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ABSAC

This report of the life-cycle costs of a mined repository in tuff is
based on the site dharacterization coceptual design and contains estimates of
two methods of waste emplacement--vertical and horizotal. The life cycle of
the repository progresses from design and construction to emplacement
operations that last 25 yr. hen emplacmnt has ended, a caretaker period
begins and continues until 50 yr from emplaornt of the first waste. The
life of the repository concludes with closure and decommissioning, which
includes backfilling and sealing the repository, dcntainating and razing
the surface facilities, restoring the land to as near its original condition
as possible, and marking the site. he estimates, develqped for each phase of
the life cycle of the repository, are based on January 1986 constant
(unescalated) dollars and include an allowance for cotingency. This report
mainly cprises explanations of design and cperating assumptions, estimating
methods, exclusicns, definition of cost acounts, calculating procedures, data
sources, staffing and other qualifying remarks. Cost estimates are
approximations of value and should not be construed as exact. The cost and
staffing detail provided in this estimate is mnsurate with the detail in
the conceptual design.
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EXECUTIVE SUEHARY

This report of the life-cycle costs of a mined repository in tuff is
based on the conceptual design supporting site characterization and
contains estimates of two methods of waste emplacement--vertical and
horizontal.

The life cycle of the repository progresses from design and
construction to emplacement operations that last 25 yr. When emplacement
has ended, a caretaker period begins and continues until 50 yr from
emplacement of the first waste. The life of the repository concludes
with closure and decommissioning, which includes backfilling and sealing
the repository, decontaminating and razing the surface facilities,
restoring the land to as near its original condition as possible, and
marking the site. The estimates, developed for each phase of the life
cycle of the repository, are based on January 1986 constant (unescalated)
dollars and include an allowance for contingency.

This report mainly comprises explanations of design and operating
assumptions, estimating methods, exclusions, definition of cost accounts,
calculating: procedures, data sources, staffing and other qualifying
remarks. Cost estimates are approximations of value and should not be
construed as exact. The cost and staffing detail provided in this
estimate is commensurate with the detail in the conceptual design.

Table ES-1 is a summary of the total life-cycle costs for four major
categories by method of emplacement.

TABLE ES-1

COST ESTIMATES BY MAJOR COST CATEGORY FOR THE LIFE OF THE
REPOSITORY--HORIZONTAL AND VERTICAL EPLACEMENT

(in millions of 1986 constant dollars)

Emplacement Configuration
Cost Category Horizontal Vertical

* Management and Integration 389 415
* Surface Facilities 3,396 3,447
* Subsurface Facilities 1,547 2,132
* Waste Packages 603 603

Repository Life-Cycle Cost 5,935 6,597

Table ES-2 is a summary of the total life-cycle costs for the three
life-cycle phases by emplacement method.
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TABLE ES-2

COST ESTIMATES BY LIFE-CYCLE PHASE FOR THE LIFE OF THE
REPOSITORY--HORIZONTAL AND VERTICAL EMPLACEMENT

(in millions of 1986 constant dollars)

Emolacement Configuration
Life-Cycle Phase Horizontal Vertical

* Construction and Design 1,350 1,417
* Operations 4,415 4,809
* Decommissioning 170 371

Repository Life-Cycle Cost 5,935 6,597

Construction labor and repository staff ing are significant cost
components and are summarized in Tables 3-3 and S-4. These tables show
that only the subsurface workers are affected by the emplacement method
and that about 10% fewer workers are required during the emplacement
period for the horizontal method.

TABLE S-3

REPOSITORY WORKERS FOR THE VERTICAL EMPLACEMENT METHOD

Decomis-
Construction Operations sioning

Emplacement Caretaker
1996 2005 2025 2049

Surface 1,800 1,045 100 350
Subsurface 516 562 103 206

TOTAL 2,316 1,607 203 556

TABLE 35-4

REPOSITORY WORKERS FOR THE HORIZONTAL EMPLACEMENT METHOD

Decomis-
Construction Operations sioning

Emplacement Caretaker
1996 2005 2025 2049

Surface 1,800 1,045 100 350
Subsurface 438 397 95 178

TOTAL 2,338 1,442 195 528
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1.0 INTRODUCTION

This report is a cost estimate for the proposed mined geologic

repository for radioactive waste located at Yucca Mountain, an area on

and near the southwest corner of the Nevada Test Site. It is based on a

conceptual design of the repository for the Nevada Nuclear Waste Storage

Investigations (NNWSI) project and the U.S. Department of Energy (DOE),

Office of Geologic Repositories.

As described fully in the Mission Plan for the Civilian Radioactive

Waste Management Program (DOE, 1985), the proposed repository is designed

to fulfill the requirements of the Nuclear Waste Policy Act (NWPA) of

-1982. The conceptual design of the repository, upon which this estimate

is based, is described in the "Site Characterization Plan-Conceptual

Design Report" (SUL, 1987). This document should be consulted for

additional information regarding the basis for design, operation of the

repository, conceptual design descriptions, closure and decommissioning,

performance objectives, performance and design analysis, design issues

and data needs, quality assurance plan, reference documents, and drawings.

Cost estimates for two methods of waste emplacement--vertical and

horizontal--are included in this report. The reference case, identified

as vertical emplacement, involves emplacing a single waste package in a

short vertical borehole (25 ft) drilled in the floor of an emplacement

drift. In the alternative case, horizontal emplacement, up to 14 spent

fuel waste packages are emplaced in a borehole that is approximately

360 ft long drilled in. the wall of an emplacement drift. The disposal

container, the shell of the waste package, is the same design for both

cases.

In both emplacement methods, waste is commingled. That is, defense

high-level waste (DHLW) is emplaced. between the spent, fuel boreholes in

some emplacement drifts. The horizontal DHLW boreholes are approximately
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300 ft long and contain about 18 waste packages. The length of the

horizontal borehole for both spent fuel and DHLW may be shorter depending

upon the borehole's location in the repository.

Preceding the conceptual design, a study was performed to determine

the impact on the schedule and cost of constructing a repository in two

stages (SUL, 1986) in order to evaluate alternate approaches to meeting

the receipt schedule. The two-stage construction approach, which

requires two waste-handling buildings if spent fuel rods are consolidated

at the repository, is reflected in the conceptual design and schedule of

the repository.

1.1 Purpose and Scope

This report is an estimate of the life-cycle costs of a repository

at Yucca Mountain for current and near-future project budgeting,

planning, and management. It describes the cost accounts, presents the

resulting costs and staffing estimates, and discusses the estimating

procedures but does not contain detailed design information or

calculations. This cost estimate will contribute to the cost data base

for the next design stage.

1.2 Contents and Organization

The report has five chapters. The first chapter, Introduction,

identifies the project, states its purpose, and outlines the contents of

the report. Chapter 2, Cost Summary, compares the costs for major cost

categories and activity periods of both emplacement configurations for

the life of the repository. Chapter 3, Basis for Cost Estimates,

references the technical basis and the conceptual design, lists the

general assumptions and major exclusions, describes the three

chronological phases, and presents the repository life-cycle schedule.

Chapter 4, Methodology, identifies the sources of the direct costs;

summarizes and defines the cost account codes; and rationalizes the

direct and indirect labor costs, the material and equipment costs, the
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operating and maintenance costs, engineering design costs, contingency,

and applicable taxes. Chapter 5, Staffing, explains and presents the

repository staffing estimates.

The appendices support the text and tables in Chapters 1 through 5.

Appendix A contains the repository life-cycle costs (RLCC) that support

the RLCC summary, analysis, and comparison presented in Section 2.

Appendix B describes each cost account in detail. Appendix C describes

the function and dimensions of the surface and underground facilities.

Appendix D summarizes disposal container costs and quantities, and

Appendix E contains staffing data.

1.3 Cost Uncertainties and Exclusions

This cost estimate does not include cost allowances for changes in

scope, licensing delays, construction and/or operating labor problems,

and mandates relating to total retrieval activities. Any of these

uncertainties could have a significant impact on cost and/or schedule.

Also, this estimate does not include the cost for sinking and

developing exploratory shafts for site characterization, management by

governmental agencies, any offsite nuclear waste preparation and

transport, or any costs that occur before license application design.

1.4 MaJor DesiRn Issues Affecting Cost

Of the many design issues that affect the repository life-cycle

costs, several are significant. Table 1-1 identifies a few of these

issues and states the basis for the cost estimates included in this

report.
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TABLE 1-1

MAJOR DESIGN ISSUES THAT SIGNIFICANTLY IPACT THE
REPOSITORY LIFE-CYCLE COSTS

Desixn Issue

1. Backfilling drifts

2. Disposal of site-generated
radioactive waste

3. Spent fuel rod consolida-
tion

4. Disposal container
QA requirements

5. Demolition of surface
facilities

6. Horizontal borehole length

Basis for the RLCC Estimate

1. Backfill 100% of the repository.

2. Ship to nearest offsite licensed
low-level waste repository.

3. Consolidate fuel rods in waste-
handling building 2.

4. Use NQA-1 welded thinwall stain-
less steel container.

5. Raze the surface facilities to
2 ft below grade and return site
to as near an original appearance
as possible.

6. Horizontal borehole is 360 ft
long.
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2.0 COST SUMMARY

This chapter presents cost estimates for the reference and alterna-

tive repositories in several ways. Tables 2-1 and 2-2 summarize the

repository life-cycle Costs (RLCC) for the major cost categories during

three main life-cycle phases. Tables 2-3 and 2-4 put the costs of the

major categories into perspective with respect to the RLCC. Table 2-5

compares the costs and shows the differences between the reference and

alternative methods of emplacement.

2.1 Summary

Tables 2-1 and 2-2 summarize four major cost categories and three

subaccounts in each category for the three main life-cycle phases of the

repository for the two methods of waste emplacement. Data for each table

have been extracted from life-cycle cost estimates of nearly 350 cost

accounts and 7 life-cycle phases. These life-cycle cost estimates are

included in Appendix A. In summary, every cost for each major account in

the vertical emplacement repository is greater than or equal to the

respective cost for the alternative horizontal emplacement repository.

2.2 Analysis

Tables 2-3 and 2-4 list the four major cost categories for each of

.the three life-cycle phases as a percent of the LCC. From this simple

analysis, one can recognize the relative impact on cost that these

categories and subaccounte have. In the vertical emplacement method, the

operations phase, for example, is more than three times as costly (73% of

the RLCC) as the construction of the physical plant (21.5% of RLCC), and

the cost of decommissioning is only 5.6.

The costs of the support functions when compared to the costs of

waste handling during operations are of interest, because there is very

little difference between these costs for either the surface or the

underground. For example, in the reference design in Table 2-3, the cost

113OA/032487/8:00 2-1



TABLE 2-1

SUMMARY OF LIFE-CYCLE COSTS FOR VERTICAL EMPLACEMENT
(in millions of 1986 constant* dollars)

Cost Category
Description Construction Operations

Decomdis-
sioning Total

Management and Integration
* Architect/engineer
* Construction

management
* Other

Subtotal

Surface Facilities
* Site
* Waste-handling

facilities
* Balance of plant

Subtotal

Subsurface Facilities
* Shafts and ramps
* Excavation and

emplacement
* Service systems

Subtotal

217
74

0
0

14
2

455 49

346 20 415

167
488

130

785

62
136

88

286

114
1,242

1.190

2,546

28
838

744

1,610

38
33

45

116 3,447

3
101

132

4.35 2,132

Waste Packages
* Spent fuel
* Defense high-level

waste
* Other

Subtotal

Total

0
0
0

0

0

1,417

603
351
128

125

603

4,809

0
0
0

603

0

0

371

603

6,597

-

*Unescalated for the life of the repository.
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TABLE 2-2

SUMMARY OF LIFE-CYCLE COSTS FOR HORIZONTAL EPLACEMENT
(in millions of 1986 constant* dollars)

Cost Category Decommis-
Description Construction Operations sioning Total

Management and Integration
* Architect/engineer 206 0 7
* Construction 70 0 2

management
* Other 53 49 2

Subtotal 329 49 11 389

Surface Facilities
* Site 167 104 38
* Waste-handling 488 1,242 34

facilities
* Balance of plant 120 1.190 14

Subtotal 775 2.536 85 3,396

Subsurface Facilities
* Shafts and ramps 60 28 1
* Excavation and 110 645 46

emplacement
* Service systems 76 553 27

Subtotal 246 1,227 74 1,547

Waste Packages
* Spent fuel 0 351 0
* Defense high-level 0 128 0

waste
* Other 0 125 0

Subtotal 0 603 0 603

Total 1,350 4,415 170 5,935

*Unescalated for the life-of the repository.
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TIILE 2-3

ESTIMATE ANALYSIS FOR VERTICAL EWLACIENET
(1986 constant* dollars)

LIFE-CYCLE COST

Construction
Millions Percent Percent

1L. of Account of LCC

Operations
millions Percent Percent

($) of Account of RC

Decormissioninx
Millions Percent Percent

(S) of Account of LCC

Total
Percent

AlL of RLCCCost Catetor Descriotion

Management and Integration
* Architect/enlineer
* Construction management
* Other

346 100
217 63

74 21
55 16

5.2 49 100
O 0
O 0

49 100

.7 20
14
2
4

t00
71
11
is

.3 415 6

Surface Facilities
* Site
* Waste-handling facilities

Balance of plant

75 t00
167 21
48 62
130 17

12 2,546
114

1.242
1,190

100
5

48
47

39 116 100
38 33
34 29
45 38

1.8 3.447 52

Subsurface Facilities
* Shafts and ramps
* Excavation and emplacement
* Service systems

286 100
62 21

136 48
8 31

4.3 1,610
28

838
744

100
2

52
46

24 235
3

101
132

100
I

43
56

3.6 2,131 32

N

Waste Packages
* Spent fuel
* Defense high-level waste
* Other

0
0
0
0

1,417

MA MA 603
351
128

21 4,809

100
58
21

_?1

9.1 0
0
0
0

371

100 VA
0
0
0 _

603 9

Total 73 5.6 6,597 100

*Unescalated for the life of the repository.
MA ot applicable.



TABLE 2-4

LIFE-CYCLE COST ESTIMATE AALYSIS FOR HORIZONTAL EMPLACEMENT
(1986 constant* dollars)

Cost Catecori Description

Nanagement nd Integration
* Architect/engineer
* Construction nagement
* Other

Surface Facilitie.
Site

* Wste-handlins facilities
* balance of plant

Subsurface Fcilities
* Shafts and rapa
* Excavation nd eplacsent

Service system

Construct ion
millions Percent Percent

(L) of Account of RLCC

329 100 6
206 63

70 21
53 16

7s 100 13
167 22
488 63
120 IS

Millions Percent Percen
(S) of Acount of VWO

49 100 .8
O 0
O 0

49 100

t
Decomlsslonint

Millions Percent Per
1$) of Account of

Total
cent Percent
PLCC (#I of RLCC

.2 389 711
7
2
2

100
64
20
ts

2.536
104

1,242
1190

100
4

49 -
41

43 85 100
38 AS
34 40
14 16

1.4 3.396 57

246 100
60 24

1t0 45
76 31

4 1,227
28

645
553

100
2

53
45

21 74

46
27

100
1

'3
36

1.2 1,547

Waste Packages
* Spent fuel
* Defense high-level waste
* Other

0
0
0
0

NA 0 603
351
128
125

100
58
21
21

10 O I 100
O 0
O 0
O 0

PA 603 10

Total 1.350 23 4,415 "A 74 170 NA 5.935 100

*Uneeoloated for the life of the repository
WA ot pplicable.



of the surface support function balance of plant is 46.8% and is almost

the same as the cost of the surface waste-handling facilities at 48.8%.

Correspondingly, the cost of the underground service systems is 46.2%

compared to 52.0% for the excavation and waste emplacement functions.

2.3 Comparison

Table 2-5 compares the differences in cost between vertical and

horizontal emplacement for the major cost categories by life-cycle phases

and expresses these differences as a percent of the LCC. Overall, the

cost of a repository based on horizontal emplacement is $660 million less

than the cost of the reference case. It is readily apparent that the

largest cost difference is in the operating phase of the subsurface

facilities. This difference can be explained by comparing the amount of

tuff excavated for each emplacement method (Appendix C).
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TABLE 2-5

COnPARISON BTWEEN LIFE-CYCLK COSTS FOR HORIZONTAL AND VERTICAL EMPLACEMENT
(in millions of 1986 constant* dollars)

Major Cost Ctegorv

Itnagement nd Integration

Surface Facilities

Subsurface Facilities

Waste Packages

Total

Horiz

330

775

246

0

1,351

Construction
Vert

346

785

286

0

1.417

Diff

-16

-10

-40

0

-66

Horiz

49

2,536

1.227

603

4,415

Operations
Vert

49

2,546

1.610

603

4,808

Diff

0

-10

-383

0

-393

Decowmissioning
Horiz Vert Diff

i 20 -9

85 116 -31

74 235 -161

0 0 0

170 371 -201

Total Diff
in RLCC

-25

-51

-584

0

-660

*Unescalated for the life of the repository.

a
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3.0 BASIS FOR COST ESTIMATES

The cost estimate for the repository facilities is based on the

conceptual design engineering performed by Satdia ational Laboratories,

Albuquerque; Bechtel National, Inc.; Los Alamos Technical Associates,

Inc.; and Parsons Brinckerhoff Quade & Douglas, Inc. to support the Site

Characterization Plan-Conceptual Design Report (SUL, 1987).

The estimates, developed for each phase of the life cycle of the

repository, are based on January 1986 constant dollars (unescalated) and

include an allowance for contingency. Escalation has not been included

in any of the cost estimates, nor have any costs that might be incurred

by the Department of Energy (DOE), the Nuclear Regulatory Commission

(NRC), or any other federal agency or DOE prime contractor supporting the

work breakdown elements. For a detailed discussion of the cost

components included in the estimates, see Chapter 4.0.

The bases for estimating each phase of the repository life-cycle

costs (RLCC) are described in the sections that follow.

3.1 Enxineerinx and Construction

This phase starts with the license application design (LAD) and ends

with the emplacement of the first waste package in the underground

facility and completion of Waste-Handling Building 2 WHB-2).

Costs have been included for a DOE support contractor to manage and

integrate only the architect/engineering (A/E) services. Estimated A/E

costs for the facilities include LAD engineering, final procurement and

.construction design (FPCD), and engineering services during construction.

Repository construction costs include construction of approximately

100 mi of railroad from a location near Las Vegas, 16 i of highway from

a nearby interstate highway, site development, construction-of buildings,
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and special equipment such as hot-cell equipment. Construction costs

also include sinking and outfitting the men-and-materials shaft, and an

exhaust ventilation shaft, mining and outfitting the waste and tuff

ramps, modifying the exploratory shaft to serve as ventilation shaft, and

mining and outfitting the underground service facilities. Sufficient

underground emplacement panels are developed to accommodate the first

emplacement of waste simultaneously with continuing development.

Standard equipment required for initial operation of both surface and

underground facilities plus construction management costs are also

included. The cost of construction is based on

* construction contracts based on competitive bids and fixed-

price contracts;

* design and QA procedures similar to those applied to current

commercial nuclear projects;

* equipment and material from U.S. sources;

* commercially available delivery schedules;

* availability of craft and professional personnel in the general

project area, including Las Vegas;

* craft wages that comply with the Davis-Bacon wage rates (DOL,

1986);

* an uninterrupted schedule (no major funding, labor, or supply

problems); and

* a project that proceeds according to the Mission Plan schedule

(DOE, 1985).

The construction cost estimates do not include any costs that may be

required for offsite railroad maintenance facilities, nor do they include

any costs associated with the exploratory shaft program.
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Another cost element included in the construction phase is the cost

for land leases, purchases, and rights of way required to construct and

operate the repository.

3.2 Operations

The operations phase includes both the emplacement and caretaker

periods of the repository life cycle.

In order to estimate the cost of operating the repository, it has

been assumed that before completion of construction the DOE will select a

repository operating contractor who will be responsible for all aspects

of operating the repository. It has further been assumed that the

operating contractor will subcontract the underground mining and

maintenance activities but will retain direct responsibility for under-

.ground emplacement and selective removal operations.

The only waste removal costs included in. the. estimates are those

associated with the performance confirmation program. It is assumed that

be ginning 5 yr after the initiation of emplacement, one container per

month will be retrieved during the emplacement and caretaker periods to

confirm the integrity of the waste package.

Operation costs for the repository are based on the following:

* waste receipt--receiving spent fuel assemblies and high-level

waste as shown on the waste-acceptance schedule included in

Appendix D;

* waste Preparation--preparing spent fuel and high-level waste,

such as consolidating and packaging incoming material and

repackaging material retrieved for performance confirmation;

* waste emplacement--loading the- waste package on the: trans-

porter, transporting it to the emplacement area, placing the

waste package into a previously prepared borehole, and inserting

the shield plus in the borehole;
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* performance confirmation--conducting tests, experiments, and

analyses to evaluate the accuracy and adequacy of the

information used to determine with reasonable assurance that the

performance objectives for the period after permanent closure

are met;

* suport--supporting waste operations, such as treating

site-generated waste;

* administration--providing payroll, personnel, document control,

and all general plant management functions;

* service--maintaining and repairing the repository facilities and

equipment;

* minin&--removing rock from the working faces by blasting or

using a tunnel boring machine, conveying the tuff to the

surface, installing rock support features, drilling boreholes,

and placing the liner in the borehole;

* surface tuff storaxe--stacking and grading excavated tuff;

* underground maintenance--maintaining the integrity of the ground

support systems and the ventilation flow paths for both the

underground development and underground emplacement areas; and

* utilities--providing communications and distribution of power.

3.2.1 Emplacement Period

Operating and maintenance costs during the emplacement period

include developing the remaining underground emplacement areas and

accesses not developed during the construction phase; preparing and

emplacing a total of 62,000 HTU of spent fuel, 7,360 MTU of defense

high-level waste (DHLW), and 640 HTU of West Valley high-level waste
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(WVHLW); and supporting and maintaining both surface and underground

facilities. The cost of transporting radioactive waste to the repository

has not been included.

3.2.2 Caretaker Period

For design purposes the option to retrieve waste will be maintained

for 50 yr after initiation of waste emplacement as stated in 10 CFR

60.111(b)(1) (RC, 1986). The time between the end of the emplacement

period and the initiation of closure activities is called the caretaker

period.

Operating and maintenance costs for the caretaker period are

estimated assuming that only those buildings, or parts of buildings,

required to support the performance confirmation program and the

associated maintenance activities will be kept fully operable. Included

among the buildings that will provide this support are the administration

and computer buildings, fire stations, warehouses, maintenance shops,

security headquarters, performance confirmation support facilities, and

ancillary shaft collar facilities. The remainder of the surface

facilities, including buildings, unused portions of the buildings listed

above, and all equipment and systems not required for the protection of

life and property, will be deactivated and will be minimally maintained.

During the caretaker period, the highway into the site will be fully

maintained, but the railroad will be only minimally maintained.

Also included, in both the emplacement and caretaker periods are

costs to cover consultants, offsite activities associated with the

performance confirmation program, and the cost of subsidized busing for

employees from the Las Vegas area.

3.3 Closure and Decommissioning

Implementation costs for decomissioning include backfilling and

sealing the underground emplacement area, razing all of the surface

facilities, and installing truncated granite pyramids and records
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caches to mark the repository boundaries as required by 40 CFR 191 (EPA,

1985).

The cost of closure of the underground facilities has been estimated

based on the assumption that the underground rooms and drifts will be

backfilled and that all access ramps and shafts will be backfilled and

sealed. The cost to decommission the surface facilities is based on the

assumption that decommissioning will include decontamination of those

buildings that have been radioactively contaminated during repository

operations and dismantlement of the surface buildings to 2 ft below

grade. The site will then be contoured and returned to a natural state.

3.4 Life-Cycle Schedule

A schedule for the design, construction, and life-cycle activities

of the repository for vertical emplacement (Figure 3-1) shows that the

1998 repository startup date mandated by the Nuclear Waste Policy Act is

met by waste receipt beginning in January 1998. The schedule for

horizontal emplacement is essentially the same as for vertical emplace-

ment except that backfill and demolition require 4 yr instead of the

10 yr shown on Figure 3-1.

This schedule is predicated upon timely execution of the design

phases shown and upon construction authorization being granted in

mid-1993. A delay in construction authorization, for whatever reason,

would result in a corresponding delay in the startup date. A major

uncertainty in this schedule is the amount of time allocated for the

licensing procedure.
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4.0 METHODOLOGY

The overall structure and contents of the cost estimate are

determined by the project code of accounts described in Section 4.1 and

the project schedule outlined in Section 3.4. The cost components for

each account include labor, materials, equipment, taxes, and contingen-

cies, as described in Section 4.2. The procedures by which the various

cost components are prepared for each cost account are presented in

Section 4.3.

4.1 Code of Accounts

The code of accounts is the organizational framework by which

estimated costs have been provided for specific functions and facilities

within the mined geologic disposal system. The code of accounts as used

in this estimate is a subset of the more detailed, generic code of

accounts prepared by DOE (1986) for use on all geologic repository

estimates.

The cost detail provided in this estimate is commensurate with the

design detail in the "Site Characterization Plan-Conceptual Design

Report" (SUL, 1987). The level of detail in the estimate varies for the

different phases of the repository's life, the engineering and

construction phase being the most detailed.

Table 4-1 summarizes the major cost accounts. A cross reference

between the design activity structure (DAS) and the code of accounts is

included in Appendix A. A detailed description of the items in each cost

account is provided in Appendix B.

4.2 Cost Comvonents and Calculations

Each cost account comprises a combination of labor, materials, and

equipment plus suitable factors to account for indirect costs, contin-

gency, taxes, and contractor fees.
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TABLE 4-1

A SUMMARY OF MAJOR COST ACCOUNTS

Cost Account Account Description

00000
01000
02000
03000
04000
05000
07000

MANAGEMENT AND INTEGRATION
Support Contractor
Architect/Engineer
Construction Management
Consultants
Performance Confirmation Program
Repository Land Aquisition

10000
11000
12000
13000
14000

SITE PREPARATION
Employee Transportation
Onsite
Offsite
Monuments

20000
21000

21100
21200
21500

22000
23000

SURFACE FACILITIES
Waste-Handling Facilities

Waste-Handling Building 1
Waste-Handling Building 2
Other Waste-Handling Facilities

Balance of Plant
Surface Shaft Facilities

30000
30010
30020
30030
30080
30100
.30110

40000
41000
42000
43000

SHAFTS/RAMPS--UNDERGROUND
Men-and-Materials Shaft
Waste-Handling Ramp
Excavated Tuff Ramp
Emplacement Exhaust Shaft
Exploratory Shaft-l Modifications
Exploratory Shaft-2 Modifications

SUBSURFACE EXCAVATIONS
Development
Emplacement/Retrieval
Backfill

Operations

50000
51000
52000
53000

UNDERGROUND SERVICE SYSTEMS
Support System Facilities
Utilities
Monitoring

WASTE PACKAGE FABRICATION
Spent Fuel Containers
DHLW Containers
Other Waste

60000
61000
62000
63000
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The, differences between surface and underground construction and

operations require a different estimating approach for each area. Tables

4-2 through 4-5 define the primary cost components and describe the basis

for data used to estimate the cost of surface and underground facilities

for the major phases in the repositoryts life. The relevant formulas

that apply to each cost component are also included.

In addition to the primary components of labor, materials, and

equipment, costs have been allocated to each account to cover contractor

fees, taxes, and contingency, as seen in Table 4-6.

4.3 Management and Integration Costs

The cost account code includes a series of accounts (00000 level)

for contractor costs, architect/engineer (AlE) fees, and construction

management. The basis and method for estimating the cost of these

activities are described as follows.

4.3.1 Architect/Entineerinx Costs

Engineering costs are assumed to be proportional to the cost of

construction. Table 4-7 lists the percentages applied to each cost

account to estimate the A/E cost and engineering contingency. Account

02000 (Appendix A) contains the estimated cost for all A/E services for

* license application design (LAD),

* final procurement and construction design (FPCD), and

* Title III engineering.

Surface Facility Architect/Enxineer Cost

The total A/E cost for the surface is the sum of the AE costs cal-

culated for each of the surface cost accounts.
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TABLE -2

LABOR COSTS

Cost
Component Proiect Phase Surface Cost Estimate

LABOR COSTBUCTIOI Direct Labor (DL)

Direct labor includes all craft lebor through the
general foreman engaged in the permanent installation
of direct material and capitol equipment. The average
construction unit rate of 21.50/hr is based on craft
agree=ents at the TS and on a crew mix distributLon
developed from current estimating standards. The rates

used comply with the Davis-Bacon wage rates (DOL. 1986)
for the area and include all applicable additives and
allowances. go additional UTS burden costs are
included.

OPERATIONS The staffing requirements for the entire life of the
surface facility have been developed and include
operations, maintenance. quality assurance. adminls-
trative services, and supervision. An average annual
ealery of 50,000 has been developed and applied to
the staffing requirements in each year. This salary
includes fringe benefits. txes, and Insurance ddi-
tives. The salary has been developed from actual wage
information for the Las Vegas area (U.S. Civil Service
Comission. 1984).

Underground Cost Esaglte

pirect Lbor (DLt

Underground labor during the construction phase is composed of a
direct portion that accounts for all nonsupervisory construction
personnel allocated to specific facilities or activities-and n
indirect portion that accounts for the remaining staff. Indirect
labor components are described under indirect costs.

The average underground labor rate is 25.90/hr and is bsed on
the current tunnel worker craft agreement t the evada Test
Site. The rate complies with the Davis-Bacon wage rates (DOL.
1986) for the area and Includes fringe benefits, payroll taxes.
insurance, and subsistence allowance. No additional ITS
burden costs are included.

Labor costs for ongoing mining and development are treated the same
as construction phase labor described above.

Labor costs for underground waste-handling operations are asaigned
to specific accounts bsed on estimated crew sizes and operating
schedules. Labor rates for the operations staff are assumed to
be the same as the average craft labor rate of 25.90/hr.

-D

DECOl4ISSIOU-
IUC

Same as construction phase Underground labor during the decosmissioning and closure phase will
be composed primarily of construction crws and is treated the

same.



NAMtUAL COSTS

A,'

cost
COOgmt roic Thase Surface Cost etto t.

MATERIAL cOWSTRMcTIO Dirct Mterial CMI)

Direct material Include the cost of those goods that
ore normally purchased in bulk quantities (..,
concrete, tructural steel, pipe) and become a part of
the permanent installation. The quantities have been
dewloped in detail from conceptual drawings where the
level of deadgn has permitted. For those areas where
detailed design nformation is not available, a para-
metric approach ha been used to estimate quantities.

Material and equipment pricing i beed on historical
eetimeting information, vendor and subcontractor
contacts for budgetary quotations. vendor catalogues.
and national pricing bulletine.

OPRATIOWS OUtn wlie

Tho costs of operating supplies, including fuels,
lubricants, waste treatment material, onrunables,
decontemination materials, nd Personnel protection
equipment, have been estimated at 5 of the operating
labor coats diecuesed bove. The only major utility
cost, electric power, i based on an estimate of the
annual plant usage nd an average rate per kilowatt
hour for the Nevada Test Site.

Mintenanee Mterili

Depending on the period, 0.1 to 2% of the total
coot of construction has been allowed for spare
end repair parts, equipment replacement, and smell
tools.

DECOMISS10- Sme as Construction Phaae
Io

Uhderxround Cost estiae

Direst btertol CM§)

Direct materiale consist of all nstalled bult material. or
coneum ble items used to excavate nd line the drift* end
shfts and to equip the ubsurface facilities. Where
possible, the material quantities are obtained directly from
conceptual drawings. For general excavation nd lining, the
material quantities are determined n a per ton basis end
extended accordingly. Unlt costs for materials ore based on
telephone uotes from vendors and industry cost-referece guides.
Electricity and fuel costs are treated as material costs.

Same as construction phase

Sine s construction phase



TOi i-A

FQUIPEWi COSTS

Cost
g92kol!!a roject Phase

RQUIPIIEM? CONISTRUCTION

S;f ace Cost Etimlt.

Cauttat Equipgat (iVQ)

This category includes major quipment that is normally
identified by an equipment number. Quantities have
been developed in the nsam manner as direct material.
Initial cost of mobile equipment has also been included.

Costs for comercislly vailable equipment are
obtained from industry cost-reference guides and
vendor budget quotes. Cost for the fuel consolida
tion quipment is based on the Townes et at. (84)
fuel consolidation equipment.

OPERATIONS Included as operating supplies and maintenance
materials

Underroumd Cost Estimate

CaEitalqg!iL _ent_(Es)t

Capital equipment for the underground facilities includes all
permanent shaft equipment and the Initial purchase of all mining.
drilling, and special waste handling equipment used underground.
Costs for commercially available equipment are obtained from
industry cost-reference guides and vendor budget quotes. Equipment
operating costs during construction are the sae as during opera-
tions phase. Costs for specialized drilling and waste handling
equipment are based on estimates prepared by SUL L. and
manufacturers.

Kgiui.ment uage (60)

Equipment usage costs are accrued on an operating-hour basis to
cover the cost of continued equipment replacement throughout the
operating phases of the repository's life. Economic life estimates
for underground euipment are based on mining industry historical
records. Mo credit is taken for salvage value of any underground
equipment. Electricity and fuel costs are also included.

DEcomIiSSIOw- Included as indirect costs
TW

Trestent of equipment costs during decommissioning ad closure
phase is identical to operations phase.



TABLE -5

INDIRECT COSTS

Cost
C-92mt

INDIRECT
COSTS

prolect Ph e surface Coat stimate

COWSTRUCTION Indirect Costs (IC)

Indirect costs cover labor end material cots
that cnnot be dentified with specific direct
operations end that are either support services or
apply to several direct operations for which a
logical -allocation to each separate operation cannot
readily be made. Indirect costs nclude temporary
construction facilities; miscellaneous construction
equipment; tools; and consumable material, overhead.
and profit. Indirect costs for construction of
the surface facility have been estimated at 100S of
the direct labor coats.

Formula:

Indirect Cost (IC) 1.0 x DL

Underground Cost et imat-

Indirect Costs (IC)

Indirect costs for underground construction are used to account
for unallocated labor and material osts that are not attributable
to a single account. Indirect labor costs provide for direct
supervision, technical support (geologists. engineers, surveyors),
safety and skill training. and quality control. An etimate of
33S of direct lbor is used for indirect labor. Indirect
materials are estimated at 3 of direct materials to account
for miseellaneous consumables, wall tools, and personal
safety equipment.

The underground mining and waste-handling oper tons will
most likely be performed by separate contractors. For the

purpose of this estimate, no distinction is made, nd a single
value, 15S, is applied to the direct end ndirect construction
and operating costs to cover contractor overhead. fees, and
profits.

Formla:A-

Indirect Labor (IL) 0.33 x DL
Indirect Material () - 0.03 x M
Contractor Cost (CC) 0.15 (IL IN + DL* D + Q ST + QA)
Indirect Cost (IC) a IL + I + CC

Note: ST Sales Tax
QA * Quality Assurance

OtEATIONS Included so operating supplies nd maintenance
materials 

Same as construction phase

DRCOMMISSIOW-
zoo

Same es construction phase except indirect costs
for demolition r aning from 75 to 100 of the
direct lbor costs

Sam as construction phase

Foriula:

Indirect Coat (IC) a .75 to 1.0 x DL



TABLE A-6

OTHER COST CONPONENTS

Cost
compnant

STATE
SALES
TAX

Proioect Phase surface Coat Estimate

ALL A sales tax of 3.75% to applied to the cost of
all direct and indirect materials nd equipment.
Each account includes a portion of sales tax pro-
portional to the materials nd equipment costs
within the account. The sales tax is pplicable
throughout the rpository's lif.

Underground Cost Etate

Same as surface cost estimate

Formula:

Sales Tax (ST) 0.0315 x (D + I + EQ)

ForIMALs

COlTIM-
CECY

ALL

Sales Tax (ST) - 00375 X ( + I + Q)

The rationale for a contingency allowance is applicable to both surface and underground cost estimates. A contingency
cost s present in all cost accounts to cover the inherent uncertainties in the quantity estimates and coat data. The
conceptual design uses some concepts and equipment for which no historical cost information is available. The contingency
allowance does not account for changes in scope or design criteria. changes in repository location. changes in licensing
requirements, or cost escalation. The amount of contingency applied to any one account for each phease ranges from 20 to 40S
depending on an engineering udnt of the relative complexity of the fcilities or operations involved. Table 4-7 is a
listing of the range of contingency values applied to major .cost accounts for each phase of the repository's life.

wD
Formaula: Formula:

QA/QC
IMPACT

aL

Contingency - Contingency x (DL + D + IC * Q + ST)

Cost information used for estimating the construction 21
and operation of the surface facilities is based on as
historical date (which contains QA/QC) from other tl
nuclear industry comstruction and thus reflects a L
level of quality control appropriate for the II
repository.

Contingency * S Contingency x (DL + D + IC + EQ + ST + QA)

es underground d-velopment and operation costs are based on
Lning industry xperience. To account for the impact on cost of

its additional quality control and quality assurance programs
Ilkely to be present, an allowance of 5 of the total direct plus
mIdirect costs has been added to each account for aIL phases.

Droila:

QA/QC Impact (QA) * 0.05 x DL + D EQ + IL + I)



TABLE 4-1

PRRCMWACKS USED FOR ESTIMATING ARCHITECTIRUGIMMEING COST AND cou'rIPCEC9

Coot Aceount

abW

00000
01000
02000
03000
04000
05000
07000

10000
11000
12000
1300
14000

20000
21000
21100
21200
22000
23000

30000

40000

41000
41010
41020
41030
42000
42010
42020
42040
43000

50000
51000
52000
53000

A0000
610
62000
43000

Account Description

MANORGMEWT AD IEGRATIOM
Support Contractor
Architectlunginer
Conetructlon Management
Consultants
Performence Confirmation rogrem
Repository Land Aquisition

S1T PEPARATION
Employee Transportation
Onsite
eaflt*

Monuents

PA
5-15S

10-151NAIS

,-. NA

20-30S
20-30%

MA

20-401
20S
20S
MA

Nf MA
lNA 35

NA MA
10 25S

SUACE FACILITIES
vaste, andling Facilities 15-25S 30-401 401 WA 351

Weste-Handling uilding 1 251 401 401 "A - 35S
waste-needling building 2 25S *40 401 pi 35$

B*1ance of Plant 10-15S 25-30S 301 NA 351
Surf ace Shaft Facilities 15-20S 30-351 301 "A 3S5

SHASMAPPS--uIDWiOROuD 10-15 25-301 25-301 3-4.51 25-301

sISUERACS EXCAVATIOWS
Dewelops nt

Comon facility excavatlon 15i 301 NA NA NA
Spent fuel facility excavation 10-20% 25-35 25-35S MA NR
D4M facility excavation 201 351 351 MA PA

Roplaement/Eetrieval Operations
Spent fuel emplacement 20S 351 351 MA VA
DH W emplacement 201 35S 351 NA NA
waste rtrieval IM MA 40% NA

beckfill NA NA WA 7.51 401

UNDtRGKROUWD BERWICK STST"M

Support ystem acilites 10-151 25-301 25-30 3-4.51 25-30S
utilities 10-15% 25-301 25-30$ 3-4.S 25-301
Nonitorlng 201 351 351 *S 351

Architctfn!ainearinf Contingency
Construction Operations Closure/Dcommeisioning

Management and integration costs are estimated a a percentage
of the costs reported for all other accounts. The vlues
against which the percentages are appied already include a
contingency. The effective contingency contained in the

anagement mnd integration costs ranges from 25 to 401.

WASTE PACKAGE FABRICATION
Spent uel Containers
DMM Containern
Other Waste

Engineering costs for
disposal ontainers are
not included In this etl-
mate. bee use they re

assumed to be incurred
before license applica-
tion design.

201
201
20%

NA WA
NA MA 
NA NA

=

MA Not applicebl*.



Costs are calculated as follows:

Engineering Cost (EC) (direct construction cost + indirect cost) x

(engineering )

Engineering Quality Assurance (QA) = EC x 5%

Engineering Contingency (ECOM) = (EC + EQA) x (contingency %)

Total Accounting Engineering Cost = EC + EQA + COM

Subsurface Facility Architect/Engineering Cost

Calculations for the subsurface facility A/ costs follow the same

general procedure described above with the exception that 10% of the

subsurface operation phase costs is included with the construction cost.

This adjustment reflects the fact that only a fraction of the total

underground facility is completed during the construction phase.

4.3.2 Support Contractor Cost

The cost for this function, estimated at 25% of the A/E cost and

included in Account 01000, is for that portion of the support contractor

staff that

* manages and coordinates the architect/engineer and construction

manager activities;

* prepares integrated repository design reports;

* develops and establishes a baseline for functional criteria,

standards, analytical methods, assumptions, and interface

requirements required to design repository surface facilities,

shafts, subsurface excavations, and underground service systems;

* assembles and maintains data to support design;



* evaluates repository design options; and

* interacts with other OCRWH program participants, (e.g.,

participates in the repository coordination group).

4.3.3 Construction Management Cost

Construction management duties include but are not limited to

* state and local permitting,

* coordination of contractors,

. scheduling,

* quality assurance (major role),

* record keeping, and

* material testing.

The cost for this function is estimated at 7 of the total construction

cost and is reported under Account 03000 (Appendix A).

4.3.4 Other Manaxement Costs

Cost allowances are provided for outside consultants,- offsite

container testing for the performance confirmation program, and for

acquisition of land.

Outside consultant costs are factored from the cost for the total

repository operations staff (ROS) at a rate of 0.055/ROS man-hour (DOE,

1986). During operations, 1 million/yr is allowed for offsite testing

of containers as part of performance confirmation, and $1 million is

included for land acquisition costs to establish the needed offsite roads

and rail rights of way. The entire repository facility is situated on

government-owned land. No costs are allocated for land acquisition.
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5.0 STAFFIUG

5.1 Introduction

5.1.1 PurPose and Scone

This chapter estimates the labor force needed to construct, operate,

and decommission the repository and discusses the methods used to develop

these estimates.

The procedures for estimating labor are different for the surface

and subsurface activities because of the inherent differences in the

construction and operating processes. Consequently, these procedures are

explained separately in Section 5.2 for clarity. Tables 5-1 and 5-2

contain the staffing estimates for both configurations.

5.1.2 General Approach

At least four different methods are used to estimate the work

force: detail takeoffs, parametric, historical, and a combination of

these methods. More than one of these methods, as discussed in Section

5.2.1, has been used to estimate the work force needed for most

facilities.

Contingency factors have been applied to the estimated work force to

account for the uncertainty normally associated with preliminary design

estimates and are listed in Table 4-7. These contingency factors have

been applied sequentially; thus, the work force has not been estimated to

be "plus or minus" the base estimate but consists of the base estimate

plus the workers added for contingency.

The schedule assumed for repository construction is consistent with

the Mission Plan (DOE, 1985) and has a major effect on the estimates of

the peak work force. There is not, however, a linear relationship

between the total worker effort (man-years) and schedule. As a general
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rule, the longer the schedule, the higher the number of man-years

becomes. On the other hand, if the schedule is too compressed,

efficiency is reduced and the number of man-years begins to increase

again. Host projects have an efficiency relationship between schedule

and man-years of effort, which allows some flexibility. The figures on

application of manpower in this report have not been optimized.

Optimization of manpower should not be attempted until the design is more

detailed and complete.

5.2 Hethods

5.2.1 Surface Work Force

5.2.1.1 Construction

The work force required to build the surface facilities is determined

by dividing the total labor hours by the number of hours worked by one

person in a year [e.g., total labor hours/(250 shifts/yr x 8-hr/person/

shift)1.

The methods used to determine the labor hours vary depending on the

amount of design detail available at the time the estimates are made.

The unit-hour (the number of hours required to install a unit of material)

is the basis for all of the estimating methods for construction. These

unit-hours have been developed from actual data accumulated for many

years from the construction of a wide variety of projects, including data

from the Waste Isolation Pilot Plant (WIPP) project. The methods used to

estimate the work force for the surface facilities follow.

Detail Takeoff* Method

Where the design has been supported by adequate detail, estimators

have calculated the quantity of construction materials. Based on

historical construction data, a unit-hour needed to accomplish the task

*"Takeoff" is the term used by estimators to itemize the individual
components of buildings "taken off" an engineering drawing to estimate
the quantities of construction materials.
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is then applied to the unit quantity to determine the total craft- labor

hours required to install the unit.

Parametric Method

A parametric approach has been used when very few design details are

available but when the facility is similar to one for which actual data

are available. When using this approach, for example, the common

estimating parameter of a building is 'ty ically square or cubic feet.

The unit-hour is then applied to the parameter selected to estimate the

hours of craft labor required for installation. An example would be the

application of principles cited in Cox and Horsley (1983).

Historical Method '

Historically, an estimator develops an information data base by

compiling cost information from various types of construction projects

accumulated over the years. The cost of a given construction activity is

then reduced to the cost per unit and to the amount of labor required to

perform the unit of this activity. Thus, the estimator can determine the

labor force requirement.

5.2.1.2 Operations

The work force for repository operations has been estimated by

breaking down site operations into functions. Functional categories

representing known operations have been estimated based on the architect/

engineers' (A/E) experience with similar operations in completed

facilities. In the case of waste-handling buildings, flow diagrams have

been'prepared to show operational steps 'in more detail, including time

allocations for each step.

5.2.1.3 Decommissioniny'

The method used to estimate the staff needed for decommissioning is

the same as has been used for construction.
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5.2.2 Subsurface Work Force

5.2.2.1 Construction

The design of the subsurface facility determines the methods and

equipment needed to construct the various underground facilities.

Equipment and labor productivity have been obtained using conventional

mining industry methods of estimating cycle times for drilling, blasting,

haulage, and ground support for a typical excavation. These productiv-

ities are then used to estimate the number of crews and thus the staffing

requirements.

In addition to the direct labor force, personnel are needed for

miscellaneous support and supervisory and technical positions. Based on

experience and engineering judgment, a value of 33% of the direct labor

force accounts for supervision, geologists, staff engineers, surveyors,

and skill and safety training personnel.

5.2.2.2 Oerations

A large part of the subsurface operations phase is the continuation

of the same excavation activities started in the construction phase;

therefore, the same methods are used to estimate staffing requirements.

A second but very fundamental function in this phase is waste emplacement.

Because historical data are not available, the costs and work force

requirements for waste emplacement have been estimated using engineering

judgment. Estimates have been made of the number of transporters and

size and number of crews needed to transport and emplace the waste.

Additional support personnel are required during emplacement to control

and monitor the operations; provide quality control; provide health and

safety monitoring; and maintain equipment, ventilation systems, and

drifts.



5.2.2.3 Decommissioning

During decommissioning, selective removal for performance

confirmation is discontinued. Salvageable equipment will be removed from

the underground facilities and shafts; then, the entire underground

facility will be backfilled and sealed. Staffing for total backfilling

of the underground facility has been estimated based on the amount of

rock to be replaced and the continued operation of the necessary support

facilities. Staffing for removal of equipment has been determined from

previous experience with dismantling similar mine facilities.

5.3 Estimates of Repositorv Workers

Tables 5-1 and 5-2 summarize the average annual number of repository

workers for the vertical and horizontal emplacement configurations,

respectively, but do not consider allowances for vacation, sick leave,

and other absenteeism. Figures 5-1 and 5-2 graphically represent the

data in Tables 5-1 and 5-2. Appendix E provides staffing information at

the next level of detail.
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TABLE 5-1

REPOSITORV WORKERS
Average Annual Number of Workers--Vertical Emplacement Method

I---- CONSTRUCTION ----11111------------- ---- EMPLACEMENT
2005-

…___________________________I

APPLICABLE
COST ACCOUNTS DESCRIPTION 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2016 2017 2018 2019 2020 2021 2022

SURFACE:

10000 SITE PREPARATION
AND MAINTENANCE

21000 WASTE HANDLING FACILITIES

22000.23013 BALANCE OF PLANT
*nd. 23083

ALL ACCOUNTS CONTINGENCY

SUBTOTAL SURFACE

SUBSURFACE:

23000 except SHAFTS AND RAMPS
23013 and 23083
plus 30000

43000 and 41000 EXCAVATION/BACKFILL
except 41025.
41035 and 41045

41025. 41035 EMPLACEMENT HOLE
and 41045 DRILLING AND LINING

42000 EMPLACEMENT/RETRIEVAL

170 120 180 130 0 3 3 3 3 3 3 3 3 3 3 3 3 3 1

0 155 795 930 575 315 210 255 268 268 268 260 268 268 268 268 269 269 150

0 130 370 260 210 290 390 470 510 510 510 510 510 510 510 510 510 510 280

35 125 465 480 295 202 197 292 264 264 264 264 264 264 264 264 264 264 169

205 530 1010 1900 1090 80 800 1020 1045 1045 1045 1045 1045 1045 1045 1045 1045 1045 600

56 lOo 64 70 24 12 12. 12 12 12 12 12 12 12 12 12 12 12 12

30 51 124 128 116 121 121 121 121 121 121 121 109 94 26 26 20 20 20

0 0 0 29 33 41 41 41 41 68 69 68 68 68 6 68 0 0 0

0 0 0 0 1 a a 8 8 a 13 13 14 14 14 14 14 14 14

50000

ALL ACCOUNTS

OPERATIONS

SUPPORT SERVICES

CONTINGENCV

80 119

43 75

209 352

149

90

427

179

Ito

516

190

97

461

230 230 230

18 18 18

230 230 230

118 128 130

530 567 574

230

130

S74

231

129

562

231

125

544

231

108

459

231

108

459

219

78

343

219

78

343

219

78

343SUBTOTAL SUBSURFACE 530 530 530

REPOSITORY TOTAL
=n=f ax.s S-- = =a =. NUNa .s SU. Na3a .=us a=.= gas =s falU =a3. Xs3 .Sfl M.==

414 82 2237 2316 1541 1340 1330 1550 1575 1612 1619 1619 1607 1589 1504 1504 1398 1388 943



TABLE 5-1

REPOSITORv WORKERS
Average Annual Number of Workers--vertical Emplacement Method

(Concluded)

APPLIC6LE
COST ACCOUNTS

10000

21000

22000.23013
*n* 23083

ALL ACCOUNTS

DESCRIPTION

I- CARETAKER --I--------- BACKFILL/DECOMMISSIONING ------
2025-

2023 2024 2047 2048 2049 2050 205i 2052 2053 2054 2055 2056 2057

SURFACE:

SITE PREPARATION I I 1 72 76 12 26
.AND MAINTENANCE

WASTE HANDLING FACILITIES 12 12 12 70 131 85

BALANCE OF PLANT 64 64 64 32 56 56 19 19 19 19 19 19 19

CONT11NOENCV 23 23 23 51 85 62 15 6 6 6 6 6 6

100 100 100 225 350 215 60 25 25 25 25 25 25SU6TOTAL SURFACE

L' SUBSURFACE:

23000 emapt SHAFTS AND RAMPS
23013 nd 23083
plus 30000

43000 and 41000 EXCAVATION/BACKFILL
ascept 41025.
4103S nd 41045

41025. 41035 EMPLACEMENT HOLE
and 41045 DRILLING AND LINING

42000 EMPLACEMENT/RETRIEV

9 9 9 10 10 10 10 10 10 10 10 10 0

. 0

12 12 12 60 60 60 60 60 60 62 63 75 41

AL

O 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

50000

ALL ACCOUNTS

OPERATIONS

SUPPORT SERVICES

CONTINGENCV

59 S9 59 86 86 86 86 86 86 86 86 86 27

23 23 23 50 50 50 50 50 50 51 Sl 56 24

103 103 103 206 206 206 206 206 206 209 210 227 92SUBTOTAL SUBSURFACE

REPOSITORV TOTAL
=,== sa mama ms ss 33 .. saws onu3 3- 3 mama - ==. 33.3 ==

203 203 203 431 556 421 266 231 231 234 23S 252 117



TABLE 5-2

REPOSITORV WORKERS
Aweraye Annual Number of Workers--Horizontal Emplacement Method

I------ CONSTRUCTION ----
APPLICABLE
COST ACCOUNTS

11111… -------------- -- EMPLACEMENT ----------------------------- 
2005-

1998 1999 2000 2001 2002 2003 2004 2016 2017 2018 2019 2020 2021 2022DESCRIPTION 1993 1994 1995 1996 1997

10000

21000

22000.23013
and 23083

ALL ACCOUNTS

SURFACE:

SITE PREPARATION
AND MAINTENANCE

WASTE HANDLING FACILITIES

BALANCE OF PLANT

CONT I NGENC Y

170 120 180 130 0 3 3 3 3 3 3 3 3 3 3 3 3 3 1

SUBTOTAL SURFACE

SUBSURFACE:

23000 eept SHAFTS AND RAMPS
23013 and 23083
plus 30000

43000 and 41000 EXCAVATIONIBACKFILL
Sacept 41025.
41035 and 41045

41025. 41035 EMPLACEMENT HOLE
and 41045 DRILLING AND LINING

42000 EMPLACEMENT/RETRIEVJ

0 155 795 930 575 315 210 255 268 268 268 268 268 268 268 268 268 268 150

0 130 330 260 210 290 390 470 510 510 510 510 510 510 510 510 510 510 280

35 125 455 480 295 202 197 292 264 264 264 264 264 264 264 264 264 264 169

205 530 1760 1800 1080 810 B00 1020 1045 1045 1045 1045 1045 1045 1045 1045 1045 1045 600

56 104 64 70 24 12 12 12 12 12 12 12 12 12 12 12 12 12 12

27 48 85 90 80 58 58 58 58 58 58 58 46 32 19 19 13 13 13

1L

0 0 0 35 36 52 52 52 52 78 78 78 78 78 78 78 0 0 0

0 0 0 0 1 7 7 7 7 7 12 12 14 14 14 14 14 14 14

50000

ALL ACCOUNTS

OPERATIONS

SUPPORT SERVICES

CONTINGENCV

60 93 123 149 156 154 154 154 154

37 67 73 94 79 84 84 84 84

180 312 345 438 376 367 367 367 367

154

93

402

154

95

409

154

95

409

154

93

397

154

89

379

154

86

363

154

86

363

148 148 148

55 55 55

242 242 242SUBTOTAL SUBSURFACE

REPOSITORV TOTAL
..... === = 3333 33 2355 ama m=. =55 =3s3 53.- .. == =sS .3 ... = 35s3 3*= ..3 ===

385 842 2105 2238 1456 1177 1167 1387 1412 1447 1454 1454 1442 1424 1408 1408 1217 1287 842



TABLE 5-2

REPOSITORY WORKERS
Average Annual Numner of orkers--Horlzontal Emplacement Method

(Concluded)

APPLICABLE
COST ACCOUNTS

10000

DESCRIPTION

SURFACE:

'SITE PREPARATION I
AND MAINTENANCE

"ACKFILL AND
kRETAKER -- f-DECOMMISSIONING-1

2025-
2024 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 20S7

I 1 72 78 12 26

12 12 70 131 85

64 64 32 56 56 19

23 23 Sl 85 62 IS

21000 WASTE HANDLING i

22000.23013 . BALANCE Of PLANT
and 23083

ALL ACCOUNTS CONTINGENCY

kCILITIES 12

UI
%6

SUBTOTAL SURFACE

SUOSURFACE,

23000 except SHAFTS AND RAMPS
23013 n 23083 -
plus 30000

43000 and 41000 EXCAVATION/BACKFILL
eacept 4025.
41035 nd 41045

41025. 41035 EMPLACEMENT HOLE
end 41045 DRILLING AND LINING

42000 EMPLACEMENT/RETRIEV

100 100 100 225 350 215 60 0 0 0 0 0 0

9 9 9 10 10 10 0

a a a 60 60 RO 41

0 0 0 0 0 0 0

2 2 2 0 0 0 0AL

50000

ALL ACCOUNTS

OPERATIONS

- SUPPORT SERVICES

CONTINGENCY

. 54 54 64 64 6i 64

22 22 22 44 44 52

24

24

SUBTOTAL SUBSURFACE 95 95 9S 178 178 206 89 0 0 0 0 0 0

REPOSItORY TOtAL
.. a. ws =35 ==3 mss mass mass 535 x mas5 = *s== z--= =55= =a*

195 195 195 403 528 421 149 0 0 0 0 0 0
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APPENDIX A

Cost Details

Tables A-1 and A-2 list the total costs by life-cycle phase for all

applicable cost accounts for vertical and horizontal emplacement,

respectively.

The structure and format of the cost code of accounts follow cost

estimating guidelines set forth by DOE (1986). The WBS/DAS column refers

to the design activities structure (DOE, 1984).

Costs are reported for the level of detail at which they were

estimated. In subaccounts that are left blank, the functions or

facilities are included in an account at a higher level, or the accounts

do not apply to the current tuff repository design. Accounts that do not

apply to a particular phase of the current repository design are

designated by "x aaac."
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TABLE '-I

TUFf REPOSITORV LFE CCLL COST--VERTICAL EMPLACEUENT OPTIOh
t1tilions of 966 aellars)

Pr intel 13-Mr-87
Date Date, 24-koV-86

WaSIDAS COST
CODE CODE COST ACCOUNI TITLE

4.I MANAGEkENiT A INTEGRATIOh
1000 SUPPORT CONTRACTOR
8080 Srface
1020 Sui7.srfAc0
2000 ARCHI ECT-1IGliEEleI
1010 Su.riac
2020 S..0uaf ce
3000 CONSTRUCTION MNACEMENT7
3010 Surface
3020 Su.eurfaco

4.1.0.6 4000 CONSU4TA*#TS
SOO PERFORMANCE COiF IRMATI08 PROGRAM

8.3 7000 *EPOSITORV LAND AOUIS3IION

* 3.1 10000 SiTE PRIPARATIO1
11800 EMPLOVEE 0RA*SPORTAlION

4.3.1.2 12000 ON-SITE
4.3.1.2.1 82010 Roas I
4.3.12.2 12020 Bell
4.3.1.2.3 12030 COM~niCat ofs
4.3.1.2.4 12040 Clearing
4.318.2.5 120SO Gradtng
4.3.1.2.6 1200 LandsCPtn9
4.3.1.2.7 12070 Drainage Cntrol
4.3.1.2.0 82060 fencing
4.3.I.2.i 12090 Utilitias

12091 Potable Not*r
12092 Inoustrtel Water
12093 Seamo*
12014 Effllunt (Wat.e TreataentI
12095 EleCtrical
12006 Sioe
8207 Compresed Air
12006 Fual istribution Syste.
12099 G&* Storage and DT. System (LP-NturalI

4.3.'.2 12100 Oner
12101 eliport
82802 (Specifyl

4.3.1.3 13000 OfF-SITE
4.3.1.3.1 13080 Romds

13088 Ne ConstructIon
13012 Ieproeemnts
13013 bridgae
13014 Tunnele

4.3.1.3.2 13020 Rail
13021 New ConstruCtion
13022 Imprgvemants
13023 ritos*
83024 Tunnels

4.3.1.3.3 13030 Conunicatigns
4.3.1.3.4 13040 Dranage

IEi'GiIEERING 1
CO4STRU TIOuI
i …--------I

1 *346.04 I
I 564.23 1

1 *40.3 52 1
143.78I|I 521b69 

I $862.07 I
I 154.02 I
I } 173 92 
I 5 $53 30
i S20602 !

!IIEPLA^E'NTl CRETAKER I SUBTOTAL || CLOSURE IDECOW1 S- I TSuOTOLAL TO I t
IOPEIIOWS IOPERAIOS OPERIATIOSII ISlONlNG ICLO a DEC.|I

22.SX I S26.54 1 S49.04 1 1S83 3 | 16 *b I 189.0 6 | S484 93
I I 1 *2.67 I 10.04 1 13.58 II 57.14

I 3 II ~ ~ ~~~~~~ I 0 Sg I 50.04 I I 4 i6
I I ~ ~I | | 52.67 | | 52.0i7 |I 18.311

IXX XAXXXXRXXXXIXXXXXXXXXXXIXAAAMXXAXXR II 580.60 I 53.37 I 584.05 II S230,94
MUSRxxxxA K XXKXXXKXXXK i AXXXXAXXMJtlI I *3 37 I 53.37 II s65.44

I xxXxxxxxxlX xxXXxxxxiXXXXX X|XII 580 I S10 i | 165 0
| |II | I | 52.25 I S2.25 |I | 1S.87

xxxaxxxxxxl~x axxxxxIxxxxXAaMxII I 12.25 1 52.25 H1 55s.55
g | | | | @ | $~~~~~~~~~~~~~~120, 67

3.54 I 50.54| tO I 140 I I I I h 14.0
9 00 O2 00 I 545.00 II I I II 146,00

IXxxxxxxARxag xxxxAxxxxLxxxlxxxxxx xxIxxxxxXAXXX xXxXlxAxAxxxxxxxxxII SI:00

17.7I 586 25 1 583.95 I 50.27 1 537.57 S *37 4 II 5389,89
90.48 I 183 I 5804.23 I I I 5804.23
*7.29 I 52.43 9 s9.72 33 sa.27 4 S 2 1 550.09 I 44. S

It 1 II 1 1 11 5*4.40

I XXXXx I XXXXXXX xx .... Xxxxxx. !XX X X 3XXX6

XXXXI II IX I II 26

Ill'

I .00

5861.40

529.77
54. 40
52,76
$0. 30

87
13.96
$0. 2
50.2
I 9.05
14.21

50.07
10.07

*137.63
517.31
580.70

56.53

$11.04
5 10.04

1i i I iii
1I I I 11 I

1 I I If II I xxxxxxxxxxxxIxxxxxl Ixxxxxx Ix
II I II ] 
I I xxxXXxx XXXXXXI XXXXXXI XXXXXX
I! ! tf i! !

I

I1,

II

I I

$0.07
S0.07

5137.63
87. 3

%80.7

$6. 53

116.04
186. 04

41II



Printed: 13-Mar-a?
Dota Daiwa 24-NOV-86

TASLE A-1 (Cont inaed

TUFF REPOSITORY LIFE CYCLE COST--VERTICAL EMPLACEMENT OPTION
(i~llions f l9SS dollars)

WI/OAS COST IIEN"GINEENING IIMPLACENEINTI CARETAKER
CODE CO"A COST ACOUiNT.TITLE IICONSTRuCTIOt._IIOPERATIONSIOPERATIONS

4.3.1.3.S 130S0 utilities II 4,26 
130511 waler Sply II
13053 E cricatI I 
13054 GaOiF.0e1i l/cosiI I 

4.3.1.3.0 130010 Otner II 
14000 MONIUMENTS IIxx1AXAAIiAA31AJtUXAl AMMOXAJIUN 

.3.2 20000 SURWACE FACILITIES: 59792I 2.20510 IS226.92 
.. 2 .1 21000 WASTE1 HANDL.ING FACIllIy II 46.95 11204.09 I 36.72 

2l101 Real*e Handling R..ilding 1,- II IOsE it
4.3.2.1.2 2110? R.ian/tuc..tI 54.31 III 
4..2..3 2103 not Cal- Ii 10.78 III 

4.3.2.I.4 21) 04 Utilitlao so 164. III 
4.3.2.1.5 21105 H~~~vAC II 15.26 II I 

.3..021100, Nandsll/Pac Iging, Eq.ipmanI II 19.G9 II
4.3.2 .).? 2s10? support 0114:iltta141s SI 3.08 1I

21200 iftaf0 handling uilding 2. II 342.18 II I
4.3.2.1.0 21202 11.11ldng/Struct..ras II 15.68 III 
4:.3.2.l.Ifl 1203 not Cll 6 39.0S6 I 

2...11 2104 uuilitigesI 10. 33 I
4.3,2..12 2)05 IIVAC 5I112.2 7I 

4..21.3)06 Handling/Pakaglng Equipment I 1117II 
4....42)20? Support Facilities 753I 

2)500 Othier I 4.2I 
4.3.2.I.11 21501 Site-Gonorato Ramdutate Treatent acility 19.5I

21102 Vehicle wean Facility 50.88I
11 '02 becontomInatten Buillding $I 3.28 I1

4.3.2.1162)505 Roaeasle Storage IIII
4322 22000 BALANCE OF PLANT II 16.67 %I S?7.4s %I5l7.S6 

4.3 .2.2.1 220)0 Ilat 1jeio FilItlea 12.80 
L~~i 4.3.2.222202 Fir PraIMo Factlitls 51.43 I4 ...2.2 220 Secrty Fcita I 3.2

4.3.2.. 22040 Mointenance Faciliiiaa II 36.?2I
4.3.2.2. 200 Adointetratin*Pao#ne Facilliiea II 51.3 I
44..01.V200 lneoIocsup Facility I 1332 I 

4.3.2.. 2 2010" wargbau a RAcOi,,ng Sl51)7
4.3.2.2.0 2200 Viattara Center F SlItV II 171
4.3.2.2.5 22000 SOCktup Power Canaralion Facility II 5.4I

4.3 2 2l2 21:10 I' EPlie tros F aw ~I 5.12 I
4.3.2.12220 CopedAr an"Sea Facilily III

.3.2.2.13 22130 Cooling Tower and Cllecd water FaiSy :5.93 I 
4.3.2.214 22)4 Eacavaed MalailStorage and mandlingoaiiyII 5.0

.3.2.2.S210 IuS FarciFalltyiyI 
4.2.2.62210 Chemical torg Faciltyy II I

4.2.6 270 SuO andlooin Me illilse III

4. 22..1 22)60 Potable WStar acilityI iI
4.3.2.2.1 221to Saw..e Treatment acility 1I11.516 I 

__IJ~ ~~I 
SUBTOTAL II CLOSURE IOECOORIS- I SUBTOTALI
OPERAIIONiS1 ISIONiNG ICLO. DEC.I

I -- - - -- -I -- - - -

xxAxx ARAxiiRRAJxxxAAIxx 132.75 I 132.75SI

52.432.02 ----7.5 -I 40o.50 I 578.12-
$1.24).6) IIXXXMXXXXJIFI 533.1 $ 33.58 I

IJKtKKAKX,.KI 57.63 I 57.83 I

IIXXKXKA1XXRl I I

I AA'tXxCRAAiI I I
jIXXXXA1UKA.I j 91

!IRXR:;X;X)1111 521.87 I 1.57I

IIlix)IXXAxARx~II
II XXKXXXXJXA 

IX xxExxMAxi 11.71 1 1.71 1
MIxX*MxxMxxI 10.07 I 0.0? 

II" XXXXXI 50.24 I 024
::::XxxxxI $1 I 12.06I

SI.IS4.41 525 .0) 54.43 S 33.44

Ii I 10.1~~4 So10.4
023 $ 0.23I

10-64 I 0.64 I

II 130 ~~~I 11.05 
II 50.57 Iso 5 10.5I
II I 10.~~~o'07 I 1.07 i

II I ~~~~10.02 I 0.02 I

I' 112.60 IS0.21 2.62 I

II I 5~~~~:0.27 O 5

10.15 50.15 I

I
I
I
I
I

II
I
I

TOIA..

14. ZO 

111,.70

15.2
119.6,

I 53

I 203.5,

I 521.97

15) .273.S2
I.I 12.5

15.79
12.0
1.114

513.S1
16.47
59.47

11.71



Printma: 13-M1r-B7
Deto Dte: 24-bow-66

TABLE AI Contln.a)

TUFF REPOSITORY LIFE CYCLE COST--VERTICAL EMPLACEMENT OPTION
(M I I os of 1986 oull rs s

MSDAS COST I ENGINEERING 11IEUPLACEMENT! CARETAKER
CODE COOE COST ACCOUNT TlILE . .CONSTRUCIION IIO.IRATIONS IOPERATIONS

. . .. * .. * * ~I I II … e I …
4.3 2 2 20 22200 Bac1l,11 F.F II:,II1
4.3.2.2.21 22210 F-ackine FacIlIty I 
4.3 2 2 11 220 1 aMaitr',,.

2222' FaLliltiob II I1
22222 Coap4 r " Eat..avnt I . 11
22230 Stanoaro Equipment I 4 111
22240 Other 1 .27 11 1
2Ž21 SLIt ste 11 11 1 
22242 batch Plant si 57 27 1
22243 (Seecty) II II
23000 SURFACE SnAPT FACILITIES I I 44.29 11 522.7i 1 t13.22
23010 sen w Malerial Fclity 11 S.0 11 .57 1 112.23
2301 hadfra 1 Ss 9 .. a7 I 1 23
23012 nois "O.io 11 * . 1
23013 eantllation *S 1ildng 11 St2i 11
23014 rieating/Cooling ulIding | |1 1

23015 Other I1 11 1

23020 waste FacilIty II I II
23021 maodfro_ II I
23022 nDtae no.s I1 11 1
23023 Vantlltion Ruilding 1 1 I
23024 ie9tlhgnCooln9 Sut ling I1 II
23025 Other |I | 

23030 E atad Matersal andling Facility II I1
23031 "Saf eae III
23032 holst 14uaa H I 1
23033 Ventilation euildin1
23034 "eat ngICoolang .5ilr4 g Ii Ii 1
23035 Other 11 11 1
23040 DO.w oraman Itc FaclIlty
23043 ventilatHon eulding 11 I
23044 hlt in aiCoolIns dldlng I I I
23045 Other 11
23050 Confinement Intaps facility - I II 1 
23053 ventilation OtlainI
23054 meeting/Cooling bunllding I: i
23055 Otner . 11 1
230e0 ContlnI nt Inasa Fac!ity - 2
23064 n atn7CaolIns utldtng
230"6 Bu1lding H II
230S Otherst
23070 Oavalm"O"nt ust Fcily ii II I
23073 ve tnltton bu1t e l"th Ii 
23074 me tin/CatI ne i ldaing ,I
23075 Otner 11 11 1
23050 Canfinemmnt BEaust Faciity - I 11 52S.4S || S0.31 | 50.34
23043 mlrat niagn iut la.n2
23043 vantt-tn building l 5. 02 u n
230SS other II 10.47 II 50.31 0.34 
230S0 Conftinemnt Eaust Faci Itty - 2 I I | |
23093 Ventilation u1lt0ing II II 1

I SBTTALI|
IOPERA7loNŽ I

II

!i

!i

II
I I
Ii

i l

I134.11, 11
1 34.10 II

I I

I I

- -

CLOSURE IDELWOMlS- I SUBTOTALI
ISIOkING ICLO. & DEC.

I I
! 10.33 1 50,33

i I

56 53
56. 20
A1.2b

so. 1

so. 2

12.57
SO.64

$0,.09
St S

so. 12

50.12

i 11

L 20
s0.09
s0.55 

Tu IA,

1 19.55

|St. 4252. 39

12.39

1 9 .31
55. 74

| 4 .S
.7 1

$6. 78

532. 1
530.95

Si.23

50. 65 I 50.12

50.125 $0.55

S1.93
51.93

II
I I

S2.05 I I
51.93

so. 12 II1

1 I



TABLE A-% Continlued)

Printow 1-mr-01, lUFF R1EPOSlTOftV LIFE CCLE COST--VERTICAL EMPLACEMENIT OPTION
Dato Dta: 24-kov-go (Millions of 106 el Sars)

wGSSAS COST I E"'uINE901.,.G IIEMWLACENENTI CARETAKIER SUBTOTAL 11 CLOSURE IDECNMIS- ISUBTOTAL IIl OTAL.
COCK COOE COST ACCOUNT TITLE .... ICONS!TfUCITo,._IIOPERA1IONS OPENtATIONS OPERAIIO4S11 ------ SIGNING___ICLO. 4_DEC.11

23094 meting/Cooling 6..I1ding fl I I I II 
23095 Othar HiIIIIII1

200 .E.0Iorabr att Facs,- SI I 1.9S SI1.3U SO1. 063 II 10.1' I 10I Sti
231 naeatrapma I ,IIII
23102 "Wias Natae I III

23 103 .atllo ul~gI IIII .. II

231I04 "aaltneiCaallTng I.§Idianq I 13 05'I 01 01 26
23 s0 Othr $.95 0.' 11.3 IIoIIS.1 2

23110 Eapiaratary Shaft facility 2 I $ 0.0£ $I 0.30 10.33 1 10.63 II 0.10 I 0.10 II 0.76
23111 ,.aoafraa I I I ,II
23112 Otaset o..aIs4 .III 

25113 ~Vant latgo.,Ilui is.9 
2311 "astngicso ing But SaintqI
2316 Other II 0.06 II 0.30 S 1(.33 1(1.63, II C 0 I 10.10 110.76
23)20 Other Facility IIIII . I
23121 NeOdfae II I IIF 
23 122 "alats oua tII
23)23 Vntta buiTngue I
23 124 g"atting/C ItaP ldnIIII . II
2312S Other II Iins II ldInI

…II … -- - - - - -- - - - - -- - - - - --- -- ---------- - ---------- -- - - - - -- - - -- …--- - -
4.3.3 30000 SfFSAA uOPAWISI16.116 3.60 I 614.74 I 21.3411 13.00 INAxxxJIJAJx Ix $3.00 II 92.95

4.3.3.1 30010 Ma~Pn ants aterials Access (Shaft) II 12.9 IIL 15.25Z I 115.69 I 10.63 II 1.4 IN-IJI~A 1481 534.30
4.3.31.2 30012 Saaatia.n, I [XuXXXzXXxIXXitmaxx AIxxxIxEtAmAaI I xJIIx4xxxxxI JJUJUUII.... !NXNIXXII
4.3.3.1.3 30013 'iIn*~ II jMxliMxMA, II
4.3.3.1.4 30014 Fiatures II I=II i Il

30015 Shaft Stations II II' I I II I
300 I Other SpecIfy) AII XXcXXjuu'MXXtxx

4.3.1.2 30020 Neat Hdling Accaaa IMeale 0eap) II 11.50 II . i I Ixx XXXacmxaI II 1650
4.:33.22 30022 9-C "ion. IIXtMXAXP.AXX AAxMAEx x£INRAABNMWNANI iXXXXMIIIIXNSUINxMR~xAIINNxxAAAJxxI I

4.3311.4 30024 Fiatures, IKXXXKI I
.. 32330023 LIi II IIII KxxxxxxxxKxI

300213Shaft SaIaaa 1igAces(uf AP IIIxxtxxxxx $&.S

4..33 30033 nig..XXXXI1

30031 Shaft tations I IIJxx tRJUUIII
3003% Other Ieclfy) If xxxxxiII
30040 DOvWealetIntake Access (Shaft) XXXXrl,.,,,II XXXXXXXRtNJXAI

.3.3.4.2 30042 Sacowatteon (MARIME IMMIIMXJIXJ iNMMxxxMxxMAAiiI
4.3.3.4.4 30044 Lt~~~~~~~~~~~~~~~tfl6, I I II I II~~~~~~~~~~o MMXXXI 

30045 Shaft StatteinsI I lcxmxxxx i 
30046 , Other (Specify) I IIill I1.XXXXXXXX I Ill
30010 Cont lnealnt intauke Acceac I (Shaft) XI

4:3:3.4.2 30012 Escavatton Ii Ixxxx)XXmXXXyI)LXXxxxxx~uIXKuiXXXXX~si 4 ..xIxIJIJIxxJI1xJIJIRx)flxx~ uaxxmcxl I
4.334.4 30014 fXaure IIII . II

30015 Shaft Statieee .......I I



Printed: 13-Mar-87
Data Date; 24-ho.-66

TABLE A-l (Contin.uedl

IUFF REPOSITOPY LIFE CCLE COST--VERTICAL EMPLACEMENT OPTION
lMlilliOns of 19,6 collars)

wso/DAS COST IIENGINEERIN &EJAPLACENINTI CARETAKER I
COOt COOE COST ACCOUNT TITLE I CONSTRUCTION IIOPERA1l0a5 IOPERAIOIS

30056 Other Spcify) t 
30060 Confinement Intske Access - 2 Snaf1t) I II

4.3 34 30062 Es-cvelion II IXX IXXXXXXAXXXXA
4.3.3.4.3 3003 Llning I I
4.3.3.4 4 30064 Flet.re 1'I I I

3006S Shaf t Steo1n. II I I1
4.3,3.5 30046 Other Specify)

3007t, DOveiloomnt Exhat Access (Snaft) 11 1 I
4.3.3.*.2 30012 EscaWatsen X IlXXXXX Xt uxxxxxxxAg
4.3...3 30073 LiningI
4.3.3.6.4 30074 Fi.tus I 1 1

30076 She t Stat ins 11 I I I
30076 Other Sp..ify) i 
30060 Confinement Enaust Access - I Snaf t) $21.4 1 4.26 $4.62 1

4.3.3.5.2 300:2 Ascawstien I XXXKXXAAAIAAIXXXXXXKXtI
43.3.5.3 3 03 Linine II 11 I
4.3.3. .4 30064 Fi.lt.ros

3006 Shaft Stetio. I I 
30006 other Spec it 1 *
30090 Confinemnt En Act Access - 2 Snaf t I I

4.3.3.5.2 30092 E osnavtiAX II IIXXXXXXXX XIXAXXXXAI
4.3.3.5.3 30093 LInin II |II I 4 3 J S~ no AOS4*tuA }l .33.4 30094 FIte II

3009 Snaft tations II II I
30096 Other (Specifyi 11 11 1
30100 E.plor-tory Shaft - I 1 12.R6 II S206 I S2.22 1

4.3.3.6.3 30103 Lin n9
4.3.3..4 30104 Fat.ures

30106 Shaft Stations I1 .66
30106 Other Specify1 S26 S2OS 222
3OO Esploratery Shaft - 2 S0.30 $2.05 1 S2.22 1

4.3.3.6.3 30113 Linin 11 11
4.3 3. .4 3014 F tur..

3011J Shot Stat1in
3011J Otnhr tSpeci y) I S0.36 11 $2.051 S2.22
30120 Other 1 I 1
30122 EscaWa xion
30123 LtninB
30124 Fixtu.e
30126 Shaft Statlions
30126 other Specify) II

4.3.4 40000 SUBSURFACE EXCAVATIONS 1I St36.01 1 1195.92 I S41.72 I
4.3.4.1 41000 DEVELOPMENT I 5Sl6.32 6 $*13.42 1 639.64

41010 Comon Facility (Shaft Pillar) Ecavation II S14.b611 I XAXXXXXxl
41011 Nein Or f I 5 I M*XKXAM XXxJI
41012 -Vntilatton Drtfts 14.62 |1 IXAXAXxxxx
41013 Suport Fcilitis .20 II IxxX XX
41014 Training ro s 1 0.22 I IAXXxxXX. I
41016 Performnce Confirmation SO. 20 I IXXAAXAXXXXi
41020 SPen Fuel Facility Ecavation I 573.00 11 S412.05 IXXXXXXXmXI

SUBTOTAL
OPERATIONS

X @. 88

XXXXXXXXXX

$4 .26

S4 .26
S4 .26

4. 26

K XXXXXxXXlX

$837.64
| * 2.96

4.05

II CLOSURE DECO04IS- I SUBtOTAL II OIAL
sIi ISlOfICIs ICLO. DEC.I|

--------- - Is --- - -- - -- -- _ _ -_ --_ --I --_ --. -1;I XAX XI 
I XXXXXXXXXXXI II
Ii I lxxxxxxxxxx4 t 

'I I~iS#XXXXXX:XXXXXIXXXXXXXXXXXI 

II I1~R4XM4 I XXXX X I 1 1 II i I 1xat443t44411 11

IXK~~~~~~~~~I

1 l IxxxA xxkxX

I I IxaxxxxxxxxxA41 II

11 5 a"^x0.60 IxA xx0xx Ot 11 $31 13

IIXXXAAXXXXXAIXX =.."AAA1 11I
1 Ix44xx xX .4XXXX4IXX a I

1 IxxxauXxxxl I' ~~~I1A44Jtxxxxaax I I

Ii I ~ xxxx^ I I
II I4443tx4xxxax4x' I 

l l SO .90 XXXXXXX O. O|i* 

I 50.36 I XXXXXXXXXXXI . I
Ii I IXXXXXXXXXXXI II

IfI I XXXXXX XXXX II

1 .38 IXXXXXXXXXI $0.38 II 117.50

I I IXXXXXXXXXXXIl 

$03 I XXXXXXIXXXXXXXXXXXl I 03 XXXXXXX I I .

I IxxxxxxxxlI I 4.9

II 34 XXX:XXXXXX $0.34 I 49

II 50.34 IXXXXxxAXXXI S0.34 11 $4.96

I I I xxxxxxxxxx 

I xxxxxxxxxxx II

--- -- -- - X :zj-x-- IIX - - - -- - - - - - -
11 S100.66 IXXXXXXAXXXXI 1100.66 111.74.20
I 52,6 I 44IX 5XXXXxxxX 2 I $782.10
I I444444 4lxxxxxxxxxxxl44411144 144 I 114.6
I I XX41AtI X444XXxxx IXXt14 4 I .31

S0 .34 | XXXX"XIXXx | o.3 11 s 

I I xxxxxxxxxx I 1462
IXI Xxxxxx I xxxxxxxxxxx I AxxxAxx IA 5420
I114444A .44 I 1 XXX1xxxxxxx X $0.22
II X14AX4XXU11I4MxxxxxxxxxxlI Jt4144I $0.20

I II 444R11 AX R _ * _ _IXI _ _ _ _ _ I $46 -05



TABLE A-I (Contin.aa)

TUFF REPOSITORY LIFE CYCLE COST--VERTICAL EPLACEMENT OPTION
(millions of 1986 dollars)

Printe: 13-Mar-67
ats get-: 24-Now- 6

WSS/DAS COST
COO CODE COST CCOUNT TITLE

--__-__-._-.. ._-__- __- __- __ __- .- - _ _-- _-- _- __- ._-_-- _-- _- __- __- _ _ _--_-_ _- __ _ _ _-__-__-.- _ _- lI
41021 main Drifts
41022 Access Drifts
41023 Ventilation Drifts
41024 Eaplacement Drifts
41025 Emplecement erehele Drillng/Lining
41030 ONLW facility Laesvatien
41031 tein Drifts
41032 Acces Drifts
41032 Ventilation Drifts
41034 Ea lacsmsnt Drifts
41035 epleconent othoel Drilling/Lining
41040 Other ast. Facility EPCeatior
41041 . Ntn Drifts
41042 A:cess Drfs
41043 V-ntlation Drifts
41044 emplacement Drifts
41045 Eaplscement orehole Drlling/Lining
41050 Re-esfcevt ten
41051 main Drifts
41052 Access Drifts
41053 ventIlation Drifts
41054 Other
41060 Escvtea Material MondlIng
41070 Genercl Maintenance

4.S.4.2 42000 ENPLACEMNHTAITRIEVAL OPERATIONS
42010 Spent Fuel astte Transport na Eplacement
42011 Undergreund ransport
42012 Eaptscemeni
42013 Porehol Closur (shield pl.4/baCkfill)
*2020 0HLtt Transport nd Eaplacetent

9 42021 , ndergroun Transport
*0 42022 Enpl-cement

42023 Roreole Clos.re (shield plug/o0C0fl ll
42030 Other Waste Transport n Eplaceesent
42031 Undergrund Transport
42032 CSplace.ent
42033 Borehole Closure shlela plu4/baCkfil)
42040 wate Retrieval

4.3.4.3 43000 BACKFIL.
43010 Men snd Materials Access (Shaft)
43020 Wate lSndlto Access (Shaft or RPO)
43030 uck elndline Access (Shaft or Remp)
42040 Development Intoa Access 4Snft)
43050 Centineaent Intael Access - I (Shaft)
43060 Cenfinement Inteke Access - 2 (Shaft )
43070 Developent Esheust Access (Shaft)
4300 Confine ent Exhaust Access - I (Shaft)
43090 Cnfinement Exhaust Access - 2 (Shaft)
43100 Eaplerter Shaft - I
43110 Esplr ry Shaft -
43120 Other Sft

I

I

I

I

i
i
i
I
I

I I
II
I
II

I I
I

II

I
I

i

i
i
i

II 9I II.IENCINFERING IIEMPLACEMENTI CARETAKER STOTAL 99 CLOSURE IOECOMKIS- | SUBTOTAL 11 TOIAL
ICONSTRUCTION IIOPERATIo9S IOPERATIONS I OP9RATIONS I ISIONING ICLO. DEC.9I
I-- - - - - -I _--------I--_-_ - I--- --- --- I-- - - - -_1 ----------- _ I ----- ---- I-- - -- - I --- -- --

SS9.70 1\ $139 j XXXXXXXXXXX 9 13.58 l9xxxxxxxxxxxlxxxxXXXXAXXlxXx hXXXXXXXI S23.28

1, 'II 57 11 s44 5 K $XXXXXTXxI 544.59 14X5XXXX4XXX9IXXX XX I xx XxxxXXxII 556. 15It ~SI 73 I' 2 1.22 IXXXXXXXXI $21.22 9X XXXNxx IKxxxxxxxxxNAxxxxxxxxlI $Sj'.q5

52 .42 i1 $164.28 1XxXXxxxxxxx4 $64.28 IlxxxxXxXXXxRxxXxxxxxxXtxxxxxxxxxxil 51671

I l 5~: ti 5138.39 MICXKXXKXI $1" .39 IXXXXXkKXIXXXX XXkTXXX xxxxxxXXXXI 5186.97
55 1 5%99 05 i~x)(xXxxxxx 599.65 RMKJXxxxxxx IIxxxxxxxxxix xXXXXXXX5 I 9 $1OS.O

I I II XXXXXxxXXLI IK lKXX1 XXUX gi xxxxx(XX9IXXxxxxxxxi 
I 1 | I 2 xxxxx xxx xI iIIxXXXXxXXt I xxxxxxxXX I XXXExXxxxx 9II

9xxtxxxxxxxxI Ilxx9xx9 xxxxKXK X Kxxxx IIIXXX I

I I I i ~~~~lxxxxxxxxxxxl I lxxxxxxxxlXxxxxxxxXxxxx xxxxxl I

5I8 $ .65I xxxxxxX I IIXxxxxxxxX I xxxxxxxxxI xxumxxxxxkxxxxx9xI I 08.03

$SS .: I I x XxxxX I S wxxxxxIXxxxxxI ~~~x~ 3.25 I I xXXxxxxx9 9.56 9Ixxxxxxxxxx 9 XXXxxxxxx I XXNXXXM 9I 512.3

I 99 ~~~~Ixexx MNXAI IMXXMR9 MM MIMMMMM 9

It IxxxxxxxxXMI liaxxxxxxxMMlxuuxxxlxxxxxxx "Xl 9
I I9932SII S956 IMS95 9I xxXMXXx I xxxxxxxxx I XxxXXXxXX 11 S129

$3.28 99 9.88 IMXAMMAMXXXI 59.56 IIMMMMXXMAXAXXIMM:X:MX X MAXAXXXXXXI9 S12.63

1% 'tX | | 1, lxxx~~~~~~~~~~~~~~;:.:xxxxxxxx 119 99 I 9 I~ ~ ~~~~~~~~~I IMMMAXMMMMI9

$11.6 99 529.08 I $29.08 9 Ixxxxxxxxxxxg 99 540.94
$6.4 I $62.66 I s39.54 1 £102.40 99 $12.81 MXXXXXXXXXXXM $12.81 1 $123. 69
1.88 $18*92.49 9 $2.t$ 1 $164.6 99 lkRxxxxxMMAMM9MxMxMMMMMM 9 MMRMMMMMxM99 $204.36
907 11 $109.29 9 9 $106.29 99 MAXMMMMMM 9 MMIIMKXMMM 9 MXMIIMMMIIMM99 5119.26

i I I | I ,~~~~~~~~~ IAMxxxxxxMx I xxxxxxXxCX I (XXXMxXXX I lx~~xxxXX~xxXXXI I 29 :I jI:xX XXxXXXXlXXXXXXXXXXXXXIXXXXXXXXXlx XXXXx :f':|

S | 6S3 1 5 $65036 99CxXXXXAxXX xXXXXXXkXXXXXXMMXXXX 571.34

I I I | I I~~~~~~~ IXXMMXXxIIXXXX XXXI XX xxXXxXx I
99 I1I I I IMlxXXXxMxxx xMxxxXXxXXXIxx x xxXX I

xxxx~axxxxxl I 9 9 [Ixxxxxxxxxxx xxxx lxxxxxxxxxxx 9
IIX S373 I$8 26 IIXXX XXXXXX9xMXMXXXXxxXlxxxxxxxxxxxl 9.99

' I I I .XXXXXXXC$5.26-II XXXX XXXXX kXxXXxx:x1xxCxxC

IIX xxXXX59xx$2.16 9I ' C I XXXXXXXXx xxX XXXX I xXXXXXMxxx C
X ; X x1 53 77 lXXXXXMXXXXXx xxxXXXXXxxXXxxxl IXXXXXXXXXXXXXII I Jjxxxxxxxx~xxjxxxxxxMMXXxII $3.77

9MCXxCxxxxxxxxx 9 9 II 56 7 IXXXXXXXXXI $87.74 11 $67.74
i XXXXXXXXx 99 XXXXXXXxXX I XXXXxxMXx I XXXXXXXx 9 8 4.70 I XXXXXxx 14 7 n II a To

~ XMx~xXXXMMxM9 XjxxxxMMM MXXXxxxxMx 9 xXXXXXXMXXXMXI 9 NxxXMC 

9IXXXXXXXX9XXXXXXXXXMMM I xxXXXXAxxxMxM XXXXXXXtXX 991 9xxxxxxxxxCC 

XXXMXXXX XXXXXXXXXX XXXXXXXRXMX XXXXMCMXXMX 2 $0.57 1XXXXXMxMxxx 50.5?

9IXXXXAXMXXXXM 9xMlxxXXXXXClXMx 9 XCMXC9XX xxxxxtxxj9 50.55 XXMMXKXXM $0.155 99 los
9XXXM xix:xmxX9 x xXXXX xx~xC9MxxxixMMMx MMxxxiI 50.12 9 IXXXX9g 80.12 II $0.12

IX.X.XXXX MX XXXXXtxMx9XMMXXXXXXXIxxxlxxxxxxAxxI 9XXXXXXXXX9 9



lAILE A-I Co'tin..ad)

Printed; 13-Mar-117 TUFF REPOSITORV LIFE CCLE COST--VERTICAL EMPLACEMENT OPTION
Daea Date; 24-Ntov-86 (Millions of 1986 ol lara)

WDS/DAS COST IIENIt1EQIk(. 6.1EMPL&CEME1,111 CARETARER SUDI0IAL IICLOSURE IDecoiils- I STOTAL 1i TOTAL
CODE CODE COST ACCOUNT TITLE 11ICONSTRuCTION 1IOPERATIONS OPERATIONS IOPERAIIO#IS11 -- ISIONIkG LCO DEC. 11

43300 Development Araa~~~~~~~~~~~~~~~~ XIIAAAUXMIIAAI xI I I I 77.34 IIIAAAIIJI.MXXI 177.34 11 S77.34
43301 Cemeon Ams XI XXAXXARNXXXXXII AAMXXAXXXAIMXAAAAXIXXXAtAAAAXXII IAAKMEXAK.AI 
43302 spent F.*%e panoIMIXXAIIXRI II ixYIIxAMAAAXI 
43303 DyiI.9 Pnsl I a MNMRAxMMx4 AMMII I I II XKXMAMAXXMI 
43304 Otner waste Panels lIMXMMI(I- - II1 XAMAMII

.3.5 50000 UNOERGROIN SERVICE SStEMS II 588.49 I1 I 172.13 I 117.74 I S744.27 1131.63 IMMAAM.AXMMJXAI 1131.63 11 64 3st
4.3., I10 SUPPORT SSTC FChIIES II 8611 "450s.1 I S101.59 $ 552.3b II 17.27 IAMAXA X tIX 167.27 II 165. 2i
4.3.5.1.1 51010 Matarial S.port. Siecaivingloareho.sig I S 12.29 II 141.07 118.01 I 159DB8 II 110 [CAMMXXXSMAI 51.56.4

51011 Fac~~~~~~littles I 17.97 II 41.07 11.01 I 1£59.061 II S1. XXMMMXAKXXXXI 11105 57.10
502 Init~fol Inventory II 64.32 1I XX I MAXAXXXAURI II 1 32

4.3.5.1.2 51001 Eq.1lawn F facility III I I IXARAMAMMXI I
4.3.15,1.3 S1030 Maintenance Fctlilly II 1 33.26 II :12.94 I 27.60 I 1310.75 II 11.0 I......MMAMI 18.0I 136.06

SID3 Oevalopeent Aa Ii 32.30 I 116.4 I 20.37 I 207.21 I 11.05 IMMUMMxAAI 11.05 I 251 56
5132 ESOaan ra I.96 II 196.10 I 17.44 I 5103.54 II IMMAMAUAA 10.5

4.3.5.1.4 51040 ~~Emergency ilaaical/Rascue, Cheaper II 3.05 II 14.56 I 11.59 I 116.17 1I 15.46 IXAAAXMAMXI 154 24.6
.3.5.. 5105 vent:laton Sy::lam (Recta mplacamentl II 1.4I 22.00 18. 17 I 30.17 II 19.73 IXXAMAMMXMAMMI 119.73 S50.64
.3.1.11 1105 VetltanSstm ina Doealpeont)I 66 I 146 3.0 IIIMMYMMI I 112
4.1.1. 51070 M.ne1 ate ...ICentral. ayte GM5112 1894 17.52 I 1.6I 2.60 IMMXX AMAXIX1.6XI 51.1
43.S.1.1 500 Fir. PrmtecttonjCoorlII 1.6 I 1.3 10.16 I I14 %I1.1 M:-:AMAI 1.1 21
4.3.11. 5090 Operations Sppart Facility II 1.4I 53.9 1 I 1.65 I 556I 51.43 IAxxMII...AXXI 11.43 II 16.43
4.3.6.1.1 510 C tiaminstlon Contra) ystea I 717.9I 525.2 11.2I 13 I 5.3 IMAMAMMAMMAMI 56.63 11 557.180
4.3.S.1.11 51110 Central Room FacIlIty $$1.: I 113.62 I 20.1 I 13375......AMAM xi 140.48
4.3.1.2' 52000 UTILITIES II 1.2I 1593 21.6 I 54870 II 160.64 IMAMAAJIIIA)II 550.64 1I 5107.36
4.3.5.2.1 52010 Electrical II T1.:: I 163 5.9I 1257I 1006Ix AJAMII 11.6 136
4.3.5.2.2 52020 C munications II 1.9I 124 517 3.0 iI 10.2 MAMMMM 5.32 S 1.52
4.3.5.2.3 52030 Campressed Air 9 IIif IMMxMMX I
4.3.5.2.4 52040 Chilled Woter St 1.06 II 4.95 I 11.69 I 16.85 II 540,26 I=AAMARMJIMJIJIMI 140.26 1I 156.18
4.3.2.5 12060 Weter II 10.45 1I 1-.36 I I 1.36 If IjIMAMMMAAAMJI $ 1.63
4.3,5.2.6 5204.0 Other t tvfl III I I I AMAMMAMAMMA I I
4.3.S.3 S3000 MONITOR ING 19 10.90 S 95.64 146.26 £144.12 513.72 IXXXXXXXXXXXMI S13.72 11 S168.74
4.3.5.3.1 S300 Radilogmical Monito,4ng II III IAA.MMMMXMMMI 

4.3.5.3.2 53020 ocuainlMntorino xIIII I NM xxUUI4.3.1.3.3 53030 efrac Centlraton Monitoring I IIIIMAAAEN

24 60000 WASTE PACKAG AO" AIO XXXXAAXAAI 1599.04 I-- 5-4.32 56S-03.36 IIMXXXXXXAAAXM X X XMAMA JIAXXXXXX I 603.36
6000 SPENT PuEL. IMAMMAMAMAM 1 5350.96 9 350.36 I9 I KKK MIMKXX I X AX)%)Xtxtaux9 I X5XAXX 350.96

81010 Inta~~.ct PI"I AMAAAMMXMMA XII 546.07 I I 4.?I MAIIIXMIMAMMMA XMAAM 46.0
I.20I.et M jXAMAAAAJIXAMA I 41.90 I I 54xx90 xxxXJutM MMAMJUIICAJ(AZXIAMJIMMMMAA)II 41.90
6030 Consalidated P II MJI)IM XXXNAAMI I 116. 69 II $11.9 II1XXXXXAJI*SMIXXXXXXXXXXX IXMIXXXXXXXXII 1160,69

6140 Cansolidated xSMA AAUAAMRXAII 594.30 I J14. 11LAX MJUX N XX ILMMMAXXXXXXIXXXXXXXXXXXI 19.3
62000 015.9 MIAMMMMXXMMXMKII S127.71 2I70 X"=IXXMMM I MMMXXXAXI XXXXXAAA XX 117.7
03000 OThIRt WASTE IIMAAMMMMJxxIMAA99 112.37 1 4.32 1 $124.69 I IN MAJIA9 xxxxxxAMXAAxJIxAJUIMAAANNIxI S$,124.69
63100 Spent uel Haerdware lI IMXAMXXJUIJUIII 11240 I 12.40 ii MAMAAMAAX IXXMAM "XAJANSIXAAMMAMI 112.40
6302 High Activity (Reote-handled) IIAJCJAXXXXXXXII 13.16 I 14.32 1 17.40 NM IIXX..UC....(.... XXJIXXXXXXXXXXXAI I 17.46
63030 WWILM nd CW I I MAAJIAEAAAJCJII 1 2.69 I 2.69 Ii AAMXAAMMIAAAAMNMMXAA ~ xxI $AIIAAAI 2.69
63040 Conte t-mandledi xx MXXC AM 502.12 I I 512.12 9I~xxxIxF.MMMMAAMA AMxMAM9 XAAMJXXXXXI1 1102.12

9999 TOTAL RE9POSITORYVI 11 $.41747 II 4.306,43 5502.22 S 4.100.4. II 286.34 644.611 9 370.95 116.597.07



TABLE -2

Printed; 13-War-8? lUFF REPOSITOAV LIFE CYCLE COST-lORIZOITAL EI*4PLACENENTh OPTION

Oata Datsa 24-INOv-US (Millions of 1966 dollars)

PSFOAS COST I 9EINGINEEURINO I1I11PLACEIIENII CARETAKER IT SUTOAL CLOSURE IOCUS- ISUBTr~TOTAL

coDE CONE COST ACCOUNT TITLE. I ICONSTUUCTIO04 IIOEATIONSIOPERATIONS I OPERATIONSII SOtN ICLO. & Oft.1

4.1 0000 WANAGENT INTEGRATIONI It 329.19 1I S22.12 126.12 I 141.64 It 1.67 I 16.46 I 1.3I 3S9
logo SUPPORT CONTRACTOR II 11.17 It I I 1.93 I 14 9 I.?? I 53.34

:00 Surface JI A II O6 I 1.641 s4u. 79
1020 S.Ds.'facs $~~~~~~~~~~~~~~~~~~I I 0.93 I 1.93 111I2.6t

2000 ANCWITECI-MNINEEN I 10.6IXXEAKAXRIXXCRXILMAK9I 1.'I 1 1I 1.19 213
2010 Surfaca I 11159.1 IIKKMAXIMRMAXIIIXIUMR I37 13.37 I 1.37 II 163.12i

*2020 S."eurface $~ 44.11 IixRCxxRIIxLXIXMIIMKKARIxlxRxAIxMMAMIx I 13.74 1 I 13.14 1I 1150.24

3000 COkSTRIJCT"1; 4ISaGENT 170.3? II I I II I 12.21 I 2.21 It 172. L.

"to0 Surface II 12.1 IIxMxxxNMIAxxAAxMxxxxxiMKMRUCuxxK 1xxI 12.21 I 12.21 It 114.12

*2020 lusrlaco II 1.8 III II 117.00

4.1.0.6 4000 CONSULTANTS . I 13.1 I 1:0.12 I 13:.64 I IIt 3.64
100 FRFORAN`"CE COPIRUTION PftOGAM II1900 I 26.00 I 4.00 IIIIII 110

6.3 Om0 REPOSITORV LAND AUISITION II . 11.00 IIRxxtAKxARAAlxRKxMAKRJI xxlxLAjxxAxAMIIAxxxKUUKMKIXAAKAKxNIxMxAkxMxxRxMIxI 11.00

4.3.1 10000 SITE PEPARATION I 1117.40 II 16620 I 15.71 139 I 1.6I 171 3.3I 369
1000 fftftoYEE TRANSPORATION III 60.9 I 1.-21 I 19.19 IIII . I 94.19

4.3.1.2 12000 OW1-SITE S"12.? I 67.29 9 2.43 I 9.2 II 0.06 I 4.82 14.66 11 144.37

.3.1.2.1 2010 Red I 4.40 IIIIIIIII 14.40
4.3 .1.2.2 12020 mail II 12.76 II I II 
.3 .1.2.3 12030 COenc t ons to1. 36 II I I1 so

4.3 .1.2.4 12040 Clowrine" S u 11 xxxxixxxxXXXXXXXXI~tx XXX
3.1.2.S 12000 Grogling II w; lix M. xxxANMR xRxNKxxNxXIRAMRxx KxxNAJUxxA I3

4.3.1.2.6 1206 Ladcpn I 021 IIII 0.21
4.3.1.2.7 12070 Brainas. Control . I 1.21I tIII 0.62
43.1.2.6 1206 Pami It SIOS9 I I 1 1

4.3.1.2.9 12060 IUtIlI~eu HI142 IIII
12091 Potable1.1, Wlr III III
12092 lrowstrIel sWaer I~ I I IIII
12092 a3eI III 
1209 Effuet (Wavor Treatmenti Ii IIIi

* ~~~~~~~~~12091 Edtr~cel I 1H
sl0es steam

I2096 Fuel blslrlb.tlon Ssem 

I 2097 CeaStre" MOr Po.System (LP-Ratural) I
4.2.1.2.11 12900 Otner .01 .0

12101 hell~~~~~~~~~~~~art fI 9~~~~~~~0.0? I 1 t 10.0?
321; INS PI la : I It~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 11763I II

4..1.3 13000 Opp-SITE II 111 117.313I I 3
4.23.1.3.1 13010 Red"a I 3 II

120 11 NqeW ConstructIon I 10.7 III II II 110.76

122 Improvements S;,-I; AR.A...xxxxEAIKNAxAxKxxxx)XXXNXAERIIXKNXXXXS I I H I
12NO3 $rid"s Ii 1.53 99 fII 6.13
114 Tunne III tIII

4.3.1.3.2 I202 poll 11604I04 t 
1321 Pow Construction I16. I HI I I S14.4

12023 prioses I . EENNIIXNIXX MXRYI

113024 TnesI tIII 
4.3.1.3.3 13030 CewvlI1C~t~osI I- III
4.3.1.3.4 13040 Drainage IIIIIIIII



Pr itle0 13-o -i
Oate Oatat 24-066-Il

TABLE -2 Cont i nudI

LUFF REPOSITORY LIFE CYCLE COS7--"OAIZONTAL EMPLACEINI OPTION
1Xillions of 1986 ol lr6)

w11S/OAS COST E~~~~~~~INGEERIkC. EMPLCEMEN7WS/DAS COST thlflh | tPChE
COOt CODE COST ACCOUNT TITLE IICONSTAUCTIOhIIOPAIO14S

4.3.1.3.5 13050 utiltitt eI S42t 1!
13051 Water Sply
1305J Electrical l I.
13014 al/FualIOi I/Coal II I

4.3J1.3.6 13060 Otner I I
14000 MONUENTS ............ I..........

4.3.2 2000U SURFACE FACILITIS %I 07.54 II Si.20S.i1o* 1 3 D0lsc: t 4llli1 5o S4879 11 51 2045 0
4.3.2 21000 WASTE iANOLING FACILIT7 I 1407.96 11.20469

21100 Weste handling uilding i S101.56
4.3.2.1.2 21102 ulligiSlr.ct..rs II SS4.31 1
4.3.2..3 21lh pot Cal 11 110.76
4.3.2.1.4 21 06 Utilts ieI $8.42
4.3.2.1.5 2to D ICvt S 158 21
4.3.2.1.6 21lO lenOtngipaclsaing equipent 1 519.69 II
4.3.2.1.7 21107 Suport Facilities S3.011

21200 wast hanlIng building 2 11 1342. 
4.3.2.1.9 21202 BuildrnglStfucturls I 1101 I"
4.3.2.1.10 21203 not Cel I 139.6 i
4.3.2.1.11 21204 Ut lities I 120.33 
4.3.2.1.12 21205 N;V C I 112.21
4.3.2.1.13 21206 = 0ndIng/PaCkaging tutpment 1111.77 II
4.3.2.t.%4 21207 Support Facilities I 17.13 II

21S00 O r I 143.62 11
4.3.2.1.16 21501 Site-Oenerated Raoasate reatent Facility 519. 75

21102 V4ehicl Wean Fcllity II 0. 
21S03 Oecontamlntton uilding I 3.26 
21104 I 1 *1191 

4.3.2.1.16 2101 fted"sto Storage I II
4.3.2.2 22000 B4LANCE OF PLANT I 1584.41 | | 97 43
4.3.2.2.1 22010 Nealinfisedicel Facilities II 62.6811
4.3.2.2.2 22020 Fir, Proection FacIlities I S1.43 11
4.3.2.2.3 22030 stecrllf fectlilts II 53.26 11
4.3.2.2.4 22040 maintennce Fcilte I 6.17
4.3.2.2.5 22060 Ae1ntattisnPeronneI Fciiles 111.53
4.4.0.1.4 2200 lreiningliockup facility S3.32 
4.3.2.2.7 22070 Ware"ouse nd eceiving I 111.6 I7
4.3.2.2.8 22040 Visitors Center Facility | S0. 7t
4.3.2.2.9 220O BCcp Pocer eneration Facility S.4
4.32.2. 10 22100 Cnon Roe Fcility 11 521
4.3 2 2 11 22110 Isplaetv, Storage FacIlity II *0.12 fl
4* .3 . 12 22120 Coepressed Air n S-. Facility I
4.3 2 213 22130 Cooling Ter nd Chilled water Facility
4.3 .22 .14 22t40 taceveted Material Storage nd andling Facilityll 16.20

22141 Sufface scovaled Material Storaga/ ndltngll S6.20
22142 Offit Iscated Material Disposal 

4.3.2.2.tS 221S0 Fu t S re Fci1ity
4.3.2.2. 6 22160 Cneemicl Sarage Fotilty 1
4.3.2.2.6 2270 LtO And lsting facilites 
4.3.2.2. 16 22100 Potable Water Facil y
4.3.2.2. 19 22190 Sewae Treetment Facilitv 1.66

I AEtAKER
IOPERAI ONS

I…

III II
SUBTOTAL 11 CLOSURE IDECOMwIS- I SUBT07AL 11 TUTAL
OPERAIiONSII ISIOtING ICLO. DEC.11

t I I. I-. I I I-. . .
14. 2r

-- --- l--

5W26.92
136.72

AbAICAJIARI A~ttl~~AAAI 32.75

12.432.02 116.50 I 40 e
11.241.61 I1XxXMXXAMSXKI 533.511

I lX XXXXaXXXzI 57.63

I1113 XAExxit:XltI
II MXEAXX1XAMJ I
IXAXMXXKAI

I UKP.N.XX1 I 121.67

I I 11111113131111...

XIA11XXXM I 40

ltlA.ilXX X I
II XXXXXXXX1X XI

S11 M.X3H11315~ 1 4.06

£32.75 6 132 75

1 47.08 I*3.086.64
513.1 I 1I.763.l5
17.63 I IS40g31

l 1 54.3 1II Si 76

II £19.69

521.67 SI *364.2s
I I £150.68

I I I $~39.6I I £20. 33
I 12.21

II 1111.77

14.08 U $47 so
1.71 1 121 .46
£0.07 S 10.95
10.24 11 13.12
$2.06 1 1$21.97

16.01111.246.90

50.1 Il 1.06
50.14 I I 11.1s7
so23 11 *3.49
50.64 I I 1.21

50.29 11 13.61

So.01 II 10.7a3
so ttI ? 
10.1 II 11.*579
0. 20 1 £1.72
50.02 1 10.14

£0.02 II 10.02

£0.27 I £6.47

S176,91
:111,
I

PA
h)

10.la
10.14
$0.23
$0.64
so .06
S0. 29
s0. 7
50.07
50.15
*0.20
10.02

*0.02
$0.27
£0.27

50.15 IS.1I $1.71



TABLE A-2 (Continued)

Printedi 13-Wr-U7 96 TUff REPOSITORY LIFE CYCLE COST--HO-ItZOINTAL ELACEIMNT OPTION

Data Date, 24-NOg-O6 (Militon o 106 dollars)

WDSIDAS COST IIENGIIIEEMING 1IEMPLCEAETI CETAKEA I SUBTOTAL 11 CLOSURE 10ECOMIJS- ISUBTOTAL II TOIAL.
COOt CODE COST ACCOUNT TITLE 1 ICONStuCIONIIOPEBATIoNS IOPERATIONS OPERATIONS CS SlONING !CLO L DEC.11

------ 2---0----------------------;---------- ~~~~~~~~~~~t------------- -- --- 7------- ------ !-----!----------------------- ----------4.3.2.2.20 22200 iaCkfill Facility p*II 1 1 '
4.3.2 2 21 22210 PaeCing Facility 1 ll | i
4.3.2.2.17 2220 Centeo *nd monitering Facility S l 119.22 II t , , | SC.33 10.33 || 119.5

22221 Facilities 1 I I I 1 II 1 1 I
22222 Compvor Equipment $
22230 Stanoara Equipment | | 6.42 i40 OS her 2~~~~~~~~~ I IIIIl 1.42
222 °2 7e Wt1. I S 2 1 i0.12 I SO.12 II 12.39

22242 batcn Plant I 12.27 |0.12 I 10.12 i 12.39
22243 (Simecify) IIIIIIIII
2)000 SURFACE SHiAFT FACILITIES 131.17 122.70 13.22 136.00 li S2.ao I 12.S7 I SS.42 11 %7G.SV
23010 Men nd Materials Facility I I 110.79 | 121.7 ! 112.23 134 SI 12. 3 S0.. I 13.37 148.26

23011 ilmedframe I 11~~~~~~~~~~~~~~.II 121.11 I 12.23 I 34.1 II 1.73 SC.I 12.73 II 42.76~23012 Noillt hufO I 062 II .1II 1 0.09 000I 0.71
230°4 Ventilation Building I 14.22 MIS I 1056 10.11 $4.77
23014 meatinaiCooling uilding IIIII II
23015 Other I I,| f
23020 Wate Facillty II i i i i i
23021 He"frtI I I I I I
23022 Hoist louse |i e II
23023 Ventilatien Ituil'intl II 11 g I 11 I
23024 Ha-tinot/Coolingi 9uilding II II i I II i
23021 Other 11 1I I I 1 I 

23030 Ecetete Matereil Hnalin Facility II || j

03 ao efr_ m , 
23032 Heist iou." i i i 1

23033 Ventilation Building II I I * I'
23034 Heatins/Cooling Building Il I I i .

23035 Other I 1 11'
23040 Do.elooint Intakei Facility I ii I j II
23043 VentIlation Building I I 
23044 Heting/Coaling building II . i I 11 1 ;

23041 Other ;; I I II.
23050 Confinement Intake Facility - 2 i . ; i II II
23013 Ventilation Building, 

2304 moatno/Cooling uilding i i I | i
2305 Other I I I II
23060 Cenieient Intaoe Fcility - 2 .i
23013 vantltoBuligI IIIHI i
23014 he."ating./Cooling Building IIIIIII I
23061 Other I II.II
23070 De." ooomnnt shust'Feillity I IIII
23073 Ventilation Building 1 1 ; I * a
23074 H ting/Cooling Building il il I I I i I |n
2307S Other I III.1II
23000 Conftinemen Ehaust iility - I 122.30 $0.31 SO .34 | 1O.6 10.04 | 5t.93 I 11.97 I 125.00
23003 Ventition BuilI n I 21.911 I II 11.13 I 1.03 II 23.64
23064 Noallne/Coeline BuildingIIIIII III
230t Other fl $0.47 10.31 10.34 SO 0.6 II 10.04 0 1 0.04 5116
2300 Confinement EshustFaclity - 2 II I . I 
2063 Ventlaton uIdIng IIIIIII i



Prtnte0: 13-Mar-47
Date at. 24-Nov-66

TABLE A-2 (Continuea)

TUFF REPOSITORV LIFE CCLE COST--HORIZONTAL EMPLACEMENT OPTION
(MIllions of 1956 dollars)

r _

.. 
.

.

-SOAS COST
COOf CODE COST ACCOUNT TITLE

23094 neeting/CoolIng .llaing
23095 Other
231O0 Eptoratery Shaft FacilIty -
23101 heaflf rm
23102 moist hu
23103 Ventllation ul ldIn9
23104 hating/heCoolino utleing
23105 Other
23110 Exploratory Shaft Facility - 2
23111 Headtra.
23112 '"Dist mue
23113 ventilatien Suleing
23114 neatingiCooling utlelng
2311S Other
23120 Other Facility
23121 "heafess
23122 HoIst huse
23123 Ventilation uilding
23)24 Ieatig)COoing *u eing
23125 Other

4.3.3 30000 SHAFTS/RAMPS - UNRCROUNO
4.3.3.1 30010 Men ene atertals Access (Shaft)
4.3.3.1.2 30012 E.cestion
4.3.3.1.3 30013 Lining
4.3.3.1.4 30014 Ftturas

30015 Shaft Ste tons
3001C Other Specify)

4.3.3.2 30020 ea4ts Handling Access (aste pep)
4.3.3.2.2 30022 E.cavation
4.3.3.2.3 30023 Lining
4.3.3.2.4 30024 fixtures

30025 Shaft StationI
30026 Other (Specift)

4.3.3.3 30030 6acavetad MaterIal ndltIng Access (Tuff Ramp)
4.3.3.3.2 30032 Cseavat len
4.3.3.3.3 30033 Lining
4.3.3.3.4 30034 Fiatur s

30035 Sneft Statlien
30034 Other (Specify)
30040 Ovelopment Intake Access (Shaft)

4.3.3.4.2 30042 Eacavatlon
4.3.3.4.3 30043 Lining
4.3.3.4.4 30044 FPetures

30045 Shaft Stat iens
30046 Other Specify)
30050 Cenflnewet Intake Access - I (Shaft)

4.3.3.4.2 30052 Lcavatien
4.3.34.3 30053 Lining
4.3.3.4.4 30064 Flitures

30010 Sheft Stations

IENOINEERINC. I MPLACE1,1ENTI CRETAKER
COSRCIO1PERATIONSIOPERATIONS

$1.95 II 0.30 I $0.33

$0.06 II 0.30 I $0.33

I $60.05 II $13.6O I 14.74I ~~1**~ IASMA 2KA It XI Ii~...XAKSIAXXS
I IIjX~X~~X~XXXXXX

I ~IIJKAXXAXXXAJI XXXXXUAN

I I I
SUCTOTAL. 11 LOSURE IDECOMMI S- ISUBTOTAL

OPERAIION3II ISI ONIN6 CLO & DEC.
II ……-- -- -- -I-- - - -- - - - …- - -

II~~~~~~~~~~~~~~~~
II~~~~~~~~~~~~~~~~

50.63 II $0.04 I $0.04

$0.63 II O$.04 I $0.04

$0.63 II $0.04 I $0.04

II.6 IOO 00

S28.34 II $0.69 IMAAEAxxxIx $0.69
Si0.93 11 Sota IxxtxMxxxi $0.16

II ~IIXXXXXXxMMM
II I ~~jXxXXM1ttllXM

II IXXXXXgMXXMxj

II ~ ~ 1XXXXXXXXXI
MJIMXXIMMMI ~tMJIXXM XXXNXXXXXXXMIXAM XJU

11 1XXI XXXMXXM

I XXXXMM"XMX I

I I ~ ~ XXXXCXXXX
11xxixx I UXXMXx I XUXXXUAXX MXXAX
It I XXXXXUI

. .

TOTAL

.. 6

$2 61
go. 72

$59. 10
$32 .9

5 .90

I 5.61

I XXUIXMMXMX I I XIXXMXXXXXX I XXXXXMXJXX I N.XXXXXAXAII)

I I I I M~XXXX" XXXM 
I xx x 1m1x IJ1U" XXJ cztxII

I H ~~~~I XXXAXKXMXXXX I MXXAX IIII ~I~XXXXXXX~I



TABLE A-2 (Continued)

Printed: 13-war-U?7 lUFF RBFOSITOVY LIFE CCLE COST--mORIZ0NlAL EMPLACEMENT OPTION
Dot& Dates 24-Nov-o6 IM1111ona of,1966 dot Sara)

WBS/OAS COST I IEGE14941W. IIEPPLACEWhNil CARETAKER I SUBTOTAL I CLOSUAS IDECONNIs-I SUBTOTAL ii OTAL
Cool CO~~~~~l COST ACCOUNT TITLE II~~~~~~~~1CONS1RuCTIONflOPERATIONS OPERATIONS I OPIMaATIONSII jStOING. ICO & DECAI

ea0s6 Other tpecifv) III fAKMXM I
30060 Consti S~ in~tak Aess - 2 £1t ft IAI II1-x1 X. AAAAI

4.34230012 Eacavesion XiJXKXX~AXK)XAIAXUJEfMAXXAIIMKAINMIKAXX))I
.. 343 0043 L ta*1O IIxxxxxx

4.3.3 4.4 30064 F bt.rea II I II I I xKSKKKJSiII

30061 S.nots Stattana I IxII I II II
4.23.1 30066 Otesr Spacify) I IIxxtwix

30070 Developmnot: 6.aaat Acces (03 ItI IKKIXXNRKXXI

4.3.3.S.4 30073 Litre IIUXXXX

30071 54035 tat tofl 214 I IXJIJUUIJUUIIN I
20076 Other Spoecify) IX.XI5.6 ae

30000 S21.46 S4.76 I S4.62 SO 08~~~~~~~~~~I $0.27 X: Xa 7I.-' 30.60

4.3.3 .1.3 30062Lnn I i I m4xxxtx I
4331430064 ftrwrIspecffy ~ I g I(KXKRNKN I

312 Slaf Stattena II I xxxx I xxxx I I XAXXX I MxxxMKAKN 1 xxxxx

3. 0064 Ote (5xc'v I I II
30090 Can,.a1T .naa I i:a - (Soft)II 3 3I I I

.. 25230062 sfervtm (Specify) J(XAXAP.NXXKAAXAAXN~NIXwxsx

4..25 303 L:Ing I IXMxNxIAI
30 0 Fs9 tten II airI II RXIUSX"XI I
3010 Other (Specefy) II 220 U. US 11.2 $4.2 813X,,Xarnuuutosx3 7sI

2000 Eploratory Shaf - SI 12.6 II 2.05 I 2.22 I 4.26 II 0.13 I:XX tSlxxzI 50! I 72
4.2.2.1.3 3103 Lining - III II1

LM "I4..25. 314 F ewraeI SJNJmM

30310 S~~~plotorv Shaitv - $ 0.36 31 2.05 52.22 $ 4.26 ff 0.33 XXX50XX S.13 54.77

4235230123 Lining . IIUUUU
4236630334 Fixtwrea II II I I I

30 126. Shaft -100I@040 IIII I I II I 
30320 Othe I III I I Iifyc3 I -XXxuI I

30322 E~ommn acilty I f 110)Exaato f1 7 XX XX JWIIIAMA ft m tIxx xxxm XXX XXXX 13
3410 main g S5.0CSXXXJUCA xxXX XX xxxxx 5

30325 Sh~~en-aft 10504 ri Ift . XXJCxMIUIXXXNI XXXXXII .4

4.3.4 40000 SUSSURFACE EXCpVAtIS Fa519.4 I 60.2 I 53.3 IX1" 14.1 563IXXKXXXM 146.32 XII 563.03

43031 Ma~~~~~~~~n Orlita II 5~~~~~~~S1. II XXXXXXXX I iIXXXXXXXX XXXXXXXXXIXXXXXXI 10

43V6oteraec Can irmatlan I 0.27 H I:Xxxx~xxx~xxxx I ixxxxxxxxItXIIXXXXXIxxxxx IXXXXXXXXXXX II 50.27
41020 Spent FS fpcillty gac~vatian SI 49.90 II 1200.14 IXXXXXXXXXXXI 5260.14 II1XXXXXXXXXX I XXXXXXXXI XXXXJXXXXXXXII 1 330.03



TABLE A-2 (Cent inued)

TUFF REPOSITORY LIFE CCLE COST--"OR1IZOTIAL ctPLACEMT1 OPTON
EMillion& of 10 dollars)

PrinterO 13-t4r-67
Date Date; 24-kO-"

W0S/DAS COST
COOl COOC COST ACCOUNT TITLE

_-_--_--_- _- _--_--_--_ _-__-__-_.-_.-__-__-__-._-_.-_ --_ . --_ --_ --_ --_ . -,-_--_ _- -_--_- . _--_--_-

4102)
41022
41023
41024
* 1025
41030
41031
41032
41033
41014
41035
41040
41041
41042
41043
414044
41046
41060
410S
41062
41063
41064
41040
4)070

4.3.4.2 42000
42010
42011
42012
42013
42020
4202%
42022
42023
42030
42031
42012
42033
42040

4.3.4.3 430o0
43010
43020
43030
43040
430S0
4300
43070
43040
43000
43)00
43110
43120

main Drifts
Acces Drift s
ventiltion Drifts
£mplac.ent DO1itb
EaelaCoxent boenot. Driliingh.)lni

D01Lt. Facility cayatior
Main Drifts
Access Dries.
ventiletlon Drifta
goplactiaent Drifts
Emplacgessnt 4119snMle 0-11~nii.)nring

Other Meet. Fcllity j,,ta.&t'or
Main Or if s
Access Di f s
Ventilatisa rifts
*plcDIent Drifts
tplacmett orehole - rillingiLlning

no-excavat ion
main Drifts
Acces5 Drifts
Vetilfltien Drifts
Other

Excavatld ateilt handling
General Maintenance

EPLACEMtItt St S4IEVA 0*6ER4TIOtS
Spent Fuel waste Transport and Eplacement

Underground transport
Eplacement
ttrel-le Closure talheld 0tut9Dacktil)

0.11.5 Transport ne Eplacement
Uneraround Transport
lapleeinat
Borehole Closure (shield plugibac fill)

Other easte traneport nd lEplaceaent
Underground Trensport
lapItcest
Beoehole Closure (shield pliug/Dacktill)

Macta Retrieval
SACISFILL

Man w Materlala Access (Shaft)
actO anling Access (Shaft e R4

Muck tindling Access (Snft or Rsp)
oveletent Intese Acceas (Shaft)
Centineent Intele AcceSs - I iSntl
Contineaaft Intage Access - 2 Snets)
Dvlopmenit lEheust Accosa (Shaft)
Confinement Exhaust Access - I tShaft)
Centinement Exhaust Access - 2 (Shtft)
toploestery Shaft - I
Exploratery Shaft - 2
Other St

1I EICINEEIHIG 1IEMPLACENENTI CA119TAKE I SUBTOTAL
1COiiSTRUCIOMIIOER.TIOIIS DPEIATIONIS I OPERATI ONS

15.97 6I13.07 IRAXX KX"KCX 1 13.0?
111331 I ... Ifl6 I ... XXXXIXXI 544.50fl ~~~ I I 11;1.03 IRXXXXXXXI 511.03
563 II 11.39 IBAMX.X(W.XXI S26.3S.

SS1 67II ls,0 XX XX 1 185.0:

I 53.31 II 74.25 IXAA$Ait 74.20

IIIAX.XXXMAAI
1 jIX::XXAC

3. S74.20 IXXXXXKKAJI

H IXXKXII 

:AXXXXX X5100.5X

I1I7 IXX WIXXAMXXXXW

XXXAXXX~~~~~~~~X~tIJ~JA
II,,6XII SxQ.71 $t0x7

II~~~~I

IIXXXXXXXI 
XXXXXXXX" I XXLAXXXXJL I X I XAXXASAA

I I UXXXXXXXXIJI XXXXXX XXXXMM XAIARXX

-

CSU ID&COMMIS- I SUBTOTAL TOA

us JXAXXltXlt XAXXXXXtEXtI XXXXM0t:tZZ I 122 .01O
I ixMAIXXXXXUEXXXAXXXXXRIXXXAXXXII 117.'0

It Xmxxxxxxxlzxzxxxxxxxlxxxxxxxxxml I 10* 02
.-..----X.XX I XXXXX6IKAUKKKtXKtAIISI17

I
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Cost Code of Accounts

The cost estimate code of accounts is presented in this appendix. A

thorough understanding of this accounting structure, which is a subset of

a generic code of accounts developed by the Department of Energy, Office

of Civilian Radioactive Waste Management, Office of Geologic Repositories

(DOE/OCRWM-OGR) to provide adequate detail for comparative analysis, will

facilitate estimate consistency among the projects.

Cost Structure

The cost estimate for the repository includes a cost breakdown by

design elements, subelements, and by life-cycle phases (engineering,

construction, emplacement operations, caretaker operations, and closure

and decommissioning).

A five-digit code has been specified for each cost account or sub-

account. These codes are based on a four-level cost hierarchy. Beginning

at the left code Levels 1, 2, and 4 have one digit (0 through 9) while

Level 3 has two digits (00 through 99). These codes provide keys for

sorting and identifying the estimates. The costs are subtotaled at each

level beginning with the fourth level and then are rolled up for the

entire cost hierarchy.

Costs, included in this report, are figured for the greatest level

of detail in the conceptual design. Engineering costs, in the architect/

engineer AlE) account under the construction costs column, include

license application design (LAD), final procurement and construction

design (FPCD), and Title III costs. Operations costs are as detailed as

possible for each phase. Closure and decommissioning costs include

underground and surface facility accounts, respectively. Costs for

facility operations (such as shaft or surface facility maintenance) are

included as necessary during closure and decommissioning.
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The cost accounts and subaccounts are shown in Table A-1 and are

defined below.

Definition of Accounts

Definitions of repository cost accounts have been developed and

agreed to by all of the projects. The projects have based the defini-

tions on descriptions of the design activity structure (DAS) elements and

the preliminary definitions developed by !NWSI. The definitions developed

by NNWSI have been modified significantly to provide additional detail

that includes cost elements not in the DAS (management and integration,

land acquisition, and waste container) and detail that applies generi-

cally. The following definitions include cost codes and titles that when

adopted will allow all cost estimates to be compiled consistently.

00000 MANAGEMENT AND INTEGRATION

Costs include the accounts for management, design, and integration

activities.

01000 SUPPORT CONTRACTOR

This account includes costs for the DOE support contractor who

manages and integrates services to support repository development

during the engineering, construction, and decommissioning phases.

These services are similar to those currently provided by Battelle,

Rockwell, and Sandia. The costs correspond only to Element 1.4 of

the work breakdown structure (WBS), Management and Integration

Costs [see OGR Work Breakdown Structure and Dictionary--Develop-

ment and Evaluation Phase (DOE, 1984)1. The support contractor

costs do not include costs for systems (e.g., systems engineering),

waste package, siting, regulatory and institutional (e.g.,

licensing), exploratory shaft, test facilities, land acquisition,

or project management activities.
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The costs include only that portion of the support contractor

staff that

* manages and coordinates the A/E and construction manager

activities;

* prepares integrated repository design reports;

* develops and establishes a baseline for functional criteria,

standards, analytical methods, assumptions, and interface

requirements required to design repository surface facilities,

shafts, subsurface excavations, and underground service

systems;

* assembles and maintains data to support design;

* evaluates repository design options; and

* interacts with other OCRWM program participants (e.g.,

participates in the repository coordination group).

Costs are divided into surface and subsurface components.

01010 Surface

Costs are for support contractor activities

surface facilities.

associated with the

01020 Subsurface

Costs are for support contractor activities

subsurface facilities.

associated with the
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02000 ARCHITECT/ENGINEER

Costs are for A/Z activities (design) during the LAD as well as

during the final design and construction periods and include

appropriate quality assurance program costs for the design

activities. Additional costs to support closure are also included

here. Separate accounts are for surface and underground design

activities.

02010 Surface

Costs are for the design activities associated with the surface

facilities.

02020 Subsurface

Costs are for the design activities associated with the subsurface

facilities.

03000 CONSTRUCTION HANAGEMENT

Costs are for management activities during construction, closure,

and decommissioning periods as required. Costs include a quality

assurance program as part of the construction management

activities.

03010 Surface

Costs are for construction management activities for surface

facilities.

03020 Subsurface

Costs are for construction management activities for subsurface

facilities.
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04000 CONSULTANTS

Costs for consultants required to support all phases of the

repository life cycle are included in this account. Such consul-

tants provide expertise in areas where a full-time staff is not

necessary.

05000 PERFORMANCE CONFIRMATION PROGRAM

Costs for offsite activities in the performance confirmation

program are included in this account. These costs include such

items as laboratory studies of waste package components. Costs

for onsite performance confirmation are a subaccount of the

facility where the activities are conducted, e.g., waste-handling

building 1 (WHB-l), 21107; waste-handling building 2 (WHB-2),

21207; stand-alone performance confirmation building, 21504; and

underground, 42040 and 53030.

07000 REPOSITORY LAND ACQUISITION

Costs for land leases, purchases, mineral rights, and rights of

way required to construct and operate the repository are included

in this account.

10000 SITE PREPARATION

Costs for all improvements to the site and surrounding area, as

well as development of access and utility corridors, are included

for the entire life cycle of the repository, including design and

construction, operations (maintenance and upkeep), and closure and

decommissioning. Costs for purchased surface equipment (rolling

stock, locomotives, trucks, buses, and plows) are not included

here but are costed in 22230.
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11000 EMPLOYEE TRANSPORTATION

This account contains the cost of subsidized transportation by bus

for employees from Las Vegas, Nevada, to the site. Costs are for

the operating phase only.

12000 ONSITE

The costs in this account provide for site improvements within the

boundaries of the central surface facilities (fenced areas). This

area includes the central facilities and any subsurface support

facilities located on the surface at the Yucca Mountain site.

Costs for access to the site and other improvements within the

larger area outside the central area are included in the offsite

accounts (13000). The onsite area is generally considered to be

the area west of the Fortymile Wash. Onsite cost accounts include

site improvements and utilities. Utilities and service systems

for individual buildings out to 5 ft from those structures are

included in the respective balance-of-plant account.

12010 Roads

The costs of constructing onsite roadways include grading,

subbase, pavement, curbs, guardrails, walkways, signs, and

signals. Roadways for service vehicles, transportation of waste,

and personnel are also included, along with parking areas, yards,

and paved storage areas for both loaded and unloaded waste casks

for storage or transport.

12020 Rail

The cost of the onsite railroad includes roadbed, ties, rail

sections, turnouts, signal systems, and crossings required at the

repository. Costs also include yards for both loaded and unloaded

storage or transport waste casks. Locomotives and rolling stock

are included in the standard equipment account (22230).
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12030 Commnications

Site telephone,. switchboard, and radio system costs are in this

account. Conduit costs are under the accounts for the respective

buildings, and site cables and duct banks are included in site

utilities (12090). Subsurface communications are included in

Account 52020.

12040 Clearin-

The initial clearing of land and mass excavation to support con-

struction, including removal of debris, make up this cost. Also

included is the cost of clearing the shaft areas.

12050 Gradinr,

Only construction costs for grading the site, including all cut and

fill, are in this account. Costs for structural excavation and

backfill are not included here but are included in the costs for

each waste-handling or balance-of-plant structure. Hauling costs

for excavated material and backfill are included as applicable.

12060 Landscaping

This account includes costs for initial landscaping, trash

receptacles, retaining walls, planters, flagpoles, and signs.

12070 Drainaie Control

The cost of a drainage system for the site includes materials for

catch basins, ditches, and erosion control -features which collect

and retain waste water. The cost of systems to pump mine water

from the emplacement exhaust shaft collar to effluent facilities

is covered here. Water treatment facilities for sewage and

effluent are in Account 12090. Roadbed drainage and culverts are

costed in road and railroad accounts for both onsite and offsite

features.
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12080 Fencing

Costs for onsite security fencing and gates and the cost to

install fencing for the surface facility boundaries, central

areas, restricted areas, and storage yards are included here.

Surveillance systems, intrusion detection systems, and other

security barriers are included in 22030.

12090 Utilities

Costs for site utility systems are included here. System

construction costs, listed below, are included as they apply to

surface facilities.

Electrical. Construction costs are for electrical service to site

surface facilities, including substations, wire, signal and

telephone cable, duct banks, onsite power lines, motor control

centers, transformers, and outside lighting.

Water. Costs to construct water distribution systems that provide

the facilities on the site with potable and fire-protection water

supplies are included as well as the piping and storage tanks for

the water.

Fuel Supply. Construction costs for fuel storage and distribution

systems are included in this category. Also included is the cost

of tanks, piping, and pumps for diesel fuel and unleaded gasoline

to supply diesel generators; pumps to supply water for fighting

fires; waste transporters; and other vehicles.

Sewage collection. Construction costs are for the entire sanitary

sewer collection grid, 5 ft from each building to the sewage

treatment facility.
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12100 Other

Costs are for other site improvements (miscellaneous) not included

in the above accounts.

12101 Heliport

Costs for a heliport to provide air transport for visitors or

emergencies include landing lights, windsock, and a waiting

shelter.

13000 OFFSITE

Included in these accounts are costs to extend public utilities

and their access from existing systems to the repository central

facilities boundary. Costs for utilities systems within the inner

control area are included in the 12000 accounts. Costs for

construction are included in the following accounts.

13010 Roads

The costs to construct access roads from U.S. Highway 95 to the

repository include grading, drainage, subbase, pavement, curbs,

guardrail, right-of-way fencing, and signs.

13013 Bridges

Costs to construct and maintain bridges along the repository

highway access route include all excavation, formwork, concrete,

structural steel, and finish costs.

13020 Rail

Costs to construct rail access include roadbed, ties, rail

sections, turnouts, signal systems, right-of-way fencing, and

crossings required to provide the rail connection from Dike Siding

near Las Vegas, evada, to the repository gate.
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13050 Utilities

Construction costs to run electrical transmission lines up to the

main plant substation are included here. This account also

includes the water supply pump station, wells, chlorination unit,

and main water supply piping to the onsite facilities.

14000 MONUMENTS

The cost of permanent markers installed at the 5-km periphery of

the repository as well as the central records cache monument

grouping is included here.

20000 SURFACE FACILITIES

Costs to construct, operate, and decommission the surface

facilities are in these accounts. The cost accounts below are

divided into the site waste-handling, balance-of-plant, and

surface shaft facilities. The cost of each facility includes

excavation and backfill, structures, utilities systems, personnel,

materials, and equipment. Costs are included for all utilities

and site work up to 5 ft from the building or structure. Upkeep

and renovation costs are in addition to normal operations.

21000 WASTE-HANDLING FACILITIES

Costs for surface radioactive waste-handling facilities and

operations are included in these accounts. Process operations

include waste handling from initial waste receipt and inspection

to transfer of waste to the underground via the waste ramp.

Waste-handling activities on the surface to confirm performance

also take place in these facilities. Although the costs of

assembling waste containers and processing wastes are included in

these accounts, the fabrication of the waste container components

appears in the 60000 accounts.
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21100 Waste-Handling Buildin 1

Costs for WHB-l are included -in this account. During Stage 1,

this facility processes intact spent fuel assemblies and will

process DHLW and WHLW during Stage 2. The facility unloads,

inspects, stores, and packages the intact spent fuel rods with a

throughput of 400 TU/yr. Numerous subaccounts detail the costs

for WHB-1. Operations costs are included in Account 21000.

21102 Building/Structures

This account includes, the civil, structural, and architectural

features of the building. Costs for excavation, foundations,

concrete work, carpentry, and finish are included. The facility

includes receiving bays, unloading areas, hot cells (shield doors

and windows are included in the following account), transfer

corridors, and other control and support areas.

21103 Hot Cell

Costs are for the purchase and installation of special hot cell

shielding features including shield doors, shield windows,

penetrations, and transfer drawers. Hot cell equipment costs are

not included in this account but are included in 21106.

21104 Utilities

Costs for electricity, water, compressed air, fire protection,

instrumentation and control as well as decontamination and other

systems in WHB-1 are included. Also included are electrical

components (wiring, cable, cable trays, conduit, boxes,

-feeder/breakers, panelboards, and lighting fixtures), communica-

tions components, fire protection and detection systems, plumbing

fixtures, and control components. Upkeep and renovation costs are

included in the operations costs.
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21105 HAC

Costs to construct heating, ventilating, and air conditioning

(HVAC) systems are included in this account for WHB-1 as are the

purchase and installation of components including heaters, ducts,

humidifiers, insulation, air-handling units, filtration units,

vents, stacks, chillers, and cooling towers.

21106 Handling/Packaging Equipment

The cost of equipment in the hot cell (nuclear) that processes

spent fuel and other waste is included in this account. Costs

include purchase, installation, and testing of equipment. Process

equipment for handling waste (spent fuel, HLW, WVHLW, and onsite

generated wastes) includes electromechanical manipulators, survey

instruments, cranes, transfer carts, yokes, closed-circuit

television (CCTV) systems, welders, leak test stations, storage

racks, master-slave manipulators, grapples, transfer casks,

decontamination tanks, and cutters and rework stations. Equipment

costs are included for the following functions: spent fuel

canisterization, process storage, spent fuel packaging, and HLW

packaging.

21107 Support Facilities

Costs for equipping nonprocess support facilities that are separate

from process areas in WHB-1 are included in this account. The

building and structural costs are included in 21102; utilities are

included in 21104. All non-nuclear equipment not identified in

the 21100 accounts above is included here.

21200 Waste-Handling Buildin 2

Costs for WHB-2 are included in this account. During Stage 2,

this facility processes spent fuel assemblies (unloads, inspects,

stores, dsassembles, consolidates, and packages wastes) with a
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throughput of 3,000 TU/yr. Numerous subaccounts are provided to

detail the costs for WHB-2. Operations costs are included in

Account 21000.

21202 Building/Structures

This account includes the civil, structural, and architectural

features of the building. Costs for excavation, foundations,

concrete work, carpentry, and finish are included. The facility

includes receiving bays, unloading areas, hot cells (shield doors

and windows are included in the following account), transfer

corridors, and-other control and support areas.

21203 Hot Cell

Costs are for the purchase and installation of special hot cell

shielding features including shield doors, shield windows,

penetrations, and transfer drawers. Hot cell equipment costs are

not included in this account but are included in 21206.

21204 Utilities

Costs for electricity, water, compressed air, fire protection,

instrumentation and control as well as decontamination and other

systems in WHB-2 are included. Electrical components (wiring,

cable, cable trays, conduit, boxes, feeder/breakers, panelboards,

and lighting fixtures), communications components (phones,

intercoms, switchboards, and CCTV), fire protection and detection

systems (alarms, sprinklers, emergency power generators, suppres-

sion systems, extinguishers, and hoses), plumbing fixtures

(piping, appliances, pumps, valves, lavatories, restroom, and

showroom),- and control components are examples of the items

purchased and installed. Upkeep and renovation costs are included

in the operations costs.
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21205 HVAC

Costs to construct HVAC systems are included in this account for

WHB-2 as are the purchase ind installation of boilers, heaters,

ducts, humidifiers, insulation, air-handling units, filtration

units, vents, stacks, chillers, and cooling towers.

21206 Handling/Packaging Equipment

The cost of equipment in the hot cell (nuclear) that processes

spent fuel and other waste is included in this account. Construc-

tion and operations costs include purchase, installation, and

testing of equipment. Process equipment to handle waste (spent

fuel, hardware, or other site-generated wastes) includes electro-

mechanical manipulators, survey instruments, cranes, transfer

carts, yokes, CCTV systems, welders, leak test stations, storage

racks, master-slave manipulators, grapples, transfer casks,

decontamination tanks, disassembly and consolidation equipment,

and cutters and rework stations. Equipment costs are for the

consolidation of spent fuel, process storage, and spent fuel

packaging.

21207 Support Facilities

Costs for equipping the nonprocess support facilities that are

separate from process areas in WHB-2 are included in this

account. The building and structural costs have already been

included in 21202 and utilities have been included in 21204.

Construction costs are for applicable areas, including inspection

areas, receiving bays, lag storage areas--other than yard or in

process cell--and other support areas in this building that have

not been separated as balance-of-plant facilities, such as food

service, administration, or training.
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21500 Other

Costs for operating stand-alone facilities that service waste-

handling functions either from WHB-l or WHB-2 are included in this

account.

21501 Site-Generated Radwaste Treatment acility

The cost of a stand-alone radwaste facility is included in this

account. Operating costs to collect and process site-generated

solid, liquid, and gaseous radwaste, including the purchase and

installation of collection tanks, pumps, evaporators, compactors,

and HEPA filters, are in Account 21000. Waste packaging drums,

boxes, and media are costed in Account 63040.

21502 Vehicle Wash Facility

Costs are for a stand-alone facility to remove road dirt from

casks and carriers (railroad and truck). These costs include

water-processing and monitoring systems.

21503 Decontamination Building

Costs are for a stand-alone facility to store and decontaminate

suspect waste casks.

21504 Performance Confirmation (Diagnostic) Facility

Construction costs for a stand-alone diagnostic facility to

examine waste packages are included in this account. Specialized

preparation, sampling, and testing equipment to support the

performance confirmation program are included. (Analysis is

performed offsite.)
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22000 BALANCE OF PLANT

In general, balance-of-plant buildings have structural steel frames

and insulated metal siding and roofing. In the current design,

columns are supported on reinforced-concrete spread footings. The

ground floor is typically a concrete slab on grade, and elevated

floors are metal deck with concrete topping supported by steel

beams and girders. Rooms are partitioned by metal studs with

gypsum board on each side. Ceilings are suspended acoustic panels.

The cost of operating and maintaining the balance-of-plant

buildings includes labor, operating supplies, maintenance

materials, electrical power, and local taxes.

22010 Health/Medical Facilities

The medical center, industrial safety offices, and health physics

headquarters are included in this account. These facilities

include x-ray, clinical, monitoring, mine rescue, counting, and

survey equipment.

22020 Fire Protection Facilities

The fire station, fire control center, dormitory, and communica-

tions center are included in this account. These facilities

include fire fighting (no vehicles), monitoring, and communications

equipment.

22030 Security Facilities

The security facilities include the main security center, gate-

houses, surveillance, intrusion and detection systems, command

center, and miscellaneous special equipment.
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22040 Maintenance Facilities

Costs for maintenance shops, motor pools, garages, and repair and

service facilities are included. In addition, special equipment

such as machines and power tools are included.

22050 Administration/Personnel Facilities

These facilities house executive, DOE, RC, human resources,

accounting, payroll, legal, records, public relations, transpor-

tation operations (logistics), waste operations (logistics),

facilities' operations, quality assurance, and engineering

departments. DOE and RC staff costs are not considered in this

estimate, but the design of the facility will be adequate to

accommodate these workers. Food service facilities (lunchroom,

kitchen, cafeteria, and vending area) are also included in this

account.

22060 Traininx/Mockup Facility

Costs are included in this account for stand-alone training

facilities. These facilities include classroom and lecture space

(auditorium) as well as required mockup or simulator areas.

Special equipment includes audio-visual systems, mockup equipment,

and simulators.

22070 Warehouse and Receivint

Costs are for warehousing and storing supplies and spare equipment.

Explosives magazines are not costed in this account but are found

in 22110.

22080 Visitors' Center Facility

Costs for the visitors' center include display rooms, auditorium,

and meeting rooms as appropriate.
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22090 Backup Power Generation Facility

The costs of a stand-alone facility to provide backup power

include structures, diesel generators, control equipment, and

other special equipment in the facility.

22100 Change Room Facility

Costs for the change house for underground personnel are included

in this account. This facility includes waiting areas, shower and

change areas (men and women), and personal equipment storage.

22110 Explosives Storaxe Facility

Costs for material and construction of the surface explosives

magazine (powder and cap) are included in this subaccount. The

cost of the explosives is not included here but is found in

excavation cost accounts as appropriate.

22130 Cooling Tower and Chilled-Water Facility

This account includes costs for cooling towers and a chilled-water

plant to cool emplacement drifts during operations. Cooling

facilities are not necessary for the horizontal emplacement design.

22141 Surface xcavated Material Storage/Handling

Costs are to construct the structures, towers, and conveyors

required to transfer excavated material from the tuff ramp portal

to the storage pile.

22190 Sewage Treatment Facility

Costs for the sewage collection system and treatment plant are

included in this account.
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22220 Control and onitorinx Facility

Costs for a central facility that monitors repository operations

include facilities for monitoring equipment and computer systems,

as required, and costs for environmental monitoring, including

weather stations.

22230 Standard Euipment

Surface mobile equipment required to operate the repository are

included here: trucks, buses, locomotives, ambulances, fire-

fighting vehicles, security vehicles, and cranes.

22240 Other

This account details other balance-of-plant facilities not accom-

modated in the above accounts.

22242 Batch Plant

Costs to purchase and install a concrete batch plant for use during

operation periods are included.

23000 SURFACE SHAFT FACILITIES

This account covers the cost of surface facilities that support

the underground access shafts and ramps. Such-facilities include

hoist houses, headframes, ventilation structures, and miscellaneous

buildings. The structure of the 23000 account provides separate

accounts for 12 shafts, of which only 4 are applicable to the

current design. Costs for construction and operations are

combined during the construction phase. Costs reported during the

emplacement, caretaker, and closure and decommissioning phases are

for operating and maintenance only.
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23010 Men-and-Materials Facility

The facilities at the collar of the men-and-materials shaft include

the headframe, hoist and hoisthouse, ventilation fans, and the

duct structure.

23011 Headframe

The capital cost of the permanant headframe, hoists, ropes,

conveyances, and electrical switchgear is contained in this

account. Operating costs for all phases include the hoistman,

hoist mechanics, and costs to maintain and repair hoist equipment.

23012 Hoist House

This account covers the costs to construct and decommission

buildings that house the hoists and electrical switchgear.

23013 Ventilation Building

This account includes the cost to construct and decommission the

main development ventilation fans, ducts, and building.

23014 Heating/Cooling Building

Hinimal heating and no cooling are required for the incoming air

for development. Because the necessary equipment is contained in

the ventilation building (23013), no separate facility is required.

Accounts 23020, 23030, 23040, 23050, 23060, and 23070 do not apply to the

current design.

23080 Confinement Exhaust Facility (Emplacement)

The primary structure at the collar of the emplacement exhaust

shaft is the ventilation building housing the high-efficiency

particulate air (HEPA) filter system and the main fans.
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23083 Ventilation Building

This account covers the costs to construct and decommission the

HEPA filter and fan system. o heating or cooling is required.

23085 Other (Inspection Hoist)

The cost of an inspection hoist and hoist operating cost for

routine shaft inspections are covered in this account.

23100 Exploratory Shaft Facility 1 (ES-1),

Following completion of all site characterization testing, the two

exploratory shafts will be stripped of fixtures and used as air

intakes for the emplacement area ventilation system. The remaining

surface facility will consist of a hoist to inspect the shaft and

for emergency egress.

23105 Other (Inspection Hoist)

This account covers the cost to install and maintain a hoist that

is used to routinely inspect the shaft or for emergency for the

life of the repository.

23110 Exploratory Shaft Facility 2 (ES-2)

ES-2 will serve solely as a ventilation intake shaft following the

completion of site characterization activities. Shaft inspections

will be performed routinely, using the portable hoist stationed at

ES-1.

23115 Other (Inspection Hoist)

This account covers the cost to install- and maintain a hoist that

is used to routinely inspect the shaft or for emergency for the

life of the repository.
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30000 SHAFTS/RAMPS--UNDERGROUND

This account covers the costs to construct all underground

repository accesses except the exploratory shafts that are part of

site characterization. The cost of converting the exploratory

shafts to ventilation duty is contained here as are the costs

of maintaining the shaft linings and fixtures. The cost of

maintaining the ramps is contained in Account 41070, General

Maintenance. Surface features (ventilation or hoist-house

facilities) are included in the 23000 accounts. Shaft utility

systems (communications, ventilation, water, power, and control)

are found in the 50000 accounts. The cost account structure

provides separate accounts for up to 12 accesses of which only 6

are applicable to the current design.

30010 Hen-and-Materials Access (Shaft)

The costs in this account reflect the costs to construct, operate,

and maintain the men-and-materials shaft. The code of accounts

includes Accounts 30011 to 30016 for excavating, lining, and

outfitting the shaft, and although these accounts are not used,

the cost components they represent are included at the higher

account level.

30020 Waste-Handling Access (Waste Ramp)

This account covers the cost to excavate and line the waste ramp.

Subaccounts that pertain to sinking a shaft are not used, but the

equivalent elements that correspond to ramp construction are

included here in the cost of the ramp.

30030 Excavated aterial-Handlins Access (Tuff Ramp)

The cost to construct the tuff ramp is in this account. The cost

to install, operate, and maintain the belt conveyor systems within
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the tuff ramp is included in Account 41060, Excavated Material

Handling. See Account 30020 for additional description of this

account.

Accounts 30040, 30050, 30060, 30070, 30090, and 30120 do not apply to the

current underground design.

30080 Confinement Exhaust Access 1 (Emplacement Exhaust Shaft)

The costs to sink, line, and equip the emplacement exhaust shaft

are included in this account. As described in Account 30010, the

additional detail provided in the cost account structure is not

used.

30100 Exploratorv Shaft 1 (ES-1)

This account covers the cost of modifying the 12-ft-diameter shaft

(ES-1) for use by the repository as an air intake ventilation

shaft for the emplacement areas. ES-i is modified by removing the

hoisting facilities and headframe and all in-shaft guides and

fixtures. The account also includes the cost of routine inspec-

tions and maintenance (installing the hoist at the collar for

inspection and emergency).

30110 Exploratorv Shaft 2 (ES-2)

ES-2 is intended to be a ventilation and escape shaft during the

site characterization program and will require little or no

modification. This account contains the costs associated with

maintenance and inspection of the shaft throughout the life of the

repository.

40000 SUBSURFACE EXCAVATIONS

The costs listed in this account represent the total cost of
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* all excavation beyond the shafts and ramps,

* emplacement borehole drilling and lining,

* excavated materials handling (muck handling),

* backfill and closure activities,

* general maintenance of drifts and ramps, and

* underground waste transport and emplacement.

41000 DEVELOPHET

Development costs include all drift excavation, muck-handling,

and borehole preparation. Separate accounts are provided for the

preparation of boreholes for the individual waste types (e.g.,

spent fuel, WVHLW, and DHLW). Costs to develop the underground

facilities are treated as construction costs if incurred before

start-up, January 1998. Costs to develop the underground

facilities after start-up are considered operating costs.

41010 Common Facility Excavation

Comon facilities refer to underground shops, offices, warehouse

areas, interconnecting ventilation and access drifts, and dedicated

training and performance confirmation areas. This account covers

only the excavation and lining costs of the listed facilities.

Costs for equipping, staffing, and operating the common facilities

appear in the 50000 accounts. All common facilities are excavated

during the construction phase.

41011 Main Drifts

This account covers the cost of excavating and lining the three

main drifts from the point where the ramps meet the repository

horizon (elevation 3,100 ft) to the southwest corner of the

exploratoy shaft test facility.
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41012 Ventilation Drifts

This account contains the costs to excavate miscellaneous

crosscuts and ventilation drifts that serve the development and

emplacement shops and offices. Also included is the cost to

excavate the perimeter ventilation drift from, the base of the

waste ramp to the emplacement exhaust shaft.

41013 Support Facilities

Costs in this account cover the excavation, lining, and floor

preparation of the development and emplacement shops, control

rooms, warehouses, and offices. Costs for furnishings, equipment,

and operations are covered in Account 51000.

41014 Training Areas

An operator training area has been set aside near the base of the

ramps. This account covers the cost of excavating the training

drifts and rooms.

41015 Performance Confirmation Area

This account covers the cost to excavate a dedicated area for

general testing and for monitoring container performance and rock

interactions.

41020 Spent Fuel Facility Excavation

The cost to develop the waste emplacement panels is contained in

this account. Spent fuel, DHLW, and other wastes are commingled

within the same panels. All mining costs are treated as spent

fuel facility costs. However, the cost of the boreholes depends

on the number of boreholes needed for each type of waste. Panel

development begins during the initial construction period and

continues through the emplacement period. ining operations are
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completed approximately 3 yr before the end of emplacement

operations. Emplacement borehole preparations are completed 2 yr

before last emplacement. The cost components of a typical panel

are described in the following subaccounts. Costs for mining

support operations and permanent utilities (piping, vent ducts,

cable, lighting) are included in Account 50000.

41021 Hain Drifts

Three parallel main drifts (waste, service, and tuff mains) are

mined ahead of the advancing emplacement panel. The costs in this

account are to excavate and line the mains and the connecting

crosscuts.

41022 Access Drifts

Access to the emplacement drifts is provided by parallel panel

access drifts that bound the emplacement panels. The costs in

this account are to excavate and line the panel access drifts.

41023 Ventilation Drifts

This account covers the costs to excavate and line the perimeter

ventilation drift and, in the case of the vertical emplacement

design, the midpanel drift. These drifts are driven with the

advancing panels.

41024 Emplacement Drifts

The cost to excavate all emplacement drifts is contained in this

account. Because spent fuel and DHLW are commingled within the

same drifts, no distinction is made between emplacement drifts

used for different waste types. However, borehole preparation

costs for each waste type are accrued separately.
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41025 Emplacement Borehole Drilling/Lining (Spent Fuel)

Costs to excavate and prepare spent fuel boreholes are in this

account and include drilling, removal of excavated material, and

lining the boreholes. Costs to install borehole lining assemblies

are also included. Cover doors, permanent radiation shields, or

plugs are not ncluded' here but are included in the waste

emplacement accounts (42000).

41030 DRLW Facility Excavation

The cost of facilities developed strictly for emplacement of

defense wastes are contained in this account. DHLW containers are

commingled in an alternating pttern with spent fuel in the same

drift. Therefore, no attempt is made to allocate the cost of

drifts to separate waste types.

Accounts 41031, 41032, 41033, and 41034 are not used.

41035 Emplacement Borehole Drilling/Lining (DHLW)

This account covers the borehole drilling and lining costs for

DHLW containers. See Account 41025 for a detailed description of

this account.

41040 Other Waste Facility Excavation

Other wastes include WVHLW and spent fuel hardware. Because these

waste forms produce little or no heat, they too are commingled

with spent fuel containers in the same emplacement drifts.

Accounts 41041, 41042, 41043, and 41044 are not used.

41045 Emplacement Borehole Drilling/Lining (WVHLW and Hardware)

This account represents the borehole drilling and lining costs for

WVHLW and hardware containers. See Account 41025 for a detailed

description of this account.

B-29



Account 41050, Reexcavation, is not applicable to the current repository

design.

41060 Excavated Material Handling

Development muck-handling costs, which include conveyance from the

collection point (near the development face) to the top of the

tuff ramp, are contained in this account. Costs are included to

install and operate feeder breakers, conveyors (permanent and

temporary), and underground loading areas. Operations costs

include lubrication, maintenance, repair, ownership costs, and

conveyor relocation and extension. Haulage of excavated material

from development faces to collection points is included in the

development accounts, while surface haulage is included in Account

22140.

41070 General Maintenance

Costs for general maintenance of common, spent fuel, DHLW, and

other areas underground are included in this account. Maintenance

includes road grading, ground support rehabilitation, trash

removal, general repair of utilities, upkeep of special facili-

ties, and removal of temporary facilities and ventilation ducts.

Maintenance of both the development and active emplacement areas

is included.

42000 EMPLACEMENT/RETRIEVAL OPERATIONS

All costs for waste handled underground are contained in this

account. The primary cost components involve transport and

emplacement of waste, borehole shielding, and plug installation.

Separate accounts are provided for spent fuel, DHLW, and other

high-level waste. The initial cost of the subsurface waste-

handling equipment fleet is allocated to separate accounts

according to the total number of containers of each waste type.
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An additional level of detail separating transport costs from

emplacement costs is available in the cost account structure but

is not used in this cost estimate.

42010 Spent Fuel Transport and Emplacement

The total costs to handle spent fuel underground include

* purchase and operation of the waste transporters (transport

and emplacement);

* installation, operation, and removal of borehole shielding

closure;

* permanent shield plugs and borehole covers;

* miscellaneous in-hole hardware (e.t., container dollies for

horizontal emplacement); and

* transporter/borehole alignment systems.

It is assumed that the waste-handling equipment fleet is purchased

during the initial construction phase and used for dry-run tests

before start-up of waste processing.

Accounts 42011, 42012, and 42013 are not used.

42020 DHLW Transport and Emplacement..

The costs to handle DHLW underground are contained in this

account. See Account. 42010 for a detailed description of this

account.

Accounts 42021, 42022, and 42023 are not used.
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42030 Other Waste Transport and Emplacement

The cost to emplace WHLW and spent fuel hardware is included in

this account. See Account 42010 for a detailed description of

this account.

Accounts 42031, 42032, and 42033 are not used.

42040 Waste Retrieval

Selective removal of waste packages to support the performance

-confirmation program is costed in this account. Selective removal

begins 5 yr after the first emplacement and continues to the end

of the caretaker phase. For estimating purposes, it is assumed

that one container per month is retrieved using normal emplacement

equipment. Each container is. transported to the surface for

testing, analysis, and repackaging for re-emplacement in the same

hole from which it was taken. No off-normal or total retrieval

scenarios have been considered.

43000 BACKFILL

Repository backfill costs are applied during the closure period

only. The costs include preparation and handling of backfill and

transport of the crushed tuff (muck) from the stockpile to the

backfill areas. It is assumed that all subsurface drifts, ramps,

and shafts are backfilled using a combination of belt conveyors

and pneumatic stowage methods. Other costs include installation

of bulkheads and seals and removal of the belt conveyor systems as

backfilling progresses. Separate accounts are provided for the

shafts and ramps and for the emplacement panels.

43010 Hen-and-Materials Shaft

This account covers the cost of removing all fixtures and

utilities from the men-and-materials shaft and backfilling with

crushed tuff. Costs are included for multiple concrete seal plugs.
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43020 Waste-Handling Access (Waste Ramp)

The cost of backfilling and sealing the waste ramp are contained

in this account. Costs are included-to remove portal structures

and utilities and install concrete seals.

43030 Muck-Handling Access (Tuff Ramp)

Cost components described in Account 43020 apply to backfilling

the tuff ramp. The tuff ramp is filled last because it contains

the main conveyors that handle all backfill.

Accounts 43040, 43050, 43060, 43070, 43090, and-43120 do not apply to the

current underground design.

43080 Confinement Exhaust Access 1 (Emplacement Exhaust Shaft)

The cost components described in Account 43010 apply to back-

filling the emplacement exhaust shaft.

43100 Exploratory Shaft 1 (ES-,)

43110 Exploratorv Shaft 2 (ES-2)

The cost components described in Account 43010 apply to backfilling

both exploratory shafts.

43300 Development Areas

The cost to pneumatically backfill all emplacement drifts, access

drifts, ventilation drifts, and common underground support

facilities is contained in this account. Accounts 43001 through

43304 are not used.. The cost to remove ducts, piping, and

salvageable equipment is carried in Account 41070, General

Maintenance. No credit is taken for any salvage value.

B-33



50000 UNDERGROUND SERVICE SYSTEMS

The costs for subsurface support and utilities systems (from the

top of the shafts or ramps to the waste emplacement or development

areas) are contained in this account. Costs to equip and operate

these facilities are also included. All costs accrued before 1998

are included in the construction accounts, while costs for the

following 50 yr are operations costs. Service system costs are

also accrued during the closure period.

51000 SUPPORT SYSTEM FACILITIES

Support system facilities are the underground shops, offices,

warehouse areas, ventilation systems, and monitoring and control

rooms that operate throughout the life of the repository. The

cost of excavating these facilities is in Account 41010.

51010 Material Support, Receiving/WarehousinR

The primary subsurface warehouse is located near the men-and-

materials shaft station. This account covers the cost to

initially stock and then operate the facility throughout the life

of the repository.

51011 Facilities

This account contains the cost to equip the warehouse with shelves

and fixtures and then operate it for the life of the repository.

51012 Initial Inventory

This account covers the one-time cost of furnishing the under-

ground warehouse with an inventory of parts and supplies. All

inventory replacement costs are covered as material costs for the

respective activity or as parts cost for equipment.
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51020 Equipment Fuel FacilitY

Costs for this facility are contained in Account 51030,

Maintenance Facility.

51030 Maintenance Facility

Separate facilities to maintain equipment for development (mining)

and waste-handling are included. This account covers both the

cost to equip the shop facilities and to operate them for the

duration of the operations phase. When all mining and drilling

operations are completed, the maintenance facilities will be

consolidated into a single shop.

51031 Development Area

The cost of the shop for the development area includes a fuel

storage area, shop tools, maintenance vehicles, and the operating

staff of mechanics and technicians. This shop remains active

throughout the life of the repository. All mining equipment is

serviced and repaired in the development shop.

51032 Emplacement Area

This account covers the cost of a separate facility where

preventive maintenance of the waste transporter is performed and

other waste emplacement support machinery (e.g., shielding,

closures, forklifts) is completely maintained. This facility also

includes an equipment decontamination (washdown) area. These

shops operate during the emplacement and caretaker phases only.

51040 Emerxencv Medical/Rescue Chamber

This account ncludes the cost of first-aid equipment, medical

supplies, interior construction, and utility installation costs

for a subsurface medical facility. Operating costs include
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medical technicians, maintenance of equipment, and upkeep of the

underground medical center.

51050 Ventilation System (Waste Emplacement)

Separate ventilation systems are used to isolate air used to

ventilate the development areas from air used to ventilate

emplacement areas. This account covers the installation and

maintenance cost of air doors, air locks, regulators, and

bulkheads that maintain separation of the ventilation systems.

The cost of the main exhausting fans appears in Account 23083.

This account includes the purchase, installation, and operating

costs of portable heat exchangers used to cool emplacement drifts

for inspections for vertical emplacement only. The costs of the

chilled-water distribution system appear in Account 52040, while

the surface chiller costs are contained in Account 22130.

51060 Ventilation System (Mine Development)

This account covers the cost of all temporary fans, ducts, and air

stoppings used in the process of developing the emplacement

panels. The costs to install permanent air doors between the tuff

main and the service main are also included. The cost of the main

system fans at the collar of the men-and-materials shaft are

contained in Account 23013.

51070 Mine Water Control System

The costs to install and operate water pumping stations at the

base of the emplacement exhaust shaft and the men-and-materials

shaft are included in this account.

51080 Fire Protection/Control

This account covers the cost of foam fire-suppression systems at

equipment refueling stations, underground fire-fighting vehicles,

and maintenance of fire control equipment.
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51090 Operations Support Facility

The costs for underground offices and visitor reception areas,

lunch areas, shaft station waiting rooms, restrooms, and

workstations (engineering and supervision) are provided here.

Construction costs include interior construction, installation

of utilities, and equipment. Operations costs include mobile

equipment, consumables, and upkeep.

51100 Contamination Control System

The cost of a system for radiological emergencies includes a

self-contained personnel and equipment decontamination facility

plus -a portable system for remote use. Costs are included for

radiological technicians and to operate equipment. Monitoring and

alarm system costs are included in Account 53010.

51110 Control Room Facility 

Costs in this account are to construct the interior of the control

room facilities and to operate the climate-controlled offices and

workspace for monitoring the development and waste-handling opera-

tions. A computer system, and communications and data trans-

mission equipment are housed in this area. The cost of the

equipment, however, is included in the monitoring account costs

-(53000). Operation costs include subsurface control room staff

and facility upkeep.

52000 UTILITIES

This account covers the costs to install and operate permanent

utility systems from the shaft collar and ramp portals to the

emplacement panels.

52010 Electrical,

The cost to install and maintain the electrical distribution

network is covered in this account. Other items included are the
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underground lighting and installation of the transformers and

switchgear. The cost of electrical power is treated as a material

cost and allocated to the accounts where power is consumed, except

for lighting which is included in this account.

52020 Communications

The cost of an underground telephone system, including installa-

tion and maintenance, is provided in this account.

52030 Compressed Air

A central compressed-air plant is not used in the current design

thus, no costs are reported. Compressed air will be used for

various underground activities but will be provided by portable

electric compressors moved and located as needed. The cost of

providing the compressed air is included under equipment and

material costs for a specific task. Temporary pipe costs are

included with the excavation cost.

52040 Chilled Water

The cost of installing and maintaining underground piping to

distribute chilled water is included in this account. The cost of

a surface chilled-water plant Is in Account 22130, Cooling Tower

and Chilled-Water Facility.

Heat exchangers for use in cooling emplacement drifts are included

in the costs reported for the emplacement ventilation system

(51050). A chilled-water system is required only for the vertical

emplacement option.

52050 Water

Permanent and temporary service water piping is installed and

maintained throughout the mining and drilling operations.
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53000 MONITORING

These accounts provide costs associated with monitoring various

health, safety, and performance objectives. Costs are included

for the development,, operations, and closure of the underground

facilities.

53010 Radiological Monitoring

Costs are included to purchase, install, operate (staffing), and

maintain equipment required to monitor radiation levels under-

ground. Sensors, control wiring, data collection and transmission

equipment, and alarms are included in this account.

53020 Occupational Monitorinx

Costs are included to purchase, install, operate (staffing), and

maintain equipment required to monitor working conditions under-

ground (heat, humidity, pressure differentials, airflow, dust, and

gas concentrations). Sensors, control wiring, data collection and

transmission equipment, and alarms are included in this account.

53030 Performance Confirmation Monitoring

Costs are included to purchase, install, staff, and maintain

equipment and instrumentation required to monitor host rock

mechanics (e.g., stresses, temperature, deformation, and acoustic

emissions), waste packages, hydrological conditions, and eo-

physical conditions. Sensors, control wiring, as well as data

collection and transmission equipment are included. -

60000 WASTE PACKAGE FABRICATION*

These cost accounts include the cost to fabricate waste container

parts, quality assurance (NQA-1), materials, and delivery (placing

*Waste package fabrication in this context is synonymous with the use of
container in Table D-3.
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on pallets, shipping, and handling) charges. Costs to assemble

the waste container are not included here but are included in the

21000 accounts. All costs are operations costs and are accrued

during the emplacement and caretaker periods. Additional waste

container components for repackaging during performance

confirmation are also included.

61000 SPENT FUEL

The cost of containers for spent fuel is included in this account.

Several subaccounts detail the waste container costs by waste form.

61010 Intact PWR

The cost of containers for PWR intact spent fuel assemblies is

included here.

61020 Intact BWR

The cost of containers for BWR intact spent fuel assemblies is

included here.

61030 Consolidated PWR

The cost of containers for PWR consolidated spent fuel is included

here.

.61030 Consolidated BWE

The cost of containers for BWR consolidated spent fuel is included

here.

62000 DHLW

The cost of DHLW containers is included here.
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63000 OTHER WASTE

Costs for other containers are included in this account and are

broken down by waste type.

63010 Spent Fuel Hardware

Costs for package components (drums, canister, containers) for

spent fuel hardware (consolidated waste) are included in this

account.

63020 Hixh Activity (Remote-Handled)

Costs are for drums, canisters, and containers for remote-handled

waste, such as site-generated spent resins, filters, and sludges.

63030 WVHLW and CHLW

Costs for waste package components for WVHLW and CHLW are included

in this account.

63040 Contact-Handled

Costs are included to purchase standard drums or boxes in which to

compact or solidify site-generated contact-handled wastes (trans-

uranic or low-level waste). Costs include solidification materials

as required. The costs to dispose site-generated waste offsLte

are also included here.

99999 Total Repository Costs

This account represents the sum of all costs for each phase.
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TABL C-1

WPMACE FACILITIES DATA FOR VERTICAL OR MIZONTAL, EMPLACMEUT

Coat

Account

21100

Total
Principal Floor
Dimensions Area

Buliding
Volume

BSilding Functional Areas lype of Construction (ft) (ft2) (1.000 ft 3

315 360 129.000 3.863'am-I

21200 15R3-2

21501 Site-genterated radio-
active waste treet ent
facility

Receiving/ehipping bays
* Oloding/contsiner-

isetion hot Cell
* Operatint sallery

Rento maintenance Cell
* Deontamintion area
* Surface to ge vault

Receivitnh/hipping boys
*'Ck area
* Unloading hot cell
* Con olidation hot call.
* Waste packaging hot cells
* Opertins mallory
* Remote maintenance call

Deont_ ination area

* Liquid radioactive
uate-treatant area

* Wste oelidification
for loading and unloading

* solid radioactive waste
treeteat area

* Drive-through vehicle
we area

Personnel 
- Control room
- Change room
- Laboratories
- Health physics
- Offices

* surface storage
vault

* personnel x
- Control room
- Change room
- Laboratories
- Health physics
- Offices

* Loadinglunloading
area

* Office and
laundry area

* Health physics

NMchniel roOm

High bay structural steal fr
receiving ad shipping amr; ulti-
level reinforced-concrete bot
Cells; steal frame/insulated
aiding personnel Mnx

High bay tructural teel frm
receiving and shipping area;
multi-levl reainforced-concrote
hot cells; a stel fr'm/
Insulated siding personnel
nex

Two-story rinforced-concrete
construction with a high bay
structural steel frame area

Single-story structural steal
frame with concrete block wall

492 x 44 321,000

128 x 206 30,650

40 x 100 4,000

C)
ha

10.477

770

eo21502 vehicle wash facility

21503 Deeontamination
building

Vehicle and Csk
decontaminetim bay

* Small coponet nd
toel decontamination
rM

Health physics High bay structural steol fr
* Hechanicalfelec- with insulated metal siding

trical roem
* Office-

60 x 90 6,600 324

21504 pefr e
confirmation
(diagnostic)
facility

* onloading bay
* Hot cell
* Hchintng chaber
* Mech"ncalflectrical

roem

* operating gallery
* Lob arma
* Change roo
* Offices

Structural steal frMe With
Insulated metal iding;
a maltilevel Interior
reinforced-conerete hot call

125 x 190 27,300 1.020

22010 Health physics
building

J Storage for contaminetion
detection equipent

Single-story tructural tol
frme with Insulated metal
siding

20 x 20 400 S

22010 medical facilities n Exaintion room
* X-ray
* Hedical labs

* Offices
* Waiting room
* Ambulance rage

Single-story structural steal
frme with Insulated metal
siding

40 x 175 8,200 90



USFAiCC VACITlUS DATA YOU VSKTICAL OR MOEZ~fti, WLCHSN
(cootiswed)

Cost

Account

22020

22030

0

22030

22030

22030

22040

building

Fire protection
facilitia

Seurity Station 1

Security Stalon 2

Security Station 3

security statio at
me-sad-mterisae
shat

Shops

motor peol ad facility
service station

Uaste operations area

Admlietration building

woid *avie fcility

Training Auditorium

Apparatu roo
* Co&nwications roan
* Firemas quartets

aiting ro
. Off iees
* &aft* distribution
* Cmlcations center

* Security chch station
* Health Physice
* Oflie.

* hlth physics
* Offie.

* Security check station

* shop srea for each
craft
* MecsmcaUiatricai

r

* Dispatch office
* Caash are

* treporster torage
* Parts torage

* Off ice
* Laboratories

S Treiming roome

* Kitchen
* Storage spece

* Area with SOseat
capecity

uact AGRUhi Areas

* offices
* Equipment storage
* Lockers ad

showers
* Lunchroom

* Records torage
* security adili-

Stratton
Lockersshbowers

uel torage
Paved parking

Changeo
Off ie

Data analysis
* Opations

Monitoring

* Serving ra
* Lunchroom

Type of Construction

single-story structural steal
frme with insulated Metal
siding

Wo-story structural stel
fram with insulated metal
siding

Single-story structural stool
fre with ineulated Metal
siding

Sinle-story structural steel
frme with insulated metal
siding

Single-story structural steal
frame with insulated metal
siding

Single-story structural steal
freme with insulated
metal siding

SIngle-story structural Steel
fram with insulated
metal siding

Single-atory structural steel
frme with isliatd
metal siding

Twe-story atructural steel
frme with inaulated metal
siding

Single-story structural steeL
fr n with insulated metal
siding

Sinle-story structural steel
frame with insulated
metal siding

SO x 0 *.°°°

Principal
Dimensions

(It)

85 x 100

5 x 0

40 0

20 20

120 x 200

30 x 40

So x 10

100 x 220

*0 x ISO

25 x 40

3,000

2,400

400

24,000

1,200

7,50

44,000

11,000

1,000

Total
Floor
Area

(ft2)

7,*00

Building
Volume

(1.000 t3)

105

110

41

34

5

334

19. 2

1$

51

101

13

22040

22040

22050

22050

22050



TABLE C-I

SURFACE FACILITIES DAtA FOR VERTICAL OR HORIZONTAL PLACESMT
(concluded)

a
U'

Cost

Account Building

22060 Training/mock-up
building

22070 Warehouee nd
receiving

220e0 Visitor.' center

22090 main ubstation nd
standby enerator
bulIdins

22090 Standby generator at
mn-and-_mterials
shaft

22100 Change room
facility

22220 Control nd moni-
toring facility

23012 hoit house
(men-and-mt-rilele
shaft)

23013 -Ventilation building
(development)

23083 Ventilation building
(confinement exhaust
facility)

Functional reas

* High bay mock-up room * Offices
* Classrooms

* Storage Spce * Offices
* Receiving/shipping dock

* Display roo * Meting rooms
* Auditorium

* Electrical switcheear
* Standby generators

* Electrical witchgee

• Standby generator.

* Shower and change rooms Training area
* First aid/mine rescue * Offices

* Computer room * Mechanical room
* Offices

* oist control center

* Supply ventilation fans

* HEPA filters, ventilation
fans
Offices

Type of Construction

Single story structural steel
frame with insulated
eetel siding

Single-story (clear hight 23 ft)
structural steel frame with
insulated metal siding

Single-story structural steel
frame with insulated
metal siding

Single-story structural steel
frame with insulated
metal siding

Single-story structural steel
frame with insulated metal'
siding

Single-story structural steel
frame with nsulated metal
siding

Single-story reinforced-concrete
structure

Single-story structural teel
frame with insulated metal
siding

Single-story structural steel
frame with insulated metal
siding

Single-story structural steel
fram with insulated metal
siding

Principal
Dimensions

(ft)

72 x 120

200 285 57.000

50 x 80 4,000

40 90 3,600

30 x 60 1.800

80 x 100 8,000*

Total
Floor
Area

(ft2)

9.840

Building
Volume

(1.000 ft3 )

432

1.02

*0

50

22

148

'5

71

*17

1,870

60 x 5

50 x 50

4,000

2,760

105 226 23.700*

219 410 60,130*

*The size of those facilities is reduced for horizontal emplacement, and although the exact dimensions are not known at this t., an estimated reduction in
costs h been included in the estimete.



SUUVACS S PPOa FACILITY DATA FO VRTICAL AWD MORIZOTAL EMPLACmET

Cost
Account

DUVSLOPIU
SUVICE FACILITIES

Facility
Functional Ares

Excavation nd
Liniit hethod

Total Floor Are&
Vertical Morlsontal

(ft (ft )

41013

51031

excavate
equip

maintenance
facility.
4ev lopaeat
Ua

0 General shop
* Preventive "Itenance

ad lubrication
* Befueliag bay
• Drill achino repair

U Hydraulie shop
* macim saop
. Tire hop
* Welding end fabrication
• Battery shop
* Eletrical and

instrumentation
Maliteace office

usd oil collection
ad handling area

* Lnch room
* Ambulance sad first aid
S Toilets sad weahup area

* Pazking

Underground service
facilities will be
fully equipped for
preventive Sainten-
sacs and for *ost
repair functions.

Drill ad blat
Shoterets lining
Poured concrete
floor

37,000 25,100



SUSSFACR SPPOWT FACILT? DATA FO VTICAL AND ORMIZONTAL PLACU3EN&
(continued)

Cost

DECOWFAWIEATION
FACILTY AND
*W!IACRENT

SERVICE FACILITIES

Facility
FM

Exeavation and
Lining Mothod

Tot-l Floor Area
Vertical Morliontal

(ft ) (ft Fumct oel Aras

41013 Excavate
51032 Mquip

Maintenance General repair
facility. Preventative mintendstce
emplacement *nd lubrication

Wash bay
Welding and a ydraulic
shop

- Tire shop
Utility nd pipe shop
Electrical and lnstru-
men ttlon bop
Used oil collection
handling
retilatlon regulator
Lunch room
Maintenance office
toilets and washroom
F Porking

* Underground service
facilities are fully
equipped for preventive
maintenance nd for
moat repair functions.

Drill nd blat
Shoterete lining
Concrete floor

15,500 15.500

0
-I

41013 Excavae Warehousing.
51032 SquIp emplacement

I

Parts Warehousing and
handling
Ground support supplies

* Ventilation supplies
* Utility supplies
* Electrical nd Instru-

mentation supplies
* Engine oil and grease

storage
* imnd tools
* Fire extinguishing

equipment And suppIes
* Warehouse office

Spare parts nd
components stocked
undersround to allow-
repair of machinery

and Vehicle stationed
permanently In the
active emplacement
areas

Drill and bleat
5hoterete lining
Concrete floor

6 00 - 6,300



TABLE C-2

SUUWuArAcE SUPPORT VACILITT DATA FO VRTICAL AID HORIZONTAL MPL*ACUMT
(continued)

Cost
Account

Facility
MJAN- unctional Areas

Excavation and
Lining Method

Total Floor Area
Vertical orlsontal

(ft ) (Et 

15.3000 12,90041013

51010

Excavate
Equip

material
support.
recilvW
werebousing

bhlk fuel storage area
Bulk ll *oJ arms"
storage area

* General waelouae
* Eplonive totage
* Warehouse office

Sand ster
* Pipe shop
* Electrical ubstation
ad tching

* Operation managers and
control area

* Devalopant office
* surveying Nd eni-

neering of office

* Spar, parts and
comonent. will be
stockad underground
to allow repair or
replacement with a
minlnu of delay
In essential opera-
tios.

Drill and blast
Shotcret- lining
Concrete floor.
where necessary

41013
51110
53000

Equip
Excavate

Uearground
AMAament
uppofrt

* This facility pro-
vides general under-
ground office space
for supervision.
monitoring. d
technical support.

Drill and blat
Shotcrate lining
Concrete floor

4.000 4,000

0

Training Sear storage

41013 Excavate Support
facilities

* Temporary staging for
incoming ad outgoing
materials nd supplies

Drill and bleat
Shotcrete lUing
Concrete floor

12,050 11,900



TADLR C-2

SUBSURPACR SVPPORT FACILITY DATA FOR VRTICAL AD HORIZONTAL DMPLACEMNT
(eoncluded)

Cost
Account

- ility
Ne

41013 Excavate contamination
51100 Equip control

facility

lunctlonal Areas

Decontamination central
office

* Office/coffuinication/
supplies/lnstruments

* Sign in/sinn out
* Chante room/anti-

contaminatIon room
* Personnel monitoring area
* Limited medical treatment
* Decontamination equipment

and storage
* bmergency equipment ro

Excavation and
Lining Hethod

Drill and blast
Shotcrete lining
Concrete floor

Totalfl r
Vertical Horizontal

(ft ) (ft )

20,550 20,550

0

'0



PHYSICAL DATA FO TW SUSURVACE FACILITY

Vertical Eaent Horizontal Emplacement

Cost
Aecount

Cross-section
Dinslons

(ft)Account Description
Total Lnath

(ft)

Cross-Soction
Volume Dimeasions

(1.000 ft3) (ft)
Total Lngth

(ft)
Volume

(1,000 ft3)

30000.
30010
30020
30030
30080
30100
30110

40000
41010

41011
41012
41013
41014
41015

41020

41021
41021
41021
41022
41023
41023
41024

SHIATSRAMPS--UNDARGRaUND
SUe-Aad-*aterials Shaft
Waste aap
Tuft seap
EOplacemt Exhaust Saft
Qxplorstory Shaft 1
Exploratory Shaft 2

SUSIUrEAC8 ZSCAVATIOUS
Comon Facility (Sbaft Pillar)
Excavation

Haio drifts
Veatilatiom drifts
Support facilities
Traimia areas

Perferance conefirmation ar

Spent Fuel Facility Excavation
(DOLM and Other iastes)
Service ain
Tuft main
W&StO ain
Panel access drift.
Perimeter ventilation drift
Mldp a l drift.
e placement drifts

20 die
23 die
25 die
20 dia
12 die
6 dim

Variable
Variable
variable
21 14
21 14

25 x 15
25 x 19
25 die
21 14
23 die
16 x 14
16 22

1,090
6,603
4,627
1,040
1,480
1,020

S,900
7,285
6,835

SOO
500

9*120
9,120
9,120

85,350
26,555
37,750
401,479

433,390
2,746,850
2,271,860

413,510
244,390
51,270

2,478,000
2,557.040
2,016,330
129,500
129,500

2,973.120
3,885,120
4,447,920

22,104,610
11,046,0

7,701,000
133,291,030

20 die
21 die
21 die
20 die
12 die

6 die

Variable
Variable
Variable

21 14
21 14

25 x 15
25 x 19
21 die
21 14
23 die
VA

23 x 13

1,090
6,603
4,627
1,040
1,480
1,020

S,900
7,285
5,930

500
SOO

9,120
9,120
9,120

85,346
26,555

0
75,260

433,390
2.284,640
1,600,940

413,510
244,390
51,270

2,177,100
2.557,040
1,784,930

129,500
129,500

2,973,120
3,885,120
3,1556520

22,104.610
11,046,880

0
19,341,820

MA got applicable,
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ABL D-1

SIDMARY OF COWTAIRR COST GSTIMATESa

Descriotion

DWR * 26- x 15'

PWR". 26" x 1'

DHLIE and WVHItM 26 x 11'

Hardware container, 26" x 15'

e Weight
(lb)

2,840

2,565

. 1,580

2,060

RFQ Bid

9,100
1

8,400

5,500

7,150

Packaging/
Shipping Handling

($) I(1)

341 170

308 154

190 95

247 124

Subtotal

9,611

8,862

5,784

7,521

RQA-1

2.403

2,215

1,446

1,880

Total
-(S)

12,014

11,077

7,230

9,401

a. The cost of all containers is based upon the following assumptions:
* welded 304 low-carbon stainless steel,
* SSL deslgn, and
* QA-I fabrication.

w b. PWR and MR container costs are averaged vendor quotes for a 2,000-unit lot and the dimensions
Characterization Plan-Conceptual Design Report."

c. DHLW, VRII, and hardware container costs are extrapolated from the PWR7BWR shell costs.

appear in the "Site



TABLE D-2

WASTE RECEIPT SCHEDULE FOR
SPENT FUEL ASSEMBLIES AD SHIPPING CASKa

DHLW/
WVHLW

Year (HTU)

PWR BWR
Assem-

HTU blies

SHIPPING CASKS b
Spent Fuel DHLW WVHLW
Rail Truck Rail TruckHTU Assemblies

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

0
0
0
0
0

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

240
240
240
540

1,080
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800
1,800

660

520
520
520

1,170
2,340
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
3,901
1.430

160
160
160
360
720

1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200

440

873
873
873

1,964
3,928
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
6,547
2.400

18
18
18
41
83

139
.139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139
139

51

304
304
304
685

1,369
2,282
2,282
2,282
2,282
2,282

-2,282

2,282
2,282
2,282
2,282
2,282
2,282
2,282
2,282
2,282
2,282
2,282
2,282
2,282

837

0 0
0 0
0 0
0 0
0 0
0 194C
0 436
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800
0 800

0 15,030TOTAL 8,000 37,200 80,619 24,800 135,304 2,870. 47,161

a. Data from O'Brien et al. (in preparation).
b. Assumes 1/2 TU per DHLW/WVHLW waste container and one container per

truck cask.
c. Assumes WVHLW consists of 640 HTU in 310 canisters.
d. Transportation i 70% truck and 30% rail.



TABLE D-3

. WASTE EMPLACEMENT SCHEDULE

Year
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

PWR Containers
Intact Consolidated

173 0
173 0
173
195 .98-
234 273
130 585
130 585
130 585
130 585
130 585
130 585
130 .585:
130 585
130 585
130 585
130 585
130 585
130 585
130 585
130 585
130 585
130 585
130 585
130 585
48 215

BWR Containers
Intact Consolidated

145 0
-145 0
145 0
164 55
196 153
109 327
109 327
109 '327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
109 327
40 120

Hardware DHLW/WVHLW
Containers Containers

0 0
0 0
0 0
9 0

25 0
55 194
55 436
55 800
55 800
55 --800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
55 800
20 800

TOTAL 3,466 11,701 2,906 6,541 1,099 15,030

D-5



TABLE D-4

CONTAINER COST ESTIMATE

Unit
mber of Price Bare C
stainers ($) ($100

CU
Co

asts
DOs)Waste TYDe

Contingency Total
(20% of ) ( s10009)

WVHLW

DHLW

Intact PWR

Consolidated PWR

Intact BR

Consolidated BWR

BWR Hardware

Performance Confirmation
(19 yr x 12 mo x
1 container/mo)

Total Emplacement Phase

Performance Confirmation
During Caretaking
(26 yr x 1 container/mo)

Total

310

14,720

3,466

11,701

2,906

6,541

1,099

228

40,971

312

7,230

7,230

11,077

12,014

12,014

12,014

9,401

11,545

11,545

2,241

106,426

38,393

140,576

34,913

78,584

10,332

2,632

414,096

3,602

417,698

448

21,285

7,679

28,115

6,983

15, 717

2,066

526

82,819

720

83,540

2,690

127,711

46,071

168,691

41,895

94,300

12,398

3,159

496,915

4,322

501,23741,283

D-6
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STAFFING DATA
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TABLE R-1

SUMWACR REPOSITORY WOR S
i (for a representative year--vertical eplacement)

Contin- Construe- uWplacement
Cost
Account Deacriation I

gency tion Contin-
(S) 1996 R ne

21100
21200
21501

PI
I'

22010
22020
22030
22040
22050
22060
22070
22060
22140
22220
22240
23013
23063

sm 14"AWATtOW

WRJ-2
ite-enfcst6d wafte treatment

Performance confirmation
subthtelb

BALANCe O? PLAJT
Pbelth and medical
Fire protection
Security
Maintenance
Administration
Training
Warebouing and receiving
Visitor" center
Eteexvted tuft storege

o t oring
other (betch plant)
ventilation bilding (Nen-and-mcteriele)
ventilation building (emplacement exhanct)

Subtotal

40
40
40
40

30
30
3O

3030

30
30
30
30
3035

3030

20 130

a
a
a3

a

2a

1 a2

26

372

-2

Operations
2005

3.-

39
203

0
17

268

12
iS
63

131
18s

6
17
3
4

so
.4
0
0

S10

0 76 16

16
61
4
7

4
5

25
40
56
2

. S
1
1

16
1

0
0
0

12
12

0
0
0
5

Caretaker
Contin- Operations Contin-
Rencv 2025 *enw

a
a
a
a

Deemomai-
aioning Contin-

20nagnc

0 0 a
1 0 a

27 a a
I * 3 a
23 7 a
0 0 a
0 0 a
3 1 a
0 .0 a
0, 0 a
0 0 a
0 a
0 Ia
6w 5- 56 17

Surface subtotal 460 761 264 76 24 265 as

SURACE TOTAL 1,60 1.045 '100 350

I

a. Staf fins during conetruction and decomisaioning was only calculated at the sumry level. see ubtotal below.
b. The surface staff ing for the vertical eplaceent method t the san for the horizontal emplacent method (see Table C-3) for the selected

repreeentative year in each phee eweept for the lst 6 yr of deeemiasioning.



TABLa -2

SUBSUAFACS SUP8O Woagga
(for a represeatativ year- -vertical eaplecomeat)

Cot
teouat

Construe-
Contin- tlon Contin-
&ncz 1996 Sncv

Uaplocaeat
Operations Contla-

2005 ze"I

Caretiar
Operatlons Conlin-

2025 aenCY

Cols-
eoning Contin-

2049 *enc-Deecription

SUOSWUACE:

SHS AD m Ps
23000 Shaft fcillties. uAurface
30000 SIfte a rp. *ubsurf ace

subtotal

30 14 4 a 2 S 2 a 2
30 54 14 4 1 4 1 2 1

70 20 U 3 9 1 10 3

41010
41020
41040
41010
43000

UCAVATIONIadC"ILL
Ca faee. _inJ. entiletlon N mapert
SpeMt fuel facility ecavatios
exaated matrial uding
Geerel (drift) aintenance
backfill

Subtotal

30 14
25 90
30 11
25 11
40 0

125

S
21
3
3
0

32

0
83
5
21
0

109

0
21
2
5
0

28

0
0
0

12
0

12

0
0
0

. 3
0
3

0
0
0
13
47

40

0
0
0
3
19

22

HWLUCUU HOLS PUNPARATIO
41025 SF borehole drillinag/ling,
41035 WUM borehole dilling/lining
41045 WUM and SF hrdwor borehole drilliline

Subtotal

35 29 9 35 14 0 0 0 0
35 0 0 28 10 0 0 0 0
35 0 0 2 1 0 0 0 0

29 9 8 25 0 0 0 0

42010
42020
42030
42040

51010
51030
S1040
51050
51040
S1010
51040
51090
51100
Sl10
52000
53000

By transport snd emplacemet (TAN)

WVIL. A" SF hardware Th"
Selected waste recovery
Subtotal

0p00I0 SSVICSS
Matrial recolvingiwasehousing
Squlpat _lateasOacO facilltiew

segoacy medical f cilities
ventilatlon eyeta_ emplacement ara
V tiletion system developmeat are
Watr contrel
Fire protection
Operations eupport *ad control facilILtic
Coolmimatleu control fecilities
Control ro facility
Utilities
Monitorlas

Subtotal

35
3S
35
40

0
0
0
0

0

0
0

0
0
0

S6
0
0

14

3
2

0

S

0
0
0
0

0

0
0
0
0

0

0
0
0
0

0

2S 21
30 e1
25 11
30 4
30 11
25 3
2S I
iS 1
30 11
25 11
25 a
30 16

179

5 19
24 132

3 1
1 a
3 12
0 1
0 0
0 0
3 10
3 9
2 4
S 27

49 231

5
40
2
2
4
0
0
0
3
2
1
a,

47

9
13
1
3

0
1
0
0

10
4

12

59

3
4
0
I
0
0
0
0
2
3
I
3

11

14
20
1

11
0

14

0
0
9
0
14
10

4
9
2
3
0
0
0
0
3
0
4

3

25

0
0
0
0

0

404 110 434 128 s0 23 154 50

JURFarCL MOAL 516 103 206
SIJSSUSFACE TOTAL Si' 103 204



TABLE, 3-3

SRrAC RPOSITORY WORKERS
(for a representative year--horiontal emplacement)

Cost
Account DesCristlo

SITE PREPARATION

Contin-
E.L

Contruc-
tio Contin-
199s tOMEn

ftplacement
Operations

200S
Contin-
eanew

Caretaker Decomis-
Operations Contin- sloning Contin-

2025 aency 2049 Remy

1 0 7e 1620 130 26

21100
21200
21501

22010
22020
22030
22040
22050

22060
rX 22070

Ln 22060
22140
22220
222*0
23013
23063

WASTE HANDLIUG
HS1

W"W-2
Site-generate4 waste treatment
Performance onfirmation

bubtotaib

BALANCE OF PLANT
Health end medical
Fire protection
Security ,
Maintenance
Adainitration
Training
Warehousing end receiving
Vialtora' center
weavated tuff storege

Nonitorinsg
Other (butch plant)
Ventilation building (men-and-eaterials)
ventilation building (emplecement ewhaust)

Subtotal

40 a
40 a
40 a
40 a >

930

30 a
30 a
30 a
30 a
30 a
30 a
30 a
30 a
30 a
35 a
30 a
30 a
30 a

260

372

-2

3

39
203
I9
17

268

12
1S
83

131
S
6

17
3
4

so
4
0
0

510

1

16
01
4
7

107

4
S

25
40
56
2
lS

1

1

15

0
0
0

12

12

0
1

27
9

23

00
3
0
0
0
0
0

63

7'

0
0
0
5

0
0

S

3
7
0
0
1
0
0
0

is

24

131

a

a

aS

Surface subtotal - 1,320- 460 71 264 26S s

I
URACE TOTAL 1,e00 1,045 * 100 350

a. Subaccount staffing data for construction and decommissioning s not available.
b. t Is coincidental that the surface staffing for the vertical emplacement method s the ame as for the horizontal emplacement method (see Table

3-1) for the elected representative year in each phase. Staffing In the other years varies slightly but not to the degree that the ubsurface
does.



jaLL K-4

£uSuAaC UPOSTo WUlERS
(tfor a raqresaetatla year--orlotol emplacement)

Coat
ccount

Comalnrc- Splcomant Caretaker c s-
Coatin- ties Contla- operatlons eCotil- operetioa Coatio- *leoain Contin-

- L 1996 J.ncv 2005 zncr 2025 kanci 2049 AtencDescription

S sH m RAWs
23000 Shaft fcilities, subsurface
30000 Shafts a r. WAurf A ,

Subtotl

51C&AT10W1N6ZFlLL
41010 Como fae., alms. vast miweart
41020 Spea fel feeilty ecavatio
41060 s eavat* material bemdlia
41070 Gee (drift) malatesac
4300 Seckrfll

Subtotal

30 13
30 51

l0

4 S 2 5 2 a
16 4 1 4 1 2
20 12 3 9 3 10

2
1

3

30 Is
25 53
30 11
25 11
40 0

90

4 0
12 21

3 13
0 0

22 4

0 0
1 0
2 0
3 S
0 0

12 a

0
0
a
2
0

2

0

13

60

0

0
3

19
22

U LACBMm OW F BA10ION
41025 Sy borele drilikglialao
41035 mu berehal. deilIlwillmig
4104S LM NW S bout brc-ele aeilllime

Subtotal

35 26
35 3
35 6

35

9
1
2

12

S2
26
0

Ps

19
9
0

28i

0 0 0
0 a 0
0 0 0

0 0 0

0
0
0
a

42010 s tmpeit N etacomm (1")
42020 DAM t6
420)0 Wbium ad S beeduare 168
42040 Selected wat. ocovecq

Subtotal

WiVOR SAvlCS
51010 Material rcolviag/w lrarae
51030 Sqc"gImat maltakscae feciltlie
51040 Smaacy medical facilitlee
SIOSO vtIItlo eetu s emplacemeat
5100 vetilatie. systemJ deapamt emue
51010 wataL coateol
5100 Fire pret cti
510 0 opeetlone support mmd control facilitlee
51100 Ctwlastles cotrol facilltles
51110 Ceatrel reem facility
52000 Utilitle
5300 MAaLolrla

Subtetal

35
3S
35
40

0
0
0
0

a

O 1
0 S
0 0
_ 2
0 14

3
2
0
1

6

0

2
2

0
0
0
0

0

0
0
0
0

a

0

0
0

25 20
30 61
25 11
30 1
30 6
25 3
25 1
2S 1
30 11
25 10
25 a
30 16

146

15
3
0
2
1
0

3

2

40

1
10
7
2
6
I
0
0

10
2
4

21
154

4 9
21 11

2 1
I I
2 0
0 1
0 0
o 0
3 6
2 10
1 2
a 13

44 54

3
4
0
0
0
0
0
0
2
3
1
4

11

13
11
1

0

64

13
64

3
6
2
0
0
0
0
0
3
0
1
4

19

surf ace subtotal 344 94 304 93 13 22 134 44

WASMAC MA 4N8 397 S IM
SliMuafAcS IBIAL 438 391 95 116
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