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Preface

The IFMIF cost report documents the estimate for the International Fusion Materials Irradiation
Facility described in the Conceptual Design Activity Final Report. It was jointly prepared by the design
team and has substantial input from the participating institutes and industry representatives from the
collaborating countries. The costing data was not changed or edited during the compilation of this
document without the concurrence of the originating party.

The results of the IFMIF CDA are documented in a set of two reports:

“IFMIF- Ihtemational Fusion Materials Irradiation Facility, Conceptual Design Activity, Final Report”,
IFMIF-CDA Team edited by M. Martone, ENEA Frascati Report, RT/ERG/FUS/96/11 (December, 1996)

“IFMIF- International Fusion Materials Irradiation Facility, Conceptual Design Activity, Cost Report”,
IFMIF-CDA Team compiled by M. J. Rennich, ORNL/M-5502 (December, 1996)

A complete list of the project documentation is included in the final report.
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Acronyms and Definitions

e AFI:  Allowance for Indeterminates
* CDA: Conceptual Design Activity

* Conventional Facilities: The balance of plant elements grouped under WBS 2.5

* Ecu:  European Currency Units ‘ |

»« EDI:  Engineering Design and Inspection

* FMIT: Fusion Materials Irradiation Test

* ITER: International Thermonuclear Experimental Reactor

* ICF: IFMIF Curréncy Factor; the unit of accounting used uniquely in this estimate.
« Off-site: Activities and charges occurring away from the IFMIF facility.

* On-site: Activities and charges occurring at the IFMIF facility.

» Operating Costs: The cost of operating the facility after the completion of the construction project.
These costs do not show in the TPC.

» TEC: Total Estimated Cost: A summary estimate which includes the cost of design, fabrication,
testing, installation and all project management costs from project approval to the beginning of
facility startup and commissioning.

» Technical Facilities: The major process facilities of IFMIF; Test, Target, Accelerator and Central
1&C.

» TPC: Total Project Cost: A summary estimate which includes the TEC as well as development

and, startup and commissioning costs. The CDA costs are not included

*» WBS: Work Breakdown Structure; complete listing in Appendix 5-A




1.0 Introduction

This report documents the cost estimate for the International Fusion Materials Irradiation Facility
(IFMIF) at the completion of the Conceptual Design Activity (CDA). The estimate corresponds to the
- design documented in the Final IFMIF CDA Report [1].

In order to effectively involve all the collaborating parties in the development of the estimate, a
preparatory meeting was held at Oak Ridge National Laboratory in March 1996 to jointly establish
guidelines to insure that the estimate was uniformly prepared while still permitting each country to use
customary costing techniques. These guidelines are described in Section 4.

A preliminary cost estimate [2] was issued in July, 1996 based on the results of the Second
Design Integration Meeting, May 20-27, 1996 at JAERI, Tokai, Japan. This document served as the basis
for the final costing and review efforts culminating in a final review during the Third IFMIF Design
Integration Meeting, October 14-25, 1996, ENEA, Frascati, Italy.

The present estimate is a baseline cost estimate which does not apply to a specific site. A revised
cost estimate will be prepared following the assignment of both the site and all the facility
responsibilities. ,

11 Cost Summaries
1.1.1  Construction Cost Estimate Summary

The following costs summarize the important budgetary numbers in the estimate. A more
detailed summary of the cost estimate is provided in Appendix A which also includes various charts

which compare and analyze the cost data. Information about the currency units and how the elements are
defined and costed is included in the description below.

WBS System TEC Estimate
1.0 Project Management 52,000 kICF
20 Test Facilities 107,000
3.0 Target Facilities 115,000
4.0 Accelerator Facilities 409,000
5.0 Conventional Facilities-EU/US [JP] 90,000 [195,000]
6.0 Central Control and Common Instr. 24,000
Total Estimated Construction Cost (TEC): 797,000
7.0 Start-up and Commissioning 63,000 (avg.)*

Engineering Validation Phase 49,000
Total Project Cost (TPC): 910,000

* Differences in electric power costs result in a range of start-up and commissioning estimates
between 54,000 and 79,000 kICF .

The TEC includes a total Allowance for Indeterminates of 168,000 kICF or 27% of the TEC; the
base TEC is therefore 629,000 kKICFE.

1.1.2  Operating Cost Estimate

The estimated cost of operating the IFMIF facility in a normal year including electric power,
utilities, maintenance and miscellaneous costs associated with operating the facility will be between
56,000 and 78,000 kICF. The electric power and personnel costs dominate the total number and only the
differences in electric power result in the range of site costs.



1.2 Integration of an International Cost Estimate

The IFMIF cost estimate was prepared jointly by the collaborating countries for a generic site
within a project defined schedule. Consequently, the costs do not apply to a specific site or country.
However, the goal of providing a comprehensive base estimate on which a specific estimate could be
prepared was accomplished. In particular, the division of the work packages and the costing assumptions
have been carefully documented along with the costs, enabling each participant to analyze costs based on
local considerations.

In order to evaluate the differences between countries a few elements were costed by more than
one country, notably the accelerator, conventional facilities and operating costs. Based on these cost
comparisons it appears that the cost of manufactured items including complex one-of-a-kind machinery is
driven by international competition among industrial firms. Therefore, the cost of procured items such as
power supplies, accelerator and target components and test cell equipment can be estimated by different
countries within a similar range of uncertainty. On the other hand, the cost of conventional construction
and operation is more difficult to generalize since each country must satisfy national requirements for
building codes and standards, safety and environmental considerations and rules for construction of
facilities on government sites. As a result of this difference, a separate Japanese cost estimate for the
conventional facilities i1s appended to the base estimate which is more representative of the cost of these
facilities in the US or EU. The operating and start-up and commissioning estimates also include a range
of electric power costs to account for differences in siting.




2.0 Costing Methodology

2.1 Scope

Costs have been developed for the IFMIF project over its entire cycle beginning with the
Engineering Validation Phase (EVP) scheduled for 1997, through facility construction, startup and plant
commissioning. The anticipated cost of normal annual operations has also been estimated.

2.2 Organization

2.2.1 Work Breakdown Structure (WBS)

All project costs, except operation and decommissioning estimates, are organized in accordance
with the IFMIF WBS attached in Appendix B. The WBS listing was completed to the most detailed level
possible to insure that the estimate is both comprehensive and does not include overlap between Facilities.
Costing was performed at the WBS level determined appropriate by the estimating group, usually levels
four or five, and summarized at level three.

2.2.2 Project Schedule

The preliminary IFMIF master schedule developed for the CDA as shown in Figure 2-1 was used
as the time basis for the estimate. Recognizing the effect of regulatory/licensing requirements on program
cost, the master schedule was configured to contain suitable time to obtain approval for IFMIF.

A key provision included in the schedule assumes approval to begin the bidding process for major
contracts, particularly the accelerator, one year ahead of final project approval in CY-2000. This
advanced effort will save approximately one year in the overall project timetable.

| 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 |

Test
Construction Operations Operation

DN TT

Figure 2-1. Top Level IFMIF Construction Schedule.




2.2.3 Coordination

The cost estimate incorporates information from all parties and provides a summary reference
cost for planning and budgeting in all the collaborating countries based on coordinated, common cost
input. Thus, while each party developed costs using customary internal methods, a common-format
detailed worksheets were used to report costs. The worksheets are attached as Appendix D .

2.2.4 Costing Responsibilities

The cost estimate has input from all parties as described in Table 2.2-1. In most cases, individual
items of the cost estimate were not estimated by more than one party; however, top level cross checking
was completed as previously described.

Table 2-1. General costing responsibilities.

Project Management (WBS 1.0) All parties

Test Facilities (WBS 2.0) European Union
Target Facilities (WBS 3.0) Japan
Accelerator Facilities (WBS 4.0) United States
Conventional Facilities (WBS 5.0) . - EU/US

Central Cont. and Instru. (WBS 6.0) Japan

Startup & Commissioning (WBS 7.0) All parties -
Operating Costs All parties

2.3 Costing Structure

2.3.1 Accounting

Each party reported costs in US dollars or the local currency; for example the Europeans used
European Currency Units (Ecu’s). To provide a uniform cost summary, the estimates from the Facility
groups were converted to a unit unique to this estimate called the IFMIF Conversion Factor (ICF).
Conversions for the local currencies as of January 1996 are shown in Table 2.3-1.

Table 2-2. Currency conversion factors

1ICF =1.00U.5.%$ (Jan1996)
105 ¥ (Jan 1996)
0

.807 Ecu  (Jan 1996)

I TR

2.3.2 Inflation
The cost estimate is reported in January 1996 currency values, inflation is not considered.

2.4 Costing Techniques
Estimators, in general, used four basic types of estimating techniques:

Industrial: Detailed quotes or industrial estimates based on exact equipment specifications or
requirements. Approximately 75% of the technical facilities were estimated by industry.

Scaling: The use of known costs for existing equipment and adjusting the costs to account for different
sizes, years of construction etc. to estimate costs for items such as buildings, hot cells, ventilation
systems, offices, site preparation and utilities. Roughly 10% of the estimate was completed using this
estimate

Factoring: The use of percentages of known equipment or labor costs to estimate contingency and
personnel costs such as project management and construction management which amount to
approximately 10% of the estimate.




Engineering Judgment: Educated guesses were used for the remaining 5% of the estimate for which the
other estimating techniques were not possible. For example, the cost of maintenance during the two years
of startup and commissioning is impossible to derive quantitatively at this stage of the project.

2.5 Allowance for Indeterminates

IFMIF is in the earliest stages of design, consequently there are assumed to be many unknowns,
thus each Facility group provided an additional cost referred to as the Allowance for Indeterminates (AFI)
based on.such factors as:

(i) design maturity,

(i) technological risk,

(iii) historical cost growth in estimates performed at the conceptual de81gn phase.

AFI was applied in the manner customary to the estimating party, at the lowest level possible to
prevent subsequent doubling of AFI when summarizing costs across WBS elements. For example, where
factoring was used to derive costs, notably Project Management, AFI was not added again since the base
numbers included the allowance.

2.6 Industrial Participation

The estimate reflects the decision that virtually all design, fabrication and installation functions
will be performed by commercial companies operating under the direction of the responsible government
sponsored institutes. This approach recognizes that, in general, the IFMIF design is based on
conventional or proven technologies which can be easily procured from several vendors. It also provides
for the most cost efficient method of building the facility through established design-to-cost and
procurement-to-cost techniques. The funding implication of this division of is tracked at all levels of the
estimate.

2.7 Personnel Costs

Personnel labor costs appear primarily in two places in the cost estimate. First, industrial labor
used to manufacture and assemble facility components and construct the facility. And Second, technical
staff required to startup and operate the facility. Of necessity, each has been treated differently.

2.7.1 Manufacturing and Assembly Labor

In keeping with the division of the estimate into separate facilities which are fully estimated
inaccordance with the procedures customary for the responsible party, the industrial labor rates are
specific to the individual countries involved. This allowed each party to evaluate total fabrication costs
within the framework customary to that country and avoided the confusion resulting from imposing an
international standard for specific types of labors.

2.7.2 Startup and Operating Personnel

Since asite has not been designated, all the parties contributed to the startup and operating cost
estimates. Specifically, each party provided annual rates for a designated list of personnel from which
average rates were computed as shown in Table 2-3. The unit cost for characteristic types of personnel
(i-e. technicians, managers, engineers and maintenance shop labor) includes all burdens and overheads.
The US figures are based on rates at Oak Ridge National Laboratory and those used by Northrop
Grumman in similar estimates. The EU rates were provided by Frascati and FZK, and the Japanese rate
by JAERI. Since the labor rates for all the countries are comparable within the accuracy of the overall
estimate a single average rate structure was used for Project Management, Operations and Startup &
Commissioning.




Table 2.3. Average Annual Personnel Costs (Jan 96 KICF)

Rate (KICF/yr)
US Japan Italy  Ger. Avera_g_g_
|Administration .

Plant Manager 195 234 198 152 195

Office Support 50 144 91 88 93
Engineers

Engineers 173 165 154 152 161

Technicians 150 145 154 121 143
Operations

Shift Superintendent 149 187 154 152 161

Central Control Operators 94 144 154 121 128

Plant Operators 94 - 119 91 121 106

Plant Protection 94 119 91 121 106

Safety Officer 164 144 154 152 153

HP Technicians 156 119 154 121 137
Maintenance

Maintenance Manager 111 178 154 152 149

Shop Labor 92 119 91 88 98
Experimental Operations

Hot Cell Operators 94 119 91 88 98

Data Acquisition 111 144 154 88 124

2.8 Siting Considerations

The cost estimate structure segragates work performed “on-site” in the host country from work
which could be done “off-site” in other countries or locations. This arrangement, shown in Figure 2-2
represents an extreme case in which the maximum amount which could be spent “off-site” is established.
In a more realistic scenario, the host country would center work at the designated site out of convenience,
thus the amount of “on-site” expense will probably be higher than that shown in this cost study.




(On-site)
210 3.1.0 4.1.0 5.1.0 6.1.0
(Off-site) . Facility ., Facility  Facility . Facility - Facility
62.0
Central Instru.
Subsystems
(Off-site Costs) 2y 3,2 9 z0 T
6.30
Central Control
Subsystems
— e — e — e e e ) o ] ______.._L___.___f._._____._
230 33.0 430 64.0 7.0
On-site Costs Instaliation & | | Installation & | | Installation & 33.0-5.60 Installasion & Start-up &
( ) ’ Checkout Checkout Checkout Construction Checkout LCommissioning
(Off-site) N 240 - 340 440 . 6.5.0
r E ing . Engineering
Validation Validation Validaton Vatidation

Figure 2-2. Cost Estimate Structure showing separation of off-site and on-site costs.

2.8.1 Site Specific Costing

Different sites may have significant variations in construction and operating costs. The cost
drivers depend on elements which cannot be easily normalized, such as licensing, labor, electricity and
utilities, and to a lesser extent the cost of contaminated waste disposal. The segregation of on and off site
costs will ultimately allow for a reasonable determination of a more accurate site specific cost estimate.
This division will also enable the design team to more easily develop future cost estimates following
official site selection.

2.8.2 Site Support Assumptions

The cost estimate is based on locating IFMIF within an existing nuclear research facility. This
assumption presumes that certain basic support functions are available through the central infrastructure
of the parent facility and are therefore not included in the IFMIF construction or operations costs as
separate items. The costs for these services are assumed to be included in the "overhead” burden applied
to the operating personnel costs (~48%). These include:

Fire protection,

Security management (but not on-site guards),
Procurement,

Accounting and budgeting,

Computing and networks,

Shipping and receiving control,

Plant engineering,

Waste management,

Waste processing facilities, and

» Governmental interface.

e ® e o o o o

The cost of procuring additional services from the parent facility (e.g., design engineering,
computer repair) are costed under "Miscellaneous” in the operating budget.

10




2.9 Items Not Included In Cost Estimate
Items not included in the estimate are:
* The cost of land is not included because the host is assumed to provide the land.

» The costs of various services to the boundary of the site and associated land, such as roads, water,
electricity, sewers, are not included because the host is assumed to provide such services. Such
services on the site are included in the estimate in WBS 5.

* The direct costs associated with the regulatory process, i.e., preparing the required reports in the
native language, reviewing the reports and obtaining the necessary approvals, are not included.

*  The costs for disposing of IFMIF operational wastes (except high level radloactlve material) once
they leave the site are not included in the operations cost.

* Costs associated with decommissioning and disassembly of the IFMIF after it has compIeted its
operational life are not considered.

2.10 Cost Estimate Verification

2.10.1 Referencing to Existing Facility Costs

The most reliable sources of information for verifying the IEMIF cost estimate are the actual
costs incurred in the construction of similar facilities. The ITER cost estimate has many of this type of
cost factors for major elements such as buildings, waste management, site preparation etc. In addition,
FZK has recently completed a hot cell facility similar to that proposed in IFMIF thus providing a reliable
cost comparison for this portion of this portion of the facility.

2102 Referencing to FMIT Cost Estimate

A facility similar to IFMIF, the Fusion Materials Irradiation Test (FMIT), was partially
completed before being terminated in 1984. The cost estimate and actual costs of that facility are only
slightly relevant to IFMIF because significant physical and operating differences added to the 12 year
time lapse make cost comparisons very difficult and tenuous, consequently, a cost comparison was not
completed.

2.11 Shortcomings of the Cost Estimate

The final cost estimate has three weaknesses of which the most important is that it is based on a
conceptual design with all the unknowns inherent to that level of understanding. This problem has been
compensated with the use of added Allowance For Indeterminates (AFI) based on historical data. A
second weakness, the limited amount of cross-checking between facility groups, results from the
minimum amount of funding available to accomplish the CDA activities. Independent, top-level reviews
by other groups served as a modest substitute for complete, duplicate estimates. Finally, a full analysis of
labor rates has not been completed. This reflects the directive to have each country estimate using
domestic rates; however, it also opens the possibility of significantly different overhead and burden
assumptions at the detailed level of the estimate. Given the nature of these shortcomings, the CDA
estimate is considered to be a good basis for planning and preparation of the construction project.




3.0 Cost Estimate Format and Results

The overall IFMIF cost estimate is documented in two forms; first costs are accumulated in a
spreadsheet format as summarized in Appendix A "Summary Cost Format" . Second, the individual costs
for each row of the estimate are documented in detailed worksheets as provided in Appendix D and
described in Section 3.1 below. Figure 3-1 shows the standard spreadsheet format used to categorize
costs. Note that the sheet follows the requirements to segment off-site and on-site costs; industry and
institutional costs; allowance for indeterminates (AFI); management and engineering validation.

3.1 Worksheets

Standard form worksheets where prepared by the responsible parities at levels 3, 4 and 5 as -
appropriate. The worksheets are linked to the summary cost sheet to enable direct tracking of costs by a
single tabular row in the same format as the spreadsheet. The rest of the worksheet provides information
to capture lower level costs and the details of the content and approach, employed to reach the final
figures. The standard worksheet format is as follows:

A. Summary Cost Estimate:

A single costing row in the format of the overall spreadsheet appears at the top of the worksheet.
The WBS level of the entry is identified at the top of the sheet and the currency units are identified under
the row.

B. Description:
A written description of the items included in the element being costed is provided. This includes

as much quantitative information such as sizes, quantities and materials as practlcal Special
considerations and procedures may also be identified.

C. Detailed WBS Listing:
A continuation of the WBS at levels below the subject row is provided. The additional detail has
been added to the overall IFMIF WBS.

D. Costing Rational:

An explanation of how all costs were derived (scaling, factoring, bottoms-up or engineering
~ judgment) and the origin of the basic cost numbers used (e.g. industrial quote, previous construction,
reference book, catalogue). The Allowance For Indeterminates (See Section 4.3.2 below) factor used may
also be explained.

E. Detailed Costing:
As much of the detailed costing data as required to explain the costs to an independent reviewer is
included.

3.2 Explanation of Costs

The top level costs of the IFMIF Cost Estimate are tabulated in the Introduction and defined in
Figure 3-1 and as follows:

» The Total Estimated Cost (TEC) includes the cost of design, fabrication, testing, installation and
all project management costs from project approval to the beginning of facility startup and
comimissioning.

» The Total Project Cost (TPC) includes the TEC as well as development and, startup and
commissioning costs. The CDA costs are not included

» The lower level cost categories are explained in Section 4.0 below

12




£l

"Joayspeards 91ewnsa 1509 ATINL] JO 2ImonIs [reIa(q ‘J-¢ 2Ingi]

SARUTULINDPU] JOJ SoUBMO[lY  [AV
sdnoin Anjioe,] Aq paieunsg og oL 741
JUIWUD[D SIY) UFISOD) ON U
SUOIIBIAJIQY

] T T T N TR T BTl B 6] 0 ] —ameg 0L
ou 4L Jefy= gL | agL HL AL JHe+pto= FAL | 99L 445 HeL 4L M 84S D@1 [BNU3)  ('9
u 48 F+++y= FdL | g4l HeL HAL ou ou u o . W "4l u 81198 [Ju2AU0D Q'
wu ddl Y+y= gdL | a4l qeL HAL  {#oip+o= gdl | ddL HAL 4L 4L ou S,[108] JOJER[POY  ('p
o 4L Y+i+i+y= HdL | 34l qHAL HEL  |He+pto= gdl | 4L H3dL 4L HAL ou sanyeg phiel, 0'¢
u HAL A+l+iy= ggr | g4l 4L HAL  |peepto= gdL | g4l HEL AdL 44l ou SAMIRY 1AL 0T
o adL ou ou ou ou o ou ou au S ou ou au q4L ywadeuepy ford o'y
() u) [0] [&0) U] () () (&) (6] () ®) ©) @ ®) (eI SHM

18101, 14V [3,uidug |3,widuy qey/ W] (8101 1AV |3,uiduyg |3,miBug qe'l/1,18]N | BeaeIy (198 | U8y foiq
[e,3§)8u] | JOjIRIJUOD)  ‘JSU0) te,1sug Lxnsnpuy
AINAL IV MNS-uQ v Ms AINAI-NO

L)




4.0 Cost Estimate Definitions

This section describes major elements of the cost estimate as tabulated in the WBS and summary
format.

4.1 Project Management and Administration (WBS 1.0)

This element includes all project management costs for the management, administration and
control of the overall project (column “a” in Figure 3-1). The management of the Facility design, testing
and installation activities are included in the Facility costs. The management team will begin to form in
1998 and disband following Commissioning. The peak employment years will be between Project
Approval at the beginning of the year 2000 and the completion of the major construction elements at the
end of the year 2004. Note, project management is considered an "on-site" cost since it is assumed that it
will be performed in the host country.

This element includes the following items:

*  Project Management and Administration: includes costs for activities such as overall administration,
cost control and scheduling, and documentation. Also included are administrative support, meetings,
and publications.

» Systems Engineering: costs for engineering beginning after the IFMIF is approved as an official
project required to ensure the facility functions are properly coordinated including interfaces, RAM
and safety.

* Environmental, Safety and Health (ES&H): includes cost of personnel responsible for establishing
and maintaining procedures in accordance with the regulations of the country responsible for the
Facility.

¢ Quality Assurance (QA) includes cost of personnel responsible for establishing and maintaining a
quality assurance program for the overall project.

» Construction Management; coordination of construction activities for all Facilities, development of
construction specifications, oversight of contracts. It is assumed that the construction management
activities will be performed by a commercial contractor.

The history of large projects shows that all Management and Administration costs, including
WBS 1.0 and related costs in each Facility WBS X.1.0, should be between 10 and 15% depending on the
complexity of the project. For IFMIF the reduced technical complexity is somewhat off-set by the
difficulties of coordination of an international facility. Consequently, the total factor is assumed to be
approximately 12.0% of the TEC. Thus, since the individual facilities estimates included a factor of 5.5%
of the total the remaining 6.5% was assigned to WBS 1.0. The specific management costs for each
Facility are detailed in the appropriate worksheets.

4.2 Facility Design and Construction (WBS 2 through 6)

Each of the four WBS elements describing the Technical Facilities of IFMIF include subelements
for program management, subsystems, installation and checkout and subsystem development. The scope
and content of each of these subelements is described below. Because the WBS structure for the
Technical Facilities is uniform at level 2; all the elements at that level are discussed together.

4.2.1 Facility Management (WBS X.1)

All the management activities required to directly support and complete each Facility are
included in this element (column “b” in Figure 3-1). The facility management staff is also expected to
coordinate all activities with the overall project management staff (WBS 1.0). The subelements are the
same as WBS 1.0 and have the same description as applies to the individual facility.




Project Management and Administration: basic management costs such as administration, cost
control and scheduling, and documentation. Under each of these categories factors such as
administrative support, meetings, and publishing are included.

* Systems Engineering: costs for Engineering after the IFMIF is approved as an official project will be
estimated based upon anticipated activities needed to support the procurement of elements of the
Facility. Engineering will include the following elements:

preparation of major system specifications,
preparation of preliminary design documentation,
vendor and contractor oversight,

verification testing oversight,

installation planning and coordination,
installation oversight,

startup oversight.

L g L * @ L] ® [ ]

«  Environmental, Health and Safety Documentation: support for personnel responsible for establishing
and maintaining procedures in accordance with the regulations of the country responsible for the
Facility.

* Quality Assurance: support for personnel responsible for establishing and maintaining the quality
assurance program for the individual facility. Also included will be activities to coordinate the QA
program will the project office.

4.2.2 Technical Facility Design, Fabrication, Installation and Testing (WBS X.2)

This element includes the cost for work begun following project approval and performed off-site.
It includes the following items:

n

Column "c" [Industry Mat'l/Lab.]:
material,

equipment fabrication,
fabrication labor,

factory assembly labor,
factory verification testing,
shipment to the IFMIF site,
special maintenance systems

Column "d" [Industry Engin'g]:
» vendor provided design engineering,
» vendor provided inspection engineering,

Column "e" [Institutional Engin'g]:

= Manpower (engineering, labor and technical) provided by the responsible institute presented in
currency units rather than hours.

Column "f" Allowance for Indeterminates [AFI]: |

An Allowance for Indeterminates (AFI)is added to account for:
(1) design matunty, |
(i) technological risk, |
(i1i1) historical cost growth in estimates performed at the conceptual design phase.

Column "g" [Total}:

The total of columns c, d, e and f should give all costs associated with the off-site fabrication,
testing and design of the technical facilities.




4.2.3 Installation and Checkout (WBS X.3)

This element includes all work to install and perform verification testing of the individual
technical facilities at the JFMIF site. All costs following the acceptance of facilities for operation are

_ included in WBS 7.0.
The Equipment Installation and checkout cost estimate includes the following elements:

Column "h" [Construction Contractor Mat'l/Lab]:
* construction contractor provided installation labor,
* construction contractor provided supervision,
* verification testing labor and support.
Column "i" [Construction Contractor Engin'g]:
* construction contractor provided installation engineering,
* on-site support by fabricating industry labor and technicians.

Column "j" [Institutional Engin'g]:
*  On-site support of responsible institute personnel.

Column "k" [AFI]: See explanation of column "f".

4.2.4 Engineering Validation (WBS X.4)

This element includes the costs for the Engineering Validation Phase of the project, starting in
calendar year 1997. The costs are explained in the IFMIF Engineering Validation Phase plan {3].

AlLEVP costs are reported in Column "n"

42.5 Facility Construction (WBS 5.0)

IFMIF construction was estimated differently than the technical facilities because all work is
performed on-site. Since IFMIF uses construction techniques similar to those proposed for ITER, costs
are generally based on factors developed for the ITER cost estimate.

Column "h" [Construction Contractor Mat'l/Lab]:
* construction contractor provided installation labor,

* construction contractor provided supervision,
-+ verfication testing labor and support,
* material,
* purchased equipment.
Column "1" [Construction Contractor Engin'g]:

* construction contractor provided installation engineering,
* construction contractor design engineering.

Column "j" [Institutional Engin'g]:
*  On-site support of responsible institute personnel.

Column "k" [AFI]: See explanation of column "f".
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4.3 Startup and Commissioning (WBS 7.0)

This element includes the costs for start-up and commissioning of the IFMIF facility. This
includes operations and material costs from the startup of the accelerator through the commissioning of
the plant.

4.3.1 Indeterminates:

This WBS element provides a best estimate of the cost of starting IFMIF regardless of site
location. The actual startup and commissioning costs will depend on many imponderable factors
including the type of organization responsible for the construction phase, the extent or sharing of vendor

- responsibilities, and the necessary level of interaction with regulatory bodies.

4.3.2 Personnel Rates:

Operating personnel will be hired during the Startup and Commissioning phase of the project to
assist with operations and training. The personnel costs as shown in Table 2-3 include all overheads and
burdens.

4.3.3 Electrical Power:

Electric power costs include the power required for the operating equipment and power
consumption during various levels of non-operation. This is accounted for in assumptions for a
reasonable two-year startup plan. Power costs were developed for Europe, US and Japan, and reported
for IFMIF as an average and as a range.

4.3.4 Maintenance:

A percentage factor of the TEC cost was used to cover capital improvements, spare parts and
maintenance costs. 4

4.3.5 Waste Disposal:

The volume and cost of waste disposal was reviewed at the Second Design Integration meeting '
with a resulting average cost based on engtneering judgement. .

4.4 Operating Costs

An estimate of the normal facility annual operating costs is included in Appendix C. The same
basic factors of electric power, personnel, maintenance, waste disposal and utilities are included.




5.0 Cost Estimate Analysis

The overall IFMIF cost estimate has been analyzed through a series of charts which provide a
relative comparison of many factors which are common to all facilities of this type.

5.1 Distribution of Costs by WBS

Chart 5-1 shows a percentage distribution of the TPC by WBS level two elements. Note that the
accelerator accounts for approximately half of the total project cost, a common “rule of thumb” for
accelerator based facilities. Also note that the relatively low cost of central control and instrumentation
assumes a configuration in which each technical facility provides a stand-alone control capablhty which is
included in the individual facility cost estimates.

50.00%

45.00%

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

Proj. Man. Test Target Accel Conv CC&CI Startup

Figure 5-1. Distribution of TPC by WBS level 2 elements.
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5.2 Distribution of Costs by Type

Chart 5-2 shows a percentage distribution of the TPC by major types of costs which is close to
that expected for a large construction project. The engineering numbers appear low, however, the IFMIF
WBS includes a substantial amount of engineering in project management, EVP and Startup and
Commissioning. Thus the actual total engineering cost will be closer to the expected value of 30 to 35%.

100%

%%

80%

70%

60%

50%

40%

30%

20%

- 10%

0%

Overall

Figure 5-2. Distribution of basic cost types
5.3 Allowance for Indeterminates

Figure 5-3 shows the distribution of AFI for the total system and each major WBS element. The
overall value of 27% seems reasonable since the IFMIF configuration is well established from the FMIT
project. Note that the majority of the AFI is determined by the relatively complex accelerator faculty
which has an AFI factor of 35%.

35%

30%

25%

2%

15% -

10% -

5% 4

0% -
Overall Test Target Accel Cony CC&Cl

Figure 5-3. Distribution of TEC Allowance for Indeterminates




5.4 Industrial Participation

The estimate shows that up to 85% of the IFMIF cost could be contracted to commercial vendors
as shown in Figure 5-4. This value includes Project Management; if only the individual facilities are
considered, the factor would be more than 90%.

100%

—— Industry
90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Figure 5-4 Industrial-Laboratory distribution
5.5 Expenditure Location
The estimate shows that up to 70% of the IFMIF cost could ideally be spent “off-site” as shown

in Figure 5-5. A more realistic value will probably be lower when a specific site has been selected and
additional construction and management functions are located at the IFMIF site.

Overall Test Target Accel CC&CI

Figure 5-5. “On-site”-"off-site” distribution
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5.6 Management Distributions

Figure 5-6 shows the percentage of TPC costs for the management of both the overall project and
each facility. The “Overall” figure is a combination of both the WBS 1.0 Project Management total and
the sum of all the Facility management costs. It is based on historical values for large projects while the
facilities management costs were estimated individually by each responsible party. The Target and
Accelerator systems are considered the most complex and thus have relatively high management costs.
Conventional facilities are to be managed by the Construction Manager which is costed in WBS 1.0 once
construction begins thus the value is relatively low.

12% -

10% -

4%

2%

0% -

Overall Test TargetAceel Conv CC&CY

Figure 5-6. Management cost distribution
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APPENDIX 5-B

Complete Listing Of The IFMIF
Work Breakdown Structure
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- -~ IFMIF Work Breakdown Structure (November, 1996) -
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IFMIF Work Breakdown Structure
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0.Manipulator Systems

0.Bridge Crane
O.Infrastructure

0.Examination Equipment
0.Shielded Glove Box Laboratory
0.Assembly and Testing
0.Structure and Support Systems
0.Examination Equipment
0.Tritium. Laboratory
0.Assembly and Testing
0.Components

- 0. Tritium Retention

0.Maintenance System

0.Test Facility System Install. and
Checkout
O.Install.

0.Facility Verification Testing

0.Test Facility Subsystem Development
. Project Manag. and Administration
. Administration

Cost Control

Schedule

Doc.

. Systems Engineering

Design Integration

Systems Analysis
Requirements/Specs

RAM Analysis

Envir., Safety & Health Doc.
Quality Assurance

. Target Facility
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. 0.Target Facility Manag,
. 0.Project Manag. and Administration

0.Administration

0.Cost Control

0.Schedule

0.Doc.

0.Systemns Engineering
0.Design Integration

0.Systemns Analysis
0.Requirements/Specs

O.RAM Analysis

0.Envir., Safety & Health Doc..
0.Envir., Safety & Health Doc..
O.Licenses

0.Quality Assurance

0.Other Costs

0.Subsystem

0.Lithium Target System
0.Assembly and Testing
0.Assembly

0.Testing
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0.Components
0.Target Assembly
0.Li Inlet Piping
0.Flow Straightener
0.Nozzle

. O.Replaceable Backwall

0.Downstream Diffuser
0.Downstream Baffles

. 0.Mechanical Connectors
. 0.Li System Target Assembly Interface

0.Measuring System
0.Beam-Target Interface

. 0.Beam-Target Interface Structure

0.Evacuation System

0.Emergency Shutdown System
0.Target-Test Cell Interface
0.Target-Test Cell Interface Structure
0.Lithium Cooling System

. 0.Assembly and Testing
. 0.Assembly
. 0.Testing

0.Components

. 0.Main Lithium Loop

0.EM Pump
0.Valves
0.Flow Meters
0.Piping
0.Quench Tank
0.Dump Tank

. 0.Surge Tank

. 0.Trace Heating

. O.Insulation

. 0.Argon/Vacuum Systemn

. O.Instrumentation and Control

. 0.Lithium Metal

ot
w

—

. O.Radiation Shielding
. 0.Primary Heat Removal System
. O.Primary Heat Exchanger(Li to

Organic)
0.Piping
0.Pump
Q.Valves
0.Flow Meters
0.0rganic Dump Tank
0.Instrumentation and Control

. (O.Radiation Shielding

. 0.0Organic Oil

. 0.Organic Heater

. 0.Secondary Heat Removal System

. 0.Secondary Heat Exchanger (Organic

to Water)

. O.Piping

. 0.Pump

. O.Valves

. 0.Flow Meters

. 0.Instrumentation and Control

. 0.Tertiary Heat Exchanger(Water

Cooling)

0.Purification and Impurity Monitoring
System

0.Assembly and Testing
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0.Assembly
0.Testing
0.Components
0.Lithium Purification System
0.Cold Trap
0.Hot Trap #1
0.Hot Trap #2
0.EM Pump
0.Cold Trap Cooler
0.Piping
0.Valves
0.Trace Heating
0.Insulation
10. 0.Instrumentation and Control
11. O.Radiation Shielding
12. O.Flow Meters
13. 0.Economizer
0.Impurity Monitoring System
0.0n-Line Meters
0.0ff-Line Monitors
0.Flow Meters
0.Piping
0.Valves
0.Main Heater
0.Economizer
0.Trace Heating
0.Insuvlation
0.Instrumentation and Control
11.. O.Radiation Shielding
12. 0.EM Pump

0. O.Lithium Recovery System
0.Leaked Lithium Recovery System
0.Leaked Lithium Detection System
0.Lithium Fire Control System
0.Target Facility Control System
0.Normal Operation Control System
0.Emergency Control System
0.Maintenance Systems )
0.Maintenance Procedure Development
0.Special Purpose Tooling
0.Remote Handling Equipment
. 0.For Target Assembly
. 0.For Purification Components
0.Mockup Facilities and Testing
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0.System Install. and Checkout
0.Install.

O.Lithium Target System
0.Lithium Cooling System
0.Lithium Recovery System
0.Target Facility Control System
0.Target Facility Ventilation System
0.Target Facility Power System
0.Other Support Facilities
0.Maintenance Systems
0.Verification Testing

0.Startup

R R RN R -
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. 0.Subsystem Development

4. 0. 0. 0. 0. 0. 0. Accelerator Facility

1. . 0.Accelerator Facility Manag.
0.Project Manag. and Administration
0.Systems Engineering

0.Envir. Safety & Health Doc.

0.Quality Assurance
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. 0.Subsystems

. 0.Accelerator Equipment Preliminary
Design (injector thru HEBT)

. 0.Accelerator ui%mem Physics
(injector thru HEBT)
0.Accelerator #1 (Castor)

. O.Injector System
0.Final Design labor

0.Procurement support/Seller
Surveillance
. O.Purchased Material

. 0.Source and RF power supply
0.LEBT

. 0.Power supplies

0.0Operational Controls & Software
. 0.Vacuum Equipment & Services
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0.Thermal Control Equip & Services
0.Structure and Shielding

0.Fabrication Labor

0.Sustaining Engineering

0.Radio Frequency Quadrupole System
0.Cold Model Design & Test

0.Final Design labor

0.Procurement support/Seller
Surveillance
. 0.Purchased Material

0.Copper

0.Vacuum System Equipment & Services
0.Drive Loops :
. 0.Electro-forming

0.Miscellaneous Hardware

. 0.Fabrication Labor

0.Sustaining Engineering

0.Drift Tube Linac System

0.Cold Model Design & Test
0.Final Design Tanks #1-8

0.Tank #1

0.Procurement support/Seller
Surveillance
0.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum system equipment & Services
4.0OFHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift tube support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
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. Q.Fabrication Labor
0. 0.Tank #2

. 0.Procurement support/Seller
Surveillance
0.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners B
8.RF drive loops
9.Post couplers
10.Drift wbe suppont girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor
. 0. 0.Tank #3

1. O.Procurement support/Seller
Surveillance
2. Q.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum systemn equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift tube support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor
. 0. 0.Tank #4

1. O.Procurement support/Seller
Surveillance
2. 0.Purchased Material

1.Drift Tubes
2.Drift wbe magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift tube support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. 0.Fabrication Labor

. 0. 0.Tank #5

1. 0.Procurement support/Seller
Surveillance
2. 0.Purchased Material

1.Drift Tubes

2.Drift tube magnets

3.Vacuum system equipment & Services
4.OFHC Copper for tank shell
5.Endwalls with magnets

6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift wbe suppont girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor

. 0. O.Tank #6

1. 0.Procurement support/Seller
Surveillance
2. 0.Purchased Material

L.Drift Tubes

2.Drift tube magnets

3.Vacuum system equipment & Services

4.0FHC Copper for tank shell

5.Endwalls with magnets

6.Tank support system

7.Tuners

8.RF drive loops

9.Post couplers
10.Drift tbe suppornt girder
11.Focusing quadrupole package
12.Miscellaneous hardware

3. 0.Fabrication Labor

. 0. 0.Tank #7

1. 0.Procurement support/Seller
Surveillance
2. 0.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift wbe support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
. Q.Fabrication Labor

. 0. 0.Tank #8

. 0.Procurement support/Seller
Surveillance
2. 0.Purchased Material

1.Drift Tubes
2.Drift mbe magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
S.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers .
10.Drift tabe suppon girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor

4. 0. 0. O.HEBT System
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. 0.Final Design labor
. 0.Procurement support/Seller

Surveillance

. 0.Purchased Material

0.Beam Tube, Flanges, Bellows, etc
Q.RF Cavities

. 0.Support/Alignment Structure

0. Quadrupole magnets: 6" long x 5" dia
0. Quadrupole magnets 16" long x 5" dia
0. Quadrupole magnets: 24" long x 5" dia

. 0. Octupole magnets: 16" long x 3.5" dia
bore

. 0.Dipole (45°) magnets: 5" gap

. 0.Dipole (10°) magnets: 5" gap

. 0.Energy Spread Monitors

. '0.Phase Spread Monitors

. 0.Video Profile Monitor

. 0.Microstriplines

. 0.Fabrication Labor o

O.RF Drive Loop

0.Final Design labor

0.Accelerator & HEBT Thermal Control
Engineering

0.Final Design labor

0.Fabrication support

O.RF Power System

O.RF control

O.RF Pre-driver (first high gain stage -
solid state)

0. RF Final Amplifier (including driver :
rox. 1.3 MW)

X 0 Transpon

O.RF station to RFQ

O.RF station to DTL and Momentum
Compactor

O.RF station to Energy Dispersion
Cavities

0.Circulators (19" Y-junction)

. O.Filters (19™)

0.Low Power Couplers

O.RF Dummy Loads

0.Air pressurization and distribution
0.Cavity Resonance Control
0.Switchgear

0.Cooling

O.RF station Monitoring and Control

. O.Integration Equipment and Services

0.Accelerator #2 (Pollux)

. 0.Design Updates

0.Injector system
O.RFQ system
0.DTL System

. O.Injector System

0.Procurement suppont/Seller
Surveillance

. 0.Purchased Material

0.Source and RF power supply
O0.LEBT

0.Power supplies
0.Operational Controls & Software
0.Vacuum Equipment & Services
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0.Thermal-Control Equip & Services

. 0.Structure and Shielding

Q.Fabrication Labor

. O.Radio Frequency Quadrupole System

0.Procurement support/Seller
Surveillance
0.Purchased Material

0.Copper

0.Vacuum System Equipment & Services
0.Drive Loops

0.Electro-forming

0.Miscellaneous Hardware
0.Fabrication Labor

0.Drift Tube Linac System

0.Tank #1

0.Procurement support/Seller
Surveillance
0.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift wbe suppon girder
11.Focusing quadrupole package
12.Miscellaneous hardware

. 0.Fabrication Labor
. 0.Tank #2
. 0.Procurement suppont/Seller

Surveillance
0.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift wbe support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
0.Fabrication Labor
0.Tank #3

0.Procurement support/Seller
Surveillance
0.Purchased Material

1.Drift Tubes

2.Drift tube magnets

3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets

6.Tank support system

7.Tuners

8.RF drive loops




9.Post couplers
10.Drift tube support girder
11.Focusing quadrupole package
12.Miscellaneous hardware

0.Fabrication Labor

0.Tank #4

0.Procurement support/Seller
Surveillance
0.Purchased Material

1.Drift Tubes
2.Drift ube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank suppon system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift tbe suppont girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor
0. 0.Tank #5

1. 0.Procurement support/Seller
Surveillance
2. 0.Purchased Material

1.Drift Tubes
2.Drift tube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalis with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift tube support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor

po oW

. 0. 0.Tank #6

1. 0.Procurement support/Seller
Surveillance
2. 0.Purchased Material

1.Drift Tubes
2.Drift wube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift tube support girder
11.Focusing quadrupole package
12.Miscellaneous hardware
3. O.Fabrication Labor
. 0. 0.Tank #7

1. O.Procurement support/Seller
Surveillance
2. O.Purchased Material

1.Drift Tubes
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2.Drift tube magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
S.Endwalls with magnets
6.Tank support systemn
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift wmbe suppon girder
11.Focusing quadrupole package
12.Miscellaneous hardware
0.Fabrication Labor
0.Tank #8

0.Procurement support/Seller
Surveillance
0.Purchased Material

1.Drift Tubes
2.Drift wbe magnets
3.Vacuum system equipment & Services
4.0FHC Copper for tank shell
5.Endwalls with magnets
6.Tank support system
7.Tuners
8.RF drive loops
9.Post couplers
10.Drift wbe suppon girder
11.Focusing quadrupole package
12.Miscellaneous hardware
0.Fabrication Labor
O.HEBT System

0.Procurement support/Seller
Surveillance

0.Purchased Material

0.Beam Tube, Flanges, Bellows, etc

O.RF Cavities

. 0.Support/Alignment Structure
. 0.Quadrupole magnets: 6" long x 5" dia
bore

0. Quadrupole magnets: 16" long x 5" dia

. 0. Quadxupole magnets: 24" long x 5" dia

bore
0.Octupole magnets: 16" long x 3.5" dia
bore
0.Dipole (45°) magnets: 5" gap
0.Dipole (10°) magnets: 5" gap
0.Energy Spread Monitors

. 0.Phase Spread Monitors

0.Video Profile Monitor
0.Microstriplines

. O.Fabrication Labor

O.RF Power System

O.RF control

O.RF Pre-driver (first high gain stage -
solid state)

O.RF Final Amplifier (including driver :
Approx. 1.3

O.RF Transport

O.RF station to RFQ

O.RF station to DTL and Momentum
Compactor

. O.RF station to Energy Dispersion

Cavities

. 0.Circulators (19" Y-junction)
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. 0.Filters (19")

0.Low Power Couplers

ORF Dummy Loads

0.Air pressurization and distribution
0.Cavity Resonance Control
0.Switchgear

0.Cooling

O.RF station Monitoring and Contro}
O.Integration Equipment and Services
0.Beam Calibration Dumps
0.Moveable Beam Dump

0.Final Design

0.Procurement support/Seller
Surveillance
0.Purchased Material

O.Fabrication Labor
0.Fixed Beam Dump
0.Final Design

O.Procurement support/Seller
Surveillance
0.Purchased Material

0.Fabrication Labor

. 0.Accelerator System Control

0.Final Design labor

0.Procurement support/Selier
Surveillance
0.Purchased Material

0.Central Computers
0.Data Transmission Network
0.Local Control

. 0.Database Computers

0.Logging and Facility Fault Analysis
Computers

. 0.Accelerator Support Systems

0.Subsystem Install. and Checkout

. O.Accelerator #1 (Castor) Install. and

Checkout
O.Injector system

O.RFQ system

0.DTL Tank#1 system

0.DTL Tanks #2-#8 system

O0.HEBT systems ("Abel”, "Baker”, and
"Charlie”)

O.RF power system

0.Beam Dumps

0.Moveable Beam Dump

0.Fixed Beam Dump

0.Full Power Acceptance Test (125 mA)

. 0.Accelerator Control System

0.Accelerator #2 (Pollux) Install. and
Checkout

. 0.Injector system

O.RFQ system
0.DTL Tank#1 system
0.DTL Tanks #2-#8 system

O.HEBT systems ("Abel", "Baker”, and
"Charlie™)

O.RF power system

0.Full Power Acceptance Testing {250
mA)

. 0.Accelerator Control System

W~ o
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5. 0. 0.0

0.
0.
0.
0.

0.
0.
0.
0.

0.Subsystem Development

O.RF System Development and Test
O.Injector System Development and Test
0.Design Optimization

0. 0. 0. Conventional Facilities
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0. Conventional Facility Manag.
0. Project Manag. and Administration
0. Administration

0. Cost Control

0. Schedule

0. Doc.

0. Systems Engineering
0. Design Integration
0. Requirements/Specs

0. RAM Analysis

0. Envir., Safety & Health Doc.
0. Quality Assurance

. 0.Buildings
. 0.Accelerator Complex

0.Accelerator Hall

0.Beam Tuming Building

O.RF Power Bay

0.Accelerator Assembly/Maintenance

ay
. 0.Target Complex
. 0.Lithium Processing Cells

0.Processing Cell Liners

. 0.Test and Examination Complex

0.Test Cells
0.Beam Calibration Cell
0.Test Cell Technology Rooms

. 0.Access Cell
. 0.Shielding Doors

O.VTA & Target Service Cell

. 0.Shielding Doors

0.Module Handling Celt

. 0.Shielding Door

0.Control Room Data Acquisition Room
0.PIE Laboratory Area
0.Tritium PIE Laboratory Area
0.Hot Cell Utility Cell
0.Corridors

0.Cell Liners

0.Building High Bay

0.High Bay Building

0.Bridge Crane (30 tonne)
0.Hot Shop

0.Uncontaminated Shop
0.Manipulator Repari Room
0.Shipping Bay

0.Rad Waste Processing Bay
0.Rad Waste Shipping Bay
0.Health Physics Station
0.Corridors

. 0.Support Facility Buildings
. O.Plant Service Halls

0.0Office Complex
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. 0.Plant Services
. 0.Heating Ventilation and Air

Conditioning System (HVAC)

. 0.Nuclear HVAC

0.Industrial HVAC

0.Power System Substation

0.Main transformer w/breakers &
switches

0.Circuit breakers (20kV), auxiliary
power transformer

0.Generating Set and UPS

. 0.Heat Rejection System
. 0.Service Water System

0.Solid and Liquid Rad Waste Processing
Facility

. 0Site Improvements

0.Roads and Parking
0.Roadway

0.Parking

0.Lighting

0.Grading and Landscaping
0.Clearing and Grading
Q.Landscaping

0.Fencing

. 0.Storm Drainage

0. Common Instrumentation and
Central Control Systems
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. System Manag.

Project Manag. and Administration
Administration

. Cost Control

. Schedule

Doc.

. Systems Engineering

Design Integration

Systems Analysis
Requirements/Specs

RAM Analysis

Envir., Safety & Health Doc.
Quality Assurance

. Common Instrumentation
Subsystems
Beam Instrumentation

. On-Target Profile Monitor
Optical/IR Viewing
Neutron Imaging

. Radiation Monitoring

. Radiation Monitor

. Hand & Foot Monitor

. GM Survey Meter

. Dose Meter (gamma & beta ray)
. Neutron REM Counter

. Surface Tritium Survey Meter
Portable Tritium Survey Meter
Pocket Dosemeter

Liquid Scintillation Counter

. Personnel Glass Dosimeter
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0. Stack Gas Monitor

0. Stack Dust Monitor

Integral Tritium Monitor

. Room Gas Monitor

. Neutron Area Monitor
Gamma-ray Area Monitor
Outdoor Monitoring Post
Leak Detector for Organic Loop
Indication Panel

. Air Sampling System

. Documents

Device Controller

CPU (DVE-AT486, 486, 32MB)
ADC (MVNE-512, 16¢h)

. Data Input (DVE-528, 49¢h)
Data Output (DVE-529, 16ch)
Chassis :
Software (Windows-NT)

. Video Monitoring

ITV Camera (Low Radiation Area)
CCD Camera

Zoom Lens

Camera Case, Pan Head

Pan Head Controller

. Power Supply

Modurator

UPS

. ITV Camera (High Radiation Area)
. Display

Demodurator

. Video-amp

. Video Monitor

CPU Unit

Touch Sensor

LAN Box, LAN Translator

. Power Supply

Device Controller

. Cubicle

. Video Switcher

. Character/Symbol Generator
Video Controller

Camera Control Terminal
Access Control

Door Limit Switch

Limit Switch

Door Lock

. Keybank

. Key Switch Panel

. Interlock Unit

CPU & Memory

1/O Unit

Programming Tool

Power Source

UPS

Cable, Connector, Terminal Block,
MCB

. Warning Light

. Waming Light

. Emergency Stop Switch

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.
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.
0.
0.
0.
0
0
0
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. Switch Box

Announciator
Speaker

Speaker

Device Controller
Cubicle
Amplifier

. Auto-paging System

Control Unit
UPS

. Information Display Stations

CATV Newwork

. Distributer

TV Processor

. BS Tuner

Modulator
Mixer

. Network

Controller

. Amplifier

Control System
Modulator
Display Terminals
Demodulator
Video Monitor

. Safety and Emergency Equipments

Oxygen Deficit
Oxygen Sensor

. Indicator/Controller
. Recorder

Escape Mask for Oxygen Deficit
Oxygen Rescue

Fire-proof

Fire-proof Protective Clothing
Radio Active Gas Leak

. Self-contained Breathing Apparatus
. Mask with Bombe
. Storage Case

. Central Control Subsystems

Central Control

Computer System

Main Computer (Data Server)
Computer (VR410 Basic Set, 128MB)
CPU Enhancement (120MHz)
128MB Memory

. FDDI Adapter
. Peripheral Equipment
. Software Manuals

Support Computers
Computer (VI110 Basic Set)
128MB Memory

CD-ROM Driver

. Peripheral Equipment

Software Manuals
Computer Racks, Fumiture
Cabinet

Rack Mount, Filler Panel

. VR Class Server Mount Kit
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. Data Storage

Internal S. E. SCSI DAT 2-16GB
. Disk Array 16.8GB
Magneto-optical Disc 1.3GB
Uninterruptable Power Supply
1.8kVA UPS 200V

UPS Console

Operator Interface

X-Window Terminal (21"CRT, 32MB)
Console

Touch Sensor, Rotary Encoder, Slider
LAN

Network (Ethemet)

. HUB for Terminals

FDDI Switch

PC for Network Observation
UPS

. Substation Interface

. HUB for Central Control

. Substation HUB

. Network Printer

. Color Printer

. Monochrome Printer

. Interlock Logic

. Hardwired Logic

Cubicle

Auxiliary Relay Unit

Power Source

Urs

Cables, Connectors, Terminal Blocks,
MCB, etc
Logic & Status Display

Logic Display Panel
Auxiliary Relay Unit
Power Source

. Cables, Connectors, Terminal Blocks,
MCB, etc
. Interface for Computer Control

CPU & Memory
I/O Unit
Programming Tool
UpPs

Cables, Connectors, Terminal Blocks,
MCB, etc
Central Display Panel

Subsystem Staws (150")

. Radiation/Access Status (150")

. Sequence Synchronizer

Timing Data Generator

. CPU & Memory

. Clock Pulse Generator

. Timing Generator

. EO/OE (Electro-Optical Converter)

0. Clock Pulse Distributer

[

0

oo oo

. VME Chassis
. Cubicle
UPS

. Cables, Connectors, Terminal Blocks,
MCB, etc
. Software Development Tool, Licence

. Interface for Computer Control
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Communication Controller

Software Development Tool, Licence
Dummy Substation

Computer System

Work Station

Console Desk

Operator Interface

Display Panel & Switch Board
Auxiliary Relay Unit

Power Source

Cables, Connectors, Terminal Blocks,
MCB, etc

. Interface for Computer Control

CPU & Memory

1/O Unit
Programming Tool
Dummy VME System
Cubicle

Cables, Connectors, Terminal Blocks,
MCB, etc

. Operation and Configuration Control

Operation and Configuration Control
Softwares

. System Install. and Checkout

Install. and Test
System Verification Testing

. Operational Maintenance

Computer System
Main Computer

Hardware

. Software
. Support Computer

Hardware

Software

Central Control Subsystem
Data Operations

. System Update

. Operational Startup and

Commissioning

. Personnel & Overhead
. Regular Staff
. Startup Staff

. Electrical Power
. Accelerator #1

. Accelerator #2

. Balance of Plant

. Utilities

. Inert Gas
. Deionized Water
. Sewer/Water

. Maintenance

. Waste Disposal
. Contaminated
. Uncontaminated
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Operations

Operations

A. Annual Estimated Cost:

Average: 67.000 kilo ICF/Year

Minimum: 56,000 kilo ICF/Year
Maximum: 78,000 kilo ICF/Year

B. Description:

The cost of operating IFMIF for a normal year has been computed based on the
cost of six major elements:

Personnel,

Electric Power,

Utilities (other than power),
Maintenance,

Waste Disposal, and
Miscellaneous.

Personnel and electric power dominate the total cost. Electric power is also a
major variable among the parties thus using the differences in this cost a range of total

operating costs was developed. The United States would be the least expensive, Japan
the most and Europe approximately the average.

C. Detailed WBS Listing:
See Worksheets

D. Costing Rational:

See Worksheets
E. Detailed Costing:
Estimate =~ AFI Total Maximum Minimum

1 Personnel $22,999K10% $ 2,300K$ 25,299K$ 25,299K$ 25,299K
2 Electric Power $31,556K0% $ -$ 31,556K$ 42,053K$ 20,299K
3 Utilities $ 689K25% $ 172K $ 862K $ 862K $ 862K
4 Maintenance $ 8,000K0% - $ -%$ 8000K$ 8,000K$ 8,000K
5Waste Disposal $ 483K25% $ 121K $ 603K $ 603K § 603K
6 Miscellaneous $ 1,000K0% § -%$ 1,000K$ 1,000K$ 1,000K

$67,320K  $77,817K $56,063K




Operations

WORKSHEET
Operating Personnel

A. Estimate of Annual Personnel Operating Expense:

25,299 kilo ICF/year
B. Description:
| This element includes the technical, managerial and operating staff on-site to

operate the IFMIF Facility during during a single full-power year following plant
commissioning.

C. Detailed Listing:
See listing in Table 1 below.

D. Costing Rational:

The personnel costs were determined in a two step process; first, the unit cost for
each type of personnel (i.e. technicians, managers, engineers and shop labor) including all
burdens and overhead in each of the prospective countries was determined. The
summary of the rates is included in attached Table OPS.1. The US figures are based on
rates at Oak Ridge National Laboratory and those used by Northrop Grumman in similar
estimates The EU rates were provided by Frascati and FZK, and the Japanese rate by
JAERI. Since the rates for all the countries are comparable within the accuracy of the
overall estimate a single average rate was agreed on.

In the second step of the estimating process, the number of personnel required to
operate the facilities during startup of both the total IFMIF facility and the individual
technical facilities was estimated by the appropriate groups. In addition, the core of the
operations staff expected to be hired during the startup and commissioning period was
determined. This group will include key supervisory and technical leaders who will
ultimately train the operators. An annual summary for the two years (calendar years
2005 and 2006) of the startup is attached as Table 1.

The Allowance For Indeterminates is established at 10% to account for potential
staff increases due to unforseen operating difficulties.

A detailed explanation of the subelements in this WBS is as follows:

e Administration: The plant management team will be composed of a small staff since
it is assumed that many adminstrative functions will be supported by the parent
facility.

e Operations: The operations staff has been determined by each Facility group in
accordance with the requirements of similar facilities. The rational for the number of
personnel in the accelerator group is provided in attached memo MEM-96-017.

e Maintenance: This staff has been determined by consensous of the IFMIF CDA
Team.




Operations

e Experimental Operations
This staff will be start being assembled in the final year of the startup phase.

ESTIMATE TYPE: BOTTOMS UP; each element and unit cost was determined
individually based on a detailed analysis of the requirements of IFMIF.

E. Detailed Costing:

Table 1. Operating Personnel Costs

Shift Rate Cost

1 2 3 4 Total |KICF/yr| KICF/yr
Administration 4 1 1 1 7 755
PlantManagerf] 1 0 O O 1 195 195
Office Support| 2 1 1 1 5 93 467
VisitorControl} 1 0 0 O 1 93 93
Plant Operations 13 7 7 7 34 4,284
Shift Superintendent{ 1 1 1 1 4 161 642
Plant Operators{ 4 1 1 1 7 106 744
Plant Protection| 3 2 2 2 9 106 957
Safety Officerf 1 0 0 O 1 153 153
HP Technicians] 4 3 3 3 13 137 1,787
Test Operations ' 4 3 3 3 13 1,992
Experiment Control| 2 1 1 1 5 161 803
Operations Labor| 2 2 2 2 8 149 1,190
Target Operations 2 1 1 1 5 803
Supervisionf 2 1. 1 1 5 161 803
Accelerator Operations 26 22 22 22 92 11,428
Supervisionf 5 5 5 5 20 161 3,210
Operations Labor| 10 9 o 9 37 106 3,934
Eng & Tech Support| 5 4 4 4 17 149 2,528
Accellerator ShopLabor| 6 4 4 4 18 98 1,756
Maintenance ' 6 4 4 4 18 _ . 1,961
Maintenance Manager| 1 1 1 1 4 149 595
ShopLabor] 5 3 3 3 14 98 1,366
Central Control 5 3 3 3 14 1,776
Central Control Operators] 3 2 2 2 9 128 1,155
Data Acquisition] 2 1 1 1 5 124 621
Operations Staff 60 41 41 41 183 22,999
Contingency [10%] 2,300
TOTAL 25,299

Note: Personnel costs include all overhead and burdens




Operations

WORKSHEET
Operations-Electric Power

A. Annual Estimated Cost:

Average: 32,000 kilo ICF/Year
Maximum: 42,000
Minimum: 20,000

B. Description:

Electric power will be the primary source of power for the facility; notably the
accelerators.

C. Detailed Listing of Requirements:

See Section E for listing.

D. Costing Rational:

Because the cost of electricity varies substantially between potential site countries
both an average cost and site specific costs are computed. The estimated power costs
computed for a 40 MW facility are shown in Table 7.2.1:

Table 1. Average power costs for potential site countries

Capacity Use Rate
Costs (40 MW cap'ty) kICF/yr ICF/kWhr
Italy ' 0.131
Germany 0.0934
Japan 5,146 0.12
United States 0.066
Average . 1,286 0.103

Note that it has been assumed that the power service provider will install the
source transformers and power lines with the resulting capacity charge. At some
potential sites an existing power system may reduce or eliminate this cost.

The US power rate is based on a national average computed by the "Energy
Information Administration”

Table 2 shows the power requirements estimated for IFMIF a standard full-power
operating year. The Allowance For Indeterminates is established at 0% since operating
problems will result in reduced power usage.

ESTIMATE TYPE: BOTTOMS UP; each element and unit cost was determined
individually based on an analysis of the requirements of IFMIF operations.
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Operations

WORKSHEET
Operations -Utilities

A. Annual Operating Estimated Cost:
603 kilo ICF/Year

B. Description:

Conventional Utilities will be purchased from commercial vendors and public
utilities to support IFMIF operations. These include, sanitary water, sewer, natural gas
for heating and inert gases.

The inert gases are assumed to be provided in over-the-road tank trucks or in
bottles delivered by a commercial vendor. The gases will be transferred to on-site
storage facilities. The quality of the gases required are important in the cost

determination; for this estimate the gases dre assumed to be pure at the 10 level.

It is assumed that there will be a water dionization unit on-site at [FMIF, thus all
provided water is potable quality. The water and sewer charges vary by a factor of about
eight between the three potential sites; however, an average number is applied because
the impact on the total cost is relatively small.

C. Detailed WBS Listing:
See detailed listing in Table

D. Costing Rational:

The estimated costs for each utility service in the three potential site countries are
shown in Table:

Table 1 shows the utility requirements estimated for IFMIF during the startup
and commissioning process. The estimated usages were provided by each Facility group.
Note that the sewer charge assumes that all water is cycled to the sewer system.

The Allowance For Indeterminates is established at 25% to account for probable
but unpredictable difficulties which will result in extended operating times and increased
utility usage.

ESTIMATE TYPE: BOTTOMS UP (Estimate) each utility requirement is
estimated; unit costs were determined individually.




Operations

E. Detailed Costing:
Table 1 Anuuval Waste Disposal Costs

Annual
Usage Rate Total
m"3 ICF/m*3 kICF
Waste Disposal 603
Contingency : [25%] 121
483
1. Uncontaminated 1500 75 113
2. Contaminated 50 7400 370




Operations

WORKSHEET
Operations -Maintenance

A. Annual Estimated Cost:
8.000 kilo ICF/Year
B. Description:

'Maintenance operations include both labor and material. The labor cost is
included in the personnel costs, consequently, this section includes only material. Based
on historical precedence the total cost of maintenance is approximately 3% of the TEC.
Assuming this divides two-thirds as labor and one-third as material the cost will be

approximately 1% of the TEC or roughly 8000 K. Note that since this number is based
on the TEC and includes AFT additional AFI is not added.

C. Detailed WBS Listing:
Not Applicable

D. Costing Rational:

See Section B. above

E. Detailed Costing:

None




Operations

WORKSHEET
Operations-Waste Disposal

A. Annual Operating Estimate:
862 kilo ICF/Yr

B. Description:

Waste Disposal Services will be purchased from commercial vendors or public
services to support IFMIF operations. Uncontaminated waste will be handled and
removed via conventional transport. Low level contaminated waste will be handled in
accordance with local requirements. High level waste is not included in this estimate; the
volume will be relatively small and it is considered the responsibility of the Host country.

Note; it is exteremly difficult to estimate both the type and quantity of waste generated by
ifmif. It is also difficult to obtain costs for.disposal at most facilities. As a resuit
approximate numbers based on engineering judgement are used in this preliminary
estimate. ’

C. Detailed Component Listing:
See Table below.

D. Costing Rational:

The estimated costs for waste disposal costs in the US were estimated from
known costs at ORNL. Costs at other sites in Japan and Europe were guessed.

Table 1 shows the disposal requirements estimated for IFMIF during the startup
and commissioning process. The estimated rates were estimated by consensus of the
IFMIF design integration group based on engineering judgment.

The Allowance For Indeterminates is established at 25% to account for probable
but unpredictable difficulties which will result in extended operations and additional
waste. '




Operations

E. Detailed Costing:

Table 1 Annual Estimated Cost of Utilities

Usage Cost Total
m”3 ICF/m"3  kICF
Utilities 862
Contingency [25%] 172
. 689
1. 0. 0. Inert Gas (m"3 @ STP) 53.1
1. 0. Argon 3,600 14.61 52.6
1. Test Facilities 600
2. Target Facilities 3,000
3. Accelerator Facility 0
4. Conventional Facilities 0
2. 0. Liquid Nitrogen 40 9.1 0.4
1. Test Facilities 40
2. Target Facilities 0
3. Accelerator Facility 0
4. Conventional Facilities 0
2. 0. Helium 10 16.91 0.2
1. Test Facilities 10
2. Target Facilities 0
3. Accelerator Facility 0
2. 0. 0. Water 376,200  0.091 34.2
1. 0. Test Facilities 100,000
2. 0. Target Facilities 100,000
3. 0. Accelerator Facility 1,000
4. 0. Conventional Facilities 175,200
3. 0. 0. Sewer 376,200 1.6 602
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WORKSHEET
WBS 1.0 Project Management

A. Summ ost Estimate:
On-Site At IFMIF
Const. Instit'al
Contractor
Eng/Man Eng/Man AFI Total
0 0 0 54,800 K

Currency Units: kilo ICF

B. Description:

This element includes all project management costs for the management,
administration and control of the overall project. The management of the Facility design,
testing and installation activities are included in the Facility costs. The management team
will begin to form in 1998 and disband following Commissioning. The peak employment
years will be between Project Approval at the beginning of the year 2000 and the
completion of the major construction elements at the end of the year 2004. The elements
included in this section are as follows:

* Project Management and Administration: includes costs for basic management
activities such as administration, cost control and scheduling, and documentation.
Also included are administrative support, meetings, and publications. The personnel
in this category are assumed to be provided by the parent institute

+ Systems Engineering: costs for Systems Engineering after the IFMIF is approved as
an official project include engineering activities required to ensure the facility
functions properly. This will include management of interfaces, coordination of
RAM and oversight of Facility engineering. It is assumed that the supporting
institues will provide Systems Engineering personnel.

+ Environmental, Safety and Health (ES&H): includes cost of personnel responsible for
establishing and maintaining procedures in accordance with the regulations of the
country responsible for the Facility. It is assumed that the supporting institues will
provide ES&H personnel.

*  Quality Assurance (QA): includes cost of personnel responsible for establishing and
maintaining quality assurance procedures in accordance with the regulations of the
country responsible for the Facility. It is assumed that the supporting institues will
provide QA personnel.

+ Construction Management; coordination of construction activities for all Facilities,
development of construction specifications, oversight of contracts. It is assumed that
the construction management activities will be performed by a commercial
contractor.

Note project management is considered an "on-site” charge since it is assumed
that it will be performed in the host country.

Page 1




WBS 1.0.0

The Allowance For Indeterminates (AFI) is established at 0% since the basis of
the number are Facilty estimates which already include AFI factors.

C. Detailed WBS Listing:

1. 0. O.Project Management

1. 0. Project Management and Administration
1. Administration
2. Cost Control
3. Schedule
4. Development Oversight
5. Documentation
2. 0. Systems Engineering
1. Design Integration
2. Systems Analysis
3. Requirements/Specs
4. RAM Analysis .
3. 0. Environmental, Safety & Health Documentation
4. 0. Quality Assurance
5. 0. Construction Management

D. Costing Rationale:

Project management costs for the overall project are provided in Table 1.0.1.
Although the table details personnel counts and distributions the total WBS 1.0 cost is
based on a percentage of the Total Estimated Cost (TEC) extrapolated from the historical
data given in Table 1.0.2.

The history of large projects shows that all Management and Administration
costs, including WBS 1.0 and related costs in each Facility WBS X.1.0, should be
between 10 and 15% depending on the complexity of the project. For IFMIF the reduced
technical complexity is somewhat off-set by the difficulties of coordination of an
international facility. Consequently, the total factor is assumed to be approximately
12.0% of the TEC. Thus, the total cost of WBS 1.0 is assumed to be approximately 6.5%
of the TEC with the remaining 5.5% accruing in the management of the individual
Facilities. The spec:1ﬁc management costs for each Facility are detailed in the appropriate
worksheets.

Construction Management (WBS 1.5) has historically been in the range of 3-4 %
of the TEC. For IFMIF a value of 3.0% is used since the Technical Facilities (i.e. Test,
Target, Accelerator and Central 1&C) will be installed under the guidance of the Facility
groups and the Conventional Facilities are not as complex as the projects used in the
historical comparison list.

The personnel estimates are provided in Table 1.0.1 to cross-check the costs as a -
test of reasonability. The average personnel loading will peak over a five year period at
counts approximately 15% higher than the average shown.




WBS 1.0.0

E. Detailed Costing:

The average labor cost used in the personnel analysis assumes:

Type Rate Team Mix

Engineers 165 KICF/yr 3
Managers 195 kICF/yr 1
Support 50 kICF/yr 1
Average - 148 KICF/yr

Table 1.0.1

WBS 1.0 Project Management

Total Estimated Cost (TEC)=  $800,000K
Avg Team Personnel Cost= $148K PPY
Project Duration= 6 Yrs
: Avg.
% of TEC Cost P-Y Staff
1. 0. 0. O. Project Management 6.50% $52,000K 193 32.2.
1. 0. O.Project Manag. & 20% $10,504K 71 11.8
Admin.
1. 0. Administration 10% $5,200K 35 5.9
2. 0.Cost Control 3% $1,768K 12 2.0
3. 0.Schedule 3% $1,768K 12 2.0
6. 0.Documentation Control 3% $1,768K 12 2.0
2. 0. O.Systems Engineering 15% $7,696K 52 8.7
1. 0.Design Integration 5% $2,600K 18 2.9
2. 0.Systems Analysis 3% $1,768K 12 2.0
3. 0.Requirements/Specs 3% $1,768K 12 2.0
4, 0.RAM Analysis 3% $1,560K 11 1.8
3. 0. 0.ES & H Docum. : 10% $5,200K 35 5.9
4, 0. 0.Quality Assurance 10% $5,200K 35 5.9
5. 0. O.Development Oversight 5% $2,600K 18 2.9
6. 0. O.Construction 46% $23,972K 162 27.0
Management
CM as % of TEC 3.00%
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Cost Estimating | i
Worksheets

for

WBS 2.0

Test Facility




A. Summary Cost Estimate:

WORKSHEET
WBS 2.1.0 Test Facility Management

Off-IFMIF Site On-Site At IFMIF
Industry Instit’ Const. Instit'al
Contractor
Mat'l/ Engin| Engin | AFI Total [Matl/ Engin| Engin | AFI Total
Lab Lab
3000 O 0 0 0 0

WBS 2.1

Currency Units: kilo ICF

B. Description:

All the management activities required to directly support and complete the Test
Facility are included in this element. These include:

* Project Management and Administration: basic management costs such as
administration, cost control and scheduling, and documentation. Under each of these
categories factors such as administrative support, meetings, and publishing are
included.

* Systems Engineering: costs for Systems Engineering after the IFMIF is approved as an
official project will be estimated based upon anticipated activities needed to support the
procurement of each item in the Test Facility including:

Preparation of Specifications
Preparation of Preliminary Design
Fabrication Oversight

Verification Testing Oversight
Installation Planning and Coordination
Installation Oversight

Startup Oversight

* o & o o &

* Environmental, Health and Safety Documentation: support for personnel responsible for
establishing and maintaining procedures in accordance with the regulations of the
country responsible for the Test Facility.

* Quality Assurance: support for personnel responsible for establishing and maintaining
quality assurance procedures in accordance with the regulations of the country
responsible for the Facility.




WBS 2.1

C. Detailed WBS Listing:

1. 0. 0.
1.

0. 0. Test Facility Management
0. 0. Project Management and Administration

0. 0. Administration

0. 0. Cost Control

0. 0. Schedule

0. 0. Documentation

0. 0. Systems Engineering
0. 0. Design Integration
0. 0. Systems Analysis
0. 0. Requirements/Specs

0. 0.RAM Analysis

0. 0. Environmental, Safety & Health
" Documentation

0. 0. Quality Assurance

o
C LRI OPLN=O

W

D. Costing Rationale:

The cost of management is based on a factor of approximately 3% of the Test Facilty TEC.

E. Detailed Costing:
Not Applicable




WBS 2.2.1.1

WORKSHEET
WBS 2.2.1.1 NaK Thermally Controlled High-Flux Vertical Test Assembly
(VTA-1for Test Cell I) -

A. Summary Cost Estimate:

Oft-IFMIF Site On-Site At IFMIF

Industry Instit'al Const. Contractor | Instit'al

Mat'l/l.ab Engin'g|Engin'g | AFI Total| Mat'l/Lab Engin'g|Engin'g{ AFI Total

248 55 621 1851109

Units: U. S. Dollars ($1,000)

B. Descrigtion:

VTA-1, which includes the 0.5-L high-flux module, is shown in Fig below. One of the primary
design considerations of the VTA-1 1s to provide the experimenter with a thermally controlled and well-
characterized environment. Because of the.thermal considerations in the high flux region, the VTA-1
should be designed with a reliable thermal control system. To accomplish this the high-flux module has
been divided into three chambers, each of which is thermally controlled by a liquid metal (NaK) loop. Each
chamber is thermally controlled by a separate NaK thermal control system located on top of VTA 1. Each
NaK thermal control system consists of a 5-L sump tank, a 2.5-kW cooler a 5-kW heater and a 100-kg/min.
induction pump. The thermal control supply and return lines between the thermal control system and
module are contained within a through passage that is provided in the Shielding Body. The thermal control
line passage is stepped to reduce radiation streaming to the Test Cell Access Room. A vacuum is maintained
in this through passage to prevent oxidation of the thermal control lines at elevated temperatures (1000° C
and 800° C). ‘

VTA-1 Thermal Control System

— VTA-2 Thermal Control System

VTA-2 Shielding Body

VTA-1 Shielding Body

Test Modules /Chambers
Beam Center Line

Figure of NaK Thermally Controlled Vertical Test Assemblies VTA-1 and VTA-2




C. Detailed WBS Listing

There are no other WBS Listings in this section of the WBS. The NaK Thermally Controlled High-Flux
Vertical Test Assembly (VTA-1), WBS 2.2.1.1, is the lowest WBS level listed.

D. Costing Rationale:

Fabrication methods, requirements, and procedures were evaluated for the fabrication and assembly
of each major component of the VTA-1. The methods, requirements, and procedures for assembly of the
VTA-1 were also so evaluated. From these evaluations, fabrication man-hour estimates were made based on
the amount of welding, machining, metal preparation, and general labor required for fabrication and
assembly of these major components and the VTA-1 assembly. The fabrication cost is based on a $67.00
hourly rate.

Engineering deliverables (such as drawings, specifications, and calculations) required for the design
of these components and the assembly of the VTA-1 were also evaluated. An engineering man-hour
estimate was made based on these deliverables. The estimated engineering cost is based on a $ 98.50 hourly
rate.

E. Detailed Costing:

Engineering estimate for design of VTA-1 Assembly:
a. two (2) E size drawings 300 hr. $ 29,550

Labor estimate for assembly of VTA-1 (VTA-1 Body,
thermal control Lines, sump pumps, heat
exchangers, etc.): 300 hr. $ 20,100

High Flux VTA-1 Shielding Body TOTAL $136,070

The Shielding Body of the High Flux VTA-1 consists of a stepped, stainless steel liner that is filled
with barytes concrete. The liner is equipped with three steps that interface with the TCRC and SP to
eliminate irradiation streaming. A through passage is incorporated into each Shielding Body to
accommodate the NaK thermal control lines and instrumentation cabling. This through passage is vacuum

tight.
Engineering estimate for design of High Flux VTA-I Body:
a. six (6) E size drawings 600 hr. $ 59,100
b. heat transfer calculations 200 hr. $ 19,700
Labor estimate for fabrication of High Flux VTA-1 Body:
a. metal prep 34 PC of stainless ' 240 hr. $ 16,080
b. welding 35 M X 12.7 mm 210 hr. $ 14,070
c. machining for O-RING seals @ top and
passages, and mounting interfaces 200 hr $ 13,400
d. Installation of barytes concrete 160 hr. $ 10,720
Materials estimate for fabrication of High Flux VTA Body
(1700 LB stainless @ $1.50/LB. and 4500 LB barytes
concrete @ $0.10/LB.) $ 3,000

High Flux VTA-1 Piping: TOTAL $ 49,935




Six thermal control line assemblies each 25.4 mm Dia., 2.5 M long with eight 90 degree joints,
constructed from 1% zirconium and 99% niobium alloy.

Engineering estimate for design of VTA-1 High Flux thermal

control lines:,

a. two (2) E size drawings 200 hr. $ 9,850
b. heat transfer calculations 200 hr. $ 4,925

Labor estimate for fabrication of High Flux thermal
control lines:

a. metal prep 18 PC of pipe : 100 hr. $ 5,360
b. welding 48-90 degree joints ‘ 400 hr. $ 26,800
Materials estimate for fabrication of High Flux VTA-1 Piping

(15M of 25.4 mm ID. tube and 48-90 degree joints ) $ 3,000
High Flux VTA-1 Thermal Control System TOTAL $687,850

Engineering estimate for design of VTA-1 High Flux thermal

control system:

a. three (3) E size drawings 300 hr. $ 29,550
b. heat transfer/hydraulic calculations 300 hr. $ 29,550

Engineering estimate for development/design of VTA-1 High Flux
thermal control system:

a. Develop Induction/Conduction pumps 1500 hr. $146,250
b. Develop NaK Coolers 1500 hr. $146,250
c. Develop NaK Heaters 1500 hr. $146,250
Procurement estimate for VTA-1 High Flux thermal control

system:

a. Three 100 Kg/Min. induction pumps $ 60,000
b. Three 5 kW coolers $ 60,000
c. Three 2.5 kW Heaters $ 60,000
d. Three 5L sump Tanks $ 10,000




WBS 2.2.1.2

WORKSHEET
WBS 2.2.1.2 Helium gas controlled High Flux Vertical Test Assembly for high temperatures (VTA1l-
Helium for Test Cell I)
A. Summary Cost estimate:
Off-IFMIF Site On-site at IFMIF
Industry Instit’al Industry Instit’al
Mat’l/Lab Engin’g |Engin’g] AFI Total | Mat’/Lab Engin’g |Engin’g| AFI Total
1,207 290 60 311 1,868 ‘ 120 24 144

Units: 1,000 ICF ( 1 ICF = 1.52 DM)

B. Description:

This high temperature device (VTA1l-Helium) includes the 0.5 L high flux test module. One of the primary

design considerations of the VT A-1-Helium is to provide a test module for specimen temperatures up to

1000 «~C. In addition this device offer

- operational flexibility; various different specimen temperatures can be adjusted in one single test module’

- proper specimen temperature control with thermocouples and with integrated ohmic heaters in the
specimen encapsulation,

- reduced risk of overall VTA failure

- fast access to VTA and test module (decay heat controlled)

- upgrading capabilities. ‘

Helium gas as coolant has good compatibility with structural materials in particular and for safety

considerations with the Li-target. The VTAl-helium is controlled by a helium gas coolant loop. All coolant

tubes and electrical connectors are stepped within the shielding body in order to reduce radiation streammg

to the Test cell Access Room.

C. Detailed WBS Listing:

2.2.1.2. High flux VTA (VTA-1-Helium):
2.2.1.2.1 Rigs for encapsulated specimens
2.2.1.2.2 Test Module
2.2.1.2.3 VTA shielding body
2.2.1.2.4 Helium coolant loop

D. Costing Rationale :

Engineering efforts, fabrication methods, requirements, and procedures were evaluated for the feasibility,
fabrication and assembly of each major component of the VTA-1-Helium. From these evaluations,
fabrication man-hour estimates were made by the German industry (2.2.1.2.1 - 2.2.1.2.3), and the FZK and
Industry (2.2.1.2.4) based on the amount of welding, machining metal preparation and general labor
required for fabrication and assembly. Engineering deliverables (such as drawings, FE-calculations,
specifications) required for the design were also evaluated. An engineering man-our estimate was made
based on these deliverables. The underlying engineering cost is based on DM 120,-or ICF = 75.4 hourly
rate.




E. Detailed Costing:

2.2.1.2.1 Rigs for encapsulated specimens:

Construction: (3 sizes A, B, C) incl. drawings and listings of items, .

Clarification of Fabrication 110.000,- DM 62,500 ICF
Laboratory costs

- see Attachment (PET comp., p.16) 35.000,- DM 23,000 ICF
TOTAL 85.500 ICF

see Attachment (PET company, p.15)
Specimen encapsulations with integrated Ohmic heaters, Thermoelements, distance
holders and rigs (32x)

Fabrication:

179.200, DM 117,900 ICF
11.200, DM 7,400 ICF
Rig fabrication (32x) 224.000, DM 50,200 ICF
Assembly incl. welds 64.000, DM 42,100 ICF
Plug system to VTA body: (64x)
28.800, -DM 19,000 ICF
Gas and electric power central plug system (metal sealed, 32x)
- 224.000,- DM 147.400 ICF
Fitting material 8.000,- DM 5,300 ICF
TOTAL 389,300 ICF
2.2.1.2.2 Test Module
Construction (see attachment, p.15): 120.000,-DM 79,000 ICF
Static’s, FE-calculations 13.000,- DM 8,600 ICF
Development, optimization, sealing tests 55.000,- DM 36,200 ICF
TOTAL 123,800 ICF
Fabrication (see attachment p. 15):
He-Vessel to grate insets for rigs 120.000,-DM 79,000 ICF
Complete electron beam welding with grates 56.000,- DM 36,800 ICF
Seal plates and flanges 45.000,- DM 29,600 ICF
Upper part above grate insets 182.000,- DM 119,700 ICF
Interface flange 25.000,- DM 16,400 ICF
Metal seals, screws, fittings 8.000,- DM 5,300 ICF
TOTAL 436.000,- DM 286,800 ICF




2.2.1.2.3 VTA shielding body :

Construction (see attachment p. 15,16):

90.000,-DM = 59,200 ICF
Fabrication (see attachment):
Interface to test module 175.000,-DM 115,100 ICF
Steel rips incl. Vessel 370.000,-DM 243,400 ICF
He-coolant ducts, fittings, connectors, etc. 28.000,- DM 18,400 ICF
He-pipes 21.000,- DM 13,800 ICF
Flanges and concrete 18.000,- DM _ 11,800 ICF
TOTAL 643.000,- DM 423,000 ICF

2.2.1.2.4 Helium gas coolant loop:

According to INTERATOM (SIEMENS Company) design layout for FZK High Energy Dual Beam
Facility): '

Construction and System specification:
20% of Fabrication costs 33.000,- DM 21,700 ICF
Fabrication: Root pump incl. motor WKP 8000 (<8000 m’from Balzers
30 kW electric power 72.070,- DM
Rack carrying pump, heat exchanger, valves, instrumentation and fittings (without pump and
heat exchanger)

25.000,-DM

Compact heat exchanger 2.500,-

Complete loop control rack 43.000,-
Tubes for helium gas inlet and outlet to VTA-1-Helium:

21.000,-

TOTAL 163.570,- DM 107.600 ICF
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Fig. 2.2.1.2: Elevation and front view of the Helium cooled high flux Test Assembly VTA1l-He




WBS 2.2.1.3
WORKSHEET

WBS 2.2.1.3 Helium gas controlled Medium flux Vertical Test Assembly for
in situ Creep-Fatigue Tests (VTA 2-He Creep-Fatigue for Test Cell I)

A. Summary Cost estimate

Off-IFMIF Site On-site at IFMIF
Industry Instit’al Industry Instit’al
Mat’l/Lab Engin’g |Engin’g] AFI Total | Mat’l/LLab Engin’g |Engin’g] AFI Total
695 104 25 165 989 120 24 144

Units: 1,000 ICF ( 1 ICF = 1.52 DM) -

B. Description: ‘
Inert gas cooled (usually helium) medium flux Vertical Test Assembly for instrumented in-situ

creep fatigue tests. The complete assembly consists of

- the test module with a miniaturized universal testing machine for individual creep fatigue tests on 3 push-
pull fatigue specimens

- the VTA 2 Shielding body with integrated pipes and instrumentation

- the helium gas coolant loop

A suitable specimen design has been already developed which ensures high flexibility with respect to choice

of coolant , dynamic temperature variations; mechanical loading conditions and beam-on or beam-off

scenarios.
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Fig. 2.2.1.3: Elevation view of the VTA 2-He and bird’s view of test module for in situ creep-fatigue tests.




C. Detailed WBS Listing:

2.2.1.3. High flux VTA (VTA-1-Helium):
2.2.1.3.1 Test module with universal testing device and specimens
2.2.1.3.2 VTA shielding body
2.2.1.3.3 Helium coolant loop

D. Costing Rationale:

Engineering efforts, fabrication methods, requirements, and procedures were evaluated for the feasibility,
fabrication and assembly of each major component of the VTA-2-Helium. From these evaluations,
fabrication man-hour estimates were made by the German industry (2.2.1.3.1 & 2.2.1.3.2), and the FZK
AND Industry (2.2.1.3.3) based on the amount of welding, machining metal preparation and general labor
required for fabrication and assembly.

Engineering deliverables (such as drawings, FE-calculations, specifications) required.

The estimated engineering cost is based on a 120,- DM or 78.90 ICF hourly rate.

E. Detailed Costing:

2.2.1.3.1 Test module with universal testing device:

a) Construction (see attachment):
100.000,- DM 65,000 ICF

b) Fabrication (see attachment)
Frame with low activation austenitic steel with complete universal testing devices for 3
specimens, He-coolant tubes, bellows, motors, load cell, incl. assembling ‘
115.000,- DM
85.000,- DM
42.000,- DM.
10.000,- DM
10.000,- DM
14.000,- DM
-25.000,- DM
TOTAL 301.000,- DM 198,000 ICF




2.2.1.3.2 VTA 2 shield body:

a) Construction (see attachment): _
60.000,- DM 39,000 ICF
b) Fabrication (see attachment)
70.000,- DM
420.000,- DM
21.000,- DM
21.000,- DM
14.000,- DM
14.000,- DM
3.000,- DM
TOTAL 563.000,- DM 370,000 ICF

2.2.1.3.3 Helium gas coolant loop:

Because of compatibility and redundancy the same coolant loop as specified for VTA-1-He is
suggested, even if the nuclear heat production in the mid flux region is not as high as in the high flux one.
According to INTERATOM (SIEMENS Company) design layout for FZK High Energy Dual Beam
Facility):

Construction and System specification: ,
20% of Fabrication costs 33.000,- DM 25,400 ICF

Fabrication: Root pump incl. motor WKP 8000 (<8000 m’/h from BALZERS |
30 kW electric power 72.070,- DM
Rack carrying pump, heat exchanger, valves, instrumentation and fittings (without pump and
heat exchanger) - :

25.000,-DM
Compact heat exchanger 2.500,- DM
Complete loop control rack - 43.000,- DM
2 Molecular sieves incl. Instr. 30.000,- DM
Tubes for helium gas inlet and outlet to VTA-1-Helium:
21.000,- DM

TOTAL 193.570,- DM 127.000 ICF




A. Summary Cost estimate

WORKSHEET
WBS 2.2.1.4 Helium gas controlled Medium flux Vertical Test Assembly for
Tritinm Release tests on Ceramic Breeders (VTA 2-He Breeders for Test Cell I)

WBS 2.2.1.4

Off-IFEMIF Site On-site at IJFMIF
Industry Instit’al Industry Instit’al
Mat’l/Lab Engin’g |Engin’g]l AFI Total | Mat’l/Lab Engin’e |Engin’g| AFI Total
640 163 180 197 1,180 150 30 180

Units: 1,000 ICF ( 1 ICF = 1.52 DM)

B. Description:

Inert gas cooled (usually helium) medium flux Vertical Test Assembly for instrumented in-situ
Tritium release tests on various ceramic breeder materials. The complete assembly consists of
- the test module with at least 4 different subassemblies (chambers)

- the VTA 2 Shielding body with integrated pipes and instrumentation

- the helium gas coolant loop

A suitable specimen design has been already developed which ensures high flexibility with respect to
choice of coolant , dynamic temperature variations; mechanical loading conditions and beam-on or beam-

off scenarios.
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C. Detailed WS Listing:

2.2.1.4. High flux VTA (VTA-1-Helium):
2.2.1.4.1 Subassemblies integrated in one test module
2.2.1.4.2 VTA shielding body
2.2.1.4.3 Helium coolant loop

D. Costing Rationale:

Engineering effort, fabrication methods, requirements, and procedures were evaluated for the feasibility,
fabrication and assembly of each major component of the VTA-2-Helium. From these evaluations,
fabrication man-hour estimates were made by the JAERI (2.2.1.4.1 & 2.2.1.4.2), and the FZK + Industry
(2.2.1.4.3) based on the amount of welding, machining metal preparation and general labor required for
fabrication and assembly.

Engineering deliverables (such as drawings, FE-calculations, specifications) required.

The estimated engineering cost is based on a 120,- DM or 78.90 ICF hourly rate.




E. Detailed Costing:

2.2.1.3.1 Test module with integrated subassemblies:

A more global cost estimate of the test module is done by JAERI. However, because the involved specimen
volume, the cooling technology and the instrumentation is simil