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1.0 INTRODUCTION

Past operations at the Hanford site have generated a wide range of
radioactive solid waste and materials to be processed and stored prior to
final disposition. In addition. current and planned retrieval of buried
wastes and decontamination and decommissioning (D&D) of transition facilities
will generate new wastes and materials over the next 30 years. These wastes
will also reguire processing and storage prior to final disposal. The Hanford
Federal Facilities Agreement and Consent Order (Tri-Party Agreement or TPA)
milestone M-33-00-T04 requires the U.S. Department of Energy (DOE) to submit a
change package by June 30, 1995, that would specify additional milestones for
the acquisition of new facilities, medification of existing or planned
facilities for storage, processing and/cr disposal of solid waste and
materials based on the results of the "Site-Wide Systems Analysis" effort.

This study presents alternatives defined to provide the necessary
facilities satisfying the statement of TPA milestone M-33-00. Figure 1-1
shows the systems engineering approach that was taken to arrive at the
analysis presented within this document. The initial step is the mission
analysis which consists of determining the scope of materials and functions to
be included within the study. The second step is the functions and
requirements analysis. The functional analysis is taken from the site-wide
systems engineering effort. Details of the site-wide sysfems engineering
functions and requirements can be found elsewhere (Holmes 1994). Based on the
definition of scope and functional analysis a set of alternatives was
developed. Engineering information for each of these aiternatives was
compiled. This information coupled with public values (decision criteria) was
used to provide alternative analysis and evatuation for the purpose of
decision making.

The Systems Engineering (SE) approach to defining work content and
organization is being introduced to the Hanford Site cleanup effort as an
initiative to substantially improve mission performance. Systems Engineering
methodology evolved mainly from the U.S. Department of Defense where its
application to weapons system development. procurement. and verification is
well known. This approach also has been used for pianning and conducting the
National Aeronautics and Space Administration activities which stretched the
envelope of human experience to the moon and beyond. During the last few
years, SE has been extended to appiications beyond its ariginal base such as
improvements to business systems: the design and production of complex
computer equipment; and advances in the nuclear industry, at the Yucca
Mountain repository, and in the Nuclear Regulatory Commission regulatory
process.

The formalized methodology of Systems Engineering is being applied to
the Hanford Cleanup effort. Systems Engineering is a prescriptive process
consisting of steps that span the entirety of the cleanup effort including
program strategy development. system design, acquisition and verification, and
deployment of the system to achieve the desired mission objectives. The
initial steps in application of Systems Engineering to the cleanup effort
include top-level mission analysis. functional breakdown. requirements

1-1
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analysis, and measures of effectiveness development for the selection of
specific designs or functional architectures. This has been documented
(Holmes 1994) for top-level SE mission analysis. functions analysis. and
requirements analysis for the Hanford Site cleanup mission. Because SE is an
iterative process. results are continuously updated as the mission evolves.
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Summary of Approach for this Engineering Study

Supporting TPA Milestone M-33-00-T04.

Figure 1-1.
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2.0 DEFINITION OF SCOPE

2.1 INVENTORY OF WASTES AND MATERIALS

The waste and materials identified in the TPA milestone M-33-00 change
package are listed in Table 2-1. The commonly used classifications for these
waste and material types are also identified in the table. The waste and
materials included in the scope of the study are as follows:

' High-Level Waste (HLW) canisters:

'Y Transuranic Waste (including transuranic mixed waste)
- Remote-handled wastes
- Large container contact-handled wastes
- Contact-handled special wastes not destined for Waste
Receiving and Processing Module 1 (WRAP-1):

[ Low-Level Mixed Waste
- Remote-handled wastes
- Large container contact-handled wastes not destined for the
Waste Receiving and Processing Module 2A (WRAP-2A) or
Commercial Thermal Treatment Facility (CTTF):

® Greater Than Category 3 (GTC3) Low-Level Waste (including CH and
RH Low-Level Waste (LLW) and LLMW):

™ Miscellaneous materials
- Contaminated sodium from the Hallam Reacter and the Sodium
Reactor Experiment (SRE),
- Unirradiated Uranium (UU),
- Miscellaneous Sources including Special Case Waste and
Special Case Mixed Waste; and

® Cesium (Cs) and Strontium (Sr) Capsules.

Wastes and materials with well-defined paths established for storage,
processing and/or disposal (i.e., LLW}, and waste and materials being managed
under other TPA miTestones (i.e.. TRU destined for WRAP-1, LLMW destined for
WRAP-2A and CTTF, vitrified LLMW from Double-Shell Tank [DST] processing,
Envirgonmental Restoration Disposal Facility [ERDF] disposed LLMW, Fast Flux
Test Facility [FFTF] sodium. Spent Nuclear Fuel [SNF]), are not included in
the scope of this study. Other wastes and materials with significant
uncertainties regarding their disposition (i.e., TRU contaminated waste buried
prior to 1970, and TRU contaminated soil, special nuclear material) were also
exctuded from the scope of the M-33-00-T04 milestone. Listed below are the
waste and material classifications not included in the scope of the study:

. Transuranic Waste (including transuranic mixed waste)
- Orums and small boxes of contact-handled waste destined for
the WRAP-1:
- TRU contaminated waste buried prior to 1970:
- TRU contaminated soil sites:

2-1
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o Low-Level Mixed Waste
- LLMW Destined for the WRAP-ZA and the CTTF,
- Vitrified Low-Level (Mixed) Waste from DST Processing,
- ERDF disposed low-level mixed waste:

° Miscellaneous Materials
- FFTF Sodium;

. Low-Level Waste;
. Special nuclear material; and
° SNF .

The following sections provide information about the inventory of waste
and materials that are included in the scope of this study. A graphic
representation of the inventory of waste and materials summary is provided in
Figure 2-1. An overview of the waste and materials characteristics are
provided in Table 2-2.

2.1.1 High-Level Waste

The high-level waste portion of double-shell tank waste is processed
into an immobilized borosilicate glass product. The glass is poured into
metal canisters for disposal in the geclogic repository. Assuming a specific
gravity of 2.66 and a level production rate during the 19 years of operation
as stated in the TPA (Ecology et al. 1990), the volume of HLW glass to be
generated and which will require storage prior to shipment to the geclogic
repository is approximately 8,600 m® (Orme 1994) .

2.1.2 Transuranic Waste

Since May 1970. solid waste classed as. or suspected of being TRU waste
has been packaged. labeled, and stored to be retrievable for at least
20 years. This inventory can be classified as either contact-handied (less
than 200 mrem/hr at the container surface) or remote-handled (greater than 200
mrem/hr at the container surface) The inventory of retrievable stored RH TRU
waste is approximately 380 m (Anderson 1991). This RH TRU waste is stored in
trenches or caissons within the 200 Area burial grounds and a single burial
ground outside the 200 Area known as the 618-11 burial ground. The forecasted
volume of remote-handled TRU waste during the next 30 years is 41,000 m’
(Valero 1994a. 1994b: Templeton 1994).

The stored CH-TRU and TRUM large container waste (Anderson 1991) is
located in four main burial ground sites in the 200 Areas. namely burial
grounds 218-W-3A, 218-W-4B, 218-W-4C, and 218-E-12B. Also buildings 212-N and
212-P in the 200 North Area have been used to store large container TRU waste.
The stored CH-TRY and TRUM 1inventory of retrievable stored solid TRU waste is
approximately 7.300 m’. The forecasted volume of CH-TRU and TRUM in Targe
containers for the next 30 years is approximately 22,000 m® (Valero 1994a,
1994b; Templeton 1994).

The special contact-handied transuranic waste category includes waste
items that will require unique and special considerations during processing.
The stored CH special case waste items that constitute this category are

2-2
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classified waste (Venetz 1993), drums containing more than 200 g of “®Py
(Anderson 1991), drums of dirt form the Z-9 crib. drums weighing over 1,000
Ibs (454 kg) (Weidert 1993). and plutonium nitrate shipping containers adding
up to approximately 490 m® of special stored CH TRU and TRUM waste. The
forecast CH special case waste inventory would include the waste items.
rejected from WRAP-1. This includes: CH-TRUM with a hazard classification of
"reactive” (RCRA code D003): and CH-TRU and CH-TRUM waste with a physica)
waste form consisting of soil or particulate. The projected volume of special
forecasted CH Waste for the next 30 years is approximately 1,900 m* (Valero
1994a. 1994b: Templeton 1994) .

2.1.3 Low-Level Mixed Waste

The stored RH-LLMW waste category consists of RH-LLMW stored in the
Central Waste Complex or 200 Area burial grounds. This is waste generated
between 1987-1995 that is both a remote-handied Tow-level radioactive waste
and a state-regulated dangerous waste. Twelve items were identified in the
218E10 and 218WAC burial grounds. The total volume of RH-LLMW is 280 m°
(9.800 ft’). The projected volume of forecasted RH-LLMW for the next 30 years
is approximately 96.000 m* (Valero 1994a, 1994b: Templeton 1994). Seven
generators at the Hanford site (Project W-320 Tank 241-C Sluicing. 222-S
Laboratory, Hanford Grout Faciiity [or its replacement]. Surplus Facilities.
T-Plant Building, PUREX Plant. and Long-Length Equipment from the Tank Farms)
are expected to generate RH-LLMW during the next 30 years. Additional RH-LLMW
may be expected to be generated from additional facilities after they become
surplus facilities.

The stored CH-LLMW large containers (Anderson 1991) waste category
consists of CH-LLMW stored in the Central Waste Complex or 200 Area burial
grounds. This is waste generated between 1987-1995 that is both a remote-
handled low-level radioactive waste and a state-regulated dangerous waste.
Six items were identified in the 218E10 and 218W4C burial grounds. Items from
Pacific Northwest Laboratory and Knolls Atomic Power Shipyards are being
stored in the Hanford Central Waste Complex (CWC) Building 2403wWD. The total
volume of stored CH-LLMW large containers is 650 m*. The projected volume of
CH-LLMW in large containers for the next 30 years is approximately 980 m°
(Valero 1994a. 1994b: Templeton 1994). Only four generators consisting of
Bettis Atomic Power Laboratory, Knolls Atomic Power Shipyards, PUREX Plant,
and Hanford Grout Facility [or its replacement] are expected to generate CH-
LLMW in Targe containers during the next 30 years. Additional CH-LLMW in
}arg$ containers could be generated from facilities after they become surplus

acitities.

2.1.4 Greater Than Category III LLW and LLMW

Two generators consisting of Pacific Northwest Laboratories (PNL) and
the Hanford Site Surplus Facilities Program are expected to generate GTC3 RH-
LLW and LLMW during the next 30 years. Additional GTC3 RH-LLW could be
generated from facilities after they become surplus facilities. The total
projected waste volume of GTC3 RH-LLW over the next 30 vears is approximately
42,600 m® (41,000 m* LLW and 1.600 m’ LLMW).

One generator. the Hanford Site Surplus Facilities Program, is expected
to generate GTC3 CH-LLW during the next 30 years. Five generators consisting
of Pacific Northwest Laboratories, Past Practice Remediation Projects,

2-3
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Portsmouth Gaseous Diffusion Plant, 222-S Analytical Laboratories. and the
Hanford Site Surplus Facilities Program are expected to generate GTC3 CH-LLMW
during the next 30 years. Additional GTC3 CH-LLW and LLMW may be generated
from facilities after they become surplus facilities. The total projected
waste volume of GTC3 CH-LLMW is approximately 4,400 m*. The total pPOJECted
waste volume of GTC3 CH-LLW over the next 30 years is approximately 42,000 m’.

2.1.5 Miscellaneous Materials

This material category consists of three sources including contaminated
metallic sodium, unirradiated uranium, and miscellaneous sources, briefly
described below.

2.1.5.1 Contaminated Metallic Sodium. The contaminated metallic sodium
inventory consists of quantities from Hallam Nuclear Power Facility (HNPF) and
SRE (Jacobsen 1993). The sodium was originaliy planned for use at the Hanford
site but no use has been jdentified to date. The sodium is currently being
held in Sodium Storage Building 2727W and Alkali Metal Storage Modules at the
CWC. The HNPF and SRE material was placed 1nto storage April 1977 and
December 1967, respectively. There is 140 m* HNPF sodium and 33 m* SRE

sodium.

2.1.5.2 Unirradiated Uranium (Lini 1994). The estimated total voiume of
unirradiated uranium inventory is 140 m*. Portions of the inventory of
unirradiated depleted uranium (DU). normal, and low enriched uranium is
proposed for sale. which may affect the inventory of uranium left in storage.
The fuel assemblies. elements and metal billets are stored in wocden boxes in
the 300 Area. The DU trioxide is stored in 55-gal (0.21 m’) drums in the

200 West Area. The enriched uranium trioxide is stored in T-Hoppers in the
200 West Area. The DU metal slabs are stored in metal or wood boxes in the
400 Area. and the uranium dioxide powder and pellets are stored in cans. pins.
assemblies, and drums in the 300 Area.

2.1.5.3 Miscellaneous Sources. The miscellaneous materials information was
compiled from waste management records, and from the PNL unique mater1a1s
listing. The estimated total volume of miscellaneous sources is 15 m’. These
sources are comprised of small quantities of borosilicate glass canisters.
high dose rate LLW and LLMW (solid material). neptunium oxide powcer, and non-
fuel bearing reactor components.

2.1.6 Cesium and Strontium Capsules

There are 1577 cesium-137 capsules (or 2.38 m’) that were fabricated at
the Waste Encapsulation and Storage Facility (WESF). Once all offsite
capsules are returned in FY 1996. the inventory in storage at WESF will be
1,295, Additionally, plans will be developed to receive approximately 33
capsules from PNL. The remaining original capsules have been cut or
destroyed, and are outside the scope of this study.

A total of 640 strontium capsules (or 1.12 m’) were fabricated at WESF.
There are currently 601 strontium capsules (23.23 MCi decayed to October 15,
1994) stored in the WESF pool cells. There are four strontium capsules (0,32
MCi decayed to October 15, 1994) located offsite, five strontium capsules
(0.17 MCi decayed to October 15, 1994) at PNL, and 30 strontium capsules (2.36
MCi decayed to October 15, 1994} that have been cut or destroyed.
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M-33 WASTE AND MATERIALS INVENTORY

l The Total Volume of Waste and Materials is Approximataly 270,000 Cubic Meters |
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Table 2-1. TPA Milestone M-33-00-T04 Materials in Terms of
Common Waste and Material Classifications.

Common Waste and Material
Classifications

Materials Identified in TPA
Milestone M-33-00-T04

Nuclear Materials

Unirradiated Uranium

Transuranic Waste

Low-Level Mixed Waste

Greater Than Category III Low Level Waste
Low-Level Waste

D&C Generated Wastes

Cesium/Strontium Capsules

Cesium/Strontium Capsules

Transuranic Waste

Low-Level Mixed Waste

Greater Than Category IIT Low Level Waste
Low-Level Waste

Contaminated Processing
Equipment

High Level Waste

Vitrified HLW Canisters

Transuranic Waste

Low-Level Mixed Waste

Greater Than Category III Low Level Waste
Low-Level Waste

Radiocactive/Hazardous Solid
Wastes
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Table 2-2.

Waste and Materials Characteristic Summary.

Waste or
Material
Cateqory

Waste or
Material Type

Container Type

Maximum Container
Dimension

Maximum
Container
Weight

Maximum
Radiation
Field

Average
Density
(kg/L)

Notes

HLW Vitrified Canister 2700 x 1%° 4 tons Per Canister 2.66 12€ o
Waste (2.2m 0D x 4.6m) (3.6 MT) 359,000 Ci Cs- Canister
Ba 6800
13,408 Ci Sr-¥Y Canisters
TRU Waste Forecast RH Ion Exchange 75 ftP (2.1 m) 2.5 tons 4,200 Ci/m® 0.34 1,000 Casks
Column [nom 40D x 6" or (2.3 MI) Pies 18.000 m’
1.2m 0D x 1.8m) Cask
Shipping Cask Exterior
950D x91" 40 tons Volume
(2.9m 0D x 2.8m) {36 MT)
Overpack 66"0D x 707 15 tons 5.000 mrem/hr 034 22K mw
{1.7m QD x 21m) (14 MT) Overpack
Stored RH Waste Overpack 26"0D x 10.1° 4 tons 7.000 Ci/n’® 0.34 35 Casks
{0.7m 0D x 3.1m) (3.6 MT) Mixed Fission
Products
Cask 6.3°00 x ¥15.7° 25 tons
(1.9m 0D x 4. 8m) (23 MI}
Box 4 x4 x4 2 tons 1,300 mrem/hr 6.34
(1.2m x 1.2m x 1.2m) (1.8 MT}) (contact)
Forecast CH Box 4" x 4" x4 Uriknown 200 mrem/hr 0.40
Large (1.2m x 1.2m x 1.2m)
Container
Stored CH Box 8 x 17" x 16 30 tons 200 mrem/hr 0.40
Large (2.4m x 5.2m x 4.9m} (27 MT)
Container
Forecast Drum 20D x 37 Unknown 200 mrem/hr 0.40
Special CH (0.6m 0D x C.9m)
Waste
Stored orum 200 x 3 1.000 1b 200 mrem/hr 0.40
Special CH (G.6m 0B x 0.9m) (454 kg)

Waste

0 Aoy 'IVE‘SH'NM‘GS‘QHM
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Table 2-2.

Waste and Materials Characteristic Summary.

Waste or Waste or Container Type Maximum Container Maximum Ma ximum Average
Material Material Type Dimension Container Radiation Density
Category Weight Field (kg/L)
LLMW Forecast RH Cask 4 x4 x & Unknown Unknown 0.16 2. 000 Casks
(02m x 1.2m x 1.2m)
Overpack 6600 x 70° 15 tons 5,000 R/hr 0.16 93K
(1.7m 0D x 21m) (14 MT} Overpack
] Stored RH Drum 2" 0h x 3 100 kg 500 mrem/hr 0.16
Box (0.6m 0D x 0.9m)
Forecast CH Overpack 660D x 70° 15 tons 100 mrem/he 0.40 !
Large (1. 7m QD x 2lm) (14 HT) i
Contatner
Stored CH Box 8.6 0D x 12.8° 78 MT 200 mrem/hr 0.40
Ik Large Self-Contained (2.6m OD x 3.9m)
Container
GTC3 Forecast RH Box 4" x 4" x 8 Unknown Unknown 0.40
LLW & LLMW Orum (1.2m x 1.2m x 2.4m)
20D x 3" (0.6m QD x
0.%m}
Forecast CH Box 4 x4 x 8 Unknown 200 mrem/hr 0.40
Ik LiW & LiMW Drum (F1.2m x 1.2m x 2.4m)
2'00 x 3° (0.6m 0D x
0. 9m)
Misc. Contaminated Tank 15.000 gallon {57 m*) 47 M7 200 mrem/hr 1.00
Materials Metallic Drum 2°00 x 3" (0.6m OO x
Sodium 0.9m)
Unirradiated Box 4" X4 x & 6 tons 10 mrem/hr 8.10
Uranium Drum (1.72m x 1.2m x 2.4m) (5.4 MT)
20D x 3" (0.6m OD x
0.9m)
Misc. Sources Canister 0.32mOD x 2.59m Unknown 316,060 R/hr 0.40
Box 4.5mx 22 cmt
Orum 2°0D x 37 (0.6m 0D x
|| 0 Ym)
Cs/Sr Cs/Sr Capsule 2.6"00 x 20.8" 22 ib 300,000 R/hr 4.30 1,577 Cs
Capsules (6.6cm x 5.3dm) {10 kg) 45K Ci/Cs Capsules
Capsute 601 Sr
Cask 54"0D x 49" 16 5 tons 55K Ci/5r Capsules
o {(1.4m 0D x 1.2m) {15 MT) Capsule
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3.0 FUNCTIONAL ANALYSIS

The functions for each waste stream and material within the scope of
this study are illustrated in Table 3-1. These functions were identified
using the site-wide systems engineering functions and requirements. The
numbers in the boxes correspond to the appropriate site-wide systems
engineering functions that have been identified by the programs (Holmes 1994).
The functions included in this study are based on the functional needs of the
particular waste or material and vary according to the specific waste or
material type.
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Addition of Potential Interfaces to the Site-Wide Functions
Within the Scope of the M-33-00-T04 Milestone.

AcTivity

Charactar-
) izatien
Matertal

Retriaeval

Sterage
Prror *a
Processing

'

\
\
i

“reat

Package

Storage
Ariar T3
Dispositicn

Jiscos-
itian

Hign Lavel Jaste

canisters

TRU Jaste

Remote-dandled

Cantact-4andted

Low Lavet Mixeda Waste

Remcta-danaleg

Contact-dandied

Greater Than Category 3 LLW

Remote-#Handled

Contact-dangled

Miscetlaneous Materials

Sedium §.3.5.445
(Hatlam & SRE)
Jronirragiacea 4750 4.7.5.4 473
Miscellaneous 4.3.2 3 4.3.3.283 4,3.3.445 &
Sourcas 4.7.4.4 & 4.7.404 4.7 b

Cesium & Strontium Capsules

Cesium Capsules

4.7.3.643

Strontium Capsules

=in Scope

. 7.3.44&5
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4.0 SOLID WASTE AND MATERIALS SYSTEM ALTERNATIVES

Development of the alternative system configurations was based on a
matrix of three main factors: use of new or existing facilities, integration
or segregation of waste and material stream storage and processing, and single
or modular facilities. Table 4-1 illustrates this matrix. There were five
feasible alternatives identified for evaluation. These aiternatives are
generic, and not facility or waste stream-specific. Because these
alternatives are generic system configurations. they each create a solution
that assigns a facitity (facilities) to each function for each waste stream or
material. Table 4-2 illustrates the facilities that have been developed for
each waste and material by function for each alternative. Each of the five
alternatives examined is described below.

4.1 ALTERNATIVE 1: SINGLE NEW FACILITY INTEGRATING STORAGE AND PROCESSING
NEEDS FOR ALL WASTE AND MATERIAL STREAMS

The Alternative 1 evaluates a single new facility that provides storage,
processing and disposal requirements for all the waste and materials within
the scope of the study. Following evaluation of the design and functional
differences between storage and processing facilities. a complex consisting of
three contiguous facilities was identified. The complex is comprised of a
processing facility. a remote-handled storage facility. and a contact-handled
storage facility. Table 4-4 summarizes the facility sizes.

Facility sizes were determined by using existing size and throughput
data (Feizollahi and Shropshire 1993 & 1994) on similar processing and storage
facilities employed at other government Tocations. A method of scaling the
data was employed to obtain the facility sizes. This data establishes the
basis for the cost estimates.

The method of scaling the total throughput and storage capacity
requirements is described in Volume II section 6.4.1. Engineering studies to
select the equipment, size facilities. and apply accurate integration meeting
the exact process requirements were not performed. The processing and storage
references that were utilized are typical. however were not uniquely designed
for the processes within this document scope. They are were sufficiently
accurate. and representative. to obtain comparison cost estimates for the
Tevel of detail obtained.

A breakdown of the life cycle cost for Alternative 1 is provided in
Table 4-5. Presented is the total estimated cost, total project cost.
operations and maintenance cost, and decontamination and decommissioning cost.
The total Tife cycle cost for Alternative 1 including escalation and
contingency is $6.949.105.062. This is summarized in the following:
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Total Estimated Cost $2,055,725,480
Other Project Cost $ 727,705,501
Operations and Maintenance $2.783.430.981
Decontamination and Decommissicning $1.382,243.100
Total Life Cycle Cost $6.949 105,062

The details of the capital cost estimate are provided in Volume IV
Appendix B. The personnel requirements and direct (no escailation, no
contingency) operating and maintenance costs are presented in Volume VI
Appendix D.

4.2 ALTERNATIVE 2: MULTIPLE NEW MODULAR FACILITIES INTEGRATING STORAGE AND
PROCESSING NEEDS FOR ALL WASTE AND MATERIAL STREAMS

Alternative 2 evaluated multipie facilities that provide all storage,
processing and disposal requirements for the waste and materials within the
scope of this study. A complex consisting of two or three processing
facilities, remote-handled storage facilities, and contact-handled storage
facilities was identified following evaluation of the design and functional
differences between storage and processing facilities. Table 4-6 summarizes
the various facility sizes.

The facility sizes were determined using existing data (Feizoliahi and
Shropshire 1993 & 1994) from similar processing and storage facilities
developed at other Federally cperated sites. A method of scaling the data
using facility size and waste throughput rates was employed to obtain the
modutar facility sizes. This data established the cost estimate basis.

The total throughput and storage capacities are described in Volume 11
Section 6.5.1. Engineering studies to select the equipment. size facilities.
and integrate functions to meet the exact process requirements were not
performed. The processing and storage references that were utilized are
typical. however were not uniquely designed for the processes within this
document scope. They are were sufficiently accurate, and representative. to
obtain comparison cost estimates for the level of detail obtained.

A breakdown of the life cycle cost for Alternative 2 is provided in
Table 4-7. Presented is the total estimated cost, total project cost,
operations and maintenance cost, and decontamination and decommissioning cost.
The total Tife cycle cost for Alternative 2 including escalation and
contingency 1s $8.016.032,512. This is summarized below:

Total Estimated Cost $2.762,232,739
Other Project Cost $ 973.840.133
Operations and Maintenance $3.006,164,057
Decontamination and Decommissioning $1.273,795,583
Total Life Cycle Cost $8.016.032,512
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The details of the capital cost estimate are provided in Appendix B.
The personnel requirements and direct (no escalation, no contingency)
operating and maintenance costs are presented in Appendix D.

4.3 ALTERNATIVE 3: MULTIPLE EXISTING FACILITIES INTEGRATING STORAGE AND
PROCESSING NEEDS FOR ALL WASTE AND MATERIAL STREAMS

Alternative 3 evaluates the feasibility of using existing DOE-owned
facilities to perform the solid waste and material treatment and interim
storage operations for the Hanford Site. The evaluation process used for
Alternative 3 is shown in Figure 4-1.

Critical attributes for processing facilities include:

Remote-handling capability:

Confinement systems:

Accessible by truck or rail; and

Floor space and configuration to accommodate a processing line.

Critical attributes for interim storage facilities include:

. Radiologically clean:

. Secondary containment {leakage collection for RCRA wastes):

. Safeguards and security systems:

. Accessible by truck or rail;

. Heat removal capability (Sr/Cs capsules and HLW canisters only):

. Remote-handling capability (RH waste streams and miscellaneous
sources):

. Shielded cells for high-activity waste (RH waste streams and
Miscellaneous Sources): and

. Safety Class 2 structures and/cr systems for high-activity wastes.

The facilities evaluated for any given treatment or storage function
under Alternative 3 satisfied all of the critical attributes. The attributes
were specific enough to ensure that the selected facilities could safely
perform the identified function. It is possible that a number of facility
options for storage of some of the smaller volume waste streams and materials,
beyond those specifically selected for evaluation, could be viable. For the
treatment and interim storage functions of the large-voiume waste streams,
there are few existing facilities that possess the critical attributes.
Combinations of multiple facilities to provide individual functions were not
considered because of the numerous scenarios possible, and the 1ikelihood that
the cost and programmatic complexities involved in modifying and operating
several facilities for any given function would be prohibitive,

The facilities selected for each function are shown in Table 4-8. There
were several facilities that are viable for the TRU and LLMW processing
operations; whereas, the selection of facilities for interim storage was
Timited. Each of the processing facilities are technically viable and could
be converted for use to perform the processing function(s). In the case of
interim storage. the only viable facility/function options identified were
5r/Cs capsule storage at the Fuels and Materials Examination Facility (FMEF):
and UU and Miscellaneous Radioactive Source storage also at the FMEF. Storage
of the Sr/Cs capsules at the WESF and storage of the HLW canisters at the
canyon facilities were also evaluated in some detail for Alternative 3. but
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may not be viable because the 1ife cycle costs comparison with other options
and alternatives do not appear favorabie. Although FMEF was evaluated for
storage of the RH TRU and LLMW waste streams. the required storage space
exceeds the available space in the facility. There are no existing facilities
capabte of storing the projected volumes of RH and CH TRU, LLMW, and GTC-3
Wastes. Volume II Section 6.6.2 provides the technical assessment for each of
the facility/function options evatuated under Alternative 3.

None of the processing or interim storage options evaluated involved any
significant technical. safety. or requlatory uncertainties because most
planned operations have previously been performed at, or had been part of the
intended mission of, these same facilities. Processing facilities proposed in
Alternative 3 (T Plant. MASF, and Grout Vaults) were specifically designed for
waste handling functions and would require minimal incremental D&D costs. The
T Plant facility was previously used for plutonium processing and this
facility for processing TRU or LLMW would not appreciably affect the D&D
liability that already exists.

Table 4-9 summarizes construction and 1ife cycle costs for the
processing and interim storage options for Alternative 3. For cost comparison
purposes. the cost of future CWC expansion to store RH and CH TRU. LLMW and
GTC3 LLW and LLMW are included in the Cost Summary Table. Details of capital
and Tife cycle cost estimates for Alfernative 3 are provided in Appendix B.

4.4 ALTERNATIVE 4: MAXIMIZING USE OF THE WASHINGTON NUCLEAR PLANT-1 FACILITY
INTEGRATING STORAGE AND PROCESSING NEEDS FOR ALL WASTE AND MATERIAL STREAMS

Alternative 4 locates the required processing and storage capabilities
within the essentially completed. but never fueled or operated Washington
Nuclear Plant-1 (WNP-1) Facility on the Hanford Site. The facility would be
converted to meet the needs of the scope of this study.

WNP-1 is a stand aione nuclear power plant designed to be Ticensed by
the Nuclear Regulatory Commission (NRC) to generate, process. and store
nuciear materials including waste products at the plant site. The WNP-1 is
Tocated 12 mi (19.3 km) north of Richland, WA and 2.4 mi (3.86 km) from the
Columbia River. The plant, which is 65% complete. was designed to store 663
metric tons of uranium in the form of new and spent nuclear fuel, as well as
annually process for disposal tens of millions of curies of radioactive waste
streams. These storage and processing functions were to take place Reactor
Containment Building and General Services Building (GSB). The study of plant
conversion evaluated these two buildings for process and storage functions.
plus the Turbine Generator Building (TGB) for waste storage and the Spray Pond
structure for conversion to HLW canister storage.

Information on waste and materials characteristics and volumes was
assessed to determine specific throughput before and after processing. unique
storage requirements, and special handiing or process needs which are required
to store and process the waste in this facility option. Utilizing the results
of this assessment the facility attributes were summarized based on historical
data, existing processes, commercial experience and reference data. In
parallel with this effort the WNP-1 plant capability related to systems,
structures and components were tabulated for use in comparison to the waste
and material storage and processing requirements. The alignment of the
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requirements with the existing capabilities yielded the subset of
modifications needed to address the needs of the storage and processing.

The major modifications required to meet the scope of the study include
the following conversions: WNP-1 spray pond to accommodate the high level
waste canisters generated from tank waste processing; GSB for processing of
contact-handled and remote-handied solid waste streams: Spent Fuel Storage
Pool and its support systems to store the Cs and Sr capsules; GSB, TGB and
warehouse space for the storage of contact-handled and remote-handled wastes
and materials.

Use of WNP-1 for processing and storage of Hanford wastes and materials
offers some unique advantages not found in any other alternative but also
raises some issues requiring resolution to achieve those advantages.
Conversion provides benefits by greatly reducing costs and time needed to
establish solid waste processing faciiities, and makes use of a quality
Hanford structure that is otherwise subject to demolition at additional
regional expense. The institutional issues invelved with ownership of the
plant, and occupying the leased Supply System property, are not addressed in
detail by this study. However, the following information has bearing on
resolution of this institutional issue:

1) The plant construction is 65% complete with in excess of $2 billion
investment when the prcject was terminated:

2) The design and construction software (inspection records, material
certifications, test reports, etc.) required to fully document the
viability of the plant exists:

3} The plant 1s located on DOt leased property: access corridors to the
Hanford rail and road infrastructure exist. Utilities at the site are
operational:

4) Cost savings arise from several aspects:

a. ghe facility is available at essentially no cost on an "as-is"

asis.

b. Much of the installed equipment such as turbine generators,
emergency diesels, cooling water pumps and heat-exchangers, and
piping could possibly be sold to offset the cost of conversion.

c. Selected installed equipment and structures could be used for the
waste processing and storage concept with little modification.
These include radioactive waste processing, 1iquid volume
reduction. grouting, decontamination, cask handling. operational
cranes. extensive high efficiency particulate air-filtered HVAC
systems, laboratory and counting rooms., maintenance rooms,
receiving and handling areas. office and locker areas. and
security and access control; and

5) The facility has been constructed to standards exceeding those needed

for processing and storage functions with construction Quality
Assurance/Quality Control records in site vault storage: and
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The foliowing issues require resolution to achieve the above benefits:

1) DOE must determine if transfer of the facility is acceptable per its
procurement regulations.

2) Since modifications are required to perform the desired functions,
agreement which allows a facility not designed for the specific purpose
of solid waste processing and storage is in fact acceptable (e.g. layout
may not be the most efficient); and

3) DOE must be willing to accept a facility built to meet NRC requirements
rather than DOE design criteria. The NRC requirements are generally
more restrictive. Agreement on criteria to be used for modification
will need to be established.

_ A summary of the cost estimate for WNP-1 conversion is presented in
Table 4-10. The details of the capital cost estimate are provided in Appendix
B. The personnel requirements and direct (no escalation. nc contingency)
operating and maintenance costs are presented in Appendix D. A detailed
description of this alternative is found in Volume II. Section 6.7.

4.5 ALTERNATIVE 5: CURRENT PLANNING BASELINE FOR EACH PROGRAM

The planning baseline for facilities and programs associated with each
waste stream or material is described in this section. This baseline is
provided as a reference point and basis for comparison for each of the
alternatives previously discussed. The baseline is derived from the primary
strategic documents for the Hanford Site.

The Hanford Strategic Plan (HSP) (DOE-RL, 1995) outlines broad, site-
wide goals, with milestone dates and responsible parties. Goal #4 of the Plan
is "Manage Cleanup as a Project." Project Management Plans for each cleanup
activity and an integrated technical baseline are called for by the Hanford
Strategic Plan. All solid waste and material options must be aligned with
these Project Management Plans and the integrated technical baseline.

The Hanford Mission Plan (HMP) presents integrated guidance for Hanford
Site programs, and was crafted to be consistent with the HSP. Important
assumptions from the HMP are that the 200 Area Plateau is to be the central
location for waste disposal and related activities, and that all radioactive
and hazardous waste and materials eventually are to be converted to stable
form and disposed onsite as waste or transferred off-site for reuse or
disposal. Storage will be required indefinitely onsite for some waste or
materials until offsite facilities or uses are available.

Alternative 5 represents the existing programmatic technical baseline
for the storage, processing, and disposal of the various waste streams. In
addition to the strategic planning documents discussed previously. existing
programmatic planning and engineering documents were used as the basis for
Alternative 5. The primary overall program baseline reference is the Solid
Waste Program Technical Baseline Description.

The Solid Waste Program Technical Baseline Description is several years
old. and consequently, does not represent the current path that is being
followed for all waste streams and materials. As an example, the Waste
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Receiving And Packaging Facility. WRAP-2A (Project W-100). which is described
in the most recent technical baseline documents, was put on hold in December
1994 . The current plan 1s to initiate procurement activities for commercial
processing of the LLMW stream in fiscal year 1995. The current path that is
being followed for each waste and material processing and storage function is
described in Section 6.8 of Volume [1I.

Table 4-11. Current Baseline Summary. highlights the functions that are
not currently a part of the baseline. or have been canceled subsequent to
issuance of the baseline documentation. In this table. green background
depicts functions that exist in the current baseline and are adequate for the
management of the projected waste streams/materials; yellow background depicts
functions of the current baseline that are undersized or are otherwise not
adequate for the management of the projected waste streams/materials; red
background depicts functions that the current baseline does not cover, or that
are not currently funded. and blue background depicts functions that are
outside of the scope of the M-33 Study.

Because only 24% of the functions within the scope of M-33 shown on
Table 4-11 are shaded green, the current technical baseline does not provide a
viable solution to the waste and material processing and storage requirements
for the site. Another 24% of the functions within the scope of M-33 are
shaded red, depicting processing and storage functions that are required, but
not currently part of a funded technical baseline. The remaining 52% of the
functions within the scope are shaded yellow. Most of the functions in yellow
are associated with the storage of waste either prior to processing: or prior
to disposal.

Functions shaded red include the following:

. High-Level Radioactive (HLW) Waste Canisters, Storage Prior to
Disposal:

* Remote-Handled (RH) Transuranic (TRU) Waste. Processing;

. Large Container and Special-Case Contact-Handled (CH) TRU.
Processing;

. RH Low Level Mixed Waste (LLMW). Processing:

. Large Container {H LLMW, Processing;

) RH Greater Than Category III (GTC-3) Low Level Radioactive Waste
(LLW), Storage Prior to Processing:
) RH TRU and RH LLMW, Storage Prior to and after Processing:

. Hallam and Sodium Reactor Experiment Sodium. Processing;

. Strontium & Cesium Capsules, Processing & Storage Prior to
Disposal; and

. Miscellaneous Sources, Storage Prior to Processing.

The most significant deficiencies in the existing baseline is the lack
of a specific project or path forward for processing the large volume of RH
and Large-Container CH TRU and LLMA. Additionally. there are no specific
facilities that exist now or are planned for the future, to provide adequate
storage for TRU. LLMW. and Greater Than Category 1l waste, except for the
small quantities of Small-Container CH TRU and LLMW which will be stored in
the Central Waste Complex (CWC), Phase V. It is because of these primary
deficiencies in the existing baseline that the Tri-Party Agreement (TPA) M-33
Milestone was established. The information provided in the Alternatives 1
through 4 evaluations is intended to form the basis for making a decision on
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an integrated path forward for processing and storage functions which are not
adequately addressed in the Current Technical Baseline.

Table 4-12 provides a cost comparison for projects included in the
current Technical Baseline.
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Figure 4-1. Alternative 3 Evaluation Process.
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Development of the Alternative System Configuration Set.

Tabte 4-1.

Alternate New/Existing Integrated/ Single | Alternatives
Feasibility Facility Segregated Modular Considered

__Facilities
Yes New Integrated Single 1
Yes New Integrated Modular 2
NO New Segregated Single [nfeasible
Yes New Segregated Modular Not Included
Yes Existing [ntegrated Single 4

Yes Existing Integrated Modular 3
No Existing Segregated Single Infeasible
Yes Existing Segregated Modular Not Included
Yes Program Planning Bases 5
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Storage
Facilities

Table 4-2.
Alternative 1 Alternative 2 Alternative 3
Singie New Muitiple New Multiple Existing
Processing Modular Facilities Facilities
Facility
Treatment New Processing RH TRU and LLMW Cs/Sr Capsule
Facifities Facility Processing Facility Packaging at the FMEF

Alternative 4
Conversion of
Incomplete WNP-1

e~ — ]

RH and CH
Processing and
Cs/Sr Capsule

New RH Storage
Facility

CH TRU Processing
Facility

RH and CH TRU
Processing at 7 Plant or
the MASF

Overview of Facilities for Each Alternative.

Altermative §
Current Ptanning
Baselines

Cs/Sr Capsule
Qverpack Facility - Not
Provided

Packaging at WNP-
1 General Services
Building

RH and CH LLMW
Processing at
T Piant, MASF, or the

HLW Canister Storage
in Canyon Facilities

Grout Vaults

HLW Canister
Storage Facility

HLW Canister
Storage (WNP-1
Spray Pond)

RH and CH TRU and
LLMW Processing at
WRAP Module 2B
{Cancelled)

HLW Canister Storage -
Not Provided

RH TRU Storage

RH Starage at FMEF

RH and CH Storage

Miscellaneous Source
Storage from New
Projects

(W-272 and W-349)

TRU, LLMW, GTC3
Storage - Not Provided

Cs/Sr Capsule Storage
at WESF

CH TRU and L1 MW
Storage at CWC

UU Storage at Existing
{.ocations

Facility and New RH Storage at Turbine
Facility Generator Building
RH GTC3 Storage and General
Facility Services Building
(WNP-1)
RH LLMW Storage
Facility
Miscellaneous RH Miscetlaneous Source
Sources Storage Storage at FMEF
Facility
Cs/Sr Capsuile and Cs/3r Capsule Interim
Overpack Storage Storage at WESF or at
Facility the FMEF
New CH Storage New GH Waste CH Storage at CWC
Facility Storage Faciiity
UU Storage Facility UU Storage at the
FMEF
Contaminated Hailam and SRE
Sodium Storage Sodium Storage at
Facility 2727-W Building and
the CWC
T I EEEE————
Contact-Handled RH Remote-Handled
Cesium Sr Strontium
Central Waste Compiex SRE Sodium Reactor Expanment
Fuel and Matevials Examination Facility TRY Transuranic -
Graster Than Category |l Waste uy Uniradiated Uranium
High-Level Waste WESF ‘Waste Encapsulation and Slorage
Low-tLave! Mixed Waste WNP-1 Washington Nuclear PMant 1
Low-Level Waste WRAP Waste Receiving and Processing

Maintenance and Storage Facility

4-11

Hallam and SRE
Sodium Storage at
2727-W Building and
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This table intentionally deleted.

Table 4-4. Alternative 1 Facility Summary.
FACILITY SIZE m? (ft?)
PROCESSING 6,724 (72,349)
Prior to 28,133 (302.711)

Processing

REMOTE-HANDLED STORAGE

Prior to Disposal

15,836 (170.400)

Totatl

43,969 (473 111)

CONTACT-HANDLED
STORAGE

Prior to
Processing

1,662 (17,884)

Prior to Disposal

26.918 (289.638)

Total

28.580 (307.522)
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ALL. 2 sty pec building categury based o ART snd Y OF UM IHRECE DIRECT ESCALATTION ESUALATED CONTINGENCY oAl
ik total 5E/hldg in ALT 1) SO0V COsT/sk DOELAKS TOlAl, DOLLAKS HM LARS LHM L AlRS
| REMOTE HANDI ED PROCESSING FACHITY 2.0 23 35 414, 730 1k, 720 wi6 AT L [ EE AN IR TERFL
] CH TRU PROCESSING FACILITY 2 4 2,015 41 420,127 L3718, 218 33 138,343 o0t 73 316 436
5 CH LLMW/LLW PROCESSING FACILITY 1.69 U0 B, 603,974 26,696 450 167,302,423 39,713 10y 147 17,792
5 RLW CANISTER STORAGE 19 14 2,013 353,939 034 Fu 399 377 444338 610 ted 535 11 O 3 11
6,7,8,10 REMOTE HANDLED TRU WASTE STORAGE 31y 2,015 387,615 8249 14 oloo, 543 782,252,317 284 324,105 1U71,756,571
REMOTE HANDLED LMW STORAGE
KEMOTE HAMDLER GTC3 LLW STORAGE
MISCELLANEOUS RIl SOURCES
9 CS/5R CAPSULE AND OVERPACK STORAGE 113 2013 2,234 241 139 981 2,794 168 1,1tk 852 4075 420
3] NEW (CH WASTE STORAGE 3430 E45 413U (WM 14,072 888 56,561 88 2,935,141 17,499 629
12 LUNIRRADIATEDR URANIUM STORAGE RS 143 3,389 Ok 1,122 420 4,501 420 1,004, 7495 6,181,221
TOFAL 832,564 1,322 1,127, 804,008 373,292,040 1,500,392,040 555,333,440 2,055,725,480
TEC COSTS INCLUDE. ENGENEERING, CONSTRUCTION, CONSTRUCTION MANAGEMENT, AND WIIC PM
ALT. 2 (Uosts per building category based v ALT and Y G G MRECT DERECT ESCALATION ESCALATED CONTINGENUY TOTALL
FLEC tutal S¥BldE in ALT 1) SOMT LOSTISE DOLLARS TOTAL DO LARS DO L ARS DOLLARS
I REMOTE HANDL ED PROCESSING FACIEITY il 2,421 49,306 091 13 447 82 ol 14,0 28719110 87,441 Yiu
2 CH TRU PROCESSING FACILITY 24 2. 821 37,908 20 17,721 458 3 709 64 26,579 5142 102, 289 186
3 CH LEMW/LLW PROCESSING FACILIEY 4 &Y 1821 112 818 437 34 486,986 147 335 423 31,725,404 199 6016 697
5 RLW CANISTER STORAGE 1443 2,821 1 3L Y0 L 574,040 ol 38Y 012 214 290 122 824,680,034
6,18 50 REMOTE HANDLED TRU WASTE STORAGE SRR 2,821 B22 66 HH 251,419,392 1,074,072 U9 076 7446 bASL I8, 243
REMOTE HANDLED LEMW STORAGE
REAMOTE HANDLED GTCH L1 W STORAGE
MISCELEANEOUS R SOURCES
4 CSISR CAPSULE AND OVERPACK STORAGE .13 2,821 3127895 933 929 4,083,924 bA433. 750 5,517,674
I MNEW CH WASTE STORAGE 3436 203 34 487,400 18, 179 4493 71, bbb Y3 27 2606 4493 104,932 Y8k
12 UNIRRADIATED URANIUM STORAGE 2. 203 4,749,000 1,449 788 6143 758 21714 403 B 368,250
” TOTAL 452 Kod L. 850 1,577,940, 000 452,225 502 2,040, 165,302 723,205,474 2, 783,430,981
TRC COSTS INCLUDLE: ENGINEERING, CONSTRUCTION, CONSTRUCTION MANAGEMEN T, Wi PRE, ANLD QPC
ALT 1 COSTS NOT INCLUDED IN ABOYE FIGUKES
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Table 4-6. Alternative 2 Facility Summary.

FUNCTION FACILITY

SIZE m? (ft%)

Processing Remote-Handled

1,346 (14.481)

Contact-Handled TRU

1.569 (16,879

Remote- and Contact-
Handled LLMW/LLW

3.055 (32.868)

TOTAL

5,970 (64,228)

Remote-Handled Storage | HLW Canisters

15.836 (170.400)

TRU, LLMW, GTC3 LLW,
and Miscellanecus

39.478 (424.783)

Cs/Sr Capsule plus
Overpack

105 (1.128)

TOTAL

55.419 (596,311)

Contact-Handled Storage | CH Waste Storage

28,000 (301.280)

Unirradiated Uranium

2.230 (24,000)

TOTAL 30.230 (325.280)
TOTAL STORAGE 85.649 (921.591)
GRAND TOTAL 91,619 (985.819)

414




S1-v

ALY, 2 IMRECT [LYLIY RN ESCAL ATION ESUALATED CONTINGENCY AL
TEC BUILDIRG NAME SUNT CONTIsE DOLLARS TOTAL DOTLAKS DO AN B LARS
i KEMOTE HANDL L PROCESSING FACILITY [N 2442 43, 501 0H) 13 829 721 6l 90,12 2134y 42 83,409 Bud
2 Cii TRU PROCESSING FACILITY 21,049y 244 51,557 (00 14,264,427 o4, 821 327 23962 U3l B T8I 80
3 CH TEMWA LYW PROCESSING FACILETY 41,483 2,502 Y, 563, 0K} 24,320 664 118 883 664 [RERUTL IR V203 Y47 423
b KLW CANISTER STORAGE 170 4 3,344 ELUR LI RETT s gy YU B8 Y31 v 134,995.431 1,203,947 423
. ¥R-N1Y] HREMOTE HANDLED TR WASTE STURAGE 299 B3 2,202 661, 102 (i oY 441 480 829,543 480 J0a, 619 294 [NEI-NEEN 5]
KEMOTE HANDLED LEMW STORAGE
REMOTE HANRDLER GTCY LLW STORAGE
MISCEL LANEOUS RIL SOURCES
L] CS/5K CAPSUI E AND OVERPACK STORAGE 112 ENICS] EREIREET] FEYNEY 4.528.137 .60, 181 5.928.317
1 NEW €11 WASTE STORAGE SUHE, 280 F43 43 684 (K] [NFIRIRL L bERTTERT $ 20299 430 T3 NN B2
12 UNIRRADIAT D URANIUNM STORAGL EXRUTT] [Bh IREHEETT) y23.044 d.06 644 [T A ] 3 891,49}
TEYIALL 876,923 1,078 1,471, 848, 604 344,822,359 2,000,670,159 745,561,380 2,062,232,21Y

TEC COSTS INCLUDE: ENGINEERING, CONSTRUCTHON, CONSTRUCTION MANHAGLEMUNT, AN WHC PAI

ALT. 2 DIRECT DIRECT L5UALA HHON ESUALATED UONTINGENLUY Al
YN HUILDING NAME SOIT (WY FAID DO LAY HILRYH DOLLARS DOLLARS DOLLAKRS
—— ———
I REMO T AN ED PROCESSING FACH Y 18,101 3,488 03 142 (W) 21691, Sy LER:E RN IER PRI 113,243,210
2 CH TRU FROCESSENG FACIHLITY 21 0y 3421 IES P RYLY 1o 9tu 493 8Y, 103 449 31247 .3u3 20,381 vy
3 CH LIMWALW PROCESSING FACILITY 41,083 322! [BYRPIRTLY RIS i3, 493 Y33 57,328 176 220,824,129
3 RLW CANISTER STORAGE [FERITT] 4,682 TV B2 w2 ol IR FIATY 4H 471 581 1622 U T4)
6.7.8,10 REMOTE HANDLED TRU WASTE STORAGE 299 ¥5U 3082 FEENEERITE 217,253 Mo 1041, 398, 240 193,124 1,541,395, 473
REMOTE HANDIED | LMW STORAGE
REMOTE HANDLED GTCY LLW STORAGE
MISCELLANEQUS RH SOURCES
L] CS5/5R CAFSULLE ANI OVERFACK STURAGLE 1,128 4,311 4,888 (IN) J.ual b 3 Y Uil 2 1o 449 H035 478 I
i NEW CH WASTE STURAGE ) 280 prig | a1 td) i Li syl 13500 42 20 484 25> MY
12 UNIRRADIATED UKANIUM STORAGE 24, 23 4 B2 0 it By 3,922 B3t Iute 7 Ve ol
TOFLAL. 076,923 2,350 2,000,587, 000 TUs, 191,154 2,705, 778,153 YTu, 294,710 L1082

TPC COSTS INCLUDE: ENGINEERING, CONSTRUCTION, CONSTRUHCTION MANAGEMENT, WIHU PM ANBD O
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Table 4-8. Existing Facilities and Functions Evaluated for Alternative 3.

EXISTING FACILITY

HLW Canister Interim Storage . Canyon Facilities
TRU Processing . T Plant
o Maintenance and Storage
Facility (MASF)
LLMW Processing . T Plant
. Maintenance and Storage
Facility (MASF)
. Grout Vaults
TRU, LLMW, and Greater than Category | e Fuel Materials Examinaticn
3 Interim Storage Facility (FMEF)
. Central Waste Complex
Hallam and SRE Sodium Interim . 2727 -W
Storage . Central Waste Complex
Strontium/Cesium Capsule Interim » FMEF
Storage . Waste Encapsuiation Storage
Facility (WESF)
Unirradiated Uranium and . FMEF
Miscellaneous Source Interim Storage | e Existing Storage Locations
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Table 4-9. Alternative 3 Cost Summary.

Facility Construction Life Cyclé
RH TRU
T Plant 77 342
MASF 52 313
RH LLMW
Grout, Scenario 1 4 218
Grout, Scenaric 2 43 308
MASF 47 306
T Plant 73 337

Facility Construction Life Cyclé

HLW Canisters

Canyon Facilities 255 326
RH TRU

FMEF 7 187

Central Waste Complex {CWC) Expansion -4 Noi Available
RH LLMW

FMEF 7 187

CWC Expansion -- Not Availabie
CH TRU and LLMW

CWC Phase V (Project W-112) 26° Not Available
RH Greater Than Category III

CWC Expansicn 277 Not Available
CH Greater Than Category III

CWC Expansion 55 Not Available
Cs/Sr _

FMEF 7 77

WESF 30 671
UY and Miscellaneous Source

FMEF 5 73

Existing Locaticons 0.4 32

L.ConstructionCost with contingency.
2.Life Cycle Costs in Current dollars.
3.Provides only partial storage requirement.

4 RH Greater Than Category I1I Storage Costs Include cost of RH TRU and RH LLMW Storage.
ConstructionEstimates obtained from projected waste volumes and average cost per square foot

for storage space.
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Table 4-10. Alternative 4 Capital Cost Summary.

Construction/Modification

Cost in Million §
(Escalated with Contingency)

HLW Canister Storage 271.3
TRU Process & Storage 42.0
LLMW/GTC TII Process & Storage 113.0
Uranium Storage 2.0
it Cs/Sr Capsule Storage 3.6
Common Usage Area 1.8

Construction/Modification

Sub-Total, {apital Cost 433.7

Other Cost in Million $
(Escalated with Contingency

Cost Line Item Description

Construction/Modification 433.7
Engineering Title I 21.9
Engineering Title II 54.7
Engineering Inspection Title III 36.1
Construction Management 40.1
Project Management % Integration 54 4
Other Project Costs 66.8

Grand Total Cost 707.7

e . TR T e
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Table 4-11. Current Baseline Summary. 1 of 2

WASTE STREAMS STORAGE PROCESSING STORAGE DISPOSAL/
AND MATERIALS PRIOR TO PRIOR TO USE
PROCESSING DISPOSAL

HIGH-LEVEL WASTE

High-Level Waste
Canisters

Low-Level Vitrified
Waste

TRU WASTE

Remote-Handled

Large Container Central Waste Central Waste
and Special Case Complex’ Complex’
Contact-Handled

Small Container
Contact-Handled

Remote-Handled S :
Large Container Central Waste Central Waste  ||i§
Contact-Handled Complex' Complex'

Small Container
Contact-Handled

Yellow background depicts functions of the current baseline that are undersized or otherwise not
adequate for the management of the projected waste streams.

Central Waste Complex Phases | through V will provide 280,000 ft? of storage space. An additional 476,600 1t* will
be required by 2023. Remote-Handled waste must be shieided to Contract-Handled levels to allow storage in
existing and planned CWC facilities.

WRAP-2B is not eurrently funded
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Table 4-11. Current Baseline Summary. 2 of 2
WASTE STORAGE PROCESSING STORAGE DISPOSAL/
STREAMS AND PRIOR TO PRIOR TO USE
MATERIALS PROCESSING DISPOSAL

Remote-Handled

g

Contact-Handled

Central Waste
Compiex
{Phase V)’

FFTF Sodium

Hallam &
Sodium Reactor
Experiment
{SRE) Sodium

GREATER THAN CATEGORY 3 LLW

SODIUM

OTHER MATERIALS

Unirradiated
Uranium®

UQ3 Plant, 303-K
South Bidg.,
4713 Bldg.

Miscellaneous
Sources

Strontium &
Cesium
Capsules

K Basins

T Plant

300 Area
Laboratories

200 Area
{Buried)

k)

4

Repackage
As Required

Treatment
Requirements

Not Specified®*

4-70

Existing
Locations or
Consolidated

Storage

SPENT NUCLEAR FUEL

TRU and TRUM will be shipped to CWC . Irradiated fuel and vitrified waste will be managed by the SNF

Storage, treatment, or disposal options have not been selected for these waste streams and materials.

Program.
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Table 4-12. Alternative 5 Cost Comparison.
WASTE STREAM/FUNCTION FACILITY CONSTRUCTION | OPERATING LIFE-CYCLE SOURCE
CosT CosT CosT
HLW Canister Storage New Modular $320 M Not Hot Avaitabte | Kaiser Estimate for Alternative 2
Storage Available
Facility
RH and Large-Container WRAP - 2B $202 M $48 M/YR Not Available | Total Waste Receiving and Processing
CH TRU and LLMW Modute 2 COR estimate. less WRAP-2A
Processing cost.
RH and Large-Container CWC Expansion v
CH TRU and LLMW Storage
GTC3. RH Waste Storage CWC Expansicon $272 M 'Y Not Not Estimate based on projected storage "
Available Available required and average cost per square
foot .
GTC3. CH Waste Storage CWC Expansion $h5 M Y Not Not Estimate based on projected storage
Available Available required and average cost per square
foot .
Hatlam and SRE Sodium FFTF Sodium $30 M Not Not Obtained from cost estimates for 2002
Processing Reaction Available Available start date, converted to 1995 dollars.
Facility
Hallam and SRE Sodium 2727 W Building Not Not Not
Storage and CWC Applicable Available Available
Unirradiated Uranium Existing 200 Not Not Not
Storage and 300 Area Available Available Available
Facilities
Miscellaneous Source Interim Storage $6 M Not Not Project W-272 documentation.
Storage Facility (W- Avgilable Available
272)
Interim Storage 5 M $1 M/YR Not Project W-349 documentation.
Facility (W- Available
349) .
Cesium and Strontium WESF $30 M $17 M/YR $671 M Construction estimate from WESF staff.

Capsule Storage

Operating cost from ADS documents.

(13Cost of GTC I1I storage includes cost of RH and Large Container CH TRU and LLMW storage.

0 A9 " THE-SI-WM-0S-OHM
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5.0 ALTERNATIVE COMPARISON, ANALYSIS, AND EVALUATION

5.1 DECISION CRITERIA

The five alternatives evaluated in this study were compared against
decision criteria devetoped by the DOE's Pacific Northwest Laboratories (PNL).
These decision criteria identified seven major assessment categories and a
number of objective indicators for each category. The assessment categories
were as foliows:

Safety:

Cost;

Secio/Economic Impact:
Environmental Impact;
Schedule;

Program Integration; and

System Manageability.

Objective indicators were chosen to provide a quantitative measure of
the degree to which the function/facility combinations proposed in each of the
five alternatives would compare against each other in the seven assessment
categories. Weighting factors were also assigned to the indicators to reflect
their relative importance in the assessment categories. Priorities and
weighting factors were assigned to each assessment category by WHC Level 2
management representatives in a facilitated. consensus decision-making
session. A detailed discussion of the assessment criteria. the weighting
factors. and the methods used to grade each alternative is provided in
Attachment 1 of this summary.

The most important assessment category was Safety, followed in order of
priority by: Cost, Socio/Economic Impact, Environmental Impact. Schedule,
Program Integration, and System Manageability. Near-term construction cost
was thought to be the most important consideration and life cycle cost was
assigned a lower weighting. Safety was viewed as an essential requirement for
any alternative or alternative combination under consideration. Because all
of the proposed facilities for the five alternatives would satisfy the
appropriate Hazard (Safety) Class requirements for the intended functions and
waste/material types and inventories (i.e., Class 3 for processing facilities
and Class 2 for RH and other high-activity waste and material storage
facilities). safety was not a relevant discriminator for selecting the
preferred facility and function combinations.

5.2 ALTERNATIVE EVALUATION

An evaluation of the five alternatives shows that those alternatives
that propose construction of significant new capital assets (Alternatives 1,
2, and 5) do not compare favorably to those alternatives that utilize existing
facilities (Alternatives 3 and 4) in any of the high-priority assessment

5-1
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categories. The construction cost for Alternatives 1, 2, and 5 were
significantly higher than Alternatives 3 and 4. Additionally, the overall
construction schedules for Alternatives 1, 2, and 5 were significantly longer
and would not support an objective for initiating waste processing operations
within the next 5 years.

Construction costs for all of the facilities proposed for the five
alternatives are compared in Table 5-1. The total construction, operating,
and D&D costs for the five alternatives are provided in Table 5-2. The WNP-1
option is clearly the most cost-effective on the basis of near-term and Tong-
term construction costs. The operating costs for WNP-1 were also
significantly less than the other alternatives.

The socio/economic impact for Alternatives 1, 2, 4, and 5 are higher
compared to Alternative 3 because of the long-term D&D costs and risks. The
D&D risks pertain to the uncertainties associated with the future regulatory
requirements and the potential for unforeseen cost escalation. The costs for
restoration of the site (sites) proposed under Alternatives 1. 2. 4. and 5 are
not known and represent a large potential cost liability. Aside from some
additional decontamination costs as a result of the new processing operations.
Alternative 3 (utilization of existing DOE-owned facilities) does nct add any
additional D&D cost 1iabilities that would not otherwise already exist.

Construction of new large facilities, as proposed in Alternatives 1, 2,
and 5, also involve higher environmental impact because of the impact to the
land. Construction of these faciiities weould require clearing large tracts of
land. This would resulf in an adverse impact to old-growth sagebrush and
wildlife habitat.

A detailed discussion of the performance of each alternative against the
various assessment categories is provided in Attachment 2. An analysis of the
benefits (total score on all public values or assessment categories) versus
cost 15 also included in Attachment 2.

5.3 DETAILED ANALYSIS OF ALTERNATIVES 3 AND 4

The alternatives that best satisfied all high-priority assessment criteria
were Alternatives 3 and 4. These alternatives also had cost/benefit profiles
that were significantly better than Alternatives 1. 2. and 5, when capital
cost and life cycle costs are considered (See F1gures 8 and 10 of Attachment
2). Because Alternatives 3 and 4 scored well in the high-priority assessment
categories and because the costs were substantially lower, these alternatives
were examined in more detail to better define the positive and negative
attributes of each.

5.3.1 Alternative 3 (Existing DOE-Owned Facilities)

Tabte 5-3 identifies the facilities to be utilized for each waste stream
and material function for Alternative 3. Shaded areas in Table 5-3 indicate
wa%te stream and material functions that are outside the scope of the M-33
Milestone.

Alternative 3 involves minimal programmatic or regulatory uncertainties
and risks. Existing facilities in the 200 Areas. such as the MASF. the Grout
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Vaults, and T Plant. could be readily converted to waste treatment facilities.
The T Plant facilities are already permitted for waste treatment under an
“Interim Status Permit. (btaining an exemption under Interim Status for waste
processing at the MASF shouid not pose any difficulty. Permitting of the
Grout Vaults for LLMW treatment and disposal would also require approval from
the Washington State Department of Ecology (Ecology). This may be a more
complicated process because the vaults would be used for disposal. as well as
for processing/treatment. However, because the vaults were designed for
disposal of higher activity wastes. the technical issues should be easily
resolved. Under Alternative 3. additional waste storage capacity would be
provided by constructing new storage facilities at the Central Waste Complex.
There are no programmatic or regulatory obstacles involved with construction
and operation of these storage facilities.

, Alternative 3 would utilize the Grout Vaults for LLMW treatment and
disposal, and would not pose any additional D& liabitities. The TRU
processing would be performed at the MASF or T Plant. The MASF is only
partially contaminated at present, and some additional D&D would be incurred
if the facility were used for full-scale waste processing. These costs are
estimated at $1 Million in 1995 dollars. The T Plant was previously used for
plutonium processing and represents a D&D liability at present. Additional
waste processing operations would not appreciably increase this liability.

5.3.2 Alternative 4 (WNP-1)

The WNP-1 option utilizes the WNP-1 facilities for all processing and
storage functions. Table 5-4 indicates the facilities to be utilized for each
of the processing and storage functions for Alternative 4. Shaded areas in
Table 5-4 indicate waste stream and material functions that are outside the
scope of the M-33 Milestone.

Alternative 4 requires the Towest capital investment and is attractive
because of the capability to provide a full range of treatment and storage
functions. The programmatic risks associated with the WNP-1 plant and site
are significant, however. These programmatic risks include future liabilities
‘and the potential for encountering unanticipated difficulties in obtaining the
necessary regulatory approvals. Utilization of the WNP-1 facilities for any
purpose would involve a complete acceptance of all future liability for D&D of
the facilities and the site grounds. Because of the site D&D liabilities. it
would not be reasonable to select WNP-1 for a limited mission.

The WNP-1 site is within the contiguous Hanford Site boundaries. and
could be approved for a RCRA treatment and storage mission under an Interim
Status exemption. in accordance with WAC 173-303 Section 281. Additional
Clean Air Act and NEPA approvals would also be required. Approvals for an
Interim Status exemption, air emission permits, and the NEPA documentation
(most probably an Environmental Impact Statement) should be supportable from a
technical perspective. but could be challenged in a political forum. These
challenges could be based on the site’s proximity to the Columbia River
(approximately 3 miles) and a bias toward maintaining the Hanford Site waste
treatment and storage functions in the 200 Areas.

Use of the WNP-1 facilities would require an immediate commitment
(within the next six months) by DOE to assume responsibility for the site.
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Given the legal arrangements that would be required, it may not be possible
to conclude the necessary agreements within this time frame. Use of the WNP-1
facilities for waste treatment would result in contamination of buildings and
equipment that are currently clean. Given the proximity of the site to the
Columbia River, D&D would likely involve cleanup to "green field" conditions.
Demolition of the WNP-1 facilities has been estimated to cost approximately
$40 Million in 1995 dollars. The costs associated with decontamination and
waste disposal are uncertain but are expected to be much higher.

5.3.3 Cost Comparison
Table 5-2 provides a comparison of all costs (construction, operation.

and D&D), for Alternatives 3 and 4. Alternative 4 is clearly the most cost-
effective option.
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{No Contingency and No Escalation).

Construction Cost Comparison--In Millions of Dollars

—= ALTERNATIVES
Materials/Function 1 2 3 4 5
Single New | Multipie New Existing WNP-1 Program
f__gcility Faciliti% Facilitigs Baseline ::

|; PROCESSING

TRU—-Remote-Handled 125 35

TRU—-Contact-Handled 95 2 _

LLMW--Remote-Handled 315 151 27 42 >202

LLMW—-Contact-Handled a 2

Processing Subtotals 315 371 62 42 >202!
L STORAGE

HLW Canisters 370 370 171 270 370b

TRU-Remote-Handled 396' 139 © ¢

TRU--Contact-Handled 919 789 d d

LLMW--Remote-Handled ' 31 ¢ ¢

LLMW--Contact-Handled d g d - d

GTC3-Remote-Handled ' 31 221° 221°

GTC3--Contact-Handled S s 44 44°

Unirradiated Uranium 27" 27" NIA 2 N/A

Miscellaneous Sources n " 11 ¢ Ll
Cs/Sr Capsules " " 5 3 20i
| Storage Subtotals 884 1,006 441 526 666
Total Estimated Cost 1,199 1,377 603 568 >863

Cost of CH waste processing included with cost of RH waste processing,
Cost of new HLW Canister Storage Facility taken from Alternative D.
Cost of RH GTC3 storage includes all other RH storage costs.

Cost of CH GTC3 storage includes all other CH storage costs.

Cost of miscellaneous source storage is included in the cost for TRU and LLMW storage.
Cost of RH TRU storage includes all other RH storage costs.
Cost of CH TRU storage includes all other CH storage costs.
Cost of miscellaneous sources and Cs/Sr Capsule storage included with cost of Unirradiated Uranium storage.
Cost of WESF upgrades necessary for safe storage and packaging.

——g@m mpan”

Based on estimated cost of WRAP-2B as originally planned. The WRAP-2B facility would be capable of processing only
a small fraction of the RH TRU and RH LLMW volume.
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Table 5-2. Cost Comparison (Contingency and Escalation Not Reflected)

ALTERNATIVE | CONSTRUCTION COST | OPERATING COST | DA&D COST | TOTAL COST |
($ MILLION) (§ MILLION) | ($ MILLION) | ($ MILLION)

he———— =i

1 1,200 840 380 2.400

2 1.400 1.280 400 3.100

3 600 1.280 3 1,900

4 570 840 200 1.600

5 1.000 960 380 2300
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STORAGE PRIOR

Table 5-3. Alternative 3:
DOE-Owned Facilities
WASTE STREAMS STORAGE PRIOR PROCESSING
AND MATERIALS | TO PROCESSING {TREATMENT)

TO DISPOSAL

Maximum Utilization of Existing

DISPOSALIUSE

HIGH-LEVEL WASTE

High-Level Waste
Canisters

Double-Shell Tanks

=

High-Level Waste -
Vitrification

Modular Storage
Facility {New)

Off-Site Repository

TRANSURANIC WASTE (TRU)

Remote-Handled (RH)

RH and Large

Materiais and

RH and Large

Waste Isolation Pilot

Container Storage Storage Facility Container Storage Plant (WIPP)
Facility (New) (MASF) or T Plant Facility (New)
Large Container and RH and Large MASF or T Plant RH and Large WIPP

Special Case Contact-
Handled

Container Storage
Facility (New)

Container Storage
Facility (New)

LOW-LEVEL MIXED WASTE (LLMW)

Remote-Handled

RH and Large
Container Storage
Facility (New)

Grout Vaults

RH and Large
Container Storage
Facility (New)

Grout Vaults

Large Container
Contact-Handled

RH and Large
Container Storage
Facility (New)

Grout Vaults

RH and Large
Container Storage
Facility {New)

Mixed Waste
Disposal Trench

GREATER THAN CATEGORY 3 LLW
Remote-Handled RH and Large Treatment - No Immediate Action Disposal
Container Storage Requirements Not Required Reguirements Not
Facility (New) Identified Identified
Contact-Handled Central Waste Treatment No Immediate Action Disposal
Complex Phase V Requirements Not Required Requirements Not
{Under Construction) " {dentified Identified
SODIUM
Hallam and Sodium 2727-W Building and Commercial Commercial Use or Commerciat Use or
Reactor Experiment Central Waste Treatment or 400 HWVP . HWVP
{(SRE Sodium Complex Area Sodium

Reaction Facility

OTHER MATERIALS

Unirradiated Uranium

U03 Plant, 303-K

Existing Locations

No Immediate Action

Commercial Sale or

South Building, 4713 or 2706-T Building Required LLW Burial Grounds
Building :
Miscellaneous Projects W-272 and Treatment Not Required Final Disposal
Sources (Special- W.349 (New), and Requirements Not Requirements Not
Case Waste) Canister Storage Specified Specified
Building (New)
Strontium and Cesium Fuels and Materials FMEF FMEF Off-Site Repository

Capsules

Examination Facility
{(FMEF)
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WASTE STREAMS
AND MATERIALS

STORAGE PRIOR

Table 5-4. Alternative 4 WNP-1
STORAGE PRIOR PROCESSING
TO PROCESSING {TREATMENT)

HIGH-LEVEL WASTE

TO DISPOSAL

DISPOSAL/USE |

High-Level Waste Double-Shell Tanks High-Level Waste WNP-1 Oft-Site Repository l
Canisters Vitrification :
TRANSURANIC WASTE (TRU)

Remote-Handled (RH) WNP-1 WNP-1 WNP-1 Waste Isolation Pilot

Plant (WIPP)
targe Container WNP-1 WNP-1 WNP-1 WIPP
Contact-Handled

LOW-LEVEL MIXED WASTE (LLMW)
Remote-Handled WNP-1 WNP-1 WNP-1 Grout Vaults
Large Container WNP-1 WNP-1 WNP-1 Mixed. Waste
Contact-Handled Disposal Trench
—— — —— = |}
GREATER THAN CATEGORY 3 LLW
Remote-Handled WNP-1 WNP-1 ~WNP-1 . Disposal
(Size Reduction Requirements Not
Only) Identified
Contact-Handled WNP-1 WNP-1 WNP-1. Disposal
(Size Reduction Requirements Not
Only) Identified
SODIUM
Hallam and Sodium 2727-W and Central Commercial Commercial Use or Commercial Use or
Reactor Experiment Waste Complex Treatment or WNP-1 HWVP
{SRE Scdium WNP-1
OTHER MATERIALS
Unirradiated Uranium WNP-1 WNP-1 WNP-1 Commerciat Sale or
LLW Burial Grounds
Miscellaneous WNP-1 Treatment Not Required Final Disposat
Sources (Special- Requirements Not Requirements Not
Case Waste) Specified “Specified
Strontium and Cesium WNP-1 WNP-1 WNP-1 Off-Site Repository

Capsules
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Table 5-5. Alternative 3 Cost Summary

Facility Construction- Life Cycle’
RH TRU
T Plant 77 347
MASE 32 313
RH LLMW
Grout. Scenarto 1 1 213
Grout. Scenar-g 2 43 308
MASFE a7 30€
T Plant 73 337

FaciTity Construczion Life Cycle

HLW Canisters

Canyan Fac - "177es 253 325
RH TRU 3

FME= 7 187

Cantral Wastz Zompiex (Ual) £xpansteon . Net Avarlapie
RH LLMW .

FME- P 187

CWC Zxpansicn ..t Mot Avallapie
CH TRU and LLMW , _

CaC Phase /] (Proect W-112) 25 Yt Avarlabie
RH Greater Than Category III .

CWC Expansicn 272¢ Not Avatlable
CH Greater Than Category III ]

CWC Expansicn 32 Mot Availabie
Cs/sr

FMEF 7 i

WESF 30 A7l
WU and Misceilaneous Source i

FMEF 3 73

E£x1sting Locaz:ons 0.4 32

L.Construction Lost with contingency.
2.Life Cycle Costs 1n Current dollars.
J.Provides only partial storage requirement.

4 RH Greater Than Category [[{ Storage Costs Include cost of RH TRU and RH LLMW Storage.

Construction Estimates obtained from projected ~aste voiumes and average cost per square foot

far storage space.
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1.0 BASIS OF ANALYSIS

This section describes the various components that formed the basis of
the analysis presented in Volume I, Section 5, of this document.

1.1 ALTERNATIVES

The alternatives chosen for this initial analysis are ones that bound
the solution sets available within the most salient constraints or dimensions.
This initial selection of alternatives is designed to analyze strengths and
weaknesses of alternatives and thus to exemplify the major tradeoffs.
Alternatives interior to this space that are combinations of these can be
evaluated in more detail at a later time.

The two major dimensions that this initial analysis focuses on are
whether to emphasize the use of existing facilities or build new facilities,
and whether the various processes should be combined in a common facility or
whether to use a modular approach in which the different processes are located
in different buildings. Also included in the analysis is the Current
Technical Baseline.

1.2 PUBLIC VALUES

Public vaiues are the statements of desirable outcomes. Figure 1 shows
the public values or objectives that. in part, form the basis for this
analysis. These values were developed from a literature review (Armacost, et
al., 1994)., a series of workshops with technical personnel. and a review by
program management. The objectives are intended to be an inclusive set that
captures al! the concerns of the pubiic stakeholders, the Department of
Energy. and WHC. The values have been tailored for the specific application
of the solid waste and materials facility alternatives, and have measurable
scales that clearly define the degree to which the objectives are achieved.
The degree to which a technical option achieves these values is a measure of
the extent to which the solid waste and materials facility's performance is
maximized for all areas of public concern.

The identified areas of public concern, as shown in Figure 1, consist of
maximizing pubiic and worker health and safety. minimizing impacts to the
environment. minimizing costs, expediting cleanup and meeting TPA milestones,
as well as a consideration of socioeconomic impacts. Additional considera-
tions are the manageability of the system and the integration of programs so
as to promote overall efficiency and cost savings.

1.3 CRITERIA/SCALES

The criteria or scales are the end points in the value hierarchy and
make possible well-defined measurement of the degree to which the objectives
are achieved. The scales used in the analysis are shown in Table 1.

Att. 1-2
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1.4 VALUE FUNCTIONS

Value functions were assessed to measure the relative importance of
different levels of performance on each of the criteria. Value functions take
as their domain the various levels of performance as measured by the scales
and map it onto either the unit interval or a 0-to-100 range. Value functions
capture the fact that the importance of achieving different levels on an
objective may not be linear with its scate. Value functions were developed
based upon discussions among the engineers and the analyst. For criteria
having constructed scales, each level of performance, as described by a
scenario was assigned a number from 0 to 100 representing the relative
importance of achieving that level of performance. These numbers are shown in
Table 1. For criteria having natural scales: the value functions were judged
to be linear with the measure. These were either increasing or decreasing
functions depending on whether more was better or worse than less. Typical
value functions are shown in Figure 2.

1.5 UNCERTAINTIES

For some objectives. alternative performance on objectives depends not
only on the choice of the alternative, but on uncertainties that can not be
directly controlled. Uncertainty is an important consideration in evaluating
programmatic risk. Of particular interest initially, are the uncertainties in
which the outcome probabilities are not independent of the alternatives. and
the uncertainties are thought to have a significant impact on the objectives
or public values being considered in the decision. :

Three such uncertainties have been identified. They are the regulatory
outcome, the resolution of issues surrounding waste processing, and the
feasibility of capital funding.

. Regulatory outcome refers to permitting issues. and has the
potential of significant impacts on schedule and costs.

. Waste processing has unresolved issues concerning container
requirements, cask requirements, and other handling criteria. The
potential impact of a delay in resolving these issues is judged to
be greater for a common facility than for a modular facility.

) Capital funding has a tonger project cycle for larger projects and
1S more uncertain; consequently, alternatives using a common
facility have a greater Tikelihood for delays in funding or not
being funded at all.

1.6 WEIGHTS

Whereas value functions capture the importance of different levels of
performance on a single objective, weights capture the relative importance of
the different objectives or values. Weights logically depend on the potential
ranges over which the alternatives can vary. The method used to develop the
weights in this study tied the importance of objectives to their ranges in a
"bottom up” assessment process.

Att. 1-3
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The methodology used for determining the relative weights is a standard
decision analysis procedure known as “swing weighting.” The resulting weights
reflect the tradeoffs among the objectives in their respective units.

No attempt was made in the weight elicitation to trade off public values
against dollar costs. The analysis used the elicited weights to arrive at an
overall public value score for each technical option and then directly compare
performance on public value with cost. This method of analysis makes it
possible to identify dominating alternatives; that is. technical alternatives
that provide more value for less cost. It also keeps visible the cost-
performance tradeoffs among the dominating alternatives.

The weights resulting from the elicitation are shown in Table 2. The
first column in the table shows the major public values. in bold, along with
the sub-criteria. The next four columns show the weights obtained from each
of the four experts. Each column shows the weights for the major public
values, in bold, as well as weights for the specific sub-criteria. Both the
bold numbers and the non-bold numbers sum to one. Thus, the bold numbers
capture the relative importance of the major criteria, and the non-bold
numbers give the relative importance of specific criteria across all
categories.

The Tlast three columns in Table 2 are averages. Column six displays a
consensus average, which is the average of the three individuals with similar
weights. Column seven presents average weights for all four individuals. The
last column, “Grp/Avg.” shows a group average obtained at a solid waste
management meeting. The weights eiicited in that meeting were at the level of
the major categories only--subcategories were not considered. Consequently,
the weights shown are those obtained at the meeting for major categories, with
the relative importance within categories being taken from the consensus
average.

2.0 DATA

The data used to evaluate the performance of solid waste technical
alternatives are in all cases based upon best engineering judgment. For some
ocbjectives detailed analysis was carried out to generate the data. and in
other cases performance estimates were based upon direct engineering judgment.
The performance of alternatives on the objectives is shown in Table 3.

Potential for Public Exposure is based upon facility location and safety
class. Public Transportation Safety is based upon the number of miles
materials would be transported on public roads.

Potential for Chronic Worker Exposure 1s based upon the total number of
workers and the safety class. Acute exposures are based upon the number of
workers located in a single facility: consequently. modular facilities score
petter on these measures. _

Att. 1-4



WHC-SD-WM-ES-341, Rev 0

Worker Transportation Accidents--At Work is based upon the total number
of miles for transporting materiais. Worker Transportation Accidents--
Commuter is based upon the number of commuter miles per year from the Site
boundary. Worker Industrial Accidents is the number of reportable incidents.

The immediate risk to the environment is based upon the additional
accumulated risk that would occur by delaying the start of operations. Short-
term risk to the environment is measured by the perceived risk resulting from
facilities’ proximity to the Columbia River. Long-term risk to the
environment is captured by number of new acres and/or sites requiring D&D.

System Manageability and Demonstrate Integration of Programs is based
upon engineering judgment, except for Minimize Cost to Interfacing Programs,
which 1s based upon actual D&D dollars saved.

Socioeconomic Impacts tc the land and making available areas of High
Future Use Value are based upon actual land needs and locations. Future
Facility Use is based on engineering judgment of which facilities would have
potential for commercial use at the end of project life. Economic Stability
is based on planned times for construction and production estimates. Capture
Economic Opportunities Locally is based upon engineering judgment.
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Figure 2.
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Scales Used in the Analysis of Solid Waste Technical Alternatives

(Page 1 of 4).

Safoly
Public Radialion Exposuie

Chronic
Acule

ﬂfublic Chernical Expasure

Dislance in miles from major popuialan center (1
& i ules [com major populalas ceiver (1

1(}0 25 iniles dn\t sulety class 1
90 25 ‘miles and salety Llassg

1
[

IDIO‘

‘|80 25 miilas and safely class 3 or 10 miles and safety class 1.

70 10 mnh,s and saleiy_class 2.

30 |25 mlies and safel! ciass >3

Chronic{Dy
Acute

Public Transporiation Safely ~
\_J!gfkar Haalth and Safaty

Warkar Radlaimn Exposure

Chionic
Acute

"|100 25 miles and salely class 1

Distanca in miles irom maior populaion cenler (10 1a 285)

Distance in des frmn major populaton o cenler {101c 25)/Safety Class B g 1)

25 imiies and salely c!assZ

) ”5 mues and safely class 3 or 10 amic:. and safely cf daas !
10 ml!es_. and safely ¢ clas: 2
.10 miles and safely ¢ classJ

. 25 miles and safely class »3

f)_ 10 niles and salely class »3.
_[Mumber of nulea lransLomng solu] wash.. cm putbhc ru;ul:, {2000 [Expected (]-18 accidents] | lu 0y

Number ol Radlalmn Wo ers

100 40 Worke:s and salely cias: 1
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40 L‘JOI’kL‘[S aiul safely class J of 245 \39;59& ani aalely clags !
335 voorkers and salety o c!as: g

'"’45 wﬂlhﬁis aHd salely ¢l c.iass.l

40 wmhus ami safely class »3

0 245 woikers and safely class >3
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Scales Used in the Analysis of Solid Waste Technical Alternatives

(Page 2 of 4).

Warkar Hazardous (‘hemlcai Exposure
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Table 1. Scales Used in the Analysis of Solid Waste Technical Alternatives

(Page 3 of 4).
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Scales Used in the Analysis of Solid Waste Technical Alternatives

(Page 4 of 4).

Econamic Slabilily

Copstruclion Worker Demand Profiia
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100 Canslmclma_! deg\and is al n_ea_tly lhe same I;.v::l uve:r a Eeﬂod af 10 yeals
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0 Operational wiks demand :eqmrES 1 ﬂ(—).db of mnlllpié sh belo

Amouni of cca_n_omgc ogpmiumly lur local business:

100 Solict wasle cleanup plan wall mosi ikely resultin al leasl one large scale oppmlumly 1of a new or
exlsting lucal busimess of several Modeiuigly sized uppostunilics

80  Sohd wasle ceanup plan wilt most likely result in al leasl one moderade scala oppothinily for a new o
exisling local buginess or several siuall ::u;d uppoilunities

20 Seid wasle cieannp will masl likely Tesulion une smaik scale opparkinily for a new of exishing ocal
Luisiiiess

70 Salid waste cleanup will masl hely resuil in no new oppartunitivs for a new of exisling business

inlegrated usa of facililies |

m cosls Lo interfacing p_rograms

‘Dema slorage concepls 1o other prog1ains

i 0 All Eruumm: us ing Indueendun facil l|ll

Extent same iac_mlle:. afe sha{ed hy mulllple pmgmms.

Dollat: saved by o nlher programs in l}&D expenses (ﬂ !u T[H)!

100 C.Jn sloie and process olher wasle types

0 Can nol sfore and process olher wasla lypes
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Table 2.
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(Page 1 of 2).

Weights Used in the Analysis of Solid Waste Tecnical Alternatives

, * GrpiAvg

: ‘Publlc Valua/Criterta “Average < Average
[Pubilc Health and Safety 8.25 0.22 015
Public Radialion Exposure L L - ) _ T
Chronicl 0040 | D017 | 0027 | 0042 | 0033 0031 | o020
Acute| 0081 | 0311 | 0045 0085 | 0085 Q075 | 0051
Public Chemical Exposure o - o B o
Chronic| 0,040 0006 | 0008 | 0032 | 002 0022 { oalg
_Acule| 0081 "|770078 | 6013 | (0048 | 0085 0085 | 0041
Public Transportalion Safety 0008 | 0067 | 0022 | 0045 0040 0036 [ 0024
Warker Healtii and Safety |0t | o2t | @2 019 | 049 047 | 04§
Warker Radiation Exposure o L o . o _ |
L Chronicl 0008 | 0010 | 0015 | 0040 | 0019 | 0018 | 4ot
Acute| 0044 0068_ | 0030 | 0032 | 0049 | 0044 | 0038
Warker Hazardaus Chemical Exposire | ' I )
_Chronic| 0002 | 0003 | 0012 | 0024 0010 anio | 0008
_Acute| 0044 | 0045 | 0024 0024 0039 0035 | 0030
Worker Accidents RN R R N
. __ Tamspodalion | . b | _. ,
AtWork| 0011} 0042 | 0018 0017 0023 0022 | 0018
e Commuler) 0033 |77 0021 7| " 0003 0 034 0029 0023 {0622
 Tindustrial | 0035 | oot 0018 0032 0027 0025 ao21
Environmentalmpact _ | 008 _ | 014 | a2 | o7 0.13 0.16 018
. _____immediate (prior lostartup)| 0016 | 0033 {0070 0054 0033 w042 | Goay
____ Shorlterm (lhru D8D60 yris)) 0033 | "0G.066 _ | 0046 0073 _| 0057 0054 | 008
Long lerm (after D&D) 0.026 0040 0116 0051 0 0639 0 058 nons
Att. 1-12




WHC-SD-WM-ES-341. Rev 0

Table 2. Weights Used in the Analysis of Solid Waste Tecnical Alternatives
(Page 2 of 2).

S PublicValug/Crifer!

Schedule .
Expedite Start Schedule[ _ 0111 0104 | 0193 | 0089
Meet TPA Milestones| 0089 j ~ 0021 | " 0097 | 0027
System Manageability |__a08 "1 o004 | 003 | 007 "
‘ Process Flexbilityl 0016 | 0020 | 0018 | 0028 |
Operational Reliability} 0.033 1§ 0008 | 0004 1 0014 _
— Other Use Flexibilyy 0026 | 0014 | 0007 | 0027
Socio/Ecanamic Impacts et | eda_ |07 | 047 0.1 016 0.23
Minimize Impactlotang)y | _

croen. - Facitilies on New Land} _ 0025 | 0040 | 0064 | 0034 0033 0041 6047
_ Roads Needed| 0012 [ 0006 | 0019 | 0008 0003 1 001 | 6013
__ Avallable areas of high use value| __0025 0057 _| ~0013 0032 0038 0032 | 0o0sd
| 0620 } 0003 | 0000 | 0012 0011 Q008 | 008
Economic Stability L . . o ) T T
Consliuction Worker Demand Profile| 0020 | 0011 | 0013 | 0074 05 0o 0021
Operator Worker Demand Profile| _ 0010 |~ 0034 | 0038 | 0040 [ G028 | G031 | 0040
__Capture Economic Oportunity Locally | 0015_ | =~ 0029 | 0026 | 003 0026 0035 | 0037
Remo Integration of Programs | 010 | = 003 004 0.05 0.08 0 05 0.04
Inlegrated use of facililies e | 0043 0 00M 3 D012 004 0024 062 0 o3y
Minimum costs la interfacing progrms | 0035 | 0003 & 0024 | 0019 0019 0020 0030
Pema slorage concepls to cIiher programs 0022 0011 0007 0014 0015 0013 0021
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Scores for Technical Aiternatives on Public Values Criteria

. Baisting

Prngrama

CC{WNP-1) Baseline
Public Radiation Exposure R o
Chronic| _ __ Miles{i0-28) | 2§ 25 422 | 0§ 25
— " Acule| "Miles (10-28)/Salely Class (>3 1o 1] | B0 (25/3) | 80 (25/3) | 70 (22/3) | 80 (1011} | 80 (28/)
Public Cliemical Exposure SUNEN PR _. N - E
Chranic| =~ 7 Miles (10-28] 25 | 25 22 o | 2
Acule| Miles (10°25)/Salety Class (>3 1o 1) | 80 {25/3) | 80 (25/3) | 70 (22/3) | 80 (10/1) | 80 (2563)
Public Transpostation Safety _ ___Mites (0- -200K) a0 20 200 Q
Worker Haalth and Safety SN N R -
Warker Radiailon Exposure _ SN D B |
Chronic| Rad Wirkrs 249 321 326 249 a7
Acule| Wikrs (245 40Y5alety Class (>3 1a 1) | B0 (245/3) | B0 {11673} | 70 (154/3) | 80 (245/1) | 70 (15413
Woarker Hazardous Chemical Exposure | - ] _ B
. Chromc . Wiki’s (59@ ] 150} 249 327 326 24.) 327
T Acute| Wikrs (245-40¥Salety Class (>3 to 1) [ 60 (245/3)| 80 {116/3} | 70 {15473 | 80 (245/1) | 70 (15413
Worker Accidents - o
Fransportation ' , - .
. AtWork| —_ Miles (600K to 200K) 200 200 370 560 200
Commutes| ~ Miesiyr4BMio16My | 48 18 ! g 16 48
___ Indusirial |- Repediableincidents | 778 | 1182 | 1094 775 152
Enviranmentai lmpact - N
e ____ lnunediale (prior to sfart up)| Conslgggigg (0-100y o 80 140 1060 40
__ Shoerl term {thru D D&D ) yIs) Construcied {0-100) o _ 100 100 uz 30 94
lang larm [aﬂer DAN Conslrucied {0- IOOL an 0 95 40 o
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for Technical Alternatives on Public Values Criteria

‘Pragrams

B :xisying Smg!c
PUALIC VALUESICRITERIA Modilar ~ {WHP-1)  Bascliog
Cost L _ L o _ i
Shont-Term Capalal (5 years) Dollars (Millions) . 38 __ 296 B 140 _ 300 140
Long-Term Capital - Douars {Millions) {1262 | (768 700 230 138()
Mamlenance and Operaling Cosls R Qgil_ags {Millionsy B840 1279 tggg 800 _ 9"[)
D80 Costs " _Dolars (Millians)_~ | "_283 | 319 <30 260 7| 200
Total Cost L _ Dollars (Millians) ] 2701 1559 2100 1510 2640
Schedula L N - i o o o
_ Expedile Stant Scheduie| _____ Constucled (0:100) | = 75 100 100 100 35
T MeelTPA Milastones| _ ___ Conslucled (0-100) | 100 100 100 160 1
Sysiem Manageabllily_ _____ o i ) B
Process Flexibilityf “Conslructed (0-100) 75 _100 50 90 0
. __ " Operational Reliabilily} _ Operating efficiency (6010 75%) _| 70 | 70 70 70 70
Other Use Flexibilly| _~__ Conslrucled (0100 | 75 | 100 50 70 g
Socia/Econamlc Impacts e - S -
Minimize Impact lo Land _____ . o ]
Facmtles on New Land|  Consucied (0-160) _ 1 0 | 0O 75 100 0
Roads Needed| ~_ _~ Miles (310 0y 12 3 1 2 3
_ Make avallab!e areas af high use value L Conalggglgg (gmm . 100y 100 80 0 100
o FE!!!E facmty Use | Percentage (0% 100} 5 5 0 0 ]
__ Economic Stability _ SR
" Canstiuclion Worker Demand Profile] ~__ " Consirucled (0:100) | 50 . 100 100 80 0
T T Operalor Warker Demand Praile| — Consirucled (0-100) ~ | 100 | 100 100 100 106
Capture Economic OLl_upilggi [:gg:_gg!y Conslructad (0-100) 100 80 2u 100 a4
Dema Integr of r of Programs o L . o
Integrated use s of facilities. N C_gng[u_u.led tD 100] o 100 20 20 100 a
Minimum gg[:_. 12 inlerfacing gograms Daollass saved {0 1o @QQM) | o 0 600 0 3
Nemao slorage concepls lo other programs Conslructed {0-100) 100 0 100 100 0
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1.0 ANALYSIS

The data shown in Table 3 of Attachment 1 represent the information used
in the analysis of the solid waste technical alternatives. No alternative
scored best in all of the criteria: consequently. additional judgments
considering costs and benefits and tradeoffs among values is necessary. The
following subsections analyze the strengths and weaknesses of the technical
alternatives.

1.1 OVERALL PERFORMANCE ON PUBLIC VALUES

Figure 1 shows the overall scores for Maximizing Public Value for each
of the five technical alternatives. As can be seen in Figure 1, Existing
Modular (Alternative 3) scored highest. New Modular (Alternative 2) ranked
second, and New Common (Alternative 1) was a close third. £Existing Singular
(Alternative 4) ranked fourth, and the Program Baseline was last. The
resulting weighted and transformed scores have a potential range from 0 to 1.
where 1 would indicate scoring the highest possible on all criteria, and 0
would result from the lcowest score on all criteria. As can be seen in Figure
1 the scores ranged from 0.567 to 0.737. These overall values do not consider
cost. They are a weighted sum of all criteria with the exception of cost.
Cost-benefit tradeoffs will be considered below. These values also do not
consider risks to cost or schedule.

1.2 COST-BENEFIT ANALYSIS

The costs of the solid waste technical alternatives are shown in Table 3
of Attachment 1. Costs were estimated for short-term capital (next 5 years).
long-term capital (remaining capital after 5 years), maintenance and operating
cost, and D&D cost. Total cost is the summation of these four costs. This
information is presented graphically in Figure 2. As seen in the figure, New
Modular is the most costly overall and Existing Singular is the least costly.
Maintenance and operating costs were estimated to be least for Existing
Singular; however, it has the second highest short-term capital cost.

Existing Modular, which had the highest overall performance, is the second
least costly aoverall.

The relationship between costs and benefits is plotted on a two-
dimensicnal graph of overall pubtic value (benefit) versus total cost shown in
Figure 3. As can be seen in Figure 3. Existing Modular outperforms New
Common, New Modular, and the Program Baseline on both public value and total
cost. That is Existing Modular provides more overall value at less cost than
these other three alternatives. Existing Singular Existing Singular provides
less value than Existing Modular, but it also costs less. Thus., when
considering overall cost and overall public value. a decision must be made as
to whether the additional benefits of Existing Modular are worth the
additional cost.

Figures 4 through 6 show similar plots for short-term capital costs.
long-term capital costs, and maintenance and operating costs. Figure 4 for
short-term capital costs shows that Existing Modular dominates all the
alternatives. [t is important to note that the reason that the New Modular
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and New Common alternatives cost less than Existing Singular over a five-year
period is somewhat of an anomaly. Construction for the Existing Singular
alternative would be completed within this 5-year period: whereas construction
for the New Singular and New Modular alternatives would have just started at
the end of the 5-year period. The design and part of the construction costs
for the New Singuiar and New Modular alternatives would be accrued in the
first five years. whereas the entire design and construction costs for the
Existing Singular alternative would be accumulated in this period.
Additionally. it should be pointed out that the reason that the Program
Baseline costs are Tow over the first five years is that this alternative does
not address many of the near-term processing and storage requirements.

Figure 5 for Tong-term capital costs shows the same pattern as for total
costs; that is, Existing Modular dominates all alternatives except Existing
Singular. Figure 6 for maintenance and operating costs tells a different
story. Existing Modular is still the best performer on public values. but New
Common and Existing Singular perform better on the maintenance and operating
costs.

The next secticn provides a mere detailed analysis of what is driving
the performance on overall public value for each of the technical
alternatives.

1.3 DETAILED ANALYSIS OF PERFORMANCE ON PUBLIC VALUES

The overail values for the technical alternatives depend on how they
scored on the major public value categories and the weights given to those
categories. This is depicted graphically in Figure 7. Figure 7 shows the
performance profile for each of the five technical alternatives. For each
technical option, bars are shown for each of the major public value
categories. (The ordering is such that sociceconomic impact is the third bar.)
The weight given to a public value (which is the same for all the
alternatives) is represented by the bar's width. The option’s performance or
score for the public value 1s represented by the bar’s height. Thus, the
total area of all bars is the opticn's overall value.

Performance profiles show the relative strengths and weaknesses of each
technical option. A comparison of these two technical alternatives shows that
Existing Modular scores better on Fublic Health and Safety. and worse on
Worker Health and Safety. The scores are similar for Socioeconomic Impact and
Schedule. Existing Modular does better on Environmental Impact and worse on
System Manageability. Their scores were similar for Demonstrate Integration
of Programs. '

2.0 DISCUSSION/SUMMARY

Much of the analysis that has been described in the preceding sections
1s summarized in Figure 8. For each technical option this figure shows the
overall public value and risk-based estimates of the option’s costs. The
horizontal Tines show 90% confidence intervals for cost. These represent the
range in costs such that there is cnly one chance in twenty that they would
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fall above the range and one chance in twenty that they would fall below the
range. (Estimates for the Programs Baseline are not risk-based and no range
is given.) The vertical lines show the ranges in overall public value based
upon various vatue perspectives evaluated.

Figure 8 shows for each option the best estimates of its costs and
overall value, as well as how far it may reasonably be thought to deviate from
these estimates, given uncertainties in cost and value tradeoffs. As can be
seen in the figure, there is no overlap of the alternatives. even when
considering their regions of uncertainties. This allows one to conclude that
the analysis shown on Figure 3. which was based on best estimates. still
applies given uncertainties in cost and value tradeoffs. Consequently, we can
be confident in the assertion that Existing Modular dominates alil the
technical alternatives except for Existing Singular, and the fundamental
decision is whether the additional value offered by Existing Modular is worth
the additional costs.

The additional value offered by Existing Modular over Existing Singular
is due to Public Health and Safety. Environmental Impact. and D&D costs
savings. The increase in value for Public Health and Safety is due to less
potential for chronic exposure to either chemical or radiological
contaminants, and increased Public Transportation Safety. The additional
value for Environmental Impact is both short-term, as a result of being
further from the Columbia River, and long-term, as a result of fewer acres and
sites requiring D&D: thus, there would be less potential for residual
contamination.

Existing Modular costs more overall than Existing Singular, however, the
short-term capital costs and the D&D costs are lower. The greater costs are
long-term capital and maintenance and operating which are spread out over the
project’s life, and therefore may be easier to bear. Also. the estimated
schedule and the risk profile for the schedule are the same for both Existing
Modular and Existing Singular. The expected start date for all alternatives
doubles when risk is considered. This appears to indicate a benefit from
working closely with regulators in the near-term to resolve regulatory issues
and processing uncertainties.

The cost risk does not appear to be as great for existing alternatives
as for new construction alternatives -- especially New Common. However. the
cost uncertainties are most likely underestimated. The estimates are from
potential impacts of external events. that is, events to some extent outside
the control of the Solid Waste Program. The impacts from these events are
important to consider; however, they are not the only source of uncertainty in
the cost estimates. Cost estimates come from the aggregation of many
individual estimated cost parameters. each of which has associated
uncertainties. An aralysis including these parametric uncertainties would
show greater overall uncertainties for costs.
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Figure 1. Overall Performance on Public Values.

Alternanve Vaiue
Existung Moduiar 737
New Modular 0721
New Common 0.71¢

Existung Singuiar  0.67

- -

Program Baseline 0.267

Preference Ser = Consensus Average
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Solid Waste Technical Alternatives Cost Comparison.

Figure 2.
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Composite Public Value Versus Short-Term Capital Cost.

Figure 4.
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EL

Figure 7. Performance Profile for Solid Waste Technical Alternatives.
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Figure 8. Composite Public Value Versus Total Cost Using Risk
‘Anatysis Data and Value Perspective Ranges.
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