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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 require 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, modification of existing or planned
facilities for storage, processing and/or 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 systems 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 alternatives was
compiled. This information coupled with public values (decision criteria) was
used to provide alternative analysis and evaluation 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 planning 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 applications beyond its original 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.

1-2
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Figure 1•1. Summary of Approach for this Engineering Study
Supporting TPA Milestone M-33-00-1704.
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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:

• 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 Reactor and the Sodium
Reactor Experiment (SRE).
Unirradiated Uranium (DU).
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 milestones (i.e., TRU destined for WRAP-1, LLMW destined for
WRAP-2A and CTTF, vitrified LLMW from Double-Shell Tank [DST] processing,
Environmental 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
excluded 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)
Drums 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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• Low-Level Mixed Waste
LLMW Destined for the WRAP-2A 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 geologic 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 geologic
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-handled (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 m3 (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 m3
(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-TRU and TRUM inventory of retrievable stored solid TRU waste is
approximately 7,300 m3. The forecasted volume of CH-TRU and TRUM in large
containers for the next 30 years is approximately 22,000 m' (Valero 1994a,
1994b; Templeton 1994).

The special contact-handled 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 238Pu
(Anderson 1991), drums of dirt form the Z-9 crib, drums weighing over 1,000
lbs (454 kg) (Weidert 1993), and plutonium nitrate shipping containers adding
up to approximately 490 m3 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 physical
waste form consisting of soil or particulate. The projected volume of special
forecasted CH Waste for the next 30 years is approximately 1,900 m3 (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-handled low-level radioactive waste
and a state-regulated dangerous waste. Twelve items were identified in the
218E10 and 218W4C burial grounds. The total volume of RH-LLMW is 280 m3
(9,800 ft'). The projected volume of forecasted RH-LLMW for the next 30 years
is approximately 96.000 m3 (Valero 1994a, 1994b: Templeton 1994). Seven
generators at the Hanford site (Project W-320 Tank 241-C Sluicing. 222-S
Laboratory, Hanford Grout Facility [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 2403WD. The total
volume of stored CH-LLMW large containers is 650 m3. The projected volume of
CH-LLMW in large containers for the next 30 years is approximately 980 m3
(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 large containers during the next 30 years. Additional CH-LLMW in
large containers could be generated from facilities after they become surplus
facilities.

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 years is approximately
42,600 m3 (41,000 m3 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 m3. The total projected
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 originally planned for use at the Hanford
site but no use has been identified 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 into storage April 1977 and
December 1967, respectively. There is 140 m' HNPF sodium and 33 m3 SRE
sodium.

2.1.5.2 Unirradiated Uranium (Lini 1994). The estimated total volume of
unirradiated uranium inventory is 140 m3. 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 wooden 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 materials
listing. The estimated total volume of miscellaneous sources is 15 m3. These
sources are comprised of small quantities of borosilicate glass canisters.
high dose rate LLW and LLMW (solid material), neptunium oxide powder, 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 m3) 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

Th e Total Volume of Waste and Materials is Approzimately 27q000 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 Materials Identified in TPA
Classifications Milestone M-33-00-T04

Nuclear Materials Unirradiated Uranium

Transuranic Waste D&D Generated Wastes
Low-Level Mixed Waste
Greater Than Category III Low Level Waste
Low-Level Waste

Cesium/Strontium Ca psules Cesium/Strontium Ca p sules

Transuranic Waste Contaminated Processing
Low-Level Mixed Waste Equipment
Greater Than Category III Low Level Waste
Low-Level Waste

High Level Waste Vitrified HLW Canisters

Transuranic Waste Radioactive/Hazardous Solid
Low-Level Mixed Waste Wastes
Greater Than Category III Low Level Waste
Low-Level Waste
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Table 2-2. Waste and Materials Characteristic Summary.

Waste or Waste or Container Type Maximum Container Maximum Maximum Average Notes
Material Material Type Dimension Container Radiation Density
Category Weight Field (kg/L)

HLW Vitrified Canister 27"OD x 15' 4 tons Per Canister 2.66 12K m'
Waste (2.2m 0D x 4.6m) (3.6 MT) 359.000 Ci Cs- Canister

Ba 6800
13.400 Ci Sr-Y Canisters

TRU Waste Forecast RH Ion Exchange 75 ft' (2.1 m') 2.5 tons 4 200 Ci/m' 0.34 1.000 Casks
Column [nom. 4'00 x 6' or (2.3 MT) °yCs 18 000 m'

1.2m 0D x 1.8m]
.

Cask
Shipping Cask Exterior

9.5'00 x 9.1' 40 tons Volume
(2.9m 0D x 2.8m) (36 MT)

Overpack 66"OD x 70' 15 tons 5,000 mrem/hr 0 34 22K m'
(1.7m oD x 21m) (14 MT)

.
Over ack

Stored RH Waste Overpack 26"oD x 10.1' 4 tons 7,000 Ci/m' 0.34 35 Casks
(0.7m 00 x 11m) (3.6 MT) Mixed Fission

Products
Cask 6.3'0D x 15.7 25 tons

(1.9m 0D x 4 8m) (23 MT)

Box 4' x 4' x 4' 2 tons 1,300 mrem/hr 0.34
(1.2m x 1.2m x 1.2m) (1.8 MT) (contact)

Forecast CH Box 4' x 4' x 4' Unknown 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 2'0D x 3' Unknown 200 mrem/hr 0.40
Special CH (0.6m 0D x 0.9m)
Waste

Stored Drum 20D x 3' 1.000 lb 200 mrem/hr 0.40
Special CH (0 6m 0D x 0.9m) (454 kg)
Waste
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Table 2-2. Waste and Materials Characteristic Summary.

N

W

Waste or Waste or Container Type Maximum Container Maximum Maximum Average NotesMaterial Material Type Dimension Container Radiation DensityCategory Weight Field (kg/L)

LLMW Forecast RH Cask 4' x 4' x 4' Unknown Unknown 0.16 2 000 Casks
(1.2mx1.2mx 1.2m)

,

Overpack 66"0D x 70' 15 tons 5,000 R/hr 0.16 93K of
(1.7m OD x 21m) (14 MT) Overp ack

Stored RH Drum 2' OD x 3' 100 kg 500 mrem/hr 0.16
Box (0.6m 0D x 0.9m)

Forecast CH Overpack 66"OD x 70' 15 tons 100 mrem/hr 0 40
Large (1.7m OD x 21m) (14 MT)

.

Container

Stored CH Box 8 6' OD x 12.8' 78 MT 200 mrem/hr 0 40
Large Self-Contained (2.6m 0D x 3.9m)

.

Container

GTC3 Forecast RH Box 4' x 4' x 8' Unknown Unknown 0 40
LLW & LLMW Drum (1.2m x 1.2m x 2.4m)

.

2'OD x 3' (0.6m OD x
0.9m)

Forecast CH Box 4' x 4' x 8' Unknown 200 mrem/hr 0 40
LLW & LLMW Drum (1.2m x 1.2m x 2.4m)

.

2'0D x 3 (0.6m OD x
0.9m)

Misc. Contaminated Tank 15,000 gallon (57 m') 47 MT 200 mrem/hr 1 00Materials Metallic Drum 2'00 x 3' (0.6m OD x
.

Sodium 0.9m)

Unirradiated B'ox 4' z 4' x 8' 6 tons 10 mrem/hr 8 10
Uranium Drum (1.2m x 1.2m x 2.4m) (5.4 MT)

.

20D x 3' (0.6m OD x
0.9m)

Misc. Sources Canister 0.32 m OD x 2.59 m Unknown 310,000 R/hr 0.40
Box 4.5 m x 22 cmz
Drum 2'0D x 3' (0.6m OD x

0.9m)

Cs/Sr Cs/Sr Capsule 2.6"OD x 20.8" 22 lb 300.000 R/hr 4.30 1 577 Cs
Capsules (6.6cm x 5.3dm) (]0 kg) 45K Ci/Cs

,
Capsules

Capsule 601 Sr
Cask 54"OD x 49" 16.5 tons 55K Ci/Sr Capsules

(1.4m 00 x 1.2m) (15 MT) CaDsule

x
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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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Table 3-1. Addition of Potential Interfaces to the Site-Wide Functions
Within the Scope of the M-33-00-T04 Milestone.

ACtiviLy

Character- Storage
I

Storage Discos-
ization 2ecrieval ?rior to eac PacK age ?rior to ition

.Material Processing ^ 7isoosit7cn

Hign '-evel Waste
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I
'
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TRU 'aaste

Remoce-dandled . 4.3.2 G.3.5.1 :.3.: .233 1.3.:.»d5 :

Contact-9andted .3.2 .3.5.i

Lou LeveL Mixed Slaste

Remoce-9analeo
72 -.3.5.1 ».3.5 .2B3 G.3.S.:iS I ._.:.5

Ccncacc-iandLed :.3.2 ».3.3 .2123 ».3.5.:35 I:.3 S.5

Greater Than Category 3 LLW

Remote-Handled
:

4 3 2

Concacc-HandLed 4.3.2

MisceLlaneous HaceriaLs

Sodium
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Unirradiatea
Uranium

MisceLlaneous
Sources

Cesium & Strontium Capsules

Cesium Capsules 4.7.3.435 .Z.Z .5.2 4.2.2.5.3
III

Strontium Capsules 4.7.3.4Z5 :.2.2 .6.2 4.2.2.5.3

I
`--

x.Y =In Scooe =NotIn
Scope
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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 alternatives are
generic, and not facility or waste stream-specific. Because these
alternatives are generic system configurations, they each create a solution
that assigns a facility (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 locations. 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
level 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 life 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 Decommissioning $1.382.243 10 0

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 escalation, 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 multiple 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 (Feizollahi and
Shropshire 1993 & 1994) from similar processing and storage facilities
developed at other Federally operated sites. A method of scaling the data
using facility size and waste throughput rates was employed to obtain the
modular facility sizes. This data established the cost estimate basis.

The total throughput and storage capacities are described in Volume II
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 life cycle cost for Alternative 2 including escalation and
contingency is $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 $1.273,795.58 3

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/or 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-volume 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 likelihood 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
limited. 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
Sr/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 life cycle costs comparison with other options
and alternatives do not appear favorable. 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
capable 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 evaluated under Alternative 3.

None of the processing or interim storage options evaluated involved any
significant technical, safety. or regulatory 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 life 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 life cycle cost estimates for Alternative 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 alone nuclear power plant designed to be licensed by
the Nuclear Regulatory Commission (NRC) to generate, process. and store
nuclear materials including waste products at the plant site. The WNP-1 is
located 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 handling 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-handled 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 facilities, and makes use of a quality
Hanford structure that is otherwise subject to demolition at additional
regional expense. The institutional issues involved 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 project 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 is located on DOE 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. The facility is available at essentially no cost on an "as-is"

basis.
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, liquid 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 following 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, no 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 So1id 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 is 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 II.

Table 4-11, Current Baseline Surrnary, 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 CH 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 LLMW. 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 III 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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Table 4-1. Development of the Alternative System Configuration Set.

Alternate
Feasibility

New/Existing
Facility

Integrated/
Segregated

Single/
Modular

Alternatives
Considered

Yes New Integrated Single 1

Yes New Integ rated Modular 2

No New Segregated Single Infeasible

Yes New Segregated Modular Not Included

Yes Existing Integrated 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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Table 4-2. Overview of Facilities for Each Alternative.

Alternative 7 Alternative 2 Alternative 3 Alternative 4 Alternative 5
Single New Multiple New Multiple Existing Conversion of Current Planning
Processing Modular Facilities Facilities Incomplete WNP.1 Baselines

Facility

Treatment New Processing RH TRU and LLMW Cs/Sr Capsule RH and CH Cs/Sr Capsule
Facilities Facility Processing Facility Packaging at the FMEF Processing and Overpack Facility - Not

Cs/Sr Capsule Provided
Packaging at WNP-

CH TRU Processing RH and CH TRU 1 General Services RH and CH TRU and
Facility Processing at T Plant or Building LLMW Processing at

the MASF WRAP Module 28
(Cancelled)

RH and CH LLMW
Processing at
T Plant, MASF, or the
Grout Vautts

Storage New RH Storage HLW Canister HLW Canister Storage HLW Canister HLW Canister Storage -
Facilities Facility Storage Facility in Canyon Facilities Storage (WNP-1 Not Provided

Spray Pond)

RH TRU Storage RH Storage at FMEF RH and CH Storage Miscellaneous Source
Facility and New RH Storage at Turbine Storage from New

Facility Generator Building Projects
RH GTC3 Storage and General (W-272 and W-349)
Facility Services Building

(WNP-1)
RH LLMW Storage TRU, LLMW, GTC3
Facility Storage - Not Provided

Miscellaneous RH Miscellaneous Source
Sources Storage Storage at FMEF
Facility

Cs/Sr Capsule and Cs/Sr Capsule Interim Cs/Sr Capsule Storage
Overpack Storage Storage at WESF or at at WESF
Facility the FMEF

New CH Storage New CH Waste CH Storage at CWC CH TRU and LLMW
Facility Storage Facility Storage at CWC

UU Storage Facility UU Storage at the UU Storage at Existing
FMEF Locations

Contaminated Hallam and SRE Hallam and SRE
Sodium Storage Sodium Storage at Sodium Storage at
Facility 2727-W Building and 2727-W Building and

the CWC CWC

CH ContaR-HanCIaE RH Remote-HanCIeE
C. Cesium Sr Stmntium
ONC CenOalWasroCOmplex SRE SoGiumReactorExpenment
FMEF Fual and Materials Eaamination FactlM TRU Tnnsulvlb -
GTC3 GreeOSrThanCategcrylllWasta UU UninadiataEUnnium
HLW High.Lewl Wave WESF Waste Enupaulation and Slonge Facility
LLMW LowLerelMixedWaste WNP-1 WashingtonNuplearPlantl
LLW Lpwle^vlWaste WRAP WasteReumngandProaessing
MASF Maintenqppe and Stonge Fapliry
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Table 4-3.

This table intentionally deleted.

Table 4-4. Alternative 1 Facility Summary.

FACILITY SIZE mZ (ftz)

PROCESSING 6,724 (72,349)

Prior to
Processing

28,133 (302,711)

REMOTE-HANDLED STORAGE
Prior to Disposal 15,836 (170.400)

Total 43.969 (473,111)

Prior to
Processing

1,662 (17,884)

CONTACT-HANDLED
STORAGE Prior to Disposal 26,918 (289.638)

Total 28,580 (307,522)
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Table 4-6. Alternative 2 Facility Summary.

FUNCTION FACILITY SIZE m2 (ftZ)

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 Miscellaneous

39.478 (424,783)

Cs/Sr Capsule plus
Over pack

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)
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Table 4-8. Existing Facilities and Functions Evaluated for Alternative 3.

WASTE TYPE EXISTING FACILITY

HLW Canister Interim Storage • Canyon Facilities

TRU Processing • T Plant
• Maintenance and Storage

Facility (MASF)

LLMW Processing • T Plant
• Maintenance and Storage

Facility (MASF)
• Grout Vaults

TRU, LLMW, and Greater than Category • Fuel Materials Examination
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 Encapsulation Storage

Facility (WESF)

Unirradiated Uranium and • FMEF
Miscellaneous Source Interim Storage • Existing Storage Locations
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Table 4-9. Alternative 3 Cost Summary.

1.l:onstructionCost with contingency.
2.Life Cycle Costs in Current dollars.
3.Provides only partial storage requirement.
4.RH Greater Than Category III Storage Costs Include cost of RH TRU and RH LLMW Storage.
Construction Estimates 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

F
Waste Stream Description Cost in Million S

(Escalated with Contingency)

HLW Canister Storage 271.3

TRU Process & Storage 42.0

LLMW/GTC III Process & Storage 113.0

Uranium Storage 2.0

Cs/Sr Capsule Storage 3.6

Cormion Usage Area 1.8
Construction/Modification

Sub-Total, Capital Cost 433.7

Other Cost in Million $
Cost Line Item Description (Escalated with Contingency

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

4-18



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

Table 4-11. Current Baseline Summary. 1 of 2

2 WRAP-2B is not currently funded

4-19

Central Waste Complex Phases I through V will provide 280,000 ft' of storage space. An additional 476,600 ft' will

be required by 2023. Remote-Handled waste must be shielded to Contract-Handled levels to allow storage in

existing and planned CWC facilities.
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Table 4-11. Current Baseline Summary. 2 of 2

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

4 -20

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



Table 4-12. Alternative 5 Cost Comparison.

N

WASTE STREAM/FUNCTION FACILITY CONSTRUCTION OPERATING LIFE-CYCLE SOURCE
COST COST COST

HLW Canister Storage New Modular $320 M Not Not Available 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 Module 2 CDR estimate. less WRAP-2A
Processing cost.

RH and Large-Container CWC Expansion
CH TRU and LLMW Storage

GTC3. RH Waste Storage CWC Expansion $272 M Not Not Estimate based on projected storage
Available Available required and average cost per square

foot.

GTC3, CH Waste Storage CWC Expansion E55 M Not Not Estimate based on projected storage
Available Available required and average cost per square

foot.

Hallam 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- Available 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,

^'..

N.........

rn
^

C.J

^
^

0

(1)Cost of GTC III storage includes cost of RH and Large Container CH TRU and LLMW storage



y M,.

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

5.0 ALTERNATIVE COMPARISON, ANALYSIS, AND EVALUATION

5.1 DECISION CRITERIA

The five alternatives evaluated in this study were compared against
decision criteria developed 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 follows:

• Safety;

• Cost;

• Socio/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 long-
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 not add any
additional D&D cost liabilities 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 facilities would require clearing large tracts of
land. This would result 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 is 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 Figures 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)

Table 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
waste 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. Obtaining an exemption under Interim Status for waste
processing at the MASF should 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&D liabilities. 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 lowest 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.

5-3
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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.

5-4
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Table 5-1. Construction Cost Comparison--In Millions of Dollars
(No Contingency and No Escalation).

ALTERNATIVES

Materials/Function 1 2 3 4 5
Single New Multiple New Existing WNP-1 Program

Facility Facilities Facilities Baseline

PROCESSING

TRU-Remote-Handled 125 35

TRU-Contact-Handled 95 a

315 42 >202iLLMW-Remote-Handled 151 27

LLMW-Contact-Handled
a a

Processin g Subtotals 315 371 62 42 >202i

STORAGE

HLW Canisters 370 370 171 270 370b

TRU-Remote-Handled 396f 139 c c

TRU--Contact-Handled 91g 78g d d

LLMW-Remote-Handled
f

81 c c

LLMW--Contact-Handled g g d d

f
251

GTC3-Remote-Handled 311 221` 221`

GTC3-Contact-Handled g g 44d 44d

Unirradiated Uranium 27h 27h N/A 2 N/A

Miscellaneous Sources h h 11 e 11

Cs/SrCa sules h h 5i 3 20i

Storage Subtotals 884 1 ,006 441 526 666

Total Estimated Cost 1,199 1,377 603 568 >868

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.
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
($ MILLION)

OPERATING COST
($ MILLION)

D&D COST
( $ MILLION)

TOTAL COST
($ MILLION)

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 2,300
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Table 5-3. Alternative 3:: Maximum Utilization of Existing
DOE-Owned Facilities

WASTE STREAMS STORAGE PRIOR PROCESSING STORAGE PRIOR DISPOSALIUSE
AND MATERIALS TO PROCESSING (TREATMENT) TO DISPOSAL

HIGH-LEVEL WASTE

High-Level Waste Double-Shell Tanks High-Level Waste Modular Storage Off-Site Repository
Canisters Vitrification Facility (New)

TRANSURANIC WASTE (TRU)

Remote-Handled (RH) RH and Large Materials 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- Container Storage Container Storage
Handled Facility (New) Facility (New)

LOW-LEVEL MIXED WASTE (LLMW)

Remote-Handled RH and Large Grout Vaults RH and Large Grout Vaults
Container Storage Container Storage

Facility (New) Facility (New)

Large Container RH and Large Grout Vaults RH and Large Mixed Waste
Contact-Handled Container Storage Container Storage Disposal Trench

Facility (New) Facility (New)

GREATER THAN CATEGORY 3 LLW

Remote-Handled RH and Large Treatment No Immediate Action Disposal
Container Storage Requirements Not Required Requirements Not

Facility (New) Identified Identified

Contact-Handled Central Waste Treatment No Immediate Action Disposal
Complex Phase V Requirements Not Required Requirements Not

(Under Construction) Identified Identified

SODIUM

Hallam and Sodium 2727-W Building and Commercial Commercial Use or Commercial 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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Table 5-4. Alternative 4 WNP-1

WASTE STREAMS STORAGE PRIOR PROCESSING STORAGE PRIOR DISPOSALIUSE
AND MATERIALS TO PROCESSING (TREATMENT) TO DISPOSAL

HIGH-LEVEL WASTE

High-Level Waste Double-Shell Tanks High-Level Waste WNP-1 Off-Site Repository
Canisters Vitrification

TRANSURANIC WASTE (TRU)

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

I
Plant (WIPP)

I
Large 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 Sodium WNP-1

OTHER MATERIALS

Unirradiated Uranium WNP-1 WNP-1 WNP-t Commercial Sale or
LLW Burial Grounds

Miscellaneous WNP-1 Treatment Not Required Final Disposal
Sources (Special- Requirements Not Requirements Not
Case Waste) Specified -Specifled

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 Construc*.ion= Life Cycle-'

RH TRU
T ? I ant 7 - 342
MASf 'L J1J

RH LLMW
Grout. Scenar,o 1 11 212
Grout. Scenar-o 2 13 306
MASF 17 306
T ?lant 337

^•
«c^ ^^:^vli ^8rr^^

Facility Construc:ion: Life Cycle2

HLW Canisters
Canyon ac - i - - es 25; 325

RH TRU
FMEF 187
Central Waste ^omoie.r (CAC; Exoans on --' Not Availaole

RH LLMW
FMEF 187
CSdC Exoansrcr, --' ^Ict Availaoie

CH TRU and LLMW
C`AC ?hase l A-t12) 25' Not Availabie

RH Greater Than Category III
CWC Expans;cn 272" Not Available

CH Greater Than Category III
C'^NC Expans ^ cr. .,4 ^lot Avai l ab l e

Cs/Sr
FME= --
WESF 30 671

UU and Miscellaneous Source
FMEF 5 73
Existing Loca-7ons 0.1 32

t.t:onstruct on ,:ost Nith cont7ngency.
2.L fe Cycle Costs in Current dollars.
3.Provides only partial storage requirement.
4.RH Greater Than Category IIi Storage Costs Include cost of RH TRU and RH LLMW Storage.
Constructi on Est i mates obta ned from projected aaste volumes and average cost per square foot
for 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 t:his 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 values 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 all the concerns of the public 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 public 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 scale. 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 longer project cycle for larger projects and
is more uncertain; consequently, alternatives using a common
facility have a greater likelihood 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.
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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 last 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 elicited 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
objectives 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 is 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
better on these measures.
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Worker Transportation Accidents--At Work is based upon the total number
of miles for transporting materials. 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 is based upon actual D&D dollars saved.

Socioeconomic Impacts to the land and making available areas of High
Future Use Value are based upon ac-^ual 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 1. Public Values Used in the Analysis of
Solid Waste Technical Alternatives.
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Figure 2. Example Value Functions Used in Solid Waste Technical Alternatives.
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Table 1. Scales Used in the Analysis of Solid Waste Technical Alternatives
(Page 1 of 4).

PU@c^wA^.usslGAITeR^A r........ ' ScALf«

Ifulth and Safo lY--_
PuElic Radiahon Exposure

Chronlc Distance in miles from maior eo-pulalon cenler (101o 25)
-----------^-- - -

-- Acute Dislance it nules Irom ma or o ulalmt cenler 10 to 25)lSalal Class >3 lo I
J_.p-p----^-----._ {. ----y----(.

)
100 25 miles and salaty

^
dass 1

- - - -- - - -----._._-safnly class2_00 _25 miles and-

60 25 nnies and sarely class 3 or)0 mees and safety class 1

--- 70 10 miles and salely.class 2.

60. 10 milas and salety classl

30 25 miles and salely aass :3

0-10 miles and salely class >3
-- -- ^^--- -- --- --- ------ -.. _-- - - -. _ _ . ._

PuElic Chemical E x posure _
_ Chronic Distance in miles from m jor poElalon cenler (10 to 25t

- Acute Distance in miles from rnajor populaton center ^101o 25)ISafely CWas (>3 lo 1)
- --------._-._

100 25 miles and safely class I

90 25 mllen and safely class2_

80 25 imies and safely class 3 or 10 m iles and eafaly class 1

70 10 mdes and safely class 2.

60.__IOnulesaudsalelyclass3.__.___

30 25 miles and safely class?3

0 10 mdcs and safely cless >3

PubllC Transpodalion Sa(el y _Mumbur of mdes Iransponing solid wasle on publm ruaJS (2001< jL l cc1uJ 048 a cidenlsj to nt
_

Work

_

erNeallh and Salot y

Wor ker Radialmn Expos ure

Chronic Plumher of Radiation Worxers

Acule Haxlnwm nnmher of indlviduals Ihal roold be exposed in sin0la madmil (245 to 40)/ Sulely Clzss (>31n1)_._._.
100 40 Workers and safely class 1

-- ---- ---- --^ - - - -^---00 40 workers and safety class2_
BO 40 v_,oikei5 a nd safely class 3 of 245 woikers and salely claes I

------ 70 245 oiku and salIy class 2

60 245 woikers and salely classa.__ _

30. 40 wuiAurs and sately class 3

0 245 woikers and safel y class >3
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Table 1. Scales Used in the Analysis of Solid Waste Technical Alternatives
(Page 2 of 4).

PuaL)FYAI1lesrcp!TORra.>„..:: scai^
W_orkar Hazar_d_o_ us Chemlcal Expos ure__ _
v Chronic Esliiwled numner of workers for life at prqjecl {a99 l0 159)

Aou le Max no of individuals Ihal could oe exeosed in smqle inadenl (245 lo a0)/S.d^1y C:Ias_s ( >3 lu_ 1).
_ 190 49 Workers and safaly class

96 49 workers and sa(ely clss2
00_i0 workers and saiety class ] or 245 workersancsnlely riass 1
79 2J5 woikers and safety class
69 245 workers and salely class3_
39_ 49workersandsafeyclass>7

0 245 wmkers and selely class >3
WorkerACCidenls --^ ---___-...__

_ Transeonalion

At bVork Number miles solid waste materials are Iranseoilad ( 660K to 2091C) 145 to 048 Accldeuls^
--^ - - Commuler Wurkzr conumder miles eer year from slle 6oundary 4 tll.t to 1 6M1 {4 6 lo I 5 disu6linq 1111une's)

I ndnslrial Humber of rpoilahle incldenls for Ilfe of Erojed (1660 1 0 560) ( 15K l0 5K person yrs lor {n{ Ila)
Env lronm a nIalLnpac t

Immediate (erlor to slan up) Rto LAdd1 acnun that imist no mauagcd it slail in 11 yrs insld of 61
Shon Ierm^hm D8O_60 yrsj Proxinuly to Culumhia River

100 All Feahlies at least 6 miles from Columbia 12iver in 200 Area
60 One or more lacilihe5 wdhin 4 5 nu of Colnmbia River, no Im:iliu<s wilhin 2 5 to of 12rvcr
30 Oua or moie IacAdles wilhin 2 5 mtles of Cohunow Riwr
0 One or moic lacilihcs wilhin 1 0 mik o f CoL u n6ia River

_t Ong 12nn ( afler D3P) Nu_mhef of adtnllunal arres and/or sll S ( e({uing I11f1

100 No a I lilional aueade and/or sltes rerluuiuLl D3D

65 One adddional site and 10 ad Idmnel aues r6rl iunV 08U

0 Fmn d Iomonal eiles and 20 adnlhonal aaes equwu6 D8D

SImr4Term Capilal (5 years) Dnllars ( Mllhons)

__LOnq^Term Capital Dollars ( Millions)-.__ .__..
f.lainlenance and Operaliny Costs Dollais {Millions^ - - - -

080 Cosls nollars (Mlllimu) - - -^ ^ -_ _- ___._ ._._ _ __ _______
Tolal Costs Dullars lMillionsl
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Table 1. Scales Used in the Analysis of Solid Waste Technical Alternatives
(Page 3 of 4).

on

.., . . . . ._ SCALP. .: '

chedula Amounl and when ^rocessing ca^acilies come on line;
i00 JO / on linein fi years: and Ihe remaining 70% on line in 11 yeals

_ 75 30 / on line In yrs and Ihe remalnin^ 70 on line in 1 a yr a, u 100'L on linu int t yr,

25. 7_._ -a0% on lin in 15 yzars, and the ramaininrd 70% on line in 20years
_ 0. 100% on line in 20 years_ - --
eslones Ndrz0ler a si^ni0cant delay in major and/or rninor TPA miieslones._.__

100 Meets all TPA milestones__ ___ __ __.. _
50 Sir^nlGcanl delays in one or mnre minor nnleslones but meels all rnojur rniluslones
0. Si9niGcanl delay in a mjor TPA milzslone

exlhilily Variely o( malerial lYees and slzes and IhrouUhL)nl combrnelions Ihat can be proecssed
100 Facllily is easily modified to change relabva Ihrnu0hpul ol wasle Slfeani lypea „ua can process a

v.
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Table 1. Scales Used in the Analysis of Solid Waste Technical Alternatives
(Page 4 of 4).
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cxlallup IJcal bubineea of sevelal awall >Itpd u(lpniluuilles

20 Solid wasla cleanop will most likely wsutl In one snlall scale oppnilunily for e new or caistm0 Im:al

____ _ Lux_inusc _ _

0 SohJ wasle cleuno
e

will most likel
y

resull in no new neaorlunoius Inc a new of exislinQ t',usraess

Oemo Inlo(lrallon of ProQrams
nle2aled use of fanlilies Exlenl same laciliues are shared by mulhplc prnr^rams:.._ .

00 Mulhple Prodrams usin2lhe saine laahlics

0 All ^fu^i ins usn^ InJeendenl laulihe5

Minimum cosls lo Inlerfacinrd rograms Oollars savaJ hy oliher ^rorOrams in f18n expenses,0 lu T00!

OEmo slora 7 e conce L.Is lo olh-_er 2ro9iain4 NAelher demonslfale can Store and Iuocess olher wasle 1YPes

100: Can slcre mrd eroccss olher wasm lypes
n-r..... . _.___...__ .

Att. 1-11



E F

... e. . . ^..I'.

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

Table 2. Weights Used in the Analysis of Solid Waste Tecnical Alternatives
(Page 1 of 2).
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0 033 0 031 0 02(

---Acute
------

----'-0 081 ------
0 111 ---^0 045 ---- -0 065 ----

0 085 0 075 0 051
-------Public Chem

-
ical E xposure

-------
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Table 2. Weights Used in the Analysis of Solid Waste Tecnical Alternatives
(Page 2 of 2).
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Table 3. Scores for Technical Alternatives on Public Values Criteria
(Page 1 of 2).

- Naw Eislina Sin91u Prnr3ran,s
PIIBIJC VALUE SlCRIYERIA l1NlT8 Sin le kAodWar Modrdar WNP-t gaiclinu

-Publlc Fieallb and Safety - ---------- ---- -- _---- - - ^ - _ - -
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___
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Table 3. Scores for Technical Alternatives on Public Values Criteria
(Page 1 of 2).

xrstlnfl

Now Now Exrslhl9 SinOle Proyrams
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Cost __ _ _
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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 lowest 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 overall.

The relationship between costs and benefits is plotted on a two-
dimensional graph of overall public 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. It 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 Singular 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 low over the first five years is that this alternative does
not address many of the near-term processing and storage requirements.

Figure 5 for long-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 section provides a more 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 overall 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 socioeconomic 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 is represented by the bar's height. Thus, the
total area of all bars is the option'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 Public 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
is 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 lines show 90% confidence intervals for cost. These represent the
range in costs such that there is only 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 value 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 all 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 wculd 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 analysis including these parametric uncertainties would
show greater overall uncertainties for costs.
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Figure 1. Overall Performance on Public Values.
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Figure 2. Solid Waste Technical Alternatives Cost Comparison.
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Ĉ

^

^

^
^

^

^
^

^

^..

CI
C

n

u

^

0

3
m
z

C
0
E
E
0
U
3
(D
z

Att. 2-6

°o o° °o o° o° °C
o

C
°o °

o VI o Ln o Ln o Ln
Q CO CO N N r -

($ SUOI11IW) 1S0O



c-F

N

0.75 -

0.7 -

ro 0.65
>
U_

0.6'
O

0.55 -

0.5--

1500

Modu lar

Common IiNew Moduli

Singula r

Base line

If -,
U3
C
^
(D
w

c-)
0
a
^
0
^

hm
^
C
U

n

a_

C
(D

(D
7
N
c
N

^
0
h
a

^
0
(A
rr

2000 2500 3000 3500 4000

Total Cost (Millions $)

_ _.,.
^

cn
o _

^

f^l
N

w

^

ACD
G

C



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

Figure 4. Composite Public Value Versus Short-Term Capital Cost.
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Figure 7. Performance Profile for Solid Waste Technical Alternatives.
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Figure 8. Composite Public Value Versus Total Cost Using Risk
Analysis Data and Value Perspective Ranges.
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