2.74691-2

H-2-34304

H-2-74691-3
H-2-74691-2
H-2-34304
H-2-74691-3
H-2-74691-2

H-2-34304

CRAWING NO

H-2-74691-4
H-2-32537-1-2

H-2-83312-6

H-2-74691-4
H-2-32637-1-2
H-2-83312-6

H-2-74891-4
H-2.32537-1-2

H-2-83312-6
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Table A-1: TWRS Riser Study/ LLCE Equipment List

TEM#  TANK FARM PIT RISER FY EQUIFMENT TYPE DRAWING NO DRAWING NO DRAWING NO DRAWING NO

12 102 AW 2E 247 2003  PUMP, 242A FEED H-2-91943
122 101 SY —_— 58 2003 CAMERA H-2-131617
122 101 SY 1A 128 2003 PUMP, MIXER VENDCR
124 103 8Y —_— 48 2003 CAMERA H-2-131617
126 103 sY 34 3A 2003  PUMP, TRANSFER H-2-75352
126 103 8Y 3A 12A 2003  PUMP, MIXER VENDOR
127 o1 ™ 6 2003  SALTWELL SCREEN H-2-34955
128 101 ™ & 2003 PUMP, SALTWELL H-2-T0863
129 102 ™ 4 2003  THERMOCOUPLE TREE H-2-34304
130 102 ™ A 2003  LIQUID OBSERVATION WELL H-2-83715
131 102 T 3 2003  LWQUID LEVEL WELL TBD
132 102 ™ 2A & 2003 PUMP, SALTWELL H-2-33461
133 102 ™ 24 13B 2003 AR LIFT CIRCULATOR H-2-34790
134 102 TX 2A [ 2003  SALTWELL SCREEN H-Z-34955
136 102 X 2C 108 2003 AR LIFF CIRCULATOR H-2-3479Q
136 102 ™ 20 128 2003  AIR LIFT CIRCULATOR H-2-34790
137 103 X 4 2003 THERMOCOUPLE TREE H-2-34304
138 103 ™ 3A ] 2003  PUMP, P-103 H-2-36412 H-2-70863
13¢ 104 T 4 2003 THERMOCOUPLE TREE H-2-34304
140 104 ™ 108 2003 SLUICING NQOZZLE TBD
141 104 TX 12A 2003 RECIRC NOZZLE TBD
142 104 TA 12B 2003  SLUICING NQZZLE TBD
143 104 ™ 10A 2003 RECIRC NOZZLE TBD
144 104 ™ A 6 2003 PUMP, P-104 H-2-36412 H-2-70863
145 105 X 4 2003 THERMOCOUPLE TREE H-2-90342-40
146 165 TX 0B 2003 AR LIFT CIRCULATOR H-2-34790
147 105 X SA 6 2003  PUMP, HEEL JET H-2-TOB63
48 105 T 5A 138 2003 AIR LIFT CIRCULATOR H-2-34790
143 106 ™ 4 2063 THERMOCOUPLE TREE H-2-34304
150 106 ™ 114 2003  LIQUID OBSERVATION WELL H-2-93715
151 106 > 10B 2003 AR LIFT CIRCULATOR H-2-34790
152 106 ™ A 138 2003  AIR LIFT CIRCULATOR H-2-34790
153 106 ™ BA ] 2002  SALTWELL SCREEN H-2-69757
154 106 ™ A 6 2003  PUMP, HEEL JET H-2-70863
155 107 ™ 4 2003 THERMOCOQUPLE TREE H-2-34304
156 107 ™ TA ] 2003 PUMP, P107 H-2-36412
157 108 ™ 12A 2003 SLUICING NOZZLE TBD
158 108 X 9A 2003  LIQUID OBSERVATION WELL H-2-93715
] 108 X 0B 2003 SLUICING NOZZLE TBD
1680 108 RS 4 2003 THERMOCOUPLE TREE H-2-34304
161 108 X 6 2003  SALTWELL SCREEN H-2-34955 H-2-69757
162 108 ™ ] 2003 PUMP, SALT WELL H-2-53758
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Table A-1: TWRS Riser Study/ LLCE Equipment List

MEM #

170
1m
172
173
174
175
176

177

178

179

181

182

184

185

186

190
191
192

193

186
197

198

TANK

110
110
110
110
110
119
1o
m
m
m
11
111

1m

1M
119
112
12
112
12
112
12

12

13
113

13

113
113
113
113
114
114
114
114

114

FARM

R dFAAAAAAARAA

R I T A~ N~ I~

R

!

e S T R B B~ I B~ B~

PIT

104

104

1A

1A

24

124

134

134,

RISER

13A

138

11A

1A

11

124

138

TA

FY

EQUIPMENT TYPE

LIQUID OBSERVATION WELL
THERMOCOUPLE TREE
THERMOCOUPLE TREE

AIR CIRCULATOR

LICAID DBSERVATION WELL
AR CIRCULATOR

AIR CIRCULATOR

PUMP, SALTWELL
SALTWELL SCREEN

AIR CIRCULATOR

LIQUID OBSERVATION WELL
THERMOCOUPLE TREE

AIR CIRCULATOR

AIR CIRCULATOR

THERMOCOUPLE TREE

SALTWELL SCREEN

PUMP, SALTWELL

LIQUID OBSERVATION WELL
LIQUID OBSERVATION WELL
THERMOCOUPLE TREE

AIR CIRCULATOR

SALTWELL SCREEN

PUMP, SALTWELL

THERMOCQUPLE TREE

AIR CIRCULATOR
LKQUID OBSERVATION WELL

THERMOCOUPLE TREE

AIR CIRCULATOR

AIR CIRCULATOR

PUMP, SAL TWELL
SALTWELL SCREEN

LIQUID OBSERVATION WELL
LIQUID CBSERVATION WELL
AR CIRCULATOR

LIQUID OBSERVATION WELL
THERMOCOUPLE TREE

DRAWING NO

H-2-83715
H-2-34304
H-2-80342
H-2-34790
H-2-83715
H-2-34790
H-2-34780
H-2-69758
H-2-34955
H-2-34790
H-2-83715
H-2-34304
H-2-34790
H-2-34790
H-2-41334-7
H-2-41762-6
H-2-41334-5
H-2-34555
H-2-70178
TBD
H-2-83715
H-2-34304
TBD
H-2-34955
H-2-70178
H-2-41334-7
H-2-41762-6
H-2-41334-5
H-2-34790
H-2-93715
H-2-41334-7
H-2-41762-6
H-2-41334-5
H-2-34790
F-2.34790
H-2-70178
H-2-34855
H-2-93715
H-2-83715
H-2-3479Q
H-2-83715

H-2-41334-7

DRAWING NC

H-2-41334.6
H-2-38509

H-2-83312-6

H-2-69758

H-2-69758
H-2-41334-6
H-2-36509

H-2-83312-6

H-2-41334-6
H-2-36506

H-2-83312-6

H-2-68758

H-2-41334-6

DRAWING NO

H-2-68506

H-2-34304

H-2-73390

H-2-73890

H-2-68506

H-2-34304

H-2-68506

H-2-34304

H-2-73990

H-2-68506

DRAWING NO

H-2-58998

H-2-35733

H-2-53698

H-2-35733

H-2-58998

H-2-35733

H-2-58998
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Table A-1: TWRS Riser Study/ LLCE Equipment List

TTEM#  TANK FARM PIT RISER FY EQUIPMENT TYPE DRAWING NO DRAWING NO DRAWING NO DRAWING NO

H-2-41762-6 H-2-36509 H-2-34304 H-2-35733
H-2-41334-5 H-2-83312-6

193 114 ™ 10 2003 IMMERSION HEATER TBD

200 114 ™% 9B 2003 AIR CIRCULATOR H-2-3479¢

201 114 ™ 144 ] 2003 SALTWELL SCREEN H-2-34955

202 114 ™ 144 ] 2003 PUMP, SALTWELL H-2-TO178 H-2-69758 H-2.7399¢

203 15 ™ A 2003 AR CIRCULATGR H-2-34790

204 115 ™ 8A 2003 AR CIRCULATCR H-2-34790

205 115 ™ 3A 2003 LIGUID OBSERVATION WELL H-2-9371%

206 15 ™ 13 2003 PUMP, SUPERNATANT TBD

207 115 ™ 3 2003 THERMOCOUPLE TREE H-2-41334-7 H-2-41334-5 H-2-68506 H-2-53908
H-2-41762-6 H-2-38508 H-2-34304 H.2-35733
H-2-41334-5 H-2:83312:6

208 115 ™ 154 ] 2003 PUMP, SLUICING TBD

209 18 T 16A 6 2003 PUMP, SALTWELL H-2-T0178 H-2-60758 H-2-73990

210 116 TX 184 & 2003 SALTWELL SCREEN H-2-34955

Pab] 117 ™ 7A 2003  LIQUID OBSERVATION WELL H-2-83715

212 117 ™ 17A ] 2003 PUMP, SALTWELL H-2-70178 H-2-69758 H-2-73890

213 17 ™ 17A 6 2003 SALTWELL SCREEN H-2-34955

214 118 T SA 2003 LIQUID OBSERVATION WELL H-2-83715

215 118 ™ 3 2003 THERMOCOUPLE TREE H-2-34304

216 118 AR 184 & 2003  SALTWELL SCREEN H-2-34855

217 118 ™ 18A & 2003  PUMP, SALTWELL H-2-70178 H-2-69758 H-2-73890

218 101 u 13 2003  PUMP, HEEL JET H-2-69757

pal:] p[0] u 2 2003  THERMOCOUPLE TREE H-2-41334-7 H-2-41334-6 H-2-58998 H-2-36509

H-2-34304 H-2-83312-6

220 10 Y] UR-14 B 2003 SLUCE NOZZLE THD

22% 101 u UR-1A 5 2003 DIPLEG T™®D

axn 10t u UR-1C 3 2003 SLUICE NOZZLE TBRD

23 104 U UR-1C 4 2003 DIPLEG TBD

224 102 v 2 2003  LIQUID OBSERVATION WELL H-2-93715

225 102 u —_ 1 2003 THERMOCOUPLE TREE H-2.34304

226 102 u UR-2A 5 2003 DIPLEG TBD

227 102 u UR-2A € 2003 SLJICE NOZZLE TBD

228 1e2 U UR-28 13 2003  SALTWELL SCREEN H-2-69757

prel 102 U UR-28 13 2003 PUMP, SALTWELL H-2-38777 H-2-739490

230 102 u UR-2C 4 2003 DIPLEG TBD

2 102 u UR-2C 3 2003  SLUICE NOZZLE TBD

232 103 u 1 2003 THERMOCOUPLE TREE H-2-34304

233 103 u 19 2003 LIQUID OBSERVATION WELL H-2.83715

234 103 u 7 2003 DIP TUBES H-2-41252-3

235 103 Y] UR-2B8 13 2003 PUMP, SALTWELL H-2-38777 H-2-73990
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ITEM #

236
237

236

240
241
242
243
244
245
246
247
248
249

250

252
253
254

255

257
258
259
260
261
262

265

267

269
270
M
272
273
274
275
2%

277

TANK

103

102

102
103
104
104
104

104

105
105
106
106

106

108
106

106

107
107
07
107
107
107
107
107

107

FARM

. o © € € <© cC

C € ¢ C & ¢ c

C C C© o € C c C c

 C £ C©c C© cC

<

L=y

C Cc c <

PIT

UR-2B
UR-3A
UR-3A
UR-3C
UR-3C
UR-44
UR-4A
UR-4A
UR-48
UR-4C

UR-4C

UR-5A
UR-5A
UR-58
UR-58
UR-5C

UR-5C

UR-8A
UR-5A
UR-GB
UR-GB
UR-6C

UR-6C

UR-7A
UR-7A
UR-7A
UR-TB
UR-1B
UR-7C

UR-7C

UR-8a
UR-8A

UR-8A

RISER

13

13

13

13

12

13

FY

EQUIPMENT TYPE

SALTWELL SCREEN
DIP LEG

SLUICE NGZZLE
SLUICE NCZZLE

DIP LEG

SLUICE NOZZLE

PUMP, SLUDGE

DIP LEG

PUMP, HEEL JET
SLUICE NOZZLE

DIF LEG

LIQUID OBSERVATION WELL
PUMP, SLUDGE

DIP LEG

SLUICE NOZZLE

PUMP, SALTWELL
SALTWEL|. SCREEN
SLVICE NOZZLE

DIP LEG

PUMP, SLUDGE
THERMOCOUPLE TREE
LIQUID OBSERVATION WELL
SLUICE NQZZLE

DIPF LEG

SALTWELL SCREEN
PUMP, SALTWELL
SLUICE NOZZIE

DIP LEG
THERMOCOUPLE TREE
LIQUID OBSERVATION WELL
PUMP, SLUDGE

DIP LEG

SLUICE NOZZLE
SALTWELL SCREEN
PUMP, SALTWELL
DIFLEG

SLUICE NOZZLE
LIQUID OBSERVATION WELL
THERMOCOQUPLE TREE
PUMP, SLUDGE
SLUICE NCZZLE

DIP LEG

DRAWING NO

H-2-69757

H-2-93715
H-2-38777
T8O
TRO
H-2-38777

H-2-69757

H-238777
H-2-34304
H-2-83715
TBD
TBD
H-2-86757
H-2-38777
TBD
TBD
H-2-34304
H-2-83715
H-2-38777
TBD
TBD
H-2-69757
H-2-38777
TBD
TBD
H-2-93715
H-2-34304
H-2-38777
TRD

TBD

DRAWING NO

H-2.73890

H-2-73980

H-2-73990

H-2-73830

H-2.73930

H-2-73390

H-2-73990

H-2-73990

H-2-73980

DRAWING NO

DRAWING NO



WHC-SD-WM-ES5-324 REV.0

Table A-1: TWRS Riser Study/ LLCE Equipment List

TEM¥  TANK FARM PIT RISER FY EQUIPMENT TYPE DRAWING NC DRAWING NO DRAWING NO DRAWING NO

278 108 U UR-£8 13 2003  SALTWELL SCREEN H-2-69757

273 108 u UR-28 13 2003 PUMP, SALTWELL H-2-387T7 H-2-73850

280 108 u UR-8C 4 2003 DiPLEG TBD

281 108 U UR-8C 3 2003  SLUICE NOZZLE TBD

282 108 u 1 2003 THERMOCOUPLE TREE H-2-34304

283 108 u 9 2003 LIQUID OBSERVATION WELL H-2-83715

284 108 ] UR-8A ] 2003  SLUICE NOZZLE TBD

285 109 u UR-0A 18 2003 PUMP, SLUDGE H-2-387T7 H-2-73990

286 109 u UR-8A 5 2002 DIPLEG TBD

287 108 u UR-96 13 2003  PUMP, SALTWELL H-2-38777 H-2-73830

288 109 u UR-88 13 2003  SALTWELL SCREEN H-2-69757

289 108 1] URSC 3 2003 SLUICE NOZZLE TBD

280 108 u URSC 4 2003 DIPLEG TBD

29 110 u 5 2003 DIPLEG TBD

292 110 u 1 2003 THERMOGCOUPLE TREE H-2-34304

293 110 u U108 13 2003 PUMP, SALTWELL H-2-38777 H-2-73890

204 10 U uice 13 2003  SALTWELL SCREEN H-2-89757

285 11 u E] 2003  THERMOCOUPLE TREE H-2-34304

206 1 u Utia 1 2003 DiP LEG TBD

297 1 u ule 13 2003 PUMP, SALTWELL H-2-38777 H-2-72990

208 11 u utiB 13 2003  SALTWELL SCREEN H-2-69757

299 112 u 13 2003 PUMP, SALTWELL H-2-38777 H-2-73990

W00 112 u 13 2003  SALTWELL SCREEN H-2-69757

3 112 u 5 2003 THERMOCOUPLE TREE H-2-41334-7 H-2-41334-6 H-2-58998 H-2-36509
H-2-34304 H-2-83312-6

32 201 v 4 2003 THERMOCOUPLE TREE H-2-41334-7 H-2-41334-6 H-2-58998 H-2-36609
H-2-34304 ' H-2-83312-6

303 202 u 4 2003 THERMOCCUPLE TREE H-2-41334-7 H-2-41334-6 H-2-58998 H-2-36509
H-2-34304 H-2-83312-6

304 203 u 4 2003 THERMOCOUPLE TREE H-2-41334-7 H-2-41334-6 H-2-58698 H-2-3660%
H-2-24304 H-2-83312-6

305 204 U 4 2003 THERMOCOUPLE TREE H-2-41334-7 H-2-41334-6 H-2-58998 H-2-36509
H-2-34304 H-2-83312-6

306 102 AN A 114 2004  PUMP, MIXER NEW

307 101 AW 1A 1A 2004  PUMF, MIXER NEW

308 101 A 1H 4 2005 PUMP, SALTWELL H-2-65054 H-2-73850

W09 m A 1H 4 2005 SALTWELL SCREEN H-2-89757

310 104 AN 44 1A 2005 PUMF, MIXER NEW

3n 102 AW 2E 24A 2005  PUMP, 242A FEED H-2-91543

312 102 AZ — 164 2005 THERMOCOUPLE TREE, SLUDGE H-2-68339-4

33 102 AZ — 134 2005 THERMOCOUPRLE TREE, PROFILE H-2-68338-3

34 102 AZ — 138 2005 THERMOCOUPLE TREE, PROFILE H-2-68338-3

A-8
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Table A-1: TWRS Riser Study/ LLCE Equipment List

TTEM#  TANK FARM PT RISER Fy EQUIPMENT TYPE DRAWING NO DRAWING NO ORAWING NO DRAWING NO

318 102 AZ e 168 2005 THERMOCOUPLE TREE, SLUDGE H-2-68335-4

316 102 AZ —— 12C 2005 THERMOCOUPLE TREE, PROFILE H-2-68339-3

7 102 AZ -—_ 130 2005  THERMOCOQUPLE TREE, PROFILE H-2-68339-3

18 102 AZ - 18C 2005 THERMOCOUPLE TREE, SLUDGE H-2-88339-4

318 102 AZ B -} 2005  PUMP, TRANSFER H-2-83179

320 101 BY - 1 2005 THERMOCOUPLE TREE H-2-68506

321 101 By 1A 7 2005 PUMP, SALTWELL H-2-10178 H-2-34858 H-2-38043 H-2-73890

n m BY 1A 7 2005  SALTWELL SCREEN H-2-69757

323 101 BY 1c MA 2005 PUMP H-2-70173 H-2-348958 H-2-38043 H-2-73890

324 101 BY 0 -1 2005  LIQUID OBSERVATION WELL H-2-9371%

325 1o, By INST PIY 124 2005 DiP TUBE H-2-41762-5

326 102 BY - 1 2005  LIQUID OBSERVATION WELL H-2-9371%

azr 102 BY 2N 13 2005 AR CIRCULATOR H-2-34119

328 102 BY 2A 7 2005 PUMP, HEEL JET H-2-41204

329 102 BY D k] 2005  PUMP, SLURRY H-2-70178 H-2.34558 H-2-38043 H-2-73990

330 103 8y -— 10A 2005 LMQUHD OBSERVATION WELL H-2-93715

3 103 8y -— i 2006 THERMOCOLUPLE TREE H-2-6a506 H-2-58998 H-2-26509 H-2-34304
H-2-41762-5 H-2-62436-4 H-2-62437 H-2-83312-6

332 103 BY - 128 2005 AR LIFT CIRCULATOR TBD

333 103 BY - 10C 2005 AR LIFT CIRCULATOR TBD

334 103 BY JA 138 2005  AIR LIFT CIRCULATOR TBD

335 103 BY ac 118 2005 PUMP, SUPERNATANT H-2-T0178 H-2-34958 H-2-38043 H-2-73890

336 104 By - 1 2005  THERMOCOUPLE TREE H-2-80342-40

37 104 BY a— 10C 2008 LIQUID OBSERVATION WELL H-2-93715

338 104 BY 4a 7 2005  PUMP, SALTWELL H-2-T0178 H-2-34958 H-2-38042 H-2-73990

339 104 BY 4A 7 2005 SALTWELL SCREEN H-2-36966 H-2-69757 H-2-34857 H-2-38034

340 105 By - 10C 2005 AR LIFT CIRCULATOR TBD

34 105 BY - 104 2005  LIKQUID OBSERVATION WELL H-2-93713

342 105 BY - t 2005 THERMOCOUPLE TREE H-2-90342-40

343 105 BY -, 12C 2005 AR LIFT CIRCULATOR TBD

344 105 BY 5A T 2005 SALTWELL SCREEN H-2.36068 H-2-69757 H-2-34957 H-2-38034

345 105 ay EL 138 2005  AIR LIFT CIRCULATOR TBD

346 105 BY 5A T 2006 PUMP., SALTWELL H-2-T0H78 H-2-34858 H-2-38043 H-2-73890

347 108 BY - 0B 2005 LIQUID OBSERVATION WELL H-2-93715

348 106 BY - 1 2005 THERMOCOUPLE TREE H-2-80342-40

349 106 BY - 10C 2005 AR LIFT CIRCULATOR H-2-24790

50 106 BY - 12€ 2005 AIR LIFT CIRCULATOR H-2-34730

351 106 BY 1Y 7 2006  PUMP, SALTWELL H-2-70178 H-2-34858 H-2-38043 H.2-73990

352 106 BY L4 7 2005  SALT WELL SCREEN H-2-36566 H-2-69757 H-2-34957 H-2-38034

353 106 BY 10 9 2005 BOTTOMS COOLER H-2-36091

354 107 8y 6 2005  SALTWELL SCREEN H-2-36966 H-2-69757 H-2-34657 H-2-38034

358 107 ay 7 2005 LIQUID OBSERVATION WELL H-2-93715
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Table A-1: TWRS Riser Study/ LLCE Equipment List

MEM#  TANK FARM PIT RISER FY EQUIPMENT TYPE DRAWING NO DRAWING NO DRAWING NO DRAWING NO

66 107 By 11A 2005 AR CIRCULATOR H-2-35041

357 107 BY 8A 2006 AR CIRCULATOR H-2-25041

358 167 BY 12A 2005 AR CIRCULATOR H-2-35041

359 107 BY 6 2005 PUMP, SALTWELL H-2-33043

360 107 BY 1 2005 THERMOCOUPLE TREE H-2-6B506 H-2-52998 H-2-36509 H-2-34304
H-2-41762-5 H-2-62436-1 H-2-62437 H-2-83312-6

w81 108 BY 1GA 2005 AR CIRCULATOR H-2-35041

362 108 BY 8 2005 THERMOCOUPLE TREE, PROFILE H-2-68506 H-2.58998 H-2-36509 H-2-34304
H-2-41762-5 H-2-62436-1 H-2-62437 H-2-83312-6

383 e BY 6 2005  SALTWELL SCREEN H-2-36966 H-2-69757 H-2-34957 H-2-38034

364 168 ay ] 2005 PUMP, SALTWELL H-2-38043

365 108 BY 1A 2005 AR CIRCULATOR H-2-35041

366 108 BY 12A 2005 AR CIRCULATOR 235041

36T 109 BY 128 2005  LIQUID OBSERVATION WELL H-2-83715

368 108 BY 9A ] 2008  SALTWELL SCREEN H-2-36966 H-2-69757 H-2-34957 H-2-38034

369 109 BY 8A ] 2005 PUMP, SALTWELL H-2-T0178 H-2-34858 H-2-38042 H-2-73990

an 109 BY 24 13 2006 PUMP H-2-70178 H-2-34958 H-2-38043 H-2-73980

3N 110 8y 3 2005  LIQUID OBSERVATION WELL H-2-83715

372 110 BY a 2005 THERMOCOUPLE TREE H-2-80342

EYE] 10 BY 1 2005 THERMOCOUPLE TREE H-2.80342-30

374 110 BY 10A ] 2005 SALTWELL SCREEN H-2-69758

ars 110 BY 104 6 2005 PUMP, SALTWELL H-2-69757

376 111 BY 7 005  SALTWELL SCREEN H-2-36968 H-2-89757 H-2-34857 H-2-38034

37 111 BY 7 2005  PUMP, SALTWELL H-2-7T0178 H-2-24858 H-2-38043 H-2-73990

3re 111 BY 1 2005  LIQUID ORSERVATION WELL H-2-83715

378 111 BY 1D 9 2005 PUMP, TRANSFER H-2.70178 H-2:34858 H-2-38043 H-2-73990

380 112 BY 7 2005  SALTWELL SCREEN H-2.36966 H-2-89757 H-2-34957 H-2-38034

381 112 BY 1% 2005  LIQUID OBSERVATION WELL H-2-83715

8z 112 BY 13 2005 ELEC HTR & AIR CIRCULATOR THD

383 112 BY 7 2005  PUMP, SALTWELL H-2-T0178 H-2-34858 H-2-38043 H-2-73980

B4 112 BY 11C 1 2005 CONDENSER TBD

385 102 [ [ 2005  LIQUID OBSERVATION WELL H-2-93715

386 102 c 7 2005 THERMOCOUPLE TREE H-2-41762-7 H-2-99138 H-2.68506 H-2-41762-6

H-2-368509

387 102 c 24 8 2005 PUMP, SLUDGE TBD

388 102 C 2A 5 2006 DR LEG H-2-41318 H-2-41323

329 102 c 2B 13 2005 PUMP, SALTWELL H-2-33508

) 102 |+ 2B 13 2005  SALTWELL SCREEN H-2.38587

391 102 C o) 4 2005  DIPLEG H-2-41318 H-2-41323

392 103 < 1 2005 THERMOCOUPLE TREE H-2-80342

ook 103 c 3A 5 2005 DIPLEG H-2-41318 H-2-41323

394 103 C 3A ] 2005  PUMP, SUPERNATANT AND COOLER H-2-4582
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Table A-1: TWRS Riser Study/ LLCE Equipment List

MEM #

as7

403

AD4

405

407

408

410

411

412

413

414

415

46

4“7

418

419

420

421

422

423

424

425

426

TANK

103

107
107
107

108

110

10

m

112

12

112

202

105

103

FARM

o o O 0

o o o0 o0 0 0 o0 0 0 00

e]

o o o0 a0

:

PIT

3B

3B

aB

RISER

13
13

13
LE]
13

13

13

13

A

11A

FY

EQUIPMENT TYPE

PUMP, SALTWELL
SALTWELL SCREEN
DIP LEG

THERMOCOUPLE TREE

PUMP, SLUDGE

DIP LEG

PUMP, SALTWELL
SALTWELL SCREEN
DIP LEG

DIP LEG

PIP LEG

PUMP, SALTWELL
THERMOCOQUPLE TREE
SALTWELL SCREEN
THERMOCOUPLE TREE

THERMOCOUFLE TREE

SALTWELL SCREEN

PUMP, SALTWELL

PUMP, SALTWELL

SALTWELL SCREEN

THERMOCOQUPLE TREE

THERMQCOUPLE TREE

THERMOCOUPLE TREE

PUMP, SALTWELL

SALTWEL|. SCREEN

THERMOCCUPLE TREE

THERMOCOUPLE TREE

THERMOCOUPLE TREE

THERMOCOQUPLE TREE

PUMP, MIXER

PUMP, MIXER

PUMP, LEAK DETECT

DRAWING NO

H-2-38598
H-2-38587
H-2-41313

H-2-41762-7
H-2-36509

TBD
H2-41318
H-2-38508
H-2-38587
H-2-41318
H-2-41318
H-2-41318
H-2-38508
H-2-90342
H-2-38587

H-2-41762.7
H-2-38509

H-2-41762-7
H-2-36509
H-2-38567
H-2-38558
H-2-38568
H-2-38587

He2-44782-7
H-2-36509

H-2-41762:7
H-2-36509

H-2-44762-7
H-2-38500
H-2.38598
H-2-38587

H2-41762-7
H-2-36508

H2-41762-7
H-2-36509

H-2-41762-7
H-2-36509

H2-417627
H-2-36509

NEW

NEW

H-2.80576

DRAWING NO

H-2-41323

H-2-99138

H-2-41323

H-2-41323
H-2-41323

H-2-41323

H-2-99138

H-2-99138

H-2-99138

H-2-99138

H-2-99138

H-2-89138

H-2-99138

H-2-59138

H-2-89138

DRAWING NO

H-2-68506

H-2-68506

H-2-68506

H-2-68506

H-2-68508

H-2-68508

H-2-68506

H-2-68506

H-2-68506

H-2-63506

DRAWING NC

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6

H-2-41762-6
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Table A-1: TWRS Riser Study/ LLCE Equipment List

TEM#  TANK FARM PIT RISER FY EQUIPMENT TYPE DRAWING NO DRAWING NO DRAWING NO DRAWING NO
27 103 AP B 20 2006  PUMP, ANNULUS H-2-90576
428 101 AX — 138 2006 THERMOCOUPLE TREE, PROFILE H-2-44733-2
429 101 AX —_ 78 2006 THERMOCOUPLE TREE, PROFILE H-2-447334
430 101 AX - TA 2006 THERMOCOUPLE TREE, PROFILE H-2-447334
a1 ™ AX — 9A 2006  LIQUID CBSERVATION WELL H-2-83715
432 101 AX —_ 13A 2006 THERMOCOUPLE TREE, PROFILE H-2-44733-2
433 101 AX - 13C 2006 THERMOCOUPLE TREE, PROFILE H-2-44733-2
434 101 AX — " 2006 STEAM COIL H-2-34264
425 101 AX _ B 2006 THERMOCOUPLE TREE H-2-44733
436 101 AX - 70 2006 THERMOCOUPLE TREE, PROFILE H-2-44733-4
437 101 AX -— c 2006 THERMOCOUPLE TREE, PROFILE H-2-44733-4
438 10% AX — 1A 2006 STEAM COIL H-2-34264
439 1o AX 1A SA 2006 PUMP, SALTWELL H-2-65054
440 101 AX 1A S5A 2006  SALTWELL SCREEN H-2.69757
441 101 AX 1B 8 2006 SLUICER H-2-68154
442 102 AY -_ 13C 2006 THERMOCOUPLE TREE, PROFILE H-2-64368-3
443 102 AY - 168 2006 THERMOCOUPLE TREE, SLUDGE H-2:64368-4
444 102 AY — 134 2006 THERMOCOUPLE TREE, PROFILE H-2-54368-3
445 102 AY — 6A 2006 THERMOCOUPLE TREE, SLUDGE H-2-64368-4
446 102 AY — 13D 2006 THERMOCOUPLE TREE, PROFILE H-2-84368-3
447 102 AY — 16C 2006 THERMOCOUPLE TREE, SLUDGE H-2-64368-4
448 102 AY - 138 2006 THERMOCOUPLE TREE, PROFILE H-2-64368-3
449 102 AY 0 20 2006 PUMP, TRANSFER M-2-83179

A-12



WHC-SD-WM~-ES-324 REV.O0

Appendix B:

LLCE Equipment List
Numerical Analysis Tables



WHC-SD-WM-ES-324 REV.0

Intentionally Blank



WHC-SD-WM-ES-324 REV.0

Table B-1: LLCE iems by Equipment Type

EQUIPMENT TYPE

AGITATOR

AIR LIFT CIRCULATOR

AIR INLET STACK

BOTTOMS COQLER

CAMERA,

CIRCULATOR

CONDENSER

CRUST BREAKER

DIF LEG, PRESSURE

DIP LEG, RECIRCULATHON

DIP LEG, SPECIFIC GRAVITY

DIP LEG, SPECIFIC GRAVITY/TEMP
DISTRIBUTOR JET

ELECTRIC IMMERSION HEATER
HEATER

LIQUID LEVEL ALARM

LIQUID LEVEL WELL

LIQUID OBSERVATION WELL

MIT

PUMP, AGITATOR

PUMP, FLEX FLOAT

PUMP, FLEX FLOAT, FLUSH ASSY
PUMP, HEEL JET

PUMP, JET

PUMP, MIXER

PUMP, SLUICE

PUMP, SLURRY

PUMP, SUBMERSIBLE

PUMP, VERTICAL TURBINE

PUMP, VERTICAL TURBINE, COOLER
PUMP, VERTICAL TURBINE, FLUSH ASSY
PUMP, VERTICAL TURBINE, RECIRC LINE
PUMP, VERTICAL TURBINE, SUCTION BOWL
RECIRC NOZZLE

SALT WELL CASING

SLUICER

STEAM COIL

THERMOCQUPLE

VD¥T TREE

TOTAL

NUMBER

37

41

24

449

PERCENT

0.22

.24

0.22

0.67

0.22
0.22
245
1.78
29

087
0.22
0.22
o022

0.45
8.24
0.45
0.45
0.67
0.45
0.22
6.68
245
0.2
0.45
111
13804

.22

0.45
9.13
5.35
D.89
23.39

045

100.01
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Table B-2: TRU/LLW Percentages

POTENTIAL TRU TANKS NON-TRU TANKS
TANK NUMBER TANK NUMBER TANK NUMBER TANK NUMBER TANK NUMBER
A-101 10 CATCH T AY-101 3 C-202 1 TX-116 2
A102 9 DCRT 13 AY-102 9 c-203 1 T™*-117 3
A-106 ¢ AN-101 2 AZ-102 ] C-204 1 U-101 6
AN-102 2 AN-103 3 BY-101 6 SY-101 9 U-102 8
AN-104 3 AN-105 3 |y-102 4 SY-102 4 103 9
AN-107 5 AN-106 3 BY-104 4 SY-193 5 U104 €
AZ-11 2 AP-101 3 BY-105 7 TX-10% 2 U-105 8
B-101 0 AP-102 3 BY-108 7 TX-102 ] U-106 9
B-110 0 AP-103 E] BY-107 7 TX-103 2 U-107 9
B-202 9 AP-104 3 BY.103 6 TX-104 ] 108 9
BX-101 Q AP-105 3 BY-108 4 TX-108 4 U-108 9
BY-103 § AP-106 3 BY-110 5 TX-106 6 U-110 4
<102 7 AP-107 3 BY-111 4 TX-107 2 U-111 4
C-103 ] AP-108 3 By-112 5 TX-108 ] u-112 3
C-104 B AVW-101 L] C-107 3 T%-108 2 u-201 1
C-105 E] AW-102 9 C-108 1 TX-110 7 u-202 1
C-106 5 AW-103 3 C-108 3 TX-111 8 U-203 1
5107 o AW-104 3 C-110 3 T®-112 6 U-204 1
TX-118 4 AW-105 3 C-111 1 TX-113 8
AW-106 3 c-112 3 TX-114 9
AX-101 14 G201 1 TX-115 5

TRU Lw
SUBTOTAL 61 SUBTOTAL 388
PERCENT 138 PERCENT 864
RINSE EFF 0.7 RINSE EFF 1.0
TOTAL 18 TOTAL 431
PERCENT 40 PERCENT 6.0

B-2
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Table B-3: Geometry Percentages

STRAIGHT PIPE

EQUIPMENT TYPE

DIP LEG, PRESSURE

DIP LEG, RECIRCULATION

DIP LEG, SPECIFIC GRAVITY
DiP LEG, SPECIFIC GRAVITEMP
LIQUID LEVEL ALARM

LIQUID LEVEL WELL

LIQUID DBSERVATION WELL
MIT

SALT WELL CASING
THERMIDCOUPLE

VDTT TREE

TOTAL

PERCEMNT

NUMBER

37

Ll

105

224

49.9

COMPLEX GEOMETRY

EQUIPMENT TYPE

AGITATOR

AR LIFT CIRCULATOR

AlR INLET STACK

BOTTOMS COOLER

CAMERA

CIRCULATOR

CONDENSER

CRUST BREAKER

DISTRIBUTOR JET

ELECTRIC IMMERSION HEATER

HEATER

PUMP, AGITATOR

PUMP, FLEX FLOAT

PUMP, FLEX FLOAT, FLUSH ASSY

PUMP, HEEL JET

PUMP, JET

PUMP, MIXER

PUMP, SLUICE

PUMP, SLURRY

PUMP, SUBMERSIBLE

PUMP, VERTICAL TURBINE

PUMP, VERTICAL TURBINE, COOLER
PUMP, VERTICAL TURBINE, FLUSH ASSY
PUMP, VERTICAL TURBINE, RECIRC LINE
PUMP, VERTICAL TURBINE, SUCTION BOWL
RECIRC NOZZLE

SLUICER

STEAM COIL

TOTAL

PERCENT

NUMBER

7

24

225

50.1
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Table B-4: Dose Rate Percentages - StraightPipe

INNER & OUTER SURFACES OUTER SURFACES ONLY
EQUIFMENT TYPE NUMBER EQUIPMENT TYPE NUMBER

DIP LEG, PRESSURE 11 MIT 2
DIP LEG, RECIRCULATION a THERMOCOUPLE 106
DIP LEG, SPECIFIC GRAVITY 13 VDTT TREE 2
DIP LEG, SPECIFIC GRAVITEMP 3

LIQUID LEVEL ALARM 0

LIQUID LEVEL WELL 2

LIGUID CBSERVATION WELL 37

SALT WELL CASING 41

REMOTE-HANDLED CONTACT-HANDLED
SUBTOTAL 115 SUBTOTAL 109
PERCENT 513 PERCENT 487
RINSING EFFECTIVENESS 07 RINSING EFFECTIVENESS 1.0
TOTAL 35 TOTAL 189
PERCENT 15.6 PERCENT 844
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Table B-5: Dose Rate Data - Complex Geometry

ITEM NO TANK COMPONENT DATE DOSE RATE DR LOCATION DRAWING NO

1 t02-C PUMP, FLEX FLOAT 08-06-59 1.000 4N H-2-31956
2 102-8X PUMP, VERTICAL TURBINE 09-25-84 5,000 CONTACT H-2-33461
3 107 PUMP, FLEX FLOAT 12-16-69 5,000 IFT H-2-34343
4 101-C PUMP, HEEL JET 14-24-79 4,000 6IN H-2-41294
L 104-8Y  PUMP, YERTICAL TURBINE 06-06-70 1,000 &IN H-2-62426
& 108-B8Y  PUMP, VERTICAL TURBINE 10-15-89 5,000 CONTACT H-2-62426
7 112-8Y PUMP, VERTICAL TURBINE 10-22-69 100 CONTACT H-2-6242¢
8 112-BY PUMP, VERTICAL TURBINE 08-08-69 5,000 CONTACT H-2-62426
9 112-BY PUMP, VERTICAL TURBINE 02-10-70 1,500 5FT H-2-62648
10 105-8Y PUMP, VERTICAL TURBINE 02-1-79 2,300 3IN H-2-69758
1" 114-8X PUMP, VERTICAL TURBINE 1-27-80 100 1FT H-2-69758
12 101-AZ PUMP, VERTICAL TURBINE 11-23-83 5,000 CONTACT H-2-70780
13 102-8Z PUMP, YERTICAL TURBINE 03-27-88 $,000 10FT H-2-T0780
14 102-AY PUMP, VERTICAL TURBINE 10-09-36 60,000 CONTACT H-2-70790
1% 102-AZ PUMP, VERTICAL TURBINE 12-20-85 5,000 4FT H-2-70790
16 116-TX PUMP, JET 03-06-34 800 CONTACT H-2-70863
17 108-TX PUMP, JET 03-05-4 1,000 CONTACT H-2-70863
18 102-TY PUMP, JET 03-30-284 150 CONTACT H-2-70883
19 103-Ty PUMP, JET 04-02-84 150 2N H-2-70863
20 105-TY PUMP, JET 04-03-84 400 CONTACT H-2-70863
21 105-TX PUMP, JET 03-07-84 2,000 CONTACT H-2-70863
= 106-TX PUMP, JET 03-08-84 500 CONTACT H-2.70863
&) METX PUMP, JET 03-14-84 2,000 CONTACT H-2-70863
24 156-TX PUMP, JET 03-14-84 250 CONTACT H-2-70862
25 104-TX PUMP, JET 01-05-84 +,000 CONTACT H-2-70863
% 151X PUMP, JET 03-14-84 2,000 CONTACT H-2-70863
27 101-FY PUMP, JET 03-28-84 200 CONTACT H-2.T0863
28 102-TX PUMP, JET 03-27-84 3,000 CONTACT H-2-70863

112-TX PUMP, JET 03-16-24 1,000 CONTACT H-2-70863
30 108-TX PUMP, JET 03-20-34 150 CONTACT H-2-70863
31 106-AW  PUMP, VERTICAL TURBINE 01-16-35 4,000 8IN H-2-61843
32 106-AW  PUMP, VERTICAL TURBINE 11-25-85 750 3FT H-2-91843
3 106-AW  PUMP, YERTICAL TURBINE 07-28-88 700 CONTACT H-2-91943
M 101-AN PUMP, VERTICAL TURBINE 04-30-84 1,000 €IN H-2-61843
3B 102-AW  PUMP, VERTICAL TURBINE 01-08-88 3,000 2IN H-2-91843
26 101-AW  PUMP, VERTICAL TURBINE 06-15-84 1,500 CONTACT H-2-91843
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Table B-6: Trapped Liquids Percentages

LOW PROBABILITY OF TRAPPED LIQUIDS HIGH PROBABILITY OF TRAPPED LIQUIDS

EQUIPMENT TYPE NUMBER EQUIPMENT TYFE KUMBER
AGITATOR 1 PUMP, AGITATOR 2
AIR LIFT CIRCULATOR 37 PUMP, FLEX FLOAT, FLUSH ASSY 2
AIR INLET STACK ¢ PUMP, HEEL JET 3
BOTTOMS COOLER 1 PUMP, JET 30
CAMERA 3 PUMP, MIXER "
CIRCULATCR L] PUMP, SLURRY 2
CONDENSER 1 PUMP, VERTICAL TURBINE, COOLER 1
CRUST BREAKER 1 PUMP, VERTICAL TURBINE, FLUSH ASSY 9
DISTRIBUTOR JET 1

ELECTRIC IMMERSICN HEATER 1

HEATER 1

PUMP, FLEX FLOAT 1

PUMP, SLUICE 1

PUMP, SUSMERSIBLE 5

PUMP, VERTICAL TURBINE &1

PUMP, VERTICAL TURBINE, RECIRC LINE 0

PUMF, VERTICAL TURBINE, SUCTION BOWL 0

RECIRC NOZZLE 2

SLUICER 24

STEAM COIL 4

TOTAL 185 TOTAL 60
PERCENT 723 PERCENT 2.7

B-6
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Table B-7: Diameter Percentages

<4in QD >4inCD

EQUIPMENT TYPE NUMBER EQUIPMENT TYPE NUMBER
DIP LEG, PRESSURE 11 DIP LEG, SPECIFIC GRAV/TEMP 3
DIP LEG, RECIRCULATION L] SALT WELL CASING 41
DIF LEG, SPECIFIC GRAVITY 13
LIQUID LEVEL ALARM ¢
LIQUID LEVEL WELL 2
LIRUID OBSERVATION WELL 37
MT 2
THERMOCOUPLE 105
vDTT TREE F
TOTAL 180 TOTAL 44
PERCENT 80.4 PERCENT 19.6
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Appendix D:

Forecast Module Basis
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Appendix D:
Forecast Module Basis

1.0 Discussion

This appendix describes in detail the basis for each element found in
the forecast module sheets in Appendix C.

2.0 Retrieval Rate

The baseline retrieval rate was taken from the FY 1995 edition of the
THWRS 30 year waste forecast. To simulate variations in retrieval
rate, the baseline retrieval number for each year was multiplied by a
scaling factor, and the resulting fraction was rounded toc the nearest
whole number. The scaling facteor was then varied from 0.1 to 1.2. 1In
this way, any desired total number of retrieved items could be
simulated. This approach was selected on the basis of simplicity,
however it would suffer from the following disadvantages:

- The baseline retrieval rate curve would be shifted up or down,
as shown in Figure D-1, but would retain the same basic shape.
This approach would not provide the ability to vary retrieval
rate on a year to year basis.

- A small amount of round-off error would be introduced, however
this round-off error was calculated to be less than 1%.

The above disadvantages were not considered to be unnecessarily
limiting. Retrieval rate modeling results have been summarized in
Figure D-1.

3.0 Treatment Capacity

The treatment capacity vs years in operation curve for any treatment
method would at first be characterized by a start-up date and an
initial treatment capacity. As a crew gains experience, the treatment
capacity would be expected to ramp up to some maximum value and then
level cut. This basic shape was assumed for all LLCE treatment
methods.

3.1 WRAP-2B

Treatment capacity figures for WRAP-2B have not been determined to
date, therefore the following parameters were assumed by the author.

3.1.1 start-up Date

The year 2010 was selected for the WRAP-2B start-up date, based on the
best available estimates of on-site needs. No firm start-up date has

been established.

i i R~ 100% Treatment Capacity

The WRAP-2B 100% treatment capacity of 80 items per year was based on

the best available estimates of on-site needs. No firm facility
design has been established.
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Figure D-1. Retrieval Rate Model
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3.1.3 1Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

3.1.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

3.2 221-T
3.2.1 Start-up Date

The 221-T start-up date was based on incorporating the required canyon
upgrades inteo the project W-259 (T Plant Leak Detection and Secondary
Containment) scope of work. Project W-259 was established to meet a
year 2000 TPA milestone, therefore 221-T start-up would also be in the
year 2000.

3.2.2 100% Treatment Capacity

The current 221-T process line design was estimated to require 28
consecutive shift hours to perform all required treatment functions!®.

IWHC-SD-WM-ES-283, Long Term Decontamination Engineering Study, Section 6.0,
"Alternative 1: T Plant,™ Figure 6.6, "Throughput Analysis,"™ Revision 0, Draft.
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From WRAP-A efficiency studies, a typical facility operating year
would have 175 operational days, and the average shift would produce
5.5 hrs of productive work®*. As a result, the average treatment
capacity for 221-T would be:

items _ 175 days , 5.5 hrs item _ 34 items
year year day 28 hrs year

At higher retrieval rates, this limited treatment capacity would cause
significant numbers of LLCE to be placed in storage at great cost. It
would be more cost effective to operate 221-T in multiple shifts than
to store LLCE. To account for second shift operation, a 50% increase
in the average treatment capacity was applied. Therefore, the 100%
treatment capacity for 221-T would be 51 items per vyear.

3.2.3 Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

3.2.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

3.3 2706-T Annex
3.3.1 Start-up Date

The 2706-T start-up date was based on incorporating the required
construction into the project W-259 (T Plant Leak Detection and
Secondary Containment) scope of work. Project W-259 was established
to meet a year 2000 TPA milestone, therefore 2706-T start-up would
also be in the year 2000.

3.3.2 100% Treatment Capacity

The current 2706-T process line design was estimated to require 23
consecutive shift hours to perform all required treatment functions?®.
From Section 3.2.2, a typical facility operating year would have 175
operational days, and the average shift would produce 5.5 hrs of
productive work. As a result, the average treatment capacity for
2706-T would be:

items . 175 days , 5.5 hrs item _ 42 items
year year day 23 hrs year

As discussed Section 3.2.2, the 100% treatment capacity was assumed to
be 50% greater than the average treatment capacity above. Therefore,
the 100% treatment capacity for 2706-T would be 63 items per year.

3.3.3 1Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

2per telephone conversatien, W. S. Josephsen to D. E. Nester and O. L. Kruger, on
November 16, 1994.

*per telephone conversation, W. S. Josephson to A. R. Rathmacher, on November le,
1994,
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3.3.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

3.4 Grout Vaults
3.4.1 Start-up Date

The grout vault start-up date was based on FY 1995 project initiation
and a typical line item funding cycle. The line item funding cycle
would require four years to obtain funding‘. One additional year was
allotted for design and another year for construction and start-up
activities. Therefore, grout vault start-up would be in the year
2001,

3.4.2 100% Treatment Capacity

The grout vault process line design was estimated to require 12
consecutive shift hours to all required treatment functions. From
Section 3.2.2, a typical facility operating year would have 175
operational days, and the average shift would produce 5.5 hrs of
productive work. As a result, the average treatment capacity for the
grout vaults would be:

items , 175 days 5.5 hrs item 80 Items

year year day 23 hrs yvear

As discussed in Section 3.2.2, the 100% treatment capacity was assumed
to be 50% greater than the average treatment capacity above.
Therefore, the 100% treatment capacity for the grout vaults would be
120 items per year.

3.4.3 Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

3.4.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

3.4.5 Grout Vault Capacity

The number of LLCE items which could be treated in a grout vault was
determined from the scale diagram in Figure D-2. Each grout vault was
estimated to accommodate 1218 items.

3.5 FSM

3.5.1 Start-up Date

In order to be consistent with a TWRS milestone to have a generic LLCE

process path in place by the end of FY 1995, FSM was assumed to be
operaticnal in FY 1996.

‘WHC-M-6-2, Project Management, Table 1.0-1, "Project Budget Cycle feor Line
Items, "™ Revision 6, dated August 2, 1993.
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Figure D-2. Grout Vault Capacity
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3.5.2 100% Treatment Capacity

From Section 3.2.2, a typical operating year would have 175
operational days, and the average shift would produce 5.5 hrs of
productive work. From Appendix F, FSM operations were assumed to
require 10 consecutive shift hours. As a result, the average
treatment capacity for FSM would be:

itemg _ 175 days , 5.5 hrs item _ 96 items
year year day 10 hrs year

As discussed Section 3.2.2, the 100% treatment capacity was assumed to
be 50% greater than the average treatment capacity above. Therefore,
the 100% treatment capacity for FSM would be 144 items per year.

3.5.3 1Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

3.5.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

3.6 FDR
3.6.1 Start-up Date

In order to be consistent with a TWRS milestone to have a generic LLCE
process path in place by the end of FY 1995, FDR was assumed to be
operational in FY 1996.

3.6.2 100% Treatment Capacity

From Section 3.2.2, a typical operating year would have 175
operational days, and the average shift would produce 5.5 hrs of
productive work. From Appendix F, FDR operations were assumed to
require 34 consecutive shift hours. As a result, the average
treatment capacity for FDR would be:
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items 175 days , 5.5 hrs item _ 28 items

year year day 34 hrs year

Operation of duplicate crews in 200 East and 200 West would expand
this capacity to 56 items. As discussed Section 3.2.2, the 100%
treatment capacity was assumed to be 50% greater than the average
treatment capacity above. Therefore, the 100% treatment capacity for
FDR would be 84 items per year.

3.6.3 Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

3.6.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

3.7 FSR

3.7.1 Start-up Date

FSR is currently operational.
3.7.2 100% Treatment Capacity

From Section 3.2.2, a typical operating year would have 175
operaticonal days, and the average shift would produce 5.5 hrs of
productive work. From Appendix F, FSR operations were assumed to
require 20 consecutive shift hours. As a result, the average
treatment capacity for FSR would be:

items _ 175 days , 5.5 hrs item _ 48 items
year year day 20 hrs year

Operation of duplicate crews in 200 East and 200 West would expand
this capacity to 96 items. As discussed Section 3.2.2, the 100%
treatment capacity was assumed to be 50% greater than the average
treatment capacity above. Therefore, the 100% treatment capacity for
FSR would be 144 items per year.

3.7.3 Initial Treatment Capacity

Initial treatment capacity for all treatment methods was assumed to be
50% of the 100% treatment capacity.

3.7.4 Ramp-up Rate

Ramp-up rate for all treatment methods was assumed to be 25% of the
100% treatment capacity.

4.0 Treatability Group Percentages

To account for treatment method restrictions, the total LLCE waste
stream was subdivided using the following waste characteristics:

- Waste Classification: TRU wvs LLW

- Geometry: Complex Geometry vs Straight Pipe

- Dose Rate: Contact-Handled vs Remote-Handled

- Trapped Liquids: Trapped Liguids vs No Trapped Liquids
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- Diameter: <4 inch and >4 inch

These characteristics were combined into separate treatability groups,
and the percentages of each treatability group were then calculated.
This section describes the basis for and calculations of the
treatability group percentages.

4.1 Waste Classification (TRU vs LLW)

In order to calculate the TRU percentage of the LLCE waste stream, the
following information would be required:

- weight of each LLCE item
- amount of residual tank waste remaining on each item
- the radionuclide content of the residual tank waste

Clearly the majority of this data would not be available until actual
removal of the LLCE item, and would be heavily influenced by the
relative success of rinsing operations during removal. As a result,
it was not possible to quantify, with any accuracy, the TRU fraction
of the LLCE waste stream in advance. However, a reasonable upper
bound was determined from existing studies.

First, source term calculations done in support of TWRS LLCE container
design efforts® were used to identify potential TRU-producing tanks.
The source term studies used worst-case LLCE item design data, an
assumed residual thickness of waste, and radiochemical data from tank
waste analysis to calculate total curie loadings under a variety of
scenaries. The calculations showed that only the tanks listed in
Table D-1 had sufficient TRU content to produce a TRU LLCE item®.

Table D-1. Potential TRU-Producing Tanks

SST D3T
Cc-103 C-105 TX-118 A-106 AN-104
C-104 5-107 B-101 B-110 AZ-101
B-202 C-106 BY-103 A-102 AN-107
c-102 A-101 BX-101 AN-102

The percentage of LLCE items from potential TRU-producing tanks was
then determined from LLCE forecast information. Most of the available
forecast data provided only raw numbers of LLCE per year, with no
indication of the source tank or equipment design. However, detailed
information on source tanks, equipment H-2 drawings, and estimated
generation dates was available from a TWRS retrieval equipment design
study’. A component-by-component equipment list of all LLCE which
could potentially be retrieved over the next ten years had already
been prepared, and was used to calculate TRU percentages. The LLCE

SWHC-SD-WM-ES-265, Disposal of Tank Farm Long-Length Contaminated Equipment:
Alternative Options Study and Engineering Support Information, Secticn 5.3, "Tank Farm
Hardware Waste Characterization, ' Revisicn O, dated December 7, 1993.

®per cc:Mail message, H. L. Roach to W. 5. Josephscon, con December 5, 1994,

Tper ce:iMail message, H. L. Roach to W. S. Josephson, on November 3, 1284.
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equipment list has been included as Appendix A.

The LLCE equipment list in Appendix A was assumed to be a
representative subset of the total LLCE waste stream. In that way,
the percentages calculated for the 449 items listed in Appendix A
would be representative of the 1,921 items forecasted for retrieval
over the next 30 years.

From analysis of the LLCE equipment list, only 61 out of 449 total
LLCE items were found to come from TRU-producing tanks, which would
correspond to a maximum TRU percentage of 13.6%. However, since all
LLCE items would be thoroughly rinsed during retrieval®?, the entire
number coming from potential TRU tanks would not actually be TRU.
Assuming a rinsing efficiency of 70%, the nominal TRU percentage would
be approximately 4.0%, and the nominal LLW percentage would be
approximately 96.0%.

The raw data and calculations used to determine TRU percentage have
been included in Appendix B, Table B-2Z.

4.2 Geometry

The LLCE equipment list in Appendix A was used to divide the LLW group
into straight pipe and complex geometry subgroups. Straight pipe
items were defined as those which consisted primarily of one or more
pipes, without significant bends, fittings or attachments. Complex
geometry items were defined as those which did not meet the straight
pipe criteria. The H-2 drawings referenced in Appendix A were used to
determine the confiqguration of each type of LLCE and assign it to
either the straight pipe or complex geometry group. The LLCE
equipment list in Appendix A was then used to determine the number of
items in each equipment type, and these numbers were used to calculate
straight pipe and complex geometry percentages. The nominal straight
pipe percentage was found to be 49.9% and the nominal complex geometry
percentage was found to be 51.1%

The raw data and calculations used to determine equipment geometry
percentages have been included in Appendix B, Table B-3.

4.3 Dose Rate
4.3.1 Straight Pipe

Unfortunately, no reliable historical dose rate information could be
located for the straight pipe subgroup. Therefore, an indirect method
was required to estimate dose rate. From analysis of the H-2 drawings
in Appendix A, the straight pipe treatability group was found to
consists of two basic designs:

1. Closed pipe designs, where tank waste would only come in
contact with the outer surface of the item.
2. Open pipe designs, where tank waste would contact both the

inner and outer surfaces of the item,

The H-2 drawings were used to determine the configquration of each type

UWHC-SD-WM-ES-265, Disposal of Tank Farm Long-Length Contaminated Equipment:
Alternative Options Study and Engineering Support Information, Section 3.1.1, "Near-Term
Removal Methods, " Revision (O, dated December 7, 1933,
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of straight pipe LLCE and assign it to either the closed pipe or open
pipe subgroups. The LLCE equipment list in Appendix A was then used
to determine the number of items in each equipment type, and these
numbers were used to calculate closed pipe and open pipe percentages.
The nominal closed pipe percentage was found to be 51.3% and the
nominal open pipe percentage was found to be 4B.7%

It was assumed that the aggressive mechanical action of the planned
external rinse system would effectively decontaminate closed pipe
items to contact-handled levels ({(dose rate < 100 mr/hr). Open pipe
items, on the other hand, would have internal surfaces which could
only be passively flushed. A 70% rinsing effectiveness to contact-
handled levels was assumed for these items. Allowing for limited
rinsing effectiveness of open pipe designs, the nominal straight pipe
contact-handled percentage would be 80.4% and the nominal straight
pipe remote-handled percentage would be 15.6%

The raw data and calculations used to determine dose rate percentages
have been included in Appendix B, Table B-4.

4.3.2 Complex Gecmetry

Historical dose rate information was used to determine the dose rate
percentages of the complex geometry subgroup. A study of past LLCE
retrieval operations produced a list of 36 radiological surveys with
reliable dose rate information®. All the radiological surveys
addressed pump retrievals, therefore the results were only considered
valid for the complex geometry group. These survey results have been
listed in Appendix B, Table B-5 and have been summarized in

Figure D-3.

Figure D-3. Dose Rate - Complex Geometry
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From the historical results in Appendix B, Table B-5 and Figure D-3,
virtually all the complex geometry items would have dose rates in

*WHC-SD-WM-ES-265, Disposal of Tank Farm Long-Length Contaminated Equipment:
Alternative Options Study and Engineering Support Information, Table D-4, "Dose Rates
for Tank Farm Equipment Removed in the Past,” Revision 0, dated December 7, 1993,
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excess of 100 mr/hr. Therefore, all complex geometry items were
considered to be remote-~handled.

4.4 Trapped Liquids

As discussed in Section 5.4.4 of the parent study, "residual liquids"”
and "trapped liquids" have been differentiated from "free liquids."
Residual liquids and trapped liquids were not considered to meet the
regulatory definition of free liquids, and therefore would not warrant
special handling. Section 5.4.4 has a detailed discussion of the
rationale for this free liquids interpretation.

At this point, the regulating agencies have not expressed agreement or
disagreement with the free liquids interpretation in Section 5.4.4,
and a possibility exists that trapped liquids could be determined to
be free liquids and would be excluded from macroencapsulation. The
percentage of items with trapped liquids was calculated to compare
alternatives in that event.

4.4.1 Straight Pipe

From analysis of the H-2 drawings in Appendix A, all items in the
straight pipe subgroup were found to have a negligible probability of
containing trapped liquids, except in the case of a closed pipe design
which had experienced an equipment boundary failure (i.e failed weld,
cracked equipment mounting, etc). No data exists on the frequency of
this type of failure, therefore no attempt was made to quantify the
number of items with liguids from this scurce. As a result, all
straight pipe items were assumed to have no trapped liquids.

4.4.2 Complex Geometry

From analysis of the H-2 drawings in Appendix A, the complex geometry
subgroup was found to consists of two basic designs:

1. Designs which have a high probability of trapping liquids, in
the form of tank waste or rinse water, internally. These
designs were assumed to have trapped liguids.

2. Designs which have no significant probability of trapping free
liquids. These designs were assumed to have no trapped
liquids.

The H-2 drawings were used to determine the configuration of each type
of complex geometry LLCE and assign it to either the trapped liquids
or no trapped liquids subgroups. The LLCE equipment list in Appendix
A was then used to determine the number of items in each equipment
type, and these numbers were used to calculate trapped liquids and no
trapped liquids percentages. The nominal trapped liquids percentage
was found to be 26.7% and the nominal no trapped liquids percentage
was found to be 73.3%

The raw data and calculations used to determine trapped ligquids
percentages have been included in Appendix B, Table B-6.

4.5 Diameter

From analysis of the H-2 drawings in Appendix A, the straight pipe
treatability group was found to consists of two basic designs:

1. Designs with an outside diameter in excess of 4 inches.
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2, Designs with an outside diameter less than or equal to 4
inches.

The H-2 drawings were used to determine the configuration of each type
of straight pipe LLCE and assign it to either the <4 inch OD or >4
inch subgroups. The LLCE equipment list in Appendix A was then used
to determine the number of items in each equipment type, and these
numbers were used to calculate closed pipe and open pipe percentages.
The nominal 4 inch OD pipe percentage was found to be 80.4% and the
nominal > 4 inch percentage was found to be 19.6%

The raw data and calculations used to determine equipment diameter
percentages have been included in Appendix B, Table B-7,

4.6 Flow Chart Analysis

The individual waste characteristic percentages listed in Section 4.1
through Section 4.5 were subjected to flow chart analysis to determine
the treatability groups and associated percentages. The flow chart
has been included as Figure D-4, and the calculated treatability group
percentages have been summarized in Table D-2. For compactness, each
treatability group was assigned a shorthand notation, which has been
adopted throughout this study.

Table D-2. Treatability Group Percentages

Treatability Group Notation Percentage
TRU TRU 4.0 %
Trapped Ligquids TL 12.8 %
LLW, Complex Geometry, OD > 4 inch or RH MACRO 50.7 &
LLW, Straight Pipe, CH, OD < 4 inch FSR 32.5 %
5.0 Treatability Group Retrieval Rate

The retrieval rate for each treatability group was calculated as
follows. The annual retrieval number, adjusted by the scaling factor
discussed in Section 2.0, was multiplied by the treatability group
percentages listed in Table D-2, and the resulting fractions were
rounded to the nearest whole number. This approach would obviously
suffer from the same disadvantages as the retrieval rate modeling
approach discussed in Section 2.0, however the error introduced by
this approach was considered to be minimal.

6.0 Material Movement

The following assumptions and calculations were used to determine the
flow of each LLCE item through the treatment model.

1. LLCE were assumed to be shipped directly to treatment if a
treatment slot was available. Storage was considered a last
resort due to the cost involved.

2. The annual number of open treatment slots in each treatment
facility was calculated as follows:

)
|

11



WHC-SD-WM-ES-324 REV.0

open slots . numper in storage - annual treatment capacity

year
3. The annual number of items shipped to storage was calculated as
follows:
shlppef;erstorage = number retrieved - open treatment slots
4. The number of items treated in each treatment facility was

calculated using the following algorithm:

Items treated
year

or
annual treatment capacity

(number in storage + number retrieved
= Max

5. The cumulative number of items in storage, or storage
inventory, was calculated as follows:

storage _ previous

inventory = inventory + number retrieved - number treated

6. The maximum number of annual storage evolutions included items
coming into storage and items taken out of storage for shipment
to treatment.

At the end of the LLCE program, each type of material movement
evolution was summed and provided to the cost modules in Appendix E.
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Figure D-4. Treatability Group Flow Chart
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Appendix E:

Cost Module Summary Sheets
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Cost Module: NA

Total LLCE ftems retreived. 192

Total LLCE items shipped to storage. 1,922
Max LILCE items in storage. 1,922
Max number of annual storage evolutions. 162

Cost Element Number Cost Total
Construct LLCE storage. 1,922 19,253 37,004,266
Subtotal 37,004,266

Cost Element Number Cost Total
Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000

Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 2 950,000 1,900,000
Fabricate reusable transport container. 1,823 404,000 776,892,000
Fabricate reusable carriages. 1,923 21,700 41,729,100
Procure storage facility cranes. 2 500,000 1,000,000
Procure disposal facility crane. 0 2,000,000 0
Subtotal
Cost Element Number Cost Total
Prepare for retrieval operation:
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1,922 8,000 15,376,000
Load [LLCE into transport container. 1,822 4,000 7,688,000
Ship LLCE to storage. 1,922 3,000 5,766,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Subtotal ) . ‘ 275,345,720

Cost Element Number Cost Total

D&D LLCE storage. 1,922 6,000 11,532,000
Subtotal 11,532,000
Total cost 1,148,137,086
Total costitem 597,366

E-1
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Cost Module: 2B

Total LLCE items retreived. 1,922
Year of LLCE program shutdown. 2034
Total LLCE treated in WRAP-2B. 1,922
Total LLCE items shipped direct to WRAP-2B, 1,062
Total LLCE ltems shipped to storage. 860

Max LLCE iterns in storage.

Cost Element Number Cost Total

Consiruct LL.CE storage. 842 19,253 16,211,026
Construct transport container storage. 1 $00,000 500,000
Construct WRAP-2B. 1 0 ]
Construct LLW trenches: size reduced LLCE. 1,922 2 55,738
Consiruct LLW trenches: transport containers. 843 1512 1,274,616
Construct MW trenches: secondary MW, 1,922 345

Subtotal

Cost Element Number Cost Total
Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-28B start-up. 1 0 0

Cost Element Number Cost To.t.al

Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 2 950,000 1,900,000
Fabricate reusable transport container. 843 404,000 340,572,000
Fabricate reusabie carriages. 843 21,700 18,293,100
Procure storage facility cranes. 2 500,000 1,000,000
Procure disposal facility crane. 4} 2,000,000 v}

Cost Element Number Cost Total

Prepare for retrieval operation:
Labor. 1,922 40,000 76,880,000
Materials, 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container to tank farm. 1,922 2,260 4343720
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,922 4,000 7.688,000
Ship LLCE direct to WRAP-28B. 1,062 3,000 3,186,000
Ship LLCE to storage. 860 3,000 2,580,000
Reslore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-28, 860 3,000 2,580,000
Labor. 1,922 24,762 47 592 564
Consumables. 1,922 1,000 1,922,000
Maintenance. 25 1,200,002 30,000,050
Process secondary MW. 1,922 2934 5,635,148
Transfer liquid MW. 1,922 6,750 12,973,500
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Liquid MW disposal. 1,922 50,000 96,100,000
Ship transport container to storage. 1,922 2,260 4.343,720

Ship size reduced LLCE to LLW trench. 1922 1,200 2,306,400
Place size reduced LLCE in LLW trench. 1822 1,200 2,306,400
Ship transport container to LLW trench. 843 2,260 1,905,180
Place transport container in LLVV trench. 843 2,260 1,905,180
Ship secondary MW to MW trench. 1,922 1,200 2,306,400
Place secondary MW in MW trench. 1,922 1,200 2,306,400
Sample leachate. 25 0 o
Transfer leachate. 25 0 0
Leachate disposal. 25 0 0
Subtotal 489,532,662

Cost Element Number Cost Total

D&D LLCE storage. 842 6,000 5,052,000
D&D WRAP-2B. 1 0 ¢
Backfill LLW trenches; size reduced {LCE. 1,922 29 55,738
Backfill LLW trenches: transport containers. 843 1512 1,274 616
Backfili MW trenches: secondary MVV. 1,922 172 330,584
Subtotal 6,712,938
Total cost 879,449,170
Total cost/item 457 570
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Cost Moduie: 2B/T

Total LLCE items retreived.

Year of LLCE program shutdown.

Total LLCE treated in WRAP-2B.

Total LLCE treated in 221-T.

Total LLCE items shipped direct to WRAP-2B.
Total LLCE items shipped direct to 221-T.
Total LLCE #tems shipped to storage.

Max LLCE Hems In storage.

Max number of annual storage evoiutions,

Cost Element " Number Cost Total

Construct LLCE storage. 82 19,253 1,578,746
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B, 1 0 0
Upgrade 221-T. 1 87,271,858 87,271,858
Construct LLW trenches: size reduced LLCE. 1922 29 65,738
Construct LLW trenches: transport containers. 83 1,512 125,496
Construct MWV trenches: secondary MW. 1,922 345 663,080

Subtotal 90,194,928

Cost Element Number Cost Total

Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system stari-up. 1 250,000 250,000
WRAP-2B start-up, 1 0 0
221-T start-up. 1 1,611,000 1,611,000
Subtotal 2,345,000
Cost Element Number Cost Totat
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. b 950,000 1,900,000
Fabricate reusable transport container. 83 404,000 33,532,000
Fabricate reusable carriages. 83 21,700 1,801,100
Procure storage facility cranes. P 500,000 1,000,000
Procure disposal facility crane. ¢ 2,000,000 0
s 40,233,100

Cost Element Number Cost Total

Prepare for retrieval operation:
Labor. 1,922 40,000 76,880,000
Materials. 1,822 18,000 34,596,000
Engineering. 1,922 2,000 3,844 000
Administrative,. 1,922 24,000 46,128,000
Ship transport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1,922 8,000 15,376,000
Load LL.CE into transport container. 1,922 4,000 7,688,000
Ship LLCE direct to WRAP-2B. 642 3,000 1,926,000
Ship LLCE direct to 221-T. 1,110 3,000 3,330,000
Ship LLCE to storage. 170 3,000 510,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative, 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 113 3,000 339,000
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Labor. 755 24,762 18,695,210
Consumables. 755 1,000 755,000
Maintenance. 15 992,424 14,886,380
Process secondary MW. 755 2,934 2,215170
Transfer liquid MW. 755 6,750 5,096,250
Liquid MW disposal. 755 50,000 37,750,000
Ship transport container to storage. 755 2,260 1,706,300
Process LLCE at 221-T:
Ship LLCE from storage to 221-T. 57 3,000 171,000
Labor. 1,167 39,765 45,405,755
Consumables. 1,167 1,000 1,167,000
Maintenance. 25 1,937,877 48,446,925
Process secondary MW, 1,167 2,934 3,423,978
Transfer liquid MW. 1,167 6,750 7,877,250
Liquid MW disposal. 1,167 50,000 58,350,000
Ship transport container to storage, 1,167 2,260 2,637,420
Ship skze reduced LLCE to LLW trench. 1,922 1,200 2,306,400
Place size reduced LLCE in LLW trench. 1,922 1,200 2,306 400
Ship transport container to LLW trench. 83 2,260 187,580
Place transport container in LLW trench. 83 2,260 187,580
Ship secondary MW to MW trench. 1,922 1,200 2,306,400
Place secondary MW in MWV trench. 1,922 1,200 2,306,400
Sample leachate. 25 0 0
Transfer leachate. 25 0 0
Leachate disposal. 25 0 0
Subtotal
Cost Element Number Cost Total
D&D LLCE storage. 82 6,000 492 000
D&D WRAP-2B. 1 0 o
Additional D&D 221-7T. 1 10,000,000
Backfiil LLW trenches: size reduced LLCE. 1,922 29
Backfill LLW trenches: transport containers. 83 1,512
Backfill MW trenches: secondary MW. 1922 172
Subtotal
Total cost 678,646,0
Total costfitem 353,094
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Cost Module: 2B/06

Total LLCE ftems retreived. . 1922

Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 570
Total LLCE treated in 2706-T. 1,352
Total LLCE items shipped direct to WRAP-2B. 525
Total LLCE items shipped direct to 2706-T. 1,283
Total LLCE ftems shipped to storage. 114
Max | LLCE kems in storage. 54

Max number of annual storage evolutions

Cost Element Number Cost Total
Construct LLCE storage. 54 19,253 1,039,662
Construct transport container storage. 1 500,000 500,000
Congtruct WRAP-2B. 1 0 0
Construct 2706-T Annex. 1 20,634,299 20,634,299
Construct LLW trenches: size reduced LLCE. 1,922 29 55,738
Construct LLW trenches: transport containers. §5 1512 83,160
Construct MW trenches: secondary MW. 1,922 345 663,000
Subtotal 22,975,949

Cost Element Number Cost Total

Transport container design., 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
2706-T start-up. 1 6,623,500 6,623,500
Subtotal
Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters, 2 950,000 1,800,000
Fabricate reusable transport container. 55 404,000 22,220,000
Fabricate reusable carriages. 85 21,700 1,193,500
Procure storage facility cranes. 2 500,000 1,000,000
Procure disposal facility crane. 0 2,000,000 0
Subtotal
Cost Element Number Cost Total
Prepare for retrieval operation:
Labor, 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container to tank farm, 1922 2,260 4,343,720
Retrieve LLCE. 1922 8,000 15,376,000
Load LLCE into transport container. 1,922 4,000 7,688,000
Ship LLCE direct to WRAP-28B. 525 3,000 1,575,000
Ship LLCE direct to 2706-T annex. 1,283 3,600 3,849,000
Ship LLCE to storage. 114 3,000 342,000
Restore from retrieval operation:
labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LL.CE from storage to WRAP-2B. 45 3,000 135,000
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Labor. 570 24762
Consurmables. 570 1,000
Maintenance. 15 914,801
Process secondary MW, 570 2,934
Transfer liquid MW. 570 6,750
Liquid MW disposal. 570 §0,000
Ship transport container to storage, 570 2,260

Process LLCE at 2706-T Annex:
Ship LLCE from storage to 2706-T annex. 69 3,000
Labor. 1,352 24,762
Consumables. 1,352 1,000
Maintenance. 25 558,007
Process secondary MW. 1,352 2,934
Transfer liquid MW. 1,352 6,750
Liquid MW disposal. 1,352 50,000
Ship transport container to storage. 1,352 2,260
Ship size reduced LLCE to LLW trench. 1,922 1,200
Place size reduced LLCE in LLW trench. 1,922 1,200
Ship transport container to LLW trench. 55 2,260
Place transport contalner in LLW trench, S5 2,260
Ship secondary MW to MW trench. 1,922 1,200
Place secondary MW in MW trench, 1,922 1,200
Sample leachate. 25 4]
Transfer ieachate. 25 0
Leachate disposal. 25 0

Subtotal

14,114,340
§70,000
13,722,015
1,672,380
3,847,500
28,500,000
1,288,200

207,000
33,478,224
1,352,000
13,975,175
3,966,768
9,126,000
67,600,000
3,055,520
2,306,400
2,306,400
124,300
124,300
2,306,400
2,306,400

D&D LLCE storage. 54 6,000
D&D WRAP-2B. 1 0
D&D 2706-T Annex. 1 15,000,000
Backfill LLW trenches: size reduced LLCE. 1,922 29
Backfill LLW trenches: transport containers. 55 1512
Backfill MW trenches: secondary MW, 1,922 172

Subtotal

otal cos
Total costfitem
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Cost Module: 2B/GRV

Total LLCE tems retreived. 1,822

Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 77
Total LLCE treated in grout vaults. 1,845
Total LLCE tems shipped direct to WRAP-2B. 58
Total LLCE items shipped direct to grout vaults. 1,675

Total LLCE items shipped to storage.
Max |LLCE items in storage.
Max avolutions

Cost Element Number Cost Totat

Construct LLCE storage. 103 19,253 1,583,059
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 o]
Modify first grout vault for | LCE. 1 7,000,000 7,000,000
Modify subsequent grout vaults for LLCE. 1 1,500,000 1,500,000
Construct LLW trenches: size reduced LLCE. 77 29 2,233
Construct LLW trenches. transport containers. 104 1,512 157,248
Construct MW trenches: secondary MW. 77 345 26,565
Subtotal 11,169,105

Cost Element Number Cost Total

Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 o 0
Grout vault start-up. 1 3,000,000
Subtotal
Cost Element Number Cost Total

Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 2 950,000 1,900,000
Fabricate reusable transport container. 104 404,000 42,016,000
Fabricate reusable carmiages. 104 21,700 2,256,800
Procure storage facility cranes. 2 500,000 1,000,000

btotal 49,172,800

Cost Element ' Number Cost Total

Prepare for retrieval operation;
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative, 1,922 24,000 46,128,000
Ship transport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,922 4,000 7,688,000
Ship LLCE direct to WRAP-2B. 58 3,000 174,000
Ship direct to grout vaults. 1,675 3,000 5,625,000
Ship LLCE to storage. 189 3,000 567,000
Restore from retrieval operation:
Laber, 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 19 3,000 57,000
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1,906,674
77,000
7,369,905
225918
519,750
3,850,000
174,020

510,000
10,332,000
5,166,000
1,188,470
4,062,216
4,169,700
§2,400
92,400
235,040
235,040
92,400
92,400

Labor. 77 24,762
Consumables. n 1,000
Maintenance. 15 491,327
Process secondary MV, 77 2,934
Transfer liquid MW. 77 6,750
Liquid MW disposal, 7 50,000
Ship transport container to storage. red 2,260
Process LLCE in grout vaults:
Ship LLCE from storage to grout vaults. 170 3,000
Labor; ptace LLCE. 1,845 5,600
Labor; add encapsulant material. 1,845 2,800
Consumables. 1,845 644
Maintenance. 24 169,259
Ship transport container to storage. 1,845 2,260
Ship size reduced LLCE to LLW trench. 77 1,200
Place size raduced LLCE in LLW trench. 7 1,200
Ship transport container to LLVV trench. 104 2,260
Place transport container in LLW trench. 104 2,260
Ship secondary MW to MW trench. 7 1,200
Place secondary MW in MW trench. 77 1,200
Sample leachate. 15 0
Transfer leachate. 15 0
Leachate disposal. 15 0
Subtotal
Cost Element Number Cost
D&D LLCE storage. 103 6,000
D&D WRAP-2B. 1 4]
Close grout vaults. 2 1,500,000
Backfilt LLW trenches: stze reduced LLCE. 77 29
Backfill LLW trenches: transport containers. 104 1,512
Backfill MW trenches: secondary MW. I 172

Total cost
Total cost/item

383,660,683
199,615
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Cost Module: 2B/FSM

Total LLCE Kems retreived. N )

Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. It
Total LLCE treated by FSM. 1,845
Total LLCE items shipped direct to WRAP-2B. 58
Total LLCE items sent direct to FSM. 1838
Total LLCE items shipped to storage. 28
Max LLCE ftems in storage. 2
Max number of annuat storage evolutions. 2

Cost Element Number Cost Total
Consiruct LLCE storage. a4 19,2563 423,566
Construct transport container storage. 1 500,000 500,000
Consfruct WRAP-2B. 1 0 0
Construct LLW trenches: size reduced | LCE. 7 29 2,233
Consfruct |.LW trenches: transport containers. 23 1512 34776
Consiruct MW trenches: FSM. 1,845 9,652 17,807,940
Consiruct MWV trenches: secondary MW. 77 345
Sublotal
Cost Element Number Cost Total
Trangport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
FSM start-up. 1 1,000,000
Sublctal
Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 2 950,000 1,900,000
Fabricate reusable transport container, pl 404,000 9,292,000
Fabricate reusable carriages. 23 21,700 459,100
Fabricate disposable carriages. 1,845 16,120 29,741,400
Procure storage facility cranes. 0 500,000 0
Procure disposal facility crane. 1 2,000,000 2,000,000
Subtctail
Cost Element Number Cost Total
Prepare for retrieval operation:
Labor, 1922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Load MHIC tube into transportt container. 1,845 2,260 4,169,700
Ship fransport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1922 8,000 15,376,000
Load |L.CE into transport container, 7 4,000 308,000
Load LLCE into MHIC tube. 1,845 4,000 7,380,000
Ship |.LCE direct to WRAP-2B. 58 3,000 174,000
Send LLCE direct to FSM., 1,836 0 o
Ship LLCE to storage. 28 3,000 84,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
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3,844,000

57,000
1,906,674
77,000
7,369,905
225,918
519,750
3,850,000
174,020

27,000
4,612,500
27,675,000
39,637,980
92,400
92,400
51,080
51,980
92,400
92,400
5,535,000
4,169,700
22,140,000
2,175,000
870,000
4,350,000
399,853,427

Administrative. 1,922 2,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 19 3,000
Labor, 77 24,762
Consumables. 7 1,000
Maintenance. 15 491 327
Process secondary MW. 7 2,934
Transfer liquid MW, 77 6,750
Liquid MW disposal. 7 50,000
Ship transport container to storage, ' 2,260
Process LLCE by FSM:
Ship LLCE from storage to FSM. 9 3,000
Labor. 1,845 2,500
Procure MHIC. 1,845 15,000
Consumables. 1,845 21,484
Ship size reduced LLCE to LLW trench, 77 1,200
Place size reduced LLCE in LLW trench. 77 1,200
Ship transport container to LLW trench. 23 2,260
Place transport container in LLW trench. 23 2,260
Ship secondary MW to MW trench, 77 1,200
Place secondary MW in MW trench. 77 1,200
Ship FSM LLCE to MW trench. 1,845 3,000
Ship transport container to storage. 1,845 2,260
Place FSM LLCE in MW trench. 1,845 12,000
Sample leachate. 29 75,000
Transfer ieachate. 29 30,000
Leachate disposal. 29 150,000
Subtotal
Cost Element Number Cost
D&D LLCE storage. 22 6,000
D&D WRAP-2B. 1 ) 0
Backfiil LLW trenches: size reduced LLCE. 7 29
Backfill LLW trenches: transport containers. 23 1,512
Backfill MW trenches: FSM. 1,845 4813
Backfill MW trenches; secondary MW. 77 172

Total
132,000
0
2,233
34,776
§,879,985
13,244
238

Total cost
Total cost/item
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Cost Module: 2B/FDR

Total LLCE items retreived. ' 1922

Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 77
Total LLCE treated by FDR. 1,845
Totat LLCE tems shipped direct to WRAP-2B. 58
Total LLCE #ems sent direct to FDR. 1,836
Total LLCE items shipped to storage. 28
Max {.LCE tems in storage. 280

Max number of annual storage evolutions. 84

Cost Element Number Cost Total
Construct LLCE storage. 290 19,253 5,583,370
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 0
Construct LLW trenches: size reduced LLCE. 77 20 2,233
Construct LLW trenches; transport containers. 2H 1,512 439,992
Construct MW trenches: FOR. 1,845 1,409 2,599,605
Construct MWV trenches; secondary MW. 7 45 26,565
Subtotal 9,151,765

Cost Element Number Cost Total
Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-28B start-up. 1 0 0
FDR start-up. 1 2,000,000
Subtotal

Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure dunnage removal equipment. 1 1,200,000 1,200,000
Procure transporters. 2 850,000 1,900,000
Fabricate reusable transport container. N 404,000 117,564,000
Fabricate reusable carriages. 3 21,700 6,314,700
Fabricate disposable camrriages. 1,845 16,120 29,741,400
Procure storage facility cranes. 2 £00,000 1,000,000
Procure disposal facility crane. 1 2,000,000 2,000,000
S 161,720,100

Cost Element Number Cost Total

Prepare for retrieval operation:
Labor. 1922 40,000 76,680,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Load MHIC tube into transport container. 1,845 2,260 4,169,700
Ship transport container to tank farm. 1,922 2,260 4,343,720
Ship MHIC box to tank farm. 1,845 1,200 2,214,000
Retrieve LLCE. 1922 8,000 15,376,000
Load LLCE into transport container. K 4,000 308,000
Load LLCE into MHIC tube. 1,845 4,000 7,380,000
Load dunnage into MHIC box. 1,845 2,000 3,690,000
Ship LLCE direct to WRAP-2B. 58 3,000 174,000
Send LLCE direct to FDR. 1,836 o] 0
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Ship LLCE to storage. 28 3,000 84,000
Restore from retrieval operation:

Labor. 1,922 40,000 76,880,000

Administrative. 1,922 2,000 3,844,000

Process LLCE at WRAP-2B:

Ship LLCE from storage to WRAP-2B. 19 3,000 57,000
Labor, 77 24,762 1,906,674
Consumables. 77 1,000 77,000
Maintenance, 15 491,327 7,368,905
Process secondary MW. 77 2,934 225,918
Transfer liquid MW, 77 6,750 519,750
Liquid MW disposal. 7 50,000 3,850,000
Ship transport container to storage. 77 2,260 174,020

Process LLCE by FDR:
Ship LLCE from storage to FDR. 9 3,000 27,000
Labor: dunnage removal. 1,845 27,600 50,922,000
Labor: macroencapsulation. 1,845 2,500 4,612,500
Procure MHICs. 1,845 10,000 18,450,000
Consumables. 1,845 3125 5,765,625
Ship size reduced LLCE to LLW trench. 77 1,200 92,400
Piace size reduced LLCE in LLW trench. 77 1,200 92,400
Ship transport container to LLW trench. 291 2,260 657,660
Place transport container in LLW trench. 201 2,260 657,660
Ship secondary MW to MW trench. I 1,200 92,400
Place secondary MW in MW trench. T 1,200 92 400
Ship FDR LLCE to MW french. 1,845 3,000 5,535,000
Place FDR LLCE in MW trench. 1,845 6,000 11,070,000
Ship transport container to storage. 1,845 2,260 4,169,700
Ship MHIC box to MW trench, 1,845 1,200 2,214,000
Place MHIC box in MW trench. 1,845 1,200 2,214,000
Sample leachate. 29 75,000 2,175,000
Transfer leachate. 29 30,000 870,000
Leachate disposal. 29 150,000 4,350,000
Subtotal 408,151,432

Cost Element Number Cost Total
D&D LLCE storage. 290 6,000 1,740,000
D&D WRAP-2B. 1 0 0
Backfill LLW trenches: size reduced LLCE. 7 28 2,233
Backfill LLW trenches: transport containers. 291 1512 439,992
Backfill MW trenches; FDR. 1,845 703 1,287,035
Backfilt MV trenches: secondary MW. 77 172 13.244

492,50

Total cost ' 585,249,801
Total costfitem 304,500
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Cost Module: 2B/FSR

Total LLCE ftems retreived. h 1922

Year of LLCE program shutdown. 2026
Total LLCE treated in WRAP-28. 1,297
Total LLCE treated by FSR. 625
Total LLCE items shipped direct to WRAP-2B. 905
Total LLCE items shipped to storage. 392
Max LLCE items in storage. as0

Max number of annual storage evolutions.

Cost Element . Number Cost Total

Construct LLCE storage. 380 19,253 7.316,140
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 o 0
Congtruct LLW trenches: size reduced LLCE. 1,297 29 37,613
Construct LLW trenches: transport containers. 381 1512 576,072
Conutruct MW trenches: FSR. 626 517 323125
Construct MW trenches. secondary MW. 1,297 345 447 465

otal

Cost Element Number Cost Total
Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
FSR start-up. 1 1,000,000
Sublotal

Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure fleld size reduction equipment, 1 1] o
Procure transporters. P 950,000 1,800,000
Fabricate reusabie transport container. 381 404,000 153,924,000
Fabricate reusable carriages. a8 21,700 8,267,700
Procure storage facility cranes. P 500,000 1,000,000
Procure disposal facility crane, 0 2,000,000

Subtotal

Cost Ele ' Number Cost Total

Prepare for retrieval operation;
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container to tank farm. 1,297 2,260 2,831,220
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,297 4,000 5,188,000
Ship LLCE direct to WRAP-2B. 905 3,000 2,715,000
Ship LLCE to storage. ag2 3,000 1,176,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative. 1,822 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 302 3,000 1,176,000
Labor. 1,297 24,762 32,116,314
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Consumables. 1,297 1,000 1,297,000
Maintenance, 17 1,193,322 20,286,474
Process secondaty MW. 1,297 2,934 3,805,388
Transfer liquid MW, 1,297 6,750 8,754,750
Liquid MW disposal. 1,297 50,000 64,850,000
Ship transport container to storage. 1,297 2,260 2,931,220

Process LLCE by FSR:
Labor: size reduction. 625 18,400 11,500,000
Labor. macroencapsulation, 625 1,000 625,000
Procure MHICs. 625 2,400 1,500,000
Consumables. 625 7,000 4,375,000
Ship size reduced LLCE to LLW trench. 1,297 1,200 1,556,400
Place size reduced LLCE In LLW trench. 1,297 1,200 1,556,400
Ship transport container to LLW trench. 381 2,260 861,060
Place transport container in LLW trench. 381 2,260 861,060
Ship size reduced LLCE to MW trench. 625 1,200 750,000
Place size reduced LLCE in MW trench, 625 1,200 750,000
Ship secondary MW to MW trench. 1,297 1,200 1,556,400
Place secondary MW in MW trench. 1,297 1,200 1,556,400
Sample leachate. 32 0 0
Transfer leachate. 32 0 0
Leachate disposal. 32 0 0
96

Cosl F:Iement Number Cost Total

D&D LLCE storage. 380 6,000 2,280,000
D&D WRAP-2B. 1 0 0
Backfili LLW trenches: size reduced LLCE. 1,297 29 37,613
Backfill LLW trenches: transport containers. 381 1,512 576,072
Backfill MW trenches: FSR. 625 258 161,250
Backfill MW trenches: secondary MW. 1,922 172 330,584
Subt 3,385,519

Total cost 613,634,730
Total costfitem ) 319,269
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Cost Module: 2B/T/FSR

SRR

Total LLCE items retreived, 1,922

Year of LLCE program shutdown. 2024
Total | LCE treated in WRAP-2B. 312
Total LLCE treated in 221-T. 85
Total LLCE treated by FSR. €625
Total L LCE items shipped direct to WRAP-2B, 293
Total LLCE tems shipped direct to 221-T, @50
Total LLCE #tems shipped to storage. 54
Max LLCE itemns in storage. 37

Number Cost Total

Construct LLCE storage. 54 19,253 1,039,662
Construct transport container storage, 1 500,000 500,000
Construct WRAP-2B, 1 0 0
Upgrade 221-T. 1 87,271,858 87,271,858
Construct LLW trenches: size reduced LLCE. 1,297 29 37,613
Consitruct LLW trenches: transport containers. 38 1512 57,456
Construct MW trenches: FSR. 625 517 323,125
Construct MW trenches: secondary MW, 1,297 345 447 465
Subtotal 89,677,179
Cost Element Number Cost Total
Transport container design. 1 184,000 184,000
Transport container SARP. ] 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
221-T start-up. 1 1,641,000 1,611,000
FSR start-up. 1 1,000,000 1,000,000

Cost Element Number Cost Total

Fabricate retrieval equipment. 2 1,000,000 2,000,000
Proctre field size reduction equipment, 1 0 0
Procure transporters. 2 950,000 1,800,000
Fabricate reusable transport container, 38 404,000 15,352,000
Fabricate reusable carriages, 38 21,700 824,600
Procure storage facility cranes. 0 500,000 0
Procure disposal facllity crane. 0 2,000,000 0

Cost Element Number Cost Total

Prepare for retrieval operation:
Labor. 1,822 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,822 24,000 46,128,000
Ship transport container to tank farm. 1,297 2,260 2,831,220
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,297 4,000 5,188,000
Ship LLCE direct to WRAP-28. 293 3,000 879,000
Ship LLCE direct to 221-T. 950 3,000 2,850,000
Ship LLCE to storage. 54 3,000 162,000

Restore from retrieval operation:
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Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 19 3,000 5§7,000
Labor. 312 24,762 7,725,744
Consumables. 312 1,000 312,000
Maintenance. 15 753,005 11,295,075
Process secondary MW. N2 2,934 915,408
Transfer liquid MW, 32 6,750 2,106,000
Liquid MWV dispesal. 32 50,000 15,600,000
Ship transport container to storage. 32 2,260 705,120
Process LLCE at 221-T:
Ship LLCE from storage to 221-T. 35 3,000 105,000
Laber. 985 39,765 39,168,525
Consumables. 285 1,000 985,000
Maintenance. - 1,777,892 44 447 300
Process secondary MW. 285 2,934 2,889,990
Transfer liquid MW. 985 6,750 6,648,750
Liquid MW disposal. 985 50,000 49,250,000
Ship transport container to storage. 985 2,260 2,226,100
Process LLCE by FSR:
Labor: size reduction. 625 18,400 11,500,000
Labor: macroencapsulation. 625 1,000 625,000
Procure MHICs. 625 2,400 1,500,000
Consumables. 625 7.000 4,375,000
Ship size reduced LLCE to LLW trench. 1,297 1,200 1,556,400
Place size reduced LLCE in LLW trench. 1,297 1,200 1,556,400
Ship transport container to LLW trench. 38 2,260 85,880
Place transport contalner in LLW trench. 38 2,260 86,880
Ship size reduced LLCE to MW trench. 625 1,200 750,000
Place size reduced LLCE in MW trench. 625 1,200 750,000
Ship secondary MW to MW trench. 1,297 1,200 1,556,400
Place secondary MW in MW trench. 1,297 1,200 1,556,400
Sample leachate. © 30 0 0
Transfer leachate. 30 0 0
Leachate disposal. 30 0 0

_Subtotal

Cost Element Number Cost Total
D&D LLCE storage. 54 6,000 324,000
D&D WRAP-2B. 1 0 0
Additional D&D 221-T. 1 10,000,000 10,000,000
Backfill LLW trenches: size reduced LLCE. 1,297 29 37613
Backfill LLW trenches: transport containers. 38 1,512 57,456
Backfill MW trenches: FSR. 625 258 161,250
Backfill MW trenches: secondary MW, 1,297 172 223,084
Subtotal 10,803,403
Total cost 603,794,774 °
Total costitem 314149
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Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Proceas LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 18 3,000 57,000
Labor, 223 24,762 5,521,926
Consumables. 223 1,000 223,000
Maintenance. 15 670,167 10,052,505
Process secondary MW, 223 2,934 654,282
Transfer liquid MW. 223 6,750 1,505,250
Liquid MWV disposal. 223 50,000 11,150,000
Ship transport container to storage. 223 2,260 503,980
Process LLCE at 2706-T Annex:
Ship LLCE from storage to 2706-T annex. 35 3,000 105,000
Labor. 1,074 24762 26,594,388
Consumables. 1,074 1,000 1,074,000
Maintenance. 25 508,848 12,721,200
Process secondary MW, 1,074 2,934 3,151,116
Transfer liquid MW, 1,074 6,750 7,249,500
Liquid MW dispcsal. 1,074 50,000 53,700,000
Ship transport container to storage. 1,074 2,260 2,427,240
Process LL.CE by FSR:
Labor: size reduction. 625 18,400 11,500,000
Labor: macroencapsulation. 625 1,000 625,000
Procure MHICs. 625 2,400 1,500,000
Consumables, 625 7.000 4,375,000
Ship stre reduced LLCE to LLW trench. 1,297 1,200 1,556,400
Place size reduced LLCE in LLW trench. 1,287 1,200 1,556,400
Ship transport container to LLW trench. 38 2,260 85,880
Place transport container in LLW trench. 38 2,260 85,880
Ship size reduced LLCE to MW trench. 625 1,200 750,000
Place size reduced LLCE in MW trench. 625 1,200 750,000
Ship secondary MW to MW trench. 1,297 1,200 1,556,400
Place secondary MW in MW trench. 1,297 1,200 1,556,400
Sample leachate. 30 0 0
Transfer leachate. 30 0 0
Leachate disposal. 30 0 0

Cost Element Number Cost Total
D&D LL.CE storage. 54 6,000 324,000
D&D WRAP-2B. 1 0 o]
D&D 27T06-T Annex. 1 15,000,000 15,000,000
Backfill LLW trenches: size reduced LLCE. 1,267 29 37,613
Backfili LLW trenches: transport containers. a8 1,512 57,456
Backfill MW trenches: FSR. 625 258 161,250
Bacikfill MW trenches: secondary MW. 1,297 172 223,084
S 15,803,403

Total cost 459,423,090
Total costfitern 259,846
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Cost Module: 2B/06/FSR

Total LLCE items retreived. 1,922
Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 223
Total LLCE treated in 2706-T. 1,074
Total LLCE treated by FSR. 625
Total LLCE items shipped direct to WRAP-2B. 204
Total LLCE ems shipped direct to 2706-T. 1,039
Total LLCE ltems shipped to storage. 54
Max LLCE itens in storage. 37

Max number of annual storage evolutions

Cost Element Number Cost Total
Construct LLCE storage. 54 19,253 1,039,662
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 0
Construct 2706-T Annex. 1 20,634,299 20,634,299
Construct LLW trenches: size reduced LLCE. 1,297 29 37,613
Construct LLW trenches: transport containers. 38 1,512 §7.456
Construct MW trenches: FSR. 626 517 323125
Construct MW trenches: secondary MW, 1,297 345 447 465
Subtotal

Cost Element Number Cost Total
Transport contalner design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-28 start-up. 1 0 0
2706-T start-up. 1 6,623,500 6,623,500
FSR start-up. 1 1,000,000 1,000,000
Subtotal

Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure field size reduction equipment. 1 0 0
Procure transporters, p 950,000 1,900,000
Fabricate reusable transport container. 38 404,000 15,352,000
Fabricate reusable carriages. 38 21,700 824,600
Procure storage facility cranes. 0 500,000 0
Procure disposal facility crane. 0 2,000,000 0

Subtotal

Cost Element Number Cost Total

Prepare for retrieval operation:
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,822 24,000 45,128,000
Ship transport container to tank farm. 1,297 2,260 2,931,220
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,297 4,000 5,188,000
Ship LLCE direct to WRAP-2B. 204 3,000 612,000
Ship LLCE direct to 2706-T annex. 1,039 3,000 3,117,000
Ship LLCE to storage. 54 3,000 162,000

Restore from retrieval operation:
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Cost Module: 2B/GRV/FSR

Total L LCE items retretved. 1,922
Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B.

Total LLCE treated in grout vaults.

Total LLCE treated by FSR.

Totat LLCE #tems shipped direct to WRAP-2B.
Total LLCE items shipped direct to grout vaults.
Total LL.CE items shipped to storage.

Max LLCE Htems in storage.

Cost Element Number Cost Total

Construct LLCE storage. 43 19,253 924,144
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 0
Modity first grout vault for LLCE. 1 7,000,000 7,000,000
Modify subsequent grout vaults for LLCE. 1 1,500,000 1,500,000
Construct LLW trenches: size reduced LLCE. 77 29 2,233
Construct LLVW trenches: transport containers. 49 1,512 74,088
Construct MW trenches: FSR. 625 517 323,125
Construct MW trenches: secondary MW. 77 345

Cost Element Number Cost Total

Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 1] 0
Grout vault start-up. 1 3,000,000 3,000,000
FSR start-up. 1 1,000,000 1,000,000
Subtotal 4,734,000
Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure field size reduction equipment. 1 0 o
Procure transporters. 2 950,000 1,900,000
Fabricate reusable transport container. 49 404,000 19,796,000
Fabricate reusable carriages. 49 21,700 1,063,300
Procure storage facility cranes. b 500,000 1,000,000
Subtotal 25,759,300
Cost Element Number Cost Total

Prepare for retrieval operation:
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container to tank farm. 1.297 2,260 2,931,220
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,297 4,000 5,188,000
Ship LLCE direct to WRAP-2B. 58 3,000 174,000
Ship direct to grout vaults. 1175 3,000 3,525,000
Ship LLCE to storage. 64 3,000 192,000

Restore from retrieval operation:
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Labor. 1,922 40,000
Administrative. 1,922 2,000

Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 64 3,000
Labor. 77 24,762
Consumables. 7 1,000
Maintenance. 15 491,327
Process secondary MW, 77 2,934
Transfer liquid MW, 77 6,750
Liquid MW disposal. 77 50,000
Ship transport container to storage. 77 2,260

Process LLCE in grout vaults:
Ship LLCE from storage to grout vaults. 45 3,000
Labor: place LLCE. 1,220 5,600
Labor: add encapsulant material. 1,220 2,800
Consumables. 1,220 644
Maintenance. 24 149,959
Ship transport container to storage. 1,220 2,260

Process LLCE by FSR:

Labor: size reduction. 625 18,400
Labor; macroencapsulation. 625
Procure MHICs. 625
Consumables. 625
Ship size reduced LLCE to LLW trench, 7
Place size reduced LLCE in LLW trench. 77
Ship transport container to LLW trench. 49 2,260
Place transport container in LLW trench. 49
Ship size reduced LLCE to MW trench. 625
625
I
77
15
30
30

Place size reduced LLCE in MW trench. 1,200
Ship secondary MW to MW trench. 1,200
Place secondary MW in MW trench. 1,200
Sampie leachate. ]
Transfer leachate. 0

Leachate disposal.

76,880,000
3,844,000

192,000
1,906,674
77,000
7,369,905
225918
519,750
3,850,000
174,020

135,000
6,832,000
3,416,000

785,871
3,596,016
2,757,200

11,500,000
625,000
1,500,000
4,375,000
92,400
92,400
110,740
110,740
750,000
750,000
92,400
92,400

Cost Element Number Cost

Total
288,000
o
3,000,000
2,233
74,088
161,250
13,244
3,538,815

D&D LLCE storage. 48 6,000
D&D WRAP-2B. 1 ¢
Close grout vaults. 2 1,500,000
Backfill LLW trenches: size reduced LLCE. 77 29
Backfill LLW trenches: transport containers. 48 1512
Backfill MW trenches: FSR. 625 258
Bacidill MW trenches: secondary MW. 77 172
Subtotal

Total cost

Total costfitern
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Cost Module: 2B/FSM/FSR

Total LLCE items retreived. 1,922
Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B.

Total LLCE treated by FSM.

Total LLCE treated by FSR.

Total LLCE kems shipped direct to WRAP-2B.

Total LLCE kems sent direct to FSM.

Total LLCE items shipped to storage.

Max LLCE items in storage.

Cost Element Number Cost Total
Construct LLCE storage. 19 19,253 365,807
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 4] 1]
Construct LLW trenches: size reduced LLCE. 77 2 2,233
Construct LLW trenches: transport containers. 20 1,512 30,240
Construct MW trenches: FSM. 1,220 9,652 11,775,440
Construct MW trenches: FSR. 625 517 323,125
Construct MW trenches: secondary MW, 77 345
Subtotal

Cost Element Number ol ¢ Total
Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
FSM start-up. 1 1,000,000 1,000,000
FSR start-up. 1 1,000,000 1,000,000

Cost Element Nurnber Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure fiekd size reduction equipment. 1 0 0
Procure transporters. P 950,000 1,900,000
Fabricate reusable transport container. 2 404,000 8,080,000
Fabricate reusable carriages. 20 21,700 434,000
Fabricate disposable carriages. 1,220 16,120 19,666,400
Procure storage facility cranes. 0 500,000 0
Procure disposal facility crane. 1 2,000,000 2,000,000

Subtotal

Cost Eleme: Cost Total

Prepare for retrieval operation:
Labor. 1,922 40,000 76,880,000
Materials, 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Load MHIC tube into transport container. 1,220 2,260 2,757,200
Ship transport container to tank farm. 1,297 2,260 2,931,220
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 77 4,000 308,000
Load LLCE into MHIC tube, 1,220 4,000 4,880,000
Ship LLCE direct to WRAP-2B. 58 3,000 174,000
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Send LLCE direct to FSM. 1,214 0 0
Ship LLCE to storage. 25 3,000 75,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 25 3,000 76,000
Labor. 7 24,762 1,906,674
Consumables. 77 1,000 77.000
Maintenance. 15 491,327 7,369,905
Process secondary MW, 77 2,934 225,918
Transfer liquid MW. 77 6,750 519,750
Liquid MW disposal. 77 50,000 3,850,000
Ship transpoit container to storage. 7 2,260 174,020
Process LLCE by FSM:
Ship LLCE from storage to FSM. 6 3,000 18,000
Labor. 1,220 2,500 3,050,000
Procure MHIC. 1,220 15,000 18,300,000
Consumabies. 1,220 21,484 26,210,480
Process LLCE by FSR:
Labor: size reduction. 625 18,400 11,500,000
Labor: macroencapsulation. 625 1,000 625,000
Procure MHICs. 625 2,400 1,500,000
Consumables. 625 7,000 4,375,000
Ship size reduced LLCE to LLW trench, 77 1,200 92,400
Place size reduced LLCE in LLW trench. 77 1,200 92,400
Ship transport container to LLW trench, 20 2,260 45,200
Place transport container in LLW trench. 20 2,260 45,200
Ship FSM LLCE to MW trench. 1,220 3,000 3,660,000
Place FSM LLCE in MW trench. 1,220 12,000 14,640,000
Ship transport container to storage. 1,220 2,260 2,757,200
Ship size reduced LLCE to MW trench. 625 1,200 750,000
Place size reduced LLCE in MW trench, 625 1,200 750,000
Ship secondary MW to MW trench. ¥ii 1,200 92,400
Place secondary MW in MW trench. ' 1,200 92,400
Sample leachate. 0 75,000 2,250,000
Transfer leachate. 30 30,000
Leachate disposal. 30 150,000

Cost Element

D&D LLCE storage. 19
D&D WRAP-2B. 1
Backfill LLW trenches: size reduced LLCE. 77
Backfill LLW trenches: transport containers., 20 1,512 30,240
Backfill MW trenches: FSM. 1,220 4813 5,871,860
Backfill MW trenches: FSR. 625 258 161,250
Backfill MW trenches: secondary MWV, KL 172 13,244

Total cost 435,148,004
Total costfitem 226,404
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Cost Module: 2B/2B/FSM
Total LLCE items retreived. 1,922
Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 32
Total LLCE treated by FSM. 1,600
Total LLCE items shipped direct to WRAP-28. 247
Total LLCE items sent direct to FSM. 1,592
Total LLCE items shipped to storage. 83
Max L| CE items in storage. 75

Max number of an

Cost Element Number Cost Total
Construct LLCE storage. 75 19,253 1,443,975
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 o 0
Construct LLW trenches: size reduced LLCE. x 29 9,338
Construct LLW trenches: transport containers. 76 1,512 114912
Construct MW trenches: FSM. 1,600 9,652 15,443,200
Construct MW trenches: secondary MW, K74 45 111,090

Subtotal 17,622,515

Cost Element "~ Number Cost Total

Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
FSM start-up. 1 1,000,000

Subtotal

Cost Element Number Cost Total

Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 4 950,000 1,900,000
Fabricate reusable transport container. 7% 404,000 30,704,000
Fabricate reusable carriages. 76 21,700 1,649,200
Fabricate disposabie carriages. 1,600 16,120 25,792,000
Procure storage facility cranes. 2 500,000 1,000,000
Procure disposal facility crane. 1 2,000,000 2,000,000
Subtotal 65,045,200

Cost Element Number Total
Prepare for retrieval operation:

Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,822 24,000 46,128,000
Load MHIC tube into transport container. 1,600 2,260 3,616,000
Ship transport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1.922 §,000 15,376,000
Load LLCE into transport container, 32 4,000 1,288,000
Load LLCE into MHIC tube. 1,600 4,000 6,400,000
Ship LLCE direct to WRAP-2B. 247 3,000 741,000
Send LLCE direct to FSM. 1,592 (] o
Ship LLCE to storage. 83 3,000 249,000

Restore from retrieval operation;
Labor. 1,922 40,000 76,880,000
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Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 75 3,000 225,000
- Labor. 322 24,762 7,973,364
Consumables. 3 1,000 322,000
Maintenance. 15 761,258 11,418,870
Process secondary MW. 32 2,934 944,748
Transfer liquid MW. 322 6,780 2,173,500
Liquid MW disposal. 32 50,000 16,100,000
Ship transport container to storage. 322 2,260 721,720
Process LLCE by FSM:
Ship LLCE from storage to FSM. 8 3,000 24,000
Labor. 1,600 2,500 4,000,000
Procure MHIC. 1,600 15,000 24,000,000
Consumables. 1,600 21,484 34,374,400
Ship size reduced LLCE to LLW trench. 3z 1,200 386,400
Place size reduced LLCE in LLW trench, 3z 1,200 386,400
Ship transport container to LLW trench, 76 2,260 171,760
Place transport container in LLW trench. 76 2,260 171,760
Ship secondary MW to MW trench. I 1,200 366,400
Place secondary MW in MW trench. Ky.s) 1,200 386,400
Ship FSM LLCE to MW trench. 1,600 3,000 4,800,000
Ship transport container to storage. 1,600 2,260 3,616,000
Place FSM LLCE In MW trench. 1,600 12,000 19,200,000
Sample leachate. 29 75,000 2,175,000
Transfer leachate. 29 30,000 870,000
Leachate disposal. 29 150,000 4,350,000
Subtotal 413,369,442
Cost Element Number Cost Total
D&D LLCE storage. 75 6,000 450,000
D&D WRAP-2B. 1 0 o]
Backfill LLW trenches: size reduced LLCE. 322 29 9,338
Backfill LLWV trenches: transport containers. 76 1512 114912
Backfill MW trenches: FSM. 1,600 4813 7,700,800
Backfill MW trenches. secondary MW. v, 172

Total cost 506,101,591
Total cost/item 263,320
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Cost Module: 2B/06/FSM

Total LLCE ltems retreived. 1922
Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 77
Total LLCE treated in 2706-T. 245
Total LLCE treated by FSM. 1,600
Total LLCE items shipped direct to WRAP-2B. 58
Total LLCE kems shipped direct to 2706-T. P
Total LLCE tems sent direct to FSM.

Total LLCE items shipped to storage.

Max LLCE items in storage.

Max number of annual evolutions

Cost Element Number Cost Total

Construct LLCE storage. 19 19,253 365,807
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 0
Construct 2706-T Annex. 1 20,634,299 20,634,299
Construct LLW frenches: size reduced LLCE. 322 P 9,338
Construct LLW trenches: transport containers. 20 1,512 30,240
Construct MW trenches: FSM. 1,600 9,652 15,443,200
Construct MW trenches: secondary MW, 322 345 111,000
Subtotal 37,003,974
Cost Element Number Cost Total
Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
2706-T start-up. 1 6,623,500
FSM start-up. 1 1,000,000
Subtotal
Cost Element Number Cost Total
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure field size reduction equipment. 1 0 0
Procure transporters. P 950,000 1,900,000
Fabricate reusable transport container. 20 404,000 8,080,000
Fabricate reusable carriages. 20 21,700 434,000
Fabricate disposable carriages. 1,600 16,120 25,792,000
Procure storage facility cranes. 0 500,000 Iy)
Procure disposal facility crane. t 2,000,000 2,000,000
Subtotal 40,206,000
Cost Element Number Cost Total
Prepare for retrieval operation;
Labor, 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,126,000
Load MHIC tube into transport container. 1,600 2,260 3,616,000
Ship transport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 32 4,000 1,288,000
Load LLCE into MHIC tube. 1,600 4,000 6,400,000
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Ship LLCE direct to WRAP-2B. 58 3,000 174,000
Ship LLCE direct to 2706-T annex. 238 3,000 714,000
Send LLCE direct to FSM. 1,592 0 0
Ship LLCE to storage. 34 3,000 102,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LL.CE from storage to WRAP-2B. 19 3,000 57,000
Labor. 77 24,762 1,906,674
Consumables. 77 1,000 77,000
Maintenance. 15 481,327 7,369,905
Process secondary MW. 77 2,934 225,918
Transfer liquid MW. 77 6,750 519,750
Liquid MWV disposal. v 50,000 3,850,000
Ship transport container to storage. 7 2,260 174,020
Process LLCE at 2706-T Annex:
Ship LLCE from slorage to 2706-T annex. 7 3,000 21,000
Labor. 245 24,762 6,066,690
Consumables, 245 1,000 245,000
Maintenance. 25 315,515 7,887,875
Process secondary MW, pL 2,934 718,830
Transfer liquid MW. 245 6,750 1,653,750
Liguid MW disposal. 245 50,000 12,250,000
Ship transpost container to storage, 245 2,260 553,700
Process LLCE by FSM:
Ship LLCE from storage to FSM. 8 3,000 24,000
Labor. 1,600 2,500 4,000,000
Procure MHIC. 1,600 15,000 24,000,000
Consumables. 1,600 21,484 34,374,400
Ship size reduced LLCE to LLW trench. 2 1,200 386,400
Place size reduced LLCE in LLW trench. 322 1,200 386,400
Ship transport container to LLW trench. 20 2,260 45,200
Place transport container in LLW trench. 20 2,260 45,200
Ship FSM LLCE to MW trench. 1,600 3,000 4,800,000
Ptace FSM LLCE in MW trench. 1,600 12,000 19,200,000
Ship transport container to storage. 1,600 2,260 3,616,000
Ship secondary MW to MW trench. 322 1,200 386,400
Place secondary MW in MWV trench, 322 1,200 386,400
Sample leachate. 30 75,000 2,250,000
Transfer leachate, 30 30,000 900,000
Leachate disposal. a0 150,000 4,500,000

Cost Element Number Cost Total
D&D LLCE storage. 1,592 6,000 9,552,000
D&D WRAP-2B. 1 0 o]
D&D 2706-T Annex. 1 15,000,000 15,000,000
Backfill LLW trenches: size reduced LLCE. 3z 29 9,338
Backfill LLW trenches: transport containers. 20 1,512 30,240
Backfill MW trenches: FSM. 1,600 4813 7,700,800
Backfili MW trenches; secondary MW. 322 172 55,384
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Subtotal 32,347,762
Total cost ' 535,068,468
Total costtem 278,392
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Cost Module: 2B/2B/GRV

Total LLCE items retreived. 1922

Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. K77
Total LLCE treated in grout vaults. 1,600
Total LLCE emns shipped direct io WRAP-2B. 247
Total LLCE items shipped direct to grout vaults. 1,508
Total LLCE items shipped to storage.

Max LLCE items in storage.

Max number of annual storage

Cost Element Number Cost Total
Construct LLCE storage. 5 19,253 1,443,975
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 0
Modify first grout vault for LLCE. 1 7,000,000 7.000,000
Modify subsequent grout vauits for LLCE. 1 1,500,000 1,500,000
Construct LLW trenches: size reduced LLCE. xn 28 9,338
Construct LLW trenches: transport containers, 76 1,512 114912
Construct MW trenches: secondary MW. 2 5 111,090
Subtotal 10,679,315

Cost Element Number Cost Total
Transport container design. 1 164,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-28B start-up. 1 0 0
Grout vault start-up. 1 3,000,000 3,000,000
Subtotal

Cost Element Number Cost TFotal
Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 2 950,000 1,900,000
Fabricate reusable transport container. 76 404 000 30,704,000
Fabricate reusable carriages. 76 21,700 1,649,200
Procure storage facility cranes. 2 500,000

Cost Element Number Cost Total
Prepare for retrieval operation.
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596,000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container o tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container. 1,922 4,000 7,688,000
Ship LLCE direct to WRAP-2B. 247 3,000 741,000
Ship direct to grout vaults. 1,508 3,000 4,524 000
Ship LLCE to storage. 167 3,000 501,000
Restore from retrieval operation:
Labor. 1,922 40,000 76,880,000
Administrative. 1,922 2,000 3,844,000
Process LLCE at WRAP-28:
Ship LLCE from storage to WRAP-2B. 75 3,000 225,000
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Labor. x 24,762 7,973,364
Consumables. 32 1,000 322,000
Maintenance. 15 761,258 11,418,870
Process secondary MW. 322 2,934 944,748
Transter liquid MW. e 6,750 2,173,500
Liquid MW dispesal. 2z 50,000 16,100,000
Ship transport container to storage. 322 2,260 727,720

Process LLCE in grout vaults:
Ship LLCE from storage to grout vaults. 92 3,000 276,000
Labor: place LLCE. 1,600 5,600 8,960,000
Labor: add encapsulant material. 1,600 2,800 4,480,000
Consumables. 1,600 644 1,030,651
Maintenance. 24 162,335 3,896,040
Ship transport container to storage. 1,600 2,260 3,616,000
Ship size reduced LLCE to LLW trench. 32 1.200 386,400
Place size reduced LLCE in LLW french, 322 1,200 386,400
Ship transport container to LLW trench. 76 2,260 171,760
Place transport container in LLW trench. 76 2,260 171,760
Ship secondary MW to MW trench. 3z 1,200 386,400
Place secondary MW in MW trench. 322 1,200 386,400
Sample leachate. 15 0 0
Transfer leachate. 15 0 0
Leachate disposal. 15 ¢ 0
Subtotal 339,378,733

Cost Element Nurnber Cost Total
D&D LLCE storage. 75 6,000 450,000
D&D WRAP-2B. 1 V] 0
Close grout vaults. p. 1,500,000 3,000,000
Backfill LLW trenches. size reduced LLCE. 322 29 9,338
Backfill LLW trenches: transport containers. 76 1,512 114,912
Backfill MW trenches: secondary MW. 322 172 55,384

Total cost 394,674,882
Total costiitem i 205,346
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Cost Module: 2B/2B/GRY

Total LLCE itemns retreived. 1,922

Year of LLCE program shutdown. 2024
Total LLCE treated in WRAP-2B. 7
Total LLCE treated in 2706-T. 245
Total LLCE treated in grout vaults. 1,600
Total LLCE items shipped direct to WRAP-2B. 58
Total LLCE ftems shipped direct to 2706-T. 238
Total LLCE items shipped direct to grout vaults. 1,508
Total LLCE items shipped to storage. 111
Max LLCE items in storage. 61
Max number of annual storage evolutions. 61

Cost Element "~ Number Cost Total

Construct LLCE storage. 61 18,253 1,174,433
Construct transport container storage. 1 500,000 500,000
Construct WRAP-2B. 1 0 0
Construct 2706-T Annex, 1 20,634,299 20,634,299
Modify first grout vault for LLCE. 1 7.000,000 7,000,000
Modify subsequent grout vaults for LLCE. 1 1,500,000 1,500,000
Construct LLW trenches: size reduced LLCE. 322 29 9,338
Construct LLW trenches: transport containers. 62 1,512 93,744
Construct MW trenches: secondary MW, 32 345 111,080
Subtotal
Cost Element Number Cost Total

Transport container design. 1 184,000 184,000
Transport container SARP. 1 300,000 300,000
Retrieval system start-up. 1 250,000 250,000
WRAP-2B start-up. 1 0 0
2706-T start-up. 1 6,623,500 6,623,500
Grout vault start-up. 1 3,000,000 3,000,000

Cost Element Number Cost Total

Fabricate retrieval equipment. 2 1,000,000 2,000,000
Procure transporters. 2 550,000 1,900,000
Fabricate reusable transport container. 62 404,000 25,048,000
Fabricate reusable carriages. 62 21,700 1,345,400
Procure storage facility cranes, 2 500,000 1,000,000
S 31,293,400
Cost Element Number Cost Totat

Prepare for retrieval operation: )
Labor. 1,922 40,000 76,880,000
Materials. 1,922 18,000 34,596 000
Engineering. 1,922 2,000 3,844,000
Administrative. 1,922 24,000 46,128,000
Ship transport container to tank farm. 1,922 2,260 4,343,720
Retrieve LLCE. 1,922 8,000 15,376,000
Load LLCE into transport container, 1,922 4,000 7,688,000
Ship LLCE direct to WRAP-28. 58 3,000 174,000
Ship LLCE direct to 2706-T annex. 238 3,000 714,000
Ship direct to grout vaults. 1,508 3,000 4,524,000
Ship LLCE to storage. ) 1 3,000 333,000
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Restore from retrieval operation:

Labor. 1,922 40,000 76,880,000
Administrative, 1,922 2,000 3,844,000
Process LLCE at WRAP-2B:
Ship LLCE from storage to WRAP-2B. 19 3,000 57,000
Labor, 77 24,762 1,906,674
Consumables. 77 1,000 77,000
Maintenance. 15 491,327 7,369,905
Process secondary MW, 77 2,934 225918
Transfer liquid MW, 77 6,750 519,750
Liquid MW disposal. 77 50,000 3,850,000
Ship transport container to storage, 77 2,260 174,020
Process LLCE at 2706-T Annex;
Ship LLCE from storage to 2706-T annex. 7 3,000 21,000
Labor, 245 24,762 6,066,690
Consumables. 245 1,000 245,000
Maintenance. p.] 315,515 7,887,875
Process secondary MW. 245 2,934 718,830
Transfer liquid MW, 245 6,750 1,663,750
Liquid MW disposal. 245 50,000 12,250,000
Ship transport container to storage. 245 2,260 563,700
Process LLCE in grout vaults;
Ship LLCE from storage to grout vaults. 92 3,000 276,000
Labor: place LLCE, 1,600 5,600 8,960,000
Labor: add encapsulant material. 1,600 2,800 4,480,000
Consumables. 1,600 844 1,030,651
Maintenance, 24 162,335 3,896,040
Ship transport container to storage. 1,600 2,260 3,616,000
Ship size reduced LLCE to LLW trench, 32 1,200 386,400
Place size reduced LLCE in LLW trench. 322 1,200 386,400
Ship transport container to LLW trench, 62 2,260 140,120
Place transport container in LLW trench. 62 2,260 140,120
Ship secondary MW to MW trench, 322 1,200 386,400
Place secondary MW in MW trench. 322 1,200 386,400
Sample leachate. 15 0 0
Transfer leachate. 15 0 ¢
Leachate disposal. 15 o o
Subtotal
Cost Element Number Cost Totat
D&D LLCE storage. 61 6,000 366,000
D&D WRAP-2B. 1 ] o
D&D 2706-T Annex. 1 15,000,000 15,000,000
Close grout vaults. 1 1,500,000 1,500,000
Backfill LLW trenches: size reduced LLCE. 322 29 9,338
Backfill LLW trenches: transport containers. 62 1512 93,744
Backfill MW trenches: secondary MW. 322 172
Subtotal
Total cost 432,684,633
Total cost/item 225122
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Appendix F:
Cost Module Basis

1.0 Discussion

This appendix describes in detail the basis for each cost element
found in the cost module sheets in Appendix E. For simplicity, all
cost elements were rounded to the nearest dollar.

2.0 Construction Costs
2.1 Construct LLCE Storage

LLCE storage facility construction cost was estimated on a per item
basis from cost data for Project W-373 (Long-Length Waste Equipment
Storage Facility). Construction cost for the preferred storage
facility, an uncovered RCRA-compliant storage pad, was estimated to be
$29.62/ft? . Since the average transport container would be
approximately 70.5 ft long by 5.5 ft in diameter?, and WHC procedures
would require a 3 ft corridor between waste items and on each end for
purposes of inspection, the storage area required per LLCE item would
be:

storage area _ 76.5 ft long x 8.5 ft wide_ o rp2
item item

Therefore, average storage facility construction cost per item would
be:

cost _ $29.62 , 650 ft?_ $ 19,253
item FEd item item

2.2 Construct Transport Container Storage

Transport container storage facility construction cost was estimated
on a total cost basis from cost data for Project W-374 (Empty Long-
Length Waste Equipment Transport/Storage Container Storage Facility).
Transport container storage facility construction cost was estimated
to be $500,0002,

2.3 Construct WRAP-2B

Since WRAFP-2B would be constructed whether LLCE was treated there or
not, the construction cost would not be reflected against LLCE
treatment efforts. Therefore, WRAP-2B construction cost was not
included.

1W’HC——SD-WM—ES—BIG, Storage Options for Long Equipment Items - Engineering Study,
Table 4, "Storage Site Construction Cost Evaluation,” Revision 0, dated Decemper 2,
1994,

2WHC-SD-WM-ES-265, Disposal of Tank Farm long-Length Contaminated Equipment:
Alternative Opticons Study and Engineering Support Information, Section 5.2, "Tank Farm
Hardware Waste Container Size Iaentlflcatlon,E Revision 0, dated January 26, 1995,

3Total Project Cost in the Construction Project Management Menu, WHC Soft
Reporting, dated September 7, 1994.
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2.4 Upgrade 221-T

Construction cost for the 221-T facility was estimated on a total cost
basis as follows. An extensive engineering study, performed by
Parsons, was conducted to address the facility design and construction
costs for an extraction treatment line in the 221-T canyon building.
Construction and equipment cost to upgrade 221-T for LLCE treatment
was estimated to be $87,271,858°,

2.5 Construct 2706-T Annex

Construction cost for the 2706-T annex was estimated on a total cost
basis as follows. The Parsons study discussed in Section 2.4 also
addressed facility design and construction costs for an extraction
treatment line in an annex to the 2706-T facility. Construction and
equipment cost for the 2706-T annex was estimated to be $20,634,299.

2.6 Modify Grout Vaults

Construction cost to modify the existing grout wvaults for LLCE
treatment was estimated on a total cost basis as follows. An
engineering study was conducted by Solid Waste Disposal Programs to
address the facility design and construction costs for a macro-
encapsulation treatment line in the grout wvaults. Construction and
equipment cost to modify the first wvault was estimated to be
$7,000,000., Average construction cost to modify subsequent wvaults was
estimated to be $1,500,000 per vault®.

2.7 Construct LLW Trenches: General

LLW trench construction cost was estimated on a per cubic foot basis
as follows. A standard LLW trench, as described in Figure F-1 below,
would have approximately 336,000 ft*® of usable disposal volume.
Trench construction cost was estimated at $200,000 per trench’.
Therefore, average LLW trench construction cost per ft* would be:

cost . $ 200,000 _ $ 0.60
el 336,000 ft? el

2.7.1 Construct LIW Trenches: Size Reduced LLCE

LLW trench construction cost for size reduced LLCE was estimated on a
per item basis as follows. From Appendix B, Table B-1l, the two
largest fractions of the LLCE waste stream would be thermocouples and
vertical turbine pumps, and they would occur in approximately equal
percentages. Thus, the LLCE waste stream could be reasonably

‘WHC-SD-WM-ES-283, Long Term Decontamination Engineering Study, Section 6.0,
"Alternative 1: T Plant,” Table 6.3, "T Plant Scenario 1 Cost Estimate,”™ Revision O,
Draft.

SWHC-SD-WM-ES~283, Long Term Decontamination Engineering Study, Section 7.0,
"Alternative 2: New Facility,” Table 7.1, "New Facility Scenaric 1 Cost Estimate, "
Revision 0, Draft.

SWHC-SD-WM-ES-303, Concept Study: Use of Grout Vaults for Disposal of Long Length

Contaminated Equipment, Section 4.6.1, "Vault Modification Costs,™ Table 3, "Vault
Modification Cests,"™ Revision 0, dated September 26, 1994,

"per telephone conversation, W. S. Josephson to B. E, Poremba, on Cctober 17,
1994,
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Figure F-1. Standard LLW Burial Trench

{ wir &0

Usable Volume
(x 1000 long)

24 e

approximated as 50% thermocouples and 50% pumps. The size reduced
volume of a representative thermocouple and representative pump were
calculated from H-2 drawings referenced in Appendix A, and a
correction factor to allow for realistic packaging considerations was
applied. The calculated values have been summarized in Table F-1:

Table F-1. Size Reduced LLCE Disposal Volume

Thermocouple Vertical Turbine Pump
Percentage of waste stream 50% 50%
In-Tank Diameter 2 in 6 in
In-Tank Length 50 ft 50 ft
Dunnage size 1 £t OD x 2 £t 2 ft OD x 4 £t
Size Reduced Volume 3.5 £t 28.5 ft?
{close packed)
Actual Packaged Volume 10.5 ft# B5.5 ft?
(close pack x 3)
Average Disposal Velume 48 ft?

Therefore, average LLW trench construction cost per item for size
reduced LLCE would be:

cost _ 48 ft3  $0.60 _ $ 29

item item fed item

2.7.2 Construct ILIW Trenches: Transport Containers

LLW trench construction cost for LLCE transport containers was
estimated on a per container basis as follows. From Section 2.1, the
average transport container would be approximately 70.5 ft long by 5.5
ft diameter. Using a 1 ft cover depth between layers, the trench
volume required per transport container would be:
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trench volume _ 5.5 ft x70.5 ft x5.5 ft , 5.5 £t x70.5ft x1 ft _ 2,520 f¢?
container container cover container

Therefore, average LLW trench construction cost per transport
container would be:

cost - 2,520 ft* $0.60 _ _$1,512
container container el container
2.8 Construct MW Trenches: General

MW trench construction cost was estimated on a per cubic foot basis as
follows. A standard MW trench, as constructed by Project W-025 (MW
Land Disposal Facility -~ First and Second Trench), would have from
28,000 yd® to 86,500 yd® of usable disposal volume depending on the
closure cover design. For the purposes of this study, a disposal
volume of 43,480 yd® based on a 10% grade closure cover design was
used®. Construction cost for Project W-025 was estimated at
$8,985,000° for two trenches. Therefore, average MW trench
construction cost per ft® would be:

cost _ _$8,985,000 yd* _ §$3.83
Ft3 2 x 43,480 yd® 27 ft? Ft?

2.8.1 Construct MW Trenches: FSM

MW trench construction cost for FSM waste was estimated on a per item
basis as follows. The average FSM item would require an MHIC tube of
approximately the same size as an average transport container, which
from Section 2.7.2 would occupy 2,520 ft® of trench volume. Therefore,
average MW trench construction cost per item for FSM would be:

cost _ 2,520 ft>  $3.83 _ $ 9,652
item item fe? item

2.8.2 Construct MW Trenches: FDR

MW trench construction cost for FDR waste was estimated on a per item
basis as follows. The average FDR item would require a 16 inch 0D by
70 ft long MHIC tube. Using a 1 ft cover depth between layers, the
trench volume required per MHIC tube would be:

trench volume _ 1.3 ft x70 ft x1.3 £t [ 1.3 ft x70ft x 1 ft _ 218 ft*
EHIC tube cover EHIC

The removed dunnage would require a separate 5 ft by 5 ft by 5 ft MHIC
box. Using a 1 ft cover depth between layers, the trench volume
required per MHIC box would be:

trench volume _ 5 ft xS ft xS ft | 5 ft x 5ft x1 £t _ 150 ft?

EHIC box cover EHIC

®FEngineering Study, Golder Associates, 903-1254.500, Alternative QOperational
Backfill Material Study for W-025 Landfill, Hanford Washington, Section 1.2,
"Background,” dated August 2, 13931.

Total Project Cost in the Construction Project Management Menu, WHC Soft
Reporting, dated September 7, 1994,
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Therefore, average MW trench construction cost per item for FDR would
be:

cost _[_218 ft?® _ 150 ft3) x $3.83 _ $1,409
item EHIC tube EHIC box 3 item

2.8.3 Construct MW Trenches: FSR

MW trench construction cost for FSR waste was estimated on a per item
basis as follows. LLCE treated by FSR would consist primarily of
thermocouple-sized items, and would be contact-handled. From

Table F-1, the average disposal volume of such items would be
approximately 10.5 ft®. 1In addition, FSR was estimated by the author
to produce approximately 50 ft® of secondary MW, primarily from tank
waste contacted consumables such as glove bags and protective
clothing. This volume would require three 150 gal MHICs for
treatment. Using a 1 ft cover depth between layers, the trench volume
required per MHIC would be:

3t x3ft x1 ft _

trench volume _ 3 ft x3 ft x4 ft 45 ft?
EHIC EHIC cover EHIC

Therefore, average MW trench construction cost per item for FSR would
be:

cost _ 3 EHICs _45 ft? = $3.83 _ § 517
item item EHIC ft3 item

2.8.4 Construct MW Trenches: Secondary Mw

MW trench construction cost for secondary MW was estimated on a per
item basis as follows. Extraction treatment methods were estimated by
the author to produce two 150 gal MHICs of secondary MW per LLCE item,
primarily from flexible receiver debris, pieces of LLCE which would
not meet the debris rule treatment standard and MW contacted
consumables. Therefore, average MW trench construction cost per item
for secondary MW would be:

cost _ 2 EHICs . 45 ft® _ $3.83 _ § 345

item item EHIC el item
3.0 Start-up Costs
3.1 Transport System

3.1.1 Transpert Container Design

Transport container design cost was estimated on a total cost basis by
the TWRS LLCE Project. Transport container design cost was estimated
to be $184,000%,

3.1.2 Transpecrt Container SARP

Transport container safety analysis report for packaging (SARP} cost
was estimated on a total cost basis by the TWRS LLCE project.

'®Meeting minutes, P. A. Titzler, on January 5, 199S.
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Transport container SARP cost was estimated to be $300,000',
3.2 Retrieval System Start-up

Start~up cost for the LLCE retrieval system was estimated on a total
cost basis as follows. Start-up costs would include NEPA, operator
certification, procedures and readiness review. Start-up cost for the
retrieval system was estimated by the author to be $250,000.

3.3 WRAP-2B Start-up

Since WRAP-2B would undergo start-up whether LLCE was treated there or
not, the start-up cost would not be reflected against LLCE treatment
efforts. Therefore, WRAP-2B start-up cost was not included.

3.4 221-T Start-up

Start-up cost for the 221-T facility was estimated on a total cost
basis as follows. The Parsons study discussed in Section 2.4 also
addressed facility start-up cost for an extraction treatment line in
the 221-T canyon building. Start-up costs would include NEPA,
permitting, operator certification, procedures and readiness review.
Start-up cost for 221-T was estimated to be $1,611,000'?,

3.5 2706-T Start-up

Start-up cost for the 2706-T annex was estimated on a total cost basis
as follows. The Parsons study discussed in Section 2.4 also addressed
facility start-up cost for an extraction treatment line in an annex to
2706-T. Start-up costs would include NEPA, permitting, operator
certification, procedures and readiness review. Start-up cost for the
2706~T annex was estimated to be $6,623,500?,

3.6 Grout Vault Start-up

Start-up cost for the modified grout vaults was estimated on a total
cost basis as follows. Start-up costs would include NEPA, permitting,
operator certification, procedures, readiness review, and major
revisions to the grout wvault performance assessment., Start-up cost
for the grout wvaults was estimated by the author to be $3,000,000.

3.7 FSM sStart-up

Start-up cost for FSM was estimated on & total cost basis as follows.
Start-up costs would include NEPA, permitting, operator certification,
procedures and readiness review. Start-up cost for FSM was estimated
by the author to be $1,000,000.

3.8 FDR Start-up

Start-up cost for FDR was estimated on a total cost basis as follows.
Start-up costs would include NEPA, permitting, operator certification,

MMeeting minutes, P. A. Titzler, on January 5, 1995.

’WHC-SD-ES-283, Long Term Decontamination Engineering Study, Section 6.0,
"Alternative 1: T Plant," Revision 0, Table 6.3, Draft.

13WHC—SD-ES—283, Long Term Decontamination Engineering Study, Section 7.0,
"Alternative 2: New Facility,” Revision 0, Table 7.1, Draft.
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procedures and readiness review. Start-up cost for FDR was estimated
by the author to be $2,000,000.

3.9 FSR Start-up

Start-up cost for FSR was estimated on a total cost basis as follows.
Start-up costs would include NEPA, permitting, operator certification,
procedures and readiness review. Start-up cost for FSR was estimated
by the author to be $1,000,000.

4.0 CENRTC Costs

4.1 Fabricate Retrieval Equipment

Retrieval equipment fabrication cost was estimated on a total cost
basis by the TWRS LLCE project. Two flexible receiver units were
estimated to be required to support retrieval operations. Flexible
receiver fabrication cost was estimated to be $1,000,000* per unit.
4.2 Fabricate Reusable Transport Container

Reusable transport container fabrication cost was estimated on a total
cost basis by the TWRS LLCE project. Average fabrication cost for a
stainless steel reusable transport container was estimated to be
$404,000' per container.

4.3 Fabricate Reusable LLCE Carriages

Reusable carriage fabrication cost was estimated on a total cost basis
by the TWRS LLCE project. Average fabrication cost for a stainless
steel reusable carriage was estimated to be $21,700 per carriage’s.

4.4 Fabricate Disposable LLCE Carriages

Disposable carriage fabrication cost was estimated on a total cost
basis by the TWRS LLCE project. Average fabrication cost for a carbon
steel carriage was estimated to be $16,120 per carriage!”.

4.5 Procure Dunnage Removal Equipment

Dunnage removal equipment procurement cost was estimated on a total
cost basis by the TWRS LLCE project. Dunnage removal equipment
procurement cost was estimated to be $1,200,000!¢,

4.6 Procure Field Size Reduction Equipment

FSR was assumed to use existing equipment. Therefore procurement
costs were not included.

'Meeting minutes, P. A. Titzler, on January 5, 1995,
*Meeting minutes, P. A. Titzler, on January 5, 1995.
'*Meeting minutes, S. R. Crow, on December 1, 1994.
11Meeting minutes, S. R. Crow, on December 1, 1994.

18Meeting minutes, P. A. Titzler, on January 5, 1995,
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4.7 Procure Transporters

Transporter procurement cost was estimated on a total cost basis by
the TWRS LLCE project. One tilt trailer and one transport trailer
were estimated to be required to support retrieval operations. LLCE
transporter procurement cost was estimated to be $950,000'° per
trailer.

4.8 Procure Storage Facility Cranes

Storage facility crane procurement cost was estimated on a total cost
basis as follows. Alternatives which would exceed 25 handling
evolutions per year at the storage facility were considered to require
a dedicated crane. Two smaller cranes would be preferred over one
larger crane for handling LLCE at the stora?e facility due to the
varying center of gravity from item to item®. Storage facility crane
procurement cost was estimated to be $500,000 per crane.

4.9 Procure Disposal Facility Crane

Disposal facility crane procurement cost was estimated on a total cost
basis as follows. Alternatives which would exceed 25 full-size
handling evolutions per year at the MW trench were considered to
require a dedicated crane. One large crane would be the preferred
option for handling LLCE at the disposal facility. Disposal facility
crane procurement cost was estimated to be $2,000,000.

5.0 Operational Costs
5.1 Prepare for Retrieval Operations
5.1.1 Labor

Labor cost to prepare for LLCE retrieval operations was estimated on a
per evolution basis as follows. The crane and rigging crew required
to handle retrieval equipment would consist of one supervisor, one
crane operator, one truck driver and three riggers, and would bill out
at 6 people X $83/hr = $498/hr?'. Also, one supervisor, 7 operators
and two HPT's from TWRS would be required to support the crane and
rigging crew. This support would bkill out at 10 people x $530/hr =
$500/hr?®, Crew cost per hour would be $998/hr, which was rounded to
51,000/hr for simplicity. The evolution was estimated by the author
to take 5 complete shifts. Therefore, average labor cost per item to
prepare for retrieval operations would be:

cost _ 5 shifts x B hrs £1,000 _ $ 40,000
item Item shift hr item

19‘Ivlt-:eting minutes, P. A. Titzler, on January 5, 1995,
20par telephone conversation, W. 5. Josephson to R. B. Laws, on Octcber 11, 1994,

2lper telephone conversation, W. S. Josephson to S. M. Holloman, on October &,
1994.

Zper telephone conversation, W. 5. Josephson to W. C. Mallery, Jr., on Cctober
19, 1994.
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5.1.2 Materials

Materials cost to prepare for LLCE retrieval operations was estimated
on a per evolution basis as follows. Preparation materials would
consist primarily of a flexible receiver bag, glove bags, plastic
sheets and protective equipment. Average material cost for to prepare
for retrieval operations was estimated by the author to be $18,000 per
item.

5.1.3 Engineering

Engineering cost to prepare for LLCE retrieval operations was
estimated on a per evolution basis as follows. Engineering support
would consist primarily of retrieval equipment selection and waste
characterization. These evolutions were estimated by the author to
take one man-week. Therefore, average engineering cost per item to
prepare for retrieval operations would be:

cogt _ 5 shifts x 8 hrs % $50 _ $2,000
item item shift hr item

5.1.4 Administrative

Administrative cost to prepare for LLCE retrieval operations was
estimated on a per evoclution basis as follows. Administrative support
would consist primarily of work package preparation and scheduling.
These evolutions were estimated by the author to take 12 man-weeks.
Therefore, average administrative cost per item to prepare for
retrieval operations would be:

cost _ 60 shifts ., 8 hrs _ § 50 _ $ 24,000
item item shift hr item

5.2 Restore From Retrieval Operations
5.2.1 Labor

Labor cost to restore from LLCE retrieval operations was estimated on
a per evolution basis as follows. The crew discussed in Section 5.1.1
would also be required to restore from retrieval operations. Crew
cost per hour would be $998/hr, which was rounded to $1,000/hr for
simplicity. The evolution was estimated by the author to take 5
complete shifts. Therefore, average labor cost per item to restore
from retrieval operations would be:

cogt _ 5 shifts % B hrs x $1,000 _ $ 40,000
Item item shift hr item

5.2.2 Administrative

Administrative cost to restore from LLCE retrieval operations was
estimated on a per evolution basis as follows. Administrative support
would consist primarily of characterization and shipping documentation
preparation. These evolutions were estimated by the author to take 1
man-week. Therefore, average administrative cost per item to restore
from retrieval operations would be:

cost _ S shifts . 8 hrs _ §50 _ $ 2,000
item item shift hr Item
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5.3 Handling Costs

Handling evolutions related to LLCE treatment were grouped as follows
{in descending order of complexity):

- Handle LLCE fcollowing retrieval.

- Handle full-size LLCE packages.

- Handle empty LLCE transport container.
- Handle standard sized packages.

Costs for each level of complexity were calculated separately as
described below.

5.3.1 Handle LLCE Following Retrieval

Handling costs for LLCE items following retrieval were determined on a
per evolution basis as follows., The crane and operating crew listed
in Section 5.1.1 would be required to handle the LLCE item following
retrieval. Crew hours and total costs for different tasks were
estimated by the author, and have been summarized in Table F-2.

5.3.2 Handle Full-Size LLCE Packages

Handling costs for full-size LLCE packages were determined on a per
evolution basis as follows. The crane and rigging crew required to
handle a full-size LLCE package would consists of one supervisor, one
crane operator, one truck driver and three riggers, and would bill out
at 6 people x $83/hr = $498/hr. Also, one supervisor, two operators
and two HPT's from TWRS/SWD would be required to support the crane and
rigging crew. This support would bill out at 5 people x $50/hr =
$250/hr. Therefore, crew costs per hour would be $748/hr, which was
rounded to $750/hr for simplicity. Crew-hours and total costs for
different tasks were estimated by the author, and have been summarized
in Table F-2.

5.3.3 Handle Empty LLCE Transport Container

Handling costs for empty LLCE transport containers were determined on
a per evolution basis as follows. The crane and rigging crew required
to handle an empty LLCE transport container would consists of one
supervisor, one crane operator, one truck driver and two riggers, and
would bill out at 5 people x $83/hr = $415/hr. Also, one supervisor,
one operator and one HPT from TWRS/SWD would be required to support
the crane and rigging crew. This support would bill out at 3 people x
$50/hr = $150/hr. Therefore, crew costs per hour would be $565/hr.
Crew-hours and total costs for different tasks were estimated by the
author, and have been summarized in Table F-2.

5.3.4 Handle Standard Containers

Handling costs for standard containers were determined on a per
evolution basis as follows., "Standard" containers were defined as
containers which would not require specialized crane and rigging
support for handling, such as 55 gal drums and 150 gal MHICs. A crew
of one supervisor, three operators, one truck driver and one HPT would
be sufficient for handling. Therefore, crew costs per hour would be 6
people x $50/hr = $300/hr. Crew-hours and total costs for different
tagfs wege estimated by the author, and have been summarized in

Table F-2.
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Table F-2. Handling Costs

Task Crew-hrs Coest/hr Total Cost
Retrieve LLCE. 8.0 $1,000 $8, 000
Load LLCE into transport container, 4.0 $1,000 34,000
Load LLCE into MHIC tube, 4.0 51,000 $4,000
Load dunnage into MHIC box. 2.0 $1,000 $2,000
Ship LLCE direct to WRAP-2B. 4.0 $750 $3,000
Ship LLCE direct to 221-T. 4.0 $750 $3,000
Ship LLCE direct to 2706-T annex. 4.0 5750 53,000
Ship LLCE direct to grout vaults. 4.0 $750 $3,000
Ship LLCE to storage. 4.0 $750 $3,000
Ship LLCE from storage to WRAP-Z2E. 4.0 $750 $3,000
Ship LLCE from storage tc 221-T. 4.0 $750 $3,000
Ship LLCE from storage to 2706-T annex. 4.0 5750 $3,000
Ship LLCE from storage to grout vaults. 4.0 $750 $3,000
Ship LLCE from storage to FSM. 4.0 $750 $3,000
Ship LLCE from storage to FDR. : 4.0 $750 $3,000
Ship FSM LLCE to MW trench. 4.0 $750 $3,000
Ship FDR LLCE to MW trench. 4.0 $750 $3,000
Place FSM LLCE in MW trench. l16.0 $750 512,000
Place FDR LLCE in MW trench. 6.0 3750 $6,000
Load MHIC tube into transport container. 4.0 $565 $2,260
Ship transport container to tank farm. 4.0 5565 $2,260
Ship transport container to storage. 4.0 5565 $2, 260
Ship transport container to LLW trench. 4.0 $565 52,260
Place transport container in LLW trench. 4.0 $565 $2,260
Ship MHIC box to tank farm. 4.0 5300 $1,200
Ship size reduced LLCE to LLW trench. 4.0 5300 $1,200
Ship size reduced LLCE to MW trench. 4.0 $300 $1,200
Ship secondary MW toc MW trench. 4.0 $300 51,200
Ship MHIC box to MW trench. 4.0 $300 51,200
Place size reduced LLCE in LLW trench. 4.0 3300 81,200
Place size reduced LLCE in MW trench. 4.0 $300 $1,200
Place secondary MW in MW trench. 4.0 5300 31,200
Place MHIC box in MW trench, 4.0 5300 51,200
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5.4 Process LLCE at WRAP-2B

Processing cost for WRAP-ZB was estimated on a per item basis as
follows. No process line development has been completed for WRAP-2B,
however the processing costs for WRAP-2B should be similar to the
2706-T extraction facility listed in Section 5.6. Maintenance costs,
however, were estimated to be twice the cost listed in Section 5.6 due
to the higher facility capacity, RH capability and TRU requirements.

5.4.1 Labor

As discussed in Section 5.6.1, average labor cost for WRAP-2B would be
$24,762 per item.

5.4.2 Consumables

As discussed in Section 5.6.2, average consumables cost for WRAP-2B
would be 51000 per item.

5.4.3 Maintenance

As discussed in Section 5.6.3, average maintenance cost per year for
WRAP-2B would be:

maint cost _ 2 x $ 619,029 x capacity correction factor
year year 100 %

5.4.4 Process Secondary MW

As discussed in Section 5.6.4, average secondary MW processing cost
for WRAP-2B would be $2,934 per item.

5.4.5 Transfer Liquid MW

As discussed in Section 5.6.5, average liquid MW transfer cost for
WRAP-2B would be $6,750 per item.

5.4.6 Liquid MW Disposal

As discussed in Section 5.6.6, average liquid MW disposal cost for
WRAP-2B would be $50,000 per item.

5.5 Process LLCE at 221-T
5.5.1 Labor

Labor cost for treatment at 221-T was estimated on an annual basis as
follows. The current 221-T process line design was estimated to
require a 13 person shift to size reduce the LLCE, package the LLCE
pieces for disposal, and decontaminate the transport container and
carriage?’. Therefore, annual labor cost would be:

S0 _ $ 1,352,000

cost _ 52 weeks 40 hrs . 13 people < 3
hr year

year year week ghirft

The current 221-T process line design was estimated to require 28

23per telephone conversation, W. S. Josephsen to A. R. Rathmacher, cn November 16,
1994,
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consecutive shift hours to perform all required treatment functions®,
From WRAP-A efficiency studies, a typical facility operating year
would have 175 operational days, and the average shift would produce
5.5 hrs of productive work®. As a result, the average capacity for
221-T would be;:

items _ 175 days 5.5 hrs item _ 34 items
year year day 28 hrs year

Therefore, average labor cost per item for processing at 221-T would
be:

cost _ $ 1,352,000 x year = 539,765
item year 34 items item

5.5.2 Consumables

Consumables cost was estimated on a per item basis as follows. WRAP-A
studies have estimated that $1000 of consumables, such as disposal
containers, protective clothing and void space fill materials, would
be required per 4 ft by 4 ft by 4 ft waste box?®, Each LLCE item would
produce approximately the same volume of treated LLW at 221-T.
Therefore, average consumables cost for 221-T would be $1000 per item.

5.5.3 Maintenance

Maintenance cost for 221-T was estimated on an annual basis as
follows. Typical industrial maintenance rates average from 3-5% of
investmentlper year at 100% capacity for mild corrosivity and wear
conditions?’. Due to the moderate wear conditions involved, a
maintenance rate of 3% of investment per year was selected for use.
From the Parsons study discussed in Section 2.4, the investment for
221-T (not including general plant upgrades) would be $68,911,595.
Therefore, average maintenance cost per year at 100% capacity would
be:

cost _ $ 68,911,595 x 3% _ $2,067,348
vear yvear year

The above 100% capacity maintenance cost was corrected for actual
plant capacity as follows. From Appendix D, the 100% capacity for
221-T would be 51 items per year. An average plant capacity for 221-T
over the life of the LLCE program was calculated using:

total LLCE items treated x 100 %
total years operational 51 items/yr

avyg capacity =

and that number was used to determine a capacity correction factor

#4WHC-SD~WM-ES~283, Long Term Decontamination Engineering Study, Section 6.0,
"Alternative 1: T Plant," Figure 6.6, "Throughput Analysis,™ Revision 0, Draft.

per telephone conversation, W. S, Josephson to D. E. Nester and O. L. Kruger, on
November 16, 1994,

2%per telephone conversation, W. S. Josephscn to D. E. Nester and ©. L. Kruger, on
November 16, 1994,

27Project and Cost Engineer's Handbook, Humphreys, K. K. et al, Chapter 3, "Cost
Estimating,™ Table 3.10, third edition.
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Figure F-2. Maintenance Cost vs Plant Capacity
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from Figure F-2?®, Therefore, average maintenance cost per year for
221-T would be:

maint cost _ $ 2,067,348 % capacity correcticn factor
year year 100 %

5.5.4 Process Secondary MW

Secondary MW processing cost was estimated on a per item basis as
follows. A polyethylene MHIC macroencapsulation method similar to the
FSR method was assumed for 221-T secondary MW. From Section 2.8.4,
each LLCE item would produce two 150 gal MHICs of secondary MW. From
Section 5.10, the labor cost per item would be:

cost _ 2 . 4 shift-hrs 5 people $50 _ § 667

item 3 item shift hr item

the MHIC cost per item would be:

cost _ 2 EHICS $ 800 _ $1,600
item item EHIC item

and the consumables cost would be:
cost _ 2, $1,000 _ § 667

item 3 Item item

Therefore, average secondary MW processing cost per item for 221-T
would be:

cost _ $£ 667 + 51,600 + 667 - $ 2,934
ltem item item

§.5.5 Transfer Liquid MW

Liquid MW transfer cost was estimated on a per item basis as follows.
T Plant currently ships liquid MW by rail car shipments to the 204-2R

28Project and Cost Engineer's Handbook, Humphreys, K. K. et al, Chapter 3, "Cost
Estimating, ™ third edition.
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Waste Unloading Facility. Average operational cost for each 20,000
gal shipment was estimated to be approximately $27,000%°. The current
221-T process line design was estimated to produce approximately 5,000
gal of liquid waste generation per LLCE item®. Therefore, average
liquid MW transfer cost per item for 221-T would be:

cost 5,000 gal % § 27,000 _ §$6,750

item item 20,000 gal Item

5.5.6 Liquid MW Disposal

Liquid MW disposal cost was estimated on a per item basis as follows.
Cost data for waste vitrification operations was not available. 1In
the absence of better data, a historical a figure of $10 per gallon
for pumping and evaporator operations was used to represent ligquid MW
disposal®. From Section 5.5.5, each LLCE item would produce 5,000 gal
of liquid MW. Therefore, average liquid MW disposal cost per item for
221-T would be:

cost 5,000 gal , § 10 _ § 50,000

item item gal item

5.6 Process LLCE at 2706-T Annex
5.6.1 Labor

Labor cost for treatment at 2706-T was estimated on an annual basis as
follows. The current 221-T process line design was estimated to
require a 10 person shift to size reduce the LLCE, package the LLCE
pieces for disposal, and decontaminate the transport container and
carriage. Therefore, annual labor cost would be:

cogst _ 52 weeks 40 hrs x 10 people % $50 _ $1,040,000
year year week shift hr year

The current 2706-T process line design was estimated to require 23
consecutive shift hours to perform all required treatment functions??,
From Section 5.5.1, a typical facility operating year would have 175
operational days, and the average shift would produce 5.5 hrs of

groductive work. As a result, the average capacity for 2706-T would
e:

itemg _ 175 days x 2.5 hrs item _ 42 items
year year day 23 hrs year

Therefore, average labor cost per item for processing at 2706-T would
be:

cost _ $ 1,040,000 x year - 5 24,762
item year 42 items item

2%per telephone conversation, W. 5. Josephson to L. T. Blackford, on Octcber 17,

1994,

¥peyr telephone conversation, W. S. Josephson to A. R. Rathmacher, on November 16,
1994,

3lpar telephone conversation, W. S. Josephson to T. J. Venetz, on December 13,
1994.

32per telephone ceonversation, W. S. Josephson to A. R. Rathmacher, on November 16,
1994,
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5.6.2 Consumables

As discussed in Section 5.5.2, average consumables cost for 2706-T
would be $1000 per item.

5.6.3 Maintenance

Maintenance cost for 2706-T was estimated on an annual basis as
follows. From Secticon 5.5.3, an average 100% capacity maintenance
cost of 3% of investment per year was used for 2706-T. From the
Parsons study discussed in Section 2.4, the investment for 2706-T
would be $20,634,289, Therefore, average maintenance cost per year at
100% capacity would be:

cost _ S 20,634,299 x 3% _ $619,029
year year year

The above 100% capacity maintenance cost was corrected for actual
plant capacity as follows. From Appendix D, the 100% capacity for
2706-T would be 63 items per year. BAn average plant capacity for
2706-T over the life of the LLCE program was calculated using:

total LLCE items treated % 100 %
total years cperational 63 items/yr

avg capacity =

and that number was used to determine a capacity correction factor
from Figure F-2. Therefore, average maintenance cost per year for
2706-T would be:

maint cost _ § 619,029 x capacity correction factor
year year 100 %

5.6.4 Process Secondary MW

As discussed in Section 5.5.4, average secondary MW processing cost
for 2706-T would be $2,934 per item.

5.6.5 Transfer Liquid MW

As discussed in Section 5.5.5, average liquid MW transfer cost for
2706~-T would be $6,750 per item.

5.6.6 Liquid MW Disposal

As discussed in Section 5.5.6, average liquid MW disposal cost for
2706-T would be $50,000 per item.

5.7 Process LLCE in Grout Vaults
5.7.1 Labor: Place LLCE

The crane and rigging crew required to place the LLCE into the grout
vault would consist of one supervisor, two crane operators, one truck
driver and two riggers, and would bill out at 6 people x $83/hr =
$498/hr. Also, one supervisor, two operators and one HPT's from
TWRS/SWD would be required to support the crane crew. This support
crew would bill out at 4 people x $50/hr = $200/hr. Therefore, crew
cost per hour would be $698/hr, which was rounded to $700/hr for
simplicity. This evolution was estimated by the author to take one
shi{é.b Therefore, average labor cost per item for placing the LLCE
wou e:
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cost 1 ghift % .8 bhrs $ 700 _ $5,600

item Item shift hr item

5.7.2 Labor: Add Encapsulant Material

The crane and rigging crew required to operate the encapsulant
material addition equipment would consist of one supervisor, two crane
operators, one truck driver and two riggers, and would bill out at 6
people x $83/hr = $498/hr. Also, one supervisor, two operators and
one HPT's from TWRS/SWD would be required to support the crane crew.
This support crew would bill out at 4 people x $50/hr = $200/hr.
Therefore, crew cost per hour would be $698/hr, which was rounded to
$700/hr for simplicity. This evolution was estimated by the author to
take four hours. Therefore, average labor cost per item for adding
encapsulant material would be:

cost _ 4 hrs x $ 700 _ § 2,800
ltem item hr item

5.7.3 Consumables

Consumables cost was estimated on a per item basis as follows. From
Appendix D, each grout wvault would have a payleoad volume of 212,050 ft3
and would hold approximately 1218 LLCE items. The average void volume
per item would be:

void vol _ 212,050 ft? vault  _ 174 ft?
item vault 1218 items item

In bulk quantities, encapsulant material procurement cost would be
approximately $3.70/ft*® delivered. Therefore, average consumables cost
per item for adding encapsulant material would be:

cogt _ 174 ft? x $3.70 _ $ 644
item item hr item

5.7.4 Maintenance

Maintenance cost for the grout vaults was estimated on an annual basis
as follows. From Section 5.5.3, an average 100% capacity maintenance
cost of 3% of investment per year was used for the grout vaults. From
Section 2.6, the investment for the grout vaults would be $7,000,000.
Therefore, average maintenance cost per year at 100% capacity would
be:

cost _ $ 7,000,00 x 3% _ $210,000
year year year

The above 100% capacity maintenance cost was corrected for actual
plant capacity as follows. From Appendix D, the 100% capacity for the
grout vaults would be 120 items per year. An average plant capacity
fo; the grout vaults over the life of the LLCE program was calculated
using:

total LLCE items treated 100 %

avg capacity =
g cap 4 total years operaticnal 120 items/yr

and that number was used to determine a capacity correction factor
from Figure F-2. Therefore, average maintenance cost per year for the
grout vaults would be:
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maint cost _ §$ 210,000 capacity correction factor
year year 100 %
5.8 Process LLCE by FSM

5.8.1 Labor

Labor cost for FSM was estimated on a per item basis as follows. Void
space fill and macroencapsulation efforts were estimated by the author
to require 10 shift hours of a 5 person shift. Therefore, average
labor cost per item for FSM would be:

cost _ 10 ghift hrs 5 people , § 50 _ $ 2,500
item item ghift hr item

5.8.2 Procure MHIC

MHIC procurement cost was estimated on a per item basis as follows.
MHICs in a 5 ft OD by 70 ft long size were estimated by the vendor to
cost approximately $15,000% per container. Therefore, average MHIC
procurement cost for FSM would be $15,000 per item.

5.8.3 Consumables

Consumables cost was estimated on a per item basis as follows.
Including void space fill materials, consumables cost per cubic foot
shouvld be similar to WRAP-A operations as discussed in Section 5.5.2.
This treatment method would generate, on average, approximately 1,375
ft* of treated waste per item. Therefore, average consumables cost per
item for FSM would be:

cost _ $ 1,000 x 1,375 ft3 - $ 21,484
Item 64 fr3 ltem Item

5.9 Process LILCE by FDR
5.9.1 Labor: Dunnage Removal

Labor cost for dunnage removal was estimated on a per item basis as
follows. The crane and rigging crew required to handle the LLCE
following retrieval would consist of one supervisor, one crane
operator, one truck driver and three riggers, and would bill out at 6
people x $83/hr = $498/hr. Also, one supervisor, 10 operators and two
HPT's from TWRS would be required to perform dunnage removal
operations. This crew would bill out at 13 people x $50/hr = $650/hr.
Therefore, crew cost per hour would be $1,148/hr, which was rounded to
$1,150/hr for simplicity. Based on past experience, approximately 3
shifts would be required to perform dunnage removal operations.
Therefore, average labor cost per item for dunnage removal would be:

cost _ 3 shifts W hrs x $1,150 _ $ 27,600
Item item shift hr item

¥per telephone conversaticn, W. $. Josephson, WHC, to J. L. Harvey, Scientific
Ecology Group, on November 16, 19%4.
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5.9.2 Labor: Macroencapsulation

Labor cost for macroencapsulation was estimated on a per item basis as
follows. Void space fill and macroencapsulation efforts were
estimated by the author to require 10 shift hours of a 5 person shift.
Therefore, average labor cost per item for macroencapsulation would
be:

cost _ 10 shift hrs x 5 pecple % $50 _ 82,500
Item item shift hr item

5.9.3 Procure MHICs

MHIC procurement cost was estimated on a per item basis as follows.
MHICs in a 16 inch OD by 70 ft long size were estimated by the wvendor
to cost approximately $6,000. MHICs in the 5 ft by 5 ft by 5 ft size
were estimated by the vendor to cost approximately $4,000 per
container®. Therefore, average MHIC procurement cost for FDR would be
$10,000 per item.

5.9.4 Consumables

Consumables cost was estimated on a per item basis as follows.
Including void space fill materials, consumables cost per cubic foot
should be similar to WRAP-A operations as discussed in Section 5.5.2,
This treatment method would generate, on average, approximately 200 ft3
of treated waste per item. Therefore, average consumables cost per
item for FDR would be:

cost _ $1,000 200 fr® _ § 3,125
item 64 fr? item item

5.10 Process LLCE by FSR
5.10.1 Labor: Size Reductiocn

Labor cost for size reduction was estimated on a per item basis as
follows. The crane and rigging crew required to handle the LLCE
following retrieval would consist of one supervisor, one crane
operator, one truck driver and three riggers, and would bill out at 6
people x $83/hr = $498/hr. Also, one supervisor, 10 operators and two
HPT's from TWRS would be required size reduction operations. This
crew would bill out at 13 people x $50/hr = $650/hr. Therefore, crew
cost per hour would be $1,148/hr, which was rounded to $1,150/hr for
simplicity. Based on past experience, approximately 16 hours® would
be required to perform size reduction and macroencapsulation
operations. Therefore, average labor costs per item for size
reduction would be:

cost _ 16 hrs  §$1,150 _ $ 18,400
item item hr item

*per telephone conversation, W. S. Josephson, WHC, to J. L. Harvey, Scientific
Ecology Group, on November 16, 1994.

Pper telephone conversation, W. S. Josephson to D. G. Niebuhr, on November 10,
1994,
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5.10.2 Labor: Macroencapsulation

Labor cost for macroencapsulation was estimated on a per item basis as
follows. Void space fill and macrcencapsulation efforts were
estimated by the author to require 4 shift hours of a 5 person shift.
Therefore, average labor cost per item for macroencapsulation would
be:

cost _ 4 shift-hrs x B people x $50 _ §1,000
item item shift hr item

5.10.3 Procure MHICs

MHIC procurement cost was estimated on a per item basis as follows.
From Section 2.8.3, FSR operations were estimated to require three 150
gal MHICs. MHICs in a 150 gal size were estimated by the vendor to
cost approximately $800°® per container. Therefore, average MHIC
procurement cost per item for FSR would be:

cost . 3 EHICS . § 800 _ § 2,400
item Item EHIC item

5.10.4 Consumables

Consumables cost was estimated on a per item basis as follows.
Consumable cost per cubic foot should be similar to WRAP-A operations
as discussed in Section 5.5.2, with added cost for glove bags and a
greenhouse. The required glove bags were estimated to be $1,000 per
item and the greenhouse was estimated to be $5,000 per item®’.
Therefore, average consumables cost for FSR would be $7,000 per item.

5.11 Process Leachate
§.11.1 Sample Leachate

Leachate sampling cost was estimated on an annual basis as follows. A
standard MW trench was estimated to collect an average of 150,000 gal
of leachate per operational year*. Since the accumulation tank for
each trench would hold 10,000 gal, 15 disposal evolutions would be
required per year. Prior to disposal, a sample would have to be drawn
and analyzed at a cost of $5,000/sample. Therefore, average leachate
sampling cost per year would be:

cost _ 15 samples  $ 5,000 _ _$ 75,000

year yvear sample eveolution

5.11.2 Transfer Leachate

Leachate transfer cost was estimated on an annual basis as follows.
From Section 5.11.1, a standard MW trench would require an average of
15 leachate transfer evolutions per operational year. The crew

¥per telephone conversation, W. S. Josephson, WHC, to J. L. Harvey, Scientific
Ecology Group, on November 16, 1994.

’per telephone conversation, W. S. Josephson to R. L. Brown, on November 11,
1984,

3¥per telephone conversation, W. 5. Josephson to D. W. Carlyle, on December 15,
1994,
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required to perform leachate transfer would consist of one supervisor,
two operators, one HPT and one truck driver, and would bill out at 5
people x $50/hr = $250/hr. The evolution was estimated by the author
to take 1 shift. Therefore, average leachate transfer cost per year
would be:

cost _ 15 evolutions . _1 shift _ 8 hours , $ 250 _ $ 30,000
year year evolution shift hour year

5.11.3 Leachate Disposal

Leachate disposal cost was estimated on an annual basis as follows.
From Section 5.11.1, a standard MW trench would produce an average of
150,000 gal of leachate per operational year. The leachate would be
treated by the Effluent Treatment Facility (ETF) and released.
Processing cost per gallon data for the ETF was not available.
Manufacturing cost for nuclear-grade purified water would be
approximately $1.00/gal, and should be roughly representative of ETF
processing costs. Therefore, leachate disposal cost per year would
be:

cost _ § 150,000 gal _$ 1,00 _ $ 150,000
year year gal year

5.11.4 Leachate Disposal: Extraction

Leachate disposal cost for extraction treatment methods was estimated
on an annual basis as follows. Extraction treatment methods would
only send minor amounts secondary MW to a MW trench. The volume of
secondary waste would not exceed 15% of the capacity of a single MW
trench. In addition, the waste could be stored for campaign disposal.
Therefore, extraction treatment methods would not incur significant
leachate disposal costs.

5.11.5 Leachate Disposal: Grout Vaults

Leachate disposal cost for the grout vaults was estimated on an annual
basis as follows. The design of the grout vaults makes collection of
significant leachate volume highly unlikely. Therefore, the grout
vaults would not incur significant leachate disposal costs.

5.11.6 Leachate Disposal: FsSM

Leachate disposal cost for FSM was estimated on an annual basis as
follows. FSM would require at least one MW trench to be in operation
at all times during the duration of LLCE treatment efforts, and would
utilize the entire volume of one or more MW trenches. Therefore, FSM
would incur the full leachate disposal costs listed in Section 5.11.1,
Section 5.11.2 and Section 5.11.3 for each operational year.

5.11.7 Leachate Disposal: FDR

Leachate disposal cost for FDR was estimated on an annual basis as
follows. FDR would require at least one MW trench to be in operation
at all times during the duration of LLCE treatment efforts, and would
utilize the entire volume of one or more MW trenches. Therefore, FDR
would incur the full leachate disposal costs listed in Section 5.11.1,
Section 5.11.2 and Section 5.11.3 for each operational year.

!
i
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$.11.8 Leachate Disposal: FSR

Leachate disposal cost for FSR was estimated on an annual basis as
follows. FSR would only send only minor volumes of MW to a MW trench.
The volume of MW would not exceed 20% of the capacity of a single MW
trench. 1In addition, the waste could be stored for campaign disposal.
Therefore, FSR would not incur significant leachate disposal costs.

6.0 Closure Costs
6.1 D&D LLCE Storage

Decontamination and decommissioning costs for the LLCE storage pads

were determined on a per LLCE item basis as follows. D&D cost for a
60 ft by 200 ft storage pad was estimated to be $120,000%, Since a

pad of that size would store 20 LLCE items, D&D costs per item would
be:

cost _ $ 120,000 _ $ 6000
item 20 items Iltem

6.2 D&D WRAP-2B

Since WRAP-2B would undergo decontamination and decommissioning
whether LLCE was treated there or not, the D&D cost would not be
reflected against LLCE treatment efforts., Therefore, D&D cost for
WRAP-2B was not included.

6.3 Additional D&D 221~-T

Decontamination and decommissioning cost for the 221-T facility was
estimated on an added cost basis as follows. The Parsons study
discussed in Section 2.4 alsoc addressed D&D costs for 221-T.
Additional D&D cost for 221-T due to LLCE treatment was estimated to
be $10,000,000%.

6.4 D&D 2706-T Annex

Decontamination and decommissioning cost for the 2706-T annex was
estimated on a total cost basis as follows. The Parsons study
discussed in Section 2.4 also addressed D&D costs for the 2706-T
annex. D&D cost for the 2706-T annex was estimated to be
$15,000,000%,

6.5 Close Grout Vaults

Grout vault closure cost was estimated on per vault basis as follows.
The closure effort would be similar in scope to the initial
modification effort. From Section 2.6, the initial modification cost
would be $1,500,000 per vault. Therefore, grout vault closure cost
would be $1,500,000 per wvault.

L. H. Rosscn, KEH Cost Estimation, File No. Z278SAAS, dated November 9, 1894,
See Appendix G.

4%WHC-SD-WM-ES-283, Long Term Decontamination Engineering Study, Sectien 9.0,
"Alternative Evaluation, " Table 9.2, "Cost Comparison," Revision 0, Draft.

HC-SD-WM-ES-283, Long Term Decontaminaticn Engineering Study, Section 9.0
"Alternative Evaluation, ™ Takle 9.2, "Cost Comparisen,” Revision O, Draft.

’
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6.6 Backfill LIW Trenches: General

LLW trench backfill cost was estimated on a per cubic foot basis as

follows. Trench backfill costs were estimated at $200,000 per

trench*?. Therefore, average LLW trench backfill cost per ft* would be:
cost

_ _$200,000 _ $0.60
ft3 336,000 ft? fr3

6.6.1 Backfill LILW Trenches: Size Reduced LLCE

LLW trench backfill cost for size reduced LLCE was estimated on a per
item basis as follows. From 2.7.1, the average size reduced LLCE item
would require 48 ft* of LLW trench volume. Therefore, average LLW
trench backfill cost per item for size reduced LLCE would be:

cost _ 48 ft* $0.60 _ § 29
item item Ft3 item

6.6.2 Backfill LLW Trenches: Transport Containers

LLW trench backfill cost for LLCE transport containers was estimated
on a per container basis as follows. From Section 2.7.2, the average
transport container would require 2,520 ft® of LLW trench volume.
Therefore, average LLW trench backfill cost per transport container
would be:

cost . 2,520 ft* $0.60 _ _$ 1,512
container container ft? container
6.7 Backfill MW Trenches: General

MW trench backfill cost was estimated on a per cubic foot basis as
follows. Exact requirements for closure of MW trenches have not been
finalized, and as a result no detailed cost estimates have been
generated. However, based on the similarity between several proposed
closure cover designs*® and the trench itself, backfill costs were
estimated by the author to be approximately 50% of initial
construction costs. Therefore, average MW trench backfill cost per ft?
would be:

cost _ _$4,492,500  _yd® _ $1.91
Ft3 2 x 43,480 yd? 27 ft? £e3

6.7.1 Backfill MW Trenches: FSM

MW trench construction cost for FSM waste was estimated on a per item
basis as follows. From Section 2.8.1, the average FSM operation would
require 2,520 ft* of MW trench volume. Therefore, average MW trench
backfill cost per item for FSM would be:

2per telephone conversation, W. 5. Josephson to B. E. Poremba, on October 17,
1994,

‘3Engineering Study, Golder Associates, 903-1254.500, Alternative Operaticnal
Backfill Material Study for W-025 Landfill, Hanford Washington, Section 1.2,
"Background, " and Appendix C, dated Bugust 2, 1001.
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cost _ 2,520 £t  §$1.91 _ § 4,813
item item el item

6.7.2 Backfill MW Trenches: FDR

MW trench construction cost for FDR waste was estimated on a per item
basis as follows. From Section 2.8.2, the average FDR coperation would
require 368 ft? of MW trench volume. Therefore, average MW trench
backfill cost per item for FDR would be:

cost _ 368 £t $1.91 _ § 703
Item item Fft3 item

6.7.3 Backfill MW Trenches: FSR

MW trench backfill cost for FSR waste was estimated on a per item
basis as follows. From Section 2.8.3, the FSR operation would require
135 ft® of MW trench volume. Therefore, average MW trench backfill
cost per item for FSR would be:

cost 135 ft? < $1.91 _ § 258

item item 3 item

6.7.4 Backfill MW Trenches: Secondary MW

MW trench backfill cost for secondary MW was estimated on a per item
basis as follows. From Section 2.8.4, the average LLCE item treated
by extraction methods would require 90 ft* of MW trench volume for
secondary waste. Therefore, average MW trench backfill cost per item
for secondary waste would be:

cost _ 90 ft? x $1.91 _ $ 172
Item Item ft? item
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Mobile Treatment Facility, Portable:

KEH Estimate
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INTERACTIVE ESTIMATING **

1EST -
LLCE OPTIONS STUDY,
PORTABLE PROCESSING FAC.

* %

KATSER ENGINEERS HANFORD

WESTINGHOUSE HANFORD

:18:28
ROSSON

11710794 11

LEE

OPTION 7

ROUGH ORDER OF MAGNITUDE

S1ZE REDUCTION
ESTIMATE DETAIL BY WBS /f COST COOE

H.

E13571/2278BSAA7

JOB NO.

DOE_RDB

TOTAL
DOLLARS

SUB- EQUIP- OHE&EP
/ B &

MATERIAL CONTRACT

EQuier
USAGE

COsT

ACCOUNT
NUMBER

I

MENT

LABOR

MANHOURS

QUANTITY

CODE

DESCRIPTICN

0

20,665,000

0

REPORT TOTAL

20,665,000

WHC-5D-WM-ES-324
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INTERACTIVE ESTIMATING **

TEST -
LLCE OPTIDNS STUDY,

"%

KAISER ENGINEERS HANFORD

HWESTINGHOUSE HANFORD

11/07/94 09:40:06
LEE H. ROGSSON

DATE
BY

OPTION 4
VERTICAL AIRLOCK

INDIRECT COSTS BY WBS

SIZE REDUCTION

ROUGH ORDER QF MAGNITUDE,

E13571/22785AA4

JO8 NOD.

- ONSITE

DOE_RO7

2278SAA4

FILE NO.

TOTAL
INDIRECTS

OTHER
INDIRECTS

CONTRACT ADMINISTRATION BID PACK

ESTIMATE

PREP.

TOTAL

SUBTOTAL

DESCRIPTION

W8S

n
1]
]
1
L[]

Qoo

o

0.00
0.00
0.00

32000909
272500400

1-ONSITE E/C

DEFINITIVE DESIGN-CAT

111100

(=]

311100 LLCE FIELD SIZE REDUCTION UNIT

341100 PROJECT MANAGEMENT-O/C

1400000

36,850,000

PROJECT TOTAL

WHC-SD-WM-ES-324
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DATE
BY

INTERACTIVE ESTIMATING **

TEST -
LLCE OPTIONS STUDY,

LE

KA1SER ENGINEERS HANFORD

WESTINGHOUSE HANFORD

40:14

ROSSON

119/07/94 09

LEE H.

OPTION &

VERTICAL AIRLOCK

SI1ZE REDUCTION
ESTIMATE DETAIL B8Y WBS / COST CODE

ROUGH ORDER OF MAGNITUDE,

DOE_ROB

E13571/22785A44

JOB NO.

TOTAL
DOLLARS

SUB - EQUIP- OHRP
/ B &

MATERIAL CONTRACT

EQUIP
USAGE

COST

ACCOUNT
NUMBER

MENT

LABOR

MANHOURS

QUANTITY

CODE

DESCRIPTION

REPORT TOTAL

36,850,000

0

36,850,000

WHC-SD-WM-ES-324

REV.0O
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Appendix H:

Cost Estimate Scenario Results
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