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This planning document is Part IV of a four-part report that comprises

the Draft Program Plan for TNS. The other parts of the report are:
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ORNL/TM-5983 Part I1 — R&D Needs Assessment
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FOREWORD

\

\

x'
The Next Step (TNS) Program, established by ERDA's Division of
Magnetic Fusion Energy (DMFE) at ORNL in early 1976, has two principal

objectives:

1. to demonstrate in a timely fashion a_ fusion reactor core that can
be extrapolated to an economically vicble fusion reactor and
2. to provide a near-term means of focusing the efforts of the National

Fusion Program to achieve the first objective.

This first draft of an attempt to outline a TNS program plan addresses

the second objective. The draft program plan iﬁfpfesented in four parts:

At

PART I — Summary

PART II — R&D Needs Assessment
PART III — Project Specific R&D Sta;sgents
PART IV — Prégram Planning !

i
:
{i
i
N A
1

N o -
This assessment was developed initially in an interse few-week period, i\

based on the understanding and information that igd been built up at
ORNL and Westinghouse over the preceding years by participation in tﬁé
Fusion Program in general and in the Tokamak Fusion Test Reactor (TFTR)
[both the Feasibility/Burning Experiment (F/ﬁx) and the Two Component
Torus (TCT)], the Expcrimentsl-Power Reacter -(EPR

an
=

d prior TNS
studies in particular. ) '}}t§>\

In attempting to develop a program plan, two kinds of informatioﬁ\:kkb
were included in the assessment, namely, current status and extrapola-
tion. With rapid technical pfogress being made in many laboratories,
elements of the current technical status should be reevaluated on perhaps ‘
a semiannual or annuall basis. Inasmuch as the fusion program is tied
strongly to the natiogﬂs energy program in general, the extrapolation

can and does change on a much more rapid time scale. In particular,

%
Ef fective Octobar 1, 1977, ERDA became part of the Department of
Energy (DOE). 2

s}

[
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this "snapshot" of the TNS support program taken in January-February 1977
does not take into account budget changes discussed in the same period
and does not veflect the evolution of schedular planning that occurred
in the March-April 1977 period. As 1 result, some of the plans for action
based on the targeted FY-1980 line item are no longer meaningful; however,
the basic arguments will apply to a line item some years later.

In particular, the organizational arrangements assumed represent
one specific extrapolation of the situation in February 1977 and should
be viewed only as a means of describing a planning scenario, not as a
proposed future path.

This document is therefore issued principally for comment and discus-

sion, rather than as a definitive statement.
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DRAFT PROGRAM PLAN FOR TNS — THE NEXT STEP
AFTER THE TOKAMAK FUSION TEST REACTIOR

PART IV — PROGRAM PLANNING

W. B. Wood, TNS Project Engineer

ABSTRACT

In this fourth part of the four--part TNS Draft Program
Plan, project engineering concerns are considered. The TNS
Project is first broken down into the major time and functional
periods of feasibili{v study, preconceptual design, conceptuval
design, and line item construction, while the elements of the
project are orj- Lzed into an administrative work breakdown
structure. Witwu the aid of ‘these two classifying schewmes, the
project tasks are described in terms of schedule, estimated
cost, type of funding, and proposed type of participant. The
1n1tlal constraints of complet\on date, anticipated scientific
inputs, and budget procedures® are used to develop a two-phase
project in which the facilities are authorized first.and the
device 2 vears later. This specific mechanism is fundamental
tc the construction of the schedule and should be reconsidered
when the completion and initiation dates are Eeformulated. S

Because the purpose of this work *s to ¢.d the development
of the'¢ventual TNS Program Plan rather than to be the final
plan itself, it is the process contained herein and not the
specific numbers that should be the focus of continuing discus—
sions. In particular, a second fundamental premise on whlch
the schedule is based is that there exists at the outset”a
commitment to the fusion program in general and to TNS specifi-
cally. The schedule must therefore be rethought to include
initially the decision-making process before the‘design and

construction period, which was the principal topic of the”TNS
planning exercise.::

.
A

&
.. . T -
L ‘4~  INTRODUCTORY SUMMARY

S
c 1.1 Introduction
© o ) ) )

A

Preparation for the Next Step (TNS)\as‘an attainable line itemil
o]
progect1 in the National Fusion Program2 requlres concerted and compre-

hensive planning in addition to the “technical basis underlylng fusior?

advances. The INS Program and Budget Proposal 3 Form 189, -for FY 1977
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2 a svn

v

S}

o ) . '.’ y , “
P S 1-11, . ’ . \\
“

. I
o a ' / o

. . S



BLANK PAGE



1-2

specifies five critical ohbjectives, oune of which defines the basic
technical work to be done and another of which defines the means of com-
munication with the fusion community. Three of these critical objectives
constitute the planning effort, namely, clarification of the role of TNS
in the fusion program, devealopment of supporting RD&D program coordination,
and specific project planning. Expressions of similar concern about
planning efforts have been made recently by both DOE-DMFE" and DOE-ORO®
in letters specifically addressing TNS, dated December 10, 1976, and by
DOE-ORO® in a broader context. As a reéult of these now commonly held
concerns, the Oak Ridge TRS Team has put together a first-drait version
of a comprehensive planning document (Parts I, IT, III, and IV). This
draft version of Part IV has been developed as a starting point, along
with the companion documentation oﬁ’thé technical basis, for focused
discussions on the planning process. The contents of the document have
been prepared on the basis of our perception of the many contributing
factors, specifically of management of large, complex R&D-based projects;
expectations about the outputs of the underlying technical support program,
budget, and schedule constraints; the evolving organizatjonal nature of
the fusion community; and the specific features of a tokamak fusion device.
Inasmuch as this draft document is being developed before conceptual
design has been initiated, we expect revisions and refinements to the
draft to be an inherent part of the planning process. After a Summary
of Findings (Sect. 1.2) and a brief Project Overview (Sect. 2), the document
coantinues in the chronological order of the TNS Program steps, starting
with the initiating Feasibility Study and Preconceptual Design Periods
(Sect. 3), continuing with the Conceptual Design Period (Sect. 4), and
concluding with the Line Item Design, Construction, and Preoperational
Period (Sect. 53). Relevant correspondence and fiscal documents are

contained in the Appendixes.

1.2 Summary of Findings

A discussion of findings is best presented here in two parts: (1) the
output product of schedules, fiscal charts and tables, and the work break-
down structure (WBS) and (2) the underlying premises and the projected

sensitivity of the output to changes in the premises. ’



1.2.1 Output product

For discussing the project engineering aspects of TNS, a set of
specific plans has been developed. These plans include an overall master
schedule, which is broken down by WBS elements, and more detailed plans
for each of the four periods of the project: feasibility study, precon-
ceptual design, conceptual design, and construction line item. For each
period, the projected milestones, estimated funding (costs and type), and
participants are presented. Presented as an insert at the end of this
document is an integrated schedule of TNS as a Proof of Principle (POP)
with the prior TFTR and succeeding Power Technology Dewmonstration (PTD)
or EPR and Commercial Power Demonstration (CPD) or DEMO. This integrated
schedule represents redrawing, editing, and clarifying with the Grumman
Aerospace Corporation on its initiative. Close examination of this master
schedule will reveal that contractor selection and site discussions could

well change the timing of the schedule.

1.2.2 Sensitivity to underlying premises

The plans discussed above are the result of applying conventional
project enginzering practice to the two fundamental premises of this

study, namely, ‘ - o

b Céﬁpletion date is set as October 1986.

® Governmental commitment to fusion in general and TNS in
particular is made by April 1977.

The first premise is set by ERDA-DMFE and is driven by the needs of
the overall program.

The second premise is made as a working assumption by the TNS team
for planning purposes.

Basing the schedule on the first premise results in the nécessity
to phase the project in two parts, starting with the facility portion
first and implementing the device portion second. This technique reduces
the risks as low as possible but proceeds with facility construction to
reduce overall schedule delays and defers device design as long as possible

to ensure the greatest amount of durrent research input.
4
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Basing the plan on the second premise results in the design/
construction portion of the t'an being internally consistent but the
iuiziation of the plan not being clearly ;ddressed.

Although a directed study of the sensitivity of the output product
to the underlying premises has not been made, it seems clear that there
is strong sensitivity. If, for example, completion is moved by 2 years
relative to the expected outcome of the major research endeavor, the need
for phasing the program is lessened considerably. The concept of a
committed fusion site, now under study at ORNL, could also change the
schedular makeup of the plan by providing the facilities tasis in a way
somewhat separate from TNS and more closely related to the fusion program,
that is, common to tokamak, mirror, and exploratory concept needs.

With respect to the second premise, it is crucial that the planning
exercise incorporate the reality of the decision-making process. If, as
has been the case in this study, reality is not well modeled, then the
acceptance or value of the outcome is less than it could be. Specifically,
what remains to be effecteé‘is a means of developing a commitment to TVS,
a means of developing a choice of objectives and designs for TNS, and a /7/ %\
means of choosing the project team and site. Each of these difficult //
developments or choices was assumed as a starting point for the preseng
exercise. To make the plan more real, a way must be found to bridge the

gap between the current status of fusion and the initial starting point

of the schedule in this report.

e
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2. PROJECT OVERVIEW

2.1 BPasic Premises

The Next Step (INS) facility is proposed as the next logical major
step in the development of fusion power after the Tokamak Fusion Test
Reactor (TFTR), which is to be operational in FY 1981-~1982. The DOE-DMFL
Logic TII Plan calls for a TNS device, possibly characterized as an
ignition test reactor, to be operational by FY 1986. -

As a definite starting point in developing these plans, we have
assumed that program management will be provided by ORNL in a manner
similar to that of the Princeton Plasma Physics Laboratory (PPPL) manage-~
ment of TFTR. It is recognized, however, that for qumajor project of
this magnitude, DOE may elect to organize a project—ﬁanagement structusre
similar to that for the CRBR Project. This decision should not signifi-
cantly affect the main technical features of the overall scope and
schedule developed in this plan.

A key premise affecting both the nature of the succeeding action
stens and the postulated schedule is that therc is now a fusion-program
policy commitment to the TNS goal. (Note added in proof: Much of the
discussion in the intervening year between initial preparation of this
draft plan and the present has centered around this premise.)

A construciion schedule that meets the desired FY-1986 completion
date appears to be obtainable, assuming that engineering design criteria
would be available as required for the Title I and Title II designs in
FY 1980, 1981, and 1982. Man§ of the final criteria will not be available
until FY 1981-1982. Considering the interactions required between the
maniﬁR&D programs and the TNS design process, it is unlikely that all of
the inf&rmation and hence the overall project design will be available
on schedule. To assess the overall impact of uncertainty in the ocutcome

of the R&D programs on TNS, integrated systems sensitivity studies must

be conducted. . ‘ o

i e

We have assumed a success-oriented program for this first plan to

0 i
evaluate the requiremepts for the targeted FY 1986 completion. Three

Al

key dates were taken qu”the basic skeleton of the plan, as presented
.in Table 1.
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Table 1. Key dates under.ying the schedule development

Schedule Date

1. Starting date for formal project (Title 1), chosen
to maintain an accelerated fusion program pace
and to incorporate the findings of rhe midterm
experiments in 1978 and 1979 FY 1980

2. Starting date for hardware fabrication (Tiile II),
chosen to base the final design review on con-
firmation from TFIR results with H plasma ~wFY 1982

3, Starting date for operation, chosen to be the
earliest possible completion date . . FY 1986

We propose a rhased line item project funding schedule, beginning in FY
1980 with the first phase {(principally the facility). At the same time,

. we propose continuing conceptual design and preliminary engineering on

| th: uncertain features of the tokamak device until the second phase
(principally the device) funding begins in FY 1982. This plan, although
admittedly optimistic, is the only means by which we can envision meeting
the desired FY 1986 starting date.

The idea of phasing is not new for major ERDA construction projects
and has been used in the past as a funding technique for large projects.
The cépacity—expansion project for the DOE Gaseous Diffusion Plants, for
example, is phase funded.

A complete project cost estimate would need to he prepared for
submission of the first phase, Conceptual Design Report (CDR), in April
1978. However, the device or second phase portion of this estimate will
not be supported by a conceptual design by April 1978; consequently, the
cost estimate must be revised on a yearly basis until the final second-
phase CDR in April 1980. This schedule will continue-to allow input from
the R&D programs until the start of Title I1'design in October 1981.

The ERDA/DMFE planning document has estimated funding for this device
at $40C million (in constant FY 1978 dollars). Preconceptual design

trade-off studies by the ORNL/Westinghouse design team are currently

A\,"”



being used to evaluate vari us design options with the help of a system
Jesign model that includes cost factors. The ultimate cost of TNS
depends on the objectives of the experiment. For development of this

plan, we assume a total project cost of $500 million to $1 billiom:

2.2 Project Cost }Mf/

ERDA-DMFE has instructed ORNL to plan and proceed along a logical
path to the selection o a minimum-. dst option for The Next Step (TNS)“
after TFTR which fulfilis the most critical TNS objectives. This work
will result in the selection of a principal reference design by May 1977.
The first budgetary estimate developed in the DMFE lqng-range planning
projections was based on a certain perspective of the steps connecting
the TFTR to a commercial power plant (CPP). In this view of ever-
increasing size from TFIR to CPP, TNS was targeteé at $400 million.
With initial design information based on the first nominal reference
design of July 1976, a rough budgetary estimate of $515 million was
defined (excluding engineering, contiﬂgency, and escalation). A more

soundly based estimate must await completicn of the conceptual design.

2.3 Project Schedule

The DMFE plan defines the following schedule for INS [which encom-
'passes both the options of the Prototype Experimental Power Reactor
(PEPR) and the Ignition Test Reactor (ITR)].

y o2

Major milestones NI

10-1-77 Begin conceptual design
10-1-80 Begin Title I design
10-1-86 Begin operation

This schedule did not include the requirement for conducting a
thorough design space exploration until mid-FY 1977. Current detailed
/netwbrk analysis of the construction schedule (to be diséussed in detail

in Sect. 5) defines a schedular critical path that continues through the

‘\\': 3
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main test-cell beneficial occupancy date and requires the date to cccur

as soon as possible. In addition, needed R&D input for the device design
effort is also on a critical path that requires conceptual and Titles I

and II device design to be delayed as much as possible. Because of these
two opposing critifal—path requirements, it is proposed that the project

be phased, with thg main test building and related systems and subsystems
being defined as a 1980 line item project (Phase I) and the device as a

1982 line item project (Phase II) to meet the operational requirement of
October 1986. A preliminary summary schedule for the TINS program, including
the line item project and the clearly associated priofjactivities, is

presented in Fig. 1.

2.4 Project Technical Base

The design criteria, technical requirements, and fundamental under-
standing, which form the technical basis for the total TNS Project/, are
in a constant state of evolution. Ongoing refinement of the reference
design reflects this constant improvement in the technical basis. The
timing of this improvement,!as judged from the planned experimental,
theoretical, and technological program, currently appears to allow a
substantial refinement to the basic FY-1977 reference design in FY
1979-1980, durlng the device conceptual design and béfore Phase I design

alh

FY 1981-1982 time period, before final Phase I1 design and construction.

d constructlon, and a final refinement following TFTR testing in the

To ensure the best technical base for the device systems conceptual
design effort and simultaneously to start the project ig FY 1980 to meet
a mid-1980s operations date, tﬁe phasing concept was used. A FY 1980-1982
phased project allowe facilities conceptual design to be based ou” the
envelope characteristics of the reference design (which results in minimum
schedule delay at the small cost increment in the overali plant of a more
general facilities specification) and the device conceptual design to be
based on theQéubsequenFlsubstantiél refinement of that reference design
(which reduces the economic and technical risk on the predominant device
portivn of the plant). This technique results in two more years of device
conceptual design and integration of the R&D input (into the de;ice

technicalybase) scheduled to be available in FY 1979-1980.
N
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A series of major design reviews is planned to ensure the timely
integration of criteria for design. The timing and definition of these

reviews are discussed in Table 2.

2.5 Project Task Structure

The project tasks are defined in the product (hardware, software,
and services) oriented work breakdown structure (WBS) (Fig. 2). All
project activities will be related to the WBS. Costs and schedules for
each element will form the baseline from which project performance can
be measured. The systems baseline in the top three levels will form the
basis for reporting, while the lower level subsystems baselines will
provide project management with cost and schedule contrel and visibility.A

An indication of the project phase structure is included in Fig. ~
by iaentifying each element either as 1 or 2 for Phase I or Phase TI."
The principal logic for designating elements Phase I or Phase II 1is
discussed in footnote a to Table 2; the specific selections are discussed
in Table 3. The specific work breakdown structure and phase design&tiéns
illustrated will be reexamined as the design process continues.

The remaining device systems and subsystems, which are considered
to require too high a technical and econmomic risk should procurement
or construction be initiated before final reference design integration

into the elements final design, form the Phase II project structure.



Table 2. Timing and definition of major design revicws

Date

Review

Definition

5-15-77

10-1-77

10-1-78

1-1-80

1-1-81

7

1-1-82

Project initiation design
review

Conceptual design review

Conceptual design review

Phase I and II design review
No. 1@

Phase I and II design review
No. 2

Final building and interim
device design review
No. 3

Once the reference design is agreed upon and analysis indi-
cates that the prerequisite physics understanding and
criteria for design are soundly based, this design review
will forwally define the basis for preconceptual design,
which starts following this review.

This review will summarize the results of the preconceptual
engineering activity and focus the latest R&D on the
design.

This review will summarize and refine the results of the
Phase I conceptual engineering and the continued Phase I
conceptual design. It will focus the latest R&D input on
the design.

This review will integrate the I’'hase T and Phase II con-
ceptual design efforts with the latest R&D input before
"breaking ground” for the main test building (site
preparation).

This review will integrate the preliminary device design
effort, the main test building design effort, and the
latest R&D results before statrting construction on the
main test cell. It also will serve as an interim device
design review.

This review will occur at approximately 30% completion of
the main test cell building and before start of con--
struction of the other buildings. It will allow intcgra-
tion of the latest R&D input and final device design into
the final design of other buildings before start of con-
struction. With TFTR scheduled to be operating with
hydrogen before this review, it will allow refinement of
device final design to reflect the TFIR R&D results.



Table 2 (continued)

Date Review Definition
7-1-82 Final device design review This review will occur at the completion of the davice
final design and will focus al! R&D input to date on the
design before "cutting metal." It will occur after TFTR

is scheduled to operate with D-T and will allow timely
integration of these test results.

aThose activities and subsystems needed for planning or early use (generally facilitics) are
nominally designated as Phase I. If the uncertainty in design and associated uncertaintiecs in construc-
tion costs do not impact the particular activity or subsystem, by definition there is no economic risk
associated with designating the item for Phase I using the preliminary (1979-1980) refinement of the
reference design as a technical base. The items designated for Phase 1 are listed in Table 3. Where
economic risk does exist, an indication is made in Table 3.
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Table 3. WBS elements designated as Phase I items

(Possible economic risk is discussed with each relevant elcment)

Element Comments

Management Systems (WBS No, 1) and Systems These systems and subsystums will be needed at the
and Safety Engineering (WBS No. 21) = ~start of the project. Their initiation at the
start will present no economic risk; therefore,
they are Phase I elements.

Tokamak systems mock-up (WBS No. 22g) : The mock-up subsystems arc needed during preliminary
and final design for pipe routing studies, assembly

= studies, remote maintenance studies, and many more

- similar uses. Very little economic risk would

result if modifications were later indicated, based
on the final refinement of the reference design,
Therefore, the mock-up subsystems are Phase 1
elements.

i

it}

Electric Power — Primary energy (WBS No. 23a) The six M-G sets require. 3 to 4 years for manufac-
ture/delivery/assembly at the construction site,
which will require designaring the element as
Phase I funding for scheduling reasons. The
economic impact could be to increase M-G costs,

- .. reflecting additional capacity to minimize eco-
- - nomic risk.

(WS

Fuel handling — tritium and non-tritium These subsystems have extensive piping requirements,

(WBS No. 25b) which will have to be installed as part of the
main test cell building and should therefore be
designated Phase I elements. Economic risk in
this case could involve either some added gencral-
ity in the building or some "chipping of concrete"
to correct a piping problem, but no extensive cost
or schedule impact is indicated. The tritium
processing equipment final design will be tied to
the final reference design s¢ that no economic risk
will be involved.

Heat removal — water (WBS No. 25d)

e
==

Experimental area ventilation (WBS No. 25e)

Radioactive waste handling (WBS No, 25f) These systems all have piping or equipment to be
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= nomic risk.

Fuel handling — tritium and non-tritium These subsystems have extensive piping requirements,

(WBS No. 25b) which will have to be installed as part of the
main test cell building and should therefore be
designated Phase 1 elcments. Economic risk in
this case could involve either some added general-
ity in the building or some '"chipping of concrete"
to correct a piping problem, but no extensive cost
or schedule impact is indicated. The tritium
processing equipment final design will be tied to
the final reference design so that no economic risk
will be involved.

Heat removal — water (WBS No. 25d)
Experimental area ventilation (WBS No. 25e)

Radioactive waste handling (WBS No. 25f) These systems all have piping or equipment to be
installed as part of the main test building con-
struction. In addition, they present very little
economic risk because their design is relatively
independent of any difference that might exist
between the preliminary and final reference design.

Main Test Building (WBS No. 31) The main test building has a test cell (WBS No. 3la),

a mock-up and assembly bay (WBS No, 31b), a hot-

cell bay (WBS No. 3lc), and a neutral-beam, test-

cell bay (WBS No. 31d). This building is essential
in the phasing scheme because its beneficial occu-

pancy date needs to occur as soon after Phase T

funding as possible. "This need is caused by the

lengthy device assembly time associated with this
highly complex unique device that must be part-ally
assembled and then installed on the machine struc-
ture. Any delay in this building construction

will cause an equal delay in the end objcetive,

namely, the start-up operational tests. The design

of this buiiding might encounter possible reference
design change as well as possible allowances in

- o asauare footase and secondarv shiel ine. 1T go
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Other Building

be
funding as possible. ‘Chis need is caused by the
lengthy device assembly time associated with this
highly complex unique device that must be partially
assembled and then Installed on the machine struc-
ture. Any delay in this building constructkion
will cause an equal delay in the end objective,
namely, the start-up operational tests. The design
of this building might encounter possible reference
design change as well .as possible allowances in
square footage and secondary shielding. These
allowances might increase construction costs to
minimize economic risk.

The land improvement (WBS No, 3lc) and utilities

Systems (WBS No. 32)

(WBS No. 31f) and standard equipment (WBS No. 31g)
elements of the main test building system will not
be reference-design dependent and will present no
econoiic risk.

The buildings in this element are all separate

structures. The control room buildi:; (WBS

No. 32¢), recearch laboratory building (WBS

No. 32d), plant services building (WBS No. 32c¢),
and the shop and warehousing building (WBS

No. 32f) are not refercnce-design dependent and
should be completed as soon as possible to provide
storage and work areas. No economic risk is
involved.

Construction of the radicactive waste-handling

building (WBS No. 32b), the neutral-beam power-
conversion building (WBS No. 32a), the cryogenics
plant (WBS No. 32h}, the tritium-processing
building (WBS No. 32g), the field coil power and
capacity yards (WBS No 32j), the cooling-water
pump house (WBS No. 32i), and the M-G building
(WBS No. 32k) will not begin until after the final
facilities design review, which 1is based upon the
final reference desjgn., Therefore, no economic
risk is involved. (Some Title II design modifica~-
tion might be required.)

01-¢




3. TFEASIBILITY STUDY AND PRECONCEPTUAL DESIGN PERIODS

3.1 Work Scope

3.1.1 General

The feasibility study period has involved preparation for derfining
the next logicél tokamak confinement device (now known as TNS) foilowing
TFTR. The three major components of the. activity constituting prepara-
tion for the TNS are design studies; definition of research, development,
and demonstration needs; and initiation of project engincering tasks.
These activities logically lead into preconceptual design, once the
drvice reference design has been established.

The reference design is to be established in May 1977 with precon-
ceptual engineering scheduleq;go be completed in September 1977 for the

start (October 1977) of fogmalwébnceptual design.

3,1.2 Feasibility study period (FY 1977)

The three major components of the activity which constitute prepa-
ration for TNS are (1) design studies; (2) definition of research,
development, and demonstration needs; (3) and initiation of project
engineering tasks. Industrial participants are contributing to the
activity in each of these three areas.

Closely integrated scientific and engiﬁéering design studies are
being performed to establish a reference design base from whizh further
planning and design can proceed. The technical assessments being made in
the studies are d1rected toward ensuring that the key ideas conceived on
.the basis of their theoret:cal desirability can indeed be made workable:
in the mid-1980s time frame. The scientific studies make effective use
of the knowledge, judgment, and experience avaiiable in the broad ORNL
fusion program to ensure the relevance and technical feasibilipy of the
design éoncepts.' These studies, applying expertise from fusion thcéry,
confinement and heating experiments, magnet and beam débelopmax T engimeer—
ing, and reactor technology, are focused on the deve}opment and

evaluation of both new and existing concepts for use in the design. The
7
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engineering assessments use the capability developed in the performance
of large, complex projects at Oak Ridge and in industry to carry out in-
depth analyses and to make experienced judgments of the designs to ensure
their practicability and effectiveness.

Using the reference design base, requirements for necessary research,
development, and demonstration tasks are identified, defined, and communi-
cated to both the DMFE staff and the relevant field program staff; where
possible, recommendations for programs that will satisfy these needs are
developed for DMFE's use.

The principal project engineering tasks are the iniviation and
development of the format and preliminary versions of design descriptionms,
project plans, schedule, cost estimates, staffing plans, and project

organization.

3.1.3 Preconceptual design pericd (May through September 1977)

The results of the overall feasibility study period will be
summarized in the form of the preferred reference design. The pre-
conceptual design period will result in refinement of the reference
design in preparation for conceptual design. Initial device system
envelopes will be defined, which will allow preliminary facility sizing.
Preliminary systems-design descriptions will be prepared.

3.2 Estimated Costs for Feasibility Study and
- Preconceptual Design Periods ’

Estimated costs

(Thousands of dollars)

FY 1976 Transition gquarter FY 1977
$635a $581 $2400P

“Includes technical evaluation of the preceding EPR reference design
(approximately $300 thousand).

bSee Schedule 48 in Appendix B — TNS CP&D Funding Detail.
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Figure 3 presents thL§ /g_plan, which defines funding amount
(expense or CP&D) for eacﬂ Ipant per fiscal year and clearly
shows participant éplit f&gg ag. Technical management of the project
will be accomplished by GCC.

The feasibility study period is funded with both expense and CP&D
funds. This part of the work will be accomplished by UCC and industrial
participants ivnder subcontract. The CP&D* effort will focus on those
device and device-support systems that require additional construction
planning and design because of their complexity and associatred technical
uncertainties and their large impact on project schedule and cost. This
CP&D work will be performed principally by UCC and the industrial
subcontractor(s) (IS).

The facility and device preconceptual design will be performed

principally by UCC and the IS.

3.3 Work Plan

Figure 4 is a bar-chart work plan defining a schedule of anticipated
tasks and key milestones for the feasibility study and preconceptual
design periods. Also shown are the task funding type (expense or CP&D)

and participant (UCC or IS).

*
- See Schedule 48 in Appendix B — TNS CP&D Funding Detail.



ORNL-DWG 78.7627

FY 1976 TQ Fy 1977
DESCRIPTION EXP. | CP&D EXP. } CP&D EXPENSE CP&D
FEASIB'Y | PRECONCEPT FEASIB'Y | PRECONCEPT
STUDY DESIGN STUDY DESIGN
. MAJOR PROCUREMENT AND
FABRICATION
1. LABORATCRY/INDUSTRIAL TEAM
2. LABORATORY/UNIVERSITY TEAM
3. INDUSTRIAL SUBCONTRACTORS 230 415 540 400 850
4. CONSULTANTS 30 6 24
. ucc
1. DIRECT AND INDIRECT SALARIES 350 140 307 100 150
. TECHNICAL SERVICES
. COMPUTER AND PROGRAMMING 25 20 26
. CAPITAL EQUIPMENT OBLIGATIONS 15
TOTALS 635 581 912 500 1000
Fig. 3. TNS funding plan — feasibility study and preconceptual design periods ($ x 1000).
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COMPIETE PHASE T & TT PRE~CONCEPTUAL DESIGN AND DOCUMENT RESULTS (5/30/77

* THIS ACTIVITY INCLUDED THE FY 1976 CP & D RFFORT

Fig. 4.
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4. CONCEPTUAL DESIGN PERIOD

4.1 Work Scope

The requirement for TNS project phasing (FY 1980-FY 1982) as indicated
in Sect. 2.3 and the procedural requirement that the CDR be available by
May in budget year minus two years imply that the Phase I (FY 1980 line
item portion) CDR be issued on May 15, 1978, and that the Phase II
(FY 1982 line item portion) CDR be issued on May 15, 1980.

The conceptual design efforts will result in the Final CDR (FCDR),
which will follow the outline as presented in Table 4 and will meet all
DOE procedural requirements.

In addition to the CDRs, Schedule 44 Construction Data Sheets and
Cost Estimates will be issued. .

The Phase I WBS elements to be covered in the conceptual design
include‘those elements that must be staried in FY 1980 for schedule
reasons or because they present minimum economic risk. The Phase II
conceptual design items are those elements that present a substantial
economic risk if their design, procurement, and construction is not
based on the final réference design. Both Phasea I and Phase II conceptual /
design efforts will be based on the April 1977 reference design. This g
commonality in the systems and subsystems technical base should minimize
any engineering problems inherent in "phasing" the conceptual design
effort. The FCDRs resulting from the two efforts will ccusider only
those elements under consideration. In the area of environmental and
safety requirements, the total project will have to be considered;
therefore, special handling of these activities is required. During
the Phase I initial conceptual design period, a total project environ-
mental assessment will be prepared based on the results of Phase I,
preconceptual design and preliminary Phase II information derived from
the conceptual design as of that date.

Per DOE's recommendations, an interim environmental impact statement
will be prepared at the completion of Phase I conceptual engineering.

This interim document will form the basis for DOE's procedural environ-

mental activities in preparation for this project, Phase I, FY 1980,



Table 4. Conceptual design report ocutline

Section No. and activity

1 Purpose of report

o

Brief physical description of project

3 Project purpuse and justification
3.1 Project purpose
3.2 Justification of need and scope
3.3 Anticipated operating costs

4 Principal safety, fire, and health hazards

5 Environmental impact
5.1 Environmental considerations
5.2 Energy conservation goals

6 Quality assurance

‘ Project schedule

8 Proposed method of accomplishment

9 Summary cost estimate

10 Outline specifications

10.1 General codes, standards, specifications, system design

descriptions, and overall plant design description
10.2 Land improvements
10.3 Buildings -

10.3.1
10.3.2
10.3.3
10.3.4
10.3.5
10.3.6
10.3.7
10.3.8
10.3.9

Demolition

Fire protection

Structural and architect:~al

Piping .
Heating, ventilation, and air conditionin
Mechanical

Electrical

Instrumentation

Computer applications

10.4 Other structures

10.5 Special facilities
10.6 Outside facilities
10.7 Standard equipment

11 Reference data

12 Appendix




“Approval to proceed" determinarion. The interim environmental Phase I
impact statement will serve as the Phase 11 environmentai assessment
document. A final total project environmental impact statement will be
published at the completion of Phase Il conceptual design and should

form the basis for determination to proceed with the total project before
construction or procurement has begun.

This final impact statement and the conceptual design safety analysis
report will form the basis for publication of the preliminary safety
analysis report (PSAR) as indicated on the project logic network (see
rig. 7, Sect. 5). as a result ol continued safety analysis as the
project progresses from design through construction, a final safety
analysis report (FSAR) will be issued before the initiation of preopera-

tional testing.

4.2 Estimated Costs for Conceptual Design Activities ($ thousands)?

Fiscal Year Costs
1978 ’ $ 7,150
1979 o 9,433 B
1980 A 4,000
Total CD effort $20,583 A

aIncludes CP&D funds; see Appendix B for TNS CP&D funding detail.

Figure 5 presents the TNS conceptual design funding plan, wiiggthe,
effort broken down into expense and CP&D cost by major participants. N
It clearly indicates those participants that are split fundéd.

4.3 Work Plan

Figure 6 is a bar-chart work plan showing the schedule of anticipated
events, and Table 5 presents the associated key milestones for the con-
ceptual design activities. The wofk plan defines task funding type =
(expense or CP&D) and task participant. Task descriptions will be ‘

presented in the conceptual design job plan to be published within G
5 n )



(i

-

ORNL-DWG 78-7628

FY 1978 FyY 1979 FyY 1980*
l DESCRIPTION EXP. |CP&D EXP. |CP&D EXP. | CP&D
A. MAJOR PROCUREMENT AND FABRICATION o
1. INDUSTRIAL CONTRACTORS 1870 | 400 2375 11250 1000 | 800
2. CONSULTANTS 24 25
3. LABORATORY/INDUSTRIAL TEAM 1545 1680
4, LABORATORY/UNIVERSITY TEAM 100 200
5. AE FOR PHASE | CD AND SUPPORT EFFORT | 1000 | 400 1500 1000
B. UCC
1. DIRECT AND INDIRECT SALARIES 1386 | 200 1803 | 250 500 | 200
C. TECHNICAL SERVICES
D. COMPUTER AND PROGRAMMING 125 150 100
E. CAPITAL EQUIPMENT GBLIGATIONS 100 200 400
TOTALS 6150 | 1000 7933 |1500 3000 | 1000

*DOES NOT INCLUDE LINE ITEM FUNDS, OR OPERATIONS FUNDS 3-11-77

Fig. 5. TNS funding plan — conceptual design (§ x 1000).
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Takle 5. TNS Program milestones — conceptual design

© No. Milestone Date

1. Operating contractor and industrial subcontractor start preconceptual design 5-1-77
2, UCC and IS complete Phase II feasibility studies 4-30-77
3. UCC/AE/1IS start Phase I and 11 CD 10-1-77
4. Preconceptual design complete 9-30-77
5. Research development and demonstration program begins 10-1-77
6. Issue conceptual design job plan 10-31~-77
7. Publish TNS OPDD approximate requirements and criteria, codes, and standirds 10-31-77
8. Midyear capital budget sent to ORO 11-15-77
9. Issue final Schedule 44 and Cost Estimate for Phase I 4-15~78
10, Issue Preliminary Schedule 44 and Cost Estimate for Phase II 4-15-78

11. Complete Phase I ‘activity and documents fcr integration into Phase I final CDR;
publish safety analysis report and environmental impact assessment (both

Phase I and Phase I1I) 4-15-78

12, AE and IS complete Phase I conceptual design, AE sterts Phase II support effort 4-15-78

13. 1Issue final CDR for Phase I 4-15-78

14, ORO sends annuai budget to headquarters (BY-2 for Phase I line item) 6-15-78

15. Issue project management plan (and reporting plan) 6-15-79

16. Update TNS OPDD in support of Phase I design criteria publication . 9-30-79
17% Phase I engineering and advanced engineering for Phase II; line item and program .

" management begin 10-1-79
18. Publish Phase II CDR (BY-2 for a FY 1982 line item project) 4-15-80
19, Publish final Schedule 44 and Cost Estimate Phase II , 4-15-80
20. Complete Phase IIractivity and documents for integration into Phase IL CDR; publish

safety analysis report and environmental impact statement 4-15-80
21, AE completes Phase II support effort and documents changes to Phase I CDR 4-15-80

22, IS completes Phase II conceptual engineering ‘ 4-15-80

I




20 dayvs after start of the conceptual engineering. A participant/

activity methodology that represents preliminary thir irg follows.

4.3.1 Participant/activitv — DOE

1. Review and approve overall plant design descriptions (OPDDs);
2. decide on need for environmental impact statement;
3. provide conceptual design review before completion of CD effort;

4. start selection of permanent industrial subcontractor (1S)/site

contractor and review of OPDDs for start of line item project; and

5. with UCC, review, direct, and monitor performance of all engineering

supporting organizations associated with CD.

4.3.,2 Participant/activity — UCC

1. Publish FCDR (Activity No. 2, Fig. 6);
2. issue final Schedule 44 and cost estimate (Activity No. 3);
3 issue final approved OPDDs (Activity No. 4);

4. 1issue outline specification, system design descriptions (SiDs),
equipment, specifications, etc. (Activity No. 5);
v}
5. issue final approved codes and standards (Activity No. 6); Cﬁ,

6. issue engineering planning document (Activity No. 7);

7. 1issue R&D/RD&D supporting programs report (Activities No. 8 and No. 9);

i

8. issue conceptual SAR (Activity No. 10); S
9. issue environmental impact statement (Activity No. 11); and

10. issue quality assurance plan (Activity No. 12).

* In addition to the above, UCC will update overall project budgeés
and schedules, while conceptual design produces more definitive system
and component information‘for Schedule 44 preparation. A management
plan will be prepared, which will detail the project division of respon-

sibility for engineering, procurement, and construction and will indicate



the procedures to be used [or control of design configuration (see WBS
No. 13d, configuration control). The management plan will form the
basis for the eventual program management plan to be issued May 1980.
Also, UCC will monitor and review the performance of work by selected
vendors and engineering contractors.

At the completion of formal Phase I CD, the AE will form a Phase 11
support team that will continue CD activity during the Phase II CD effort
by the IS. This team-supporting effort will provide continuing Phase 1 CD

refinement as the Phase 11 CD is developed.

4.3.3 Participant/activity — AE (Phase 1, building (WBS No. 30) and

experimental area ventilation (WBS No. 26¢)

1. Complete outline specifications;

2. complete optimization studies for firming up selection and sizing

of equipment and facilities;

3. prepare SDDs on major systems with data sheets to permit CD cost

estimating;
4. refine and update the equipment arrangement and pipe routing;
5. prepare equipment layouts and piping isometrics for utilitiesy

6. develop control schemes and concept design of the control equipment

and system for the facilities;
7. prepare conceptual schematics and instrument lists;

8. perform casualty study to assess probability and magnitude of

poggntial transients for the SAR;
S
LR

9. refige the overall plant.arrangement and building sizes;

10. perform perliminary structural design of buildings to verify

weight-handling capabilities;

11. prepare conceptual plot plan and plans for elevations and sections =

for the buildings;

12. complete CD of experimental area ventilation and buildings;



13.

14.

15.

16.

17.

4-9

identify overall utility requirements (water, gas, oil, and
electrical powver) and complete CD and equipment selection ui

utility switchgears;
develop CD of tritium spill and fire protection systems;

prepare drafts of SDDs for the facilities and engineering area

ventilation systems;

prepare a detailed engineering manpower estimate and schedule
for Title I, II, and IIT engineering for the facilities and

engineering area ventilation systems; and

prepare cost estimate and schedule for the design and construction

of the TNS facilities and engineering area ventilation systems.

The construction schedules should identify which critical components

or materials are long-lead items requiring initiation of procurement in

advance of start of field construction.

End items — AE-CD (Phase I)

1.

Control and process description of facility, experimental area

ventilation systems, and utilities (Activity No. 13);

conceptual plant layout and building plans, elevation, and sections
(Activities No. 12, 15, and 16);

equipment arrangement and pipe routing drawing for facility and
experimental area ventilation systems, with preliminary information

on Phase 1I systems (Activity No. 13);

draft SDDs/outline specifications of facility systems and experi-

mental area ventilation (Activity No. 14);

conceptual cost estimate and schedule for design and construction

of facilities, systems, and experimental area ventilation (Activity
No. 13);

final conceptual engineering report for integration into the FCDR

(Activity No. 13); and

engineering planning document (Activity No. 17).
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the procedures to be used [or control of design configuration (see WBS
No. 13d, configuration control). The management plan will form the
basis for the eventual program management plan to be issued May 1980.
Also, UCC will monitor and review the performance of work by selected
vendors and engineering contractors.

At the completion of formal Phase I CD, the AE will form a Phase II
support team that will continue CD activity during the Phase II CD effort
by the IS. This team—-supporting effort will provide continuing Phase I CD

refinement as the Phase II CD is developed.

4.3.3 Participant/activity — AE (Phase 1, building (WBS No. 30) and

experimental area ventilation (WBS No. 26c¢)

1. Complete outline specifications;

2. complete optimization studies for firming up selection and sizing

of equipment and facilities;

3. prepare SDDs on major systems;with data sheets to permit CD cost
I ji
estimating;

N

Y
4. refine and update the equipment arrangement and pipe routing;

5. prepare equipment layouts and piping isometrics for utilities;

6. develop control schemes and concept design of the control equipment

and system for the facilities;
7. prepare conceptual schematics and instrument lists;

8. perform casualty study to assess probability and magnitude of

potential transients for the SAR;
9. refine the overall plant arrangement and building sizes;

10. perform perliminary structural design of buildings to verify

weight-handling capabilities;

o
11. prepare conceptual plot plan and plans for elevations ‘and sections

for the buildings;

12. complete CD of experimental area ventilation and buildings;



13.

14,

15.

16.

17.
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identify overall utility requirements (water, gas, oil, and
electrical power) and complete CD and equipment selection oi

utility switchgear;
develop CD of tritium spill and fire protection systems;

prepare drafts of SDDs for the facilities and engineering area

ventilation systems;

prepare a detailed engineering manpower estimate and schedule
for Title I, II, and 111 engineering for the facilities and

engineering area ventilation systems; and

prepare cost estimate and schedule for the design and construction

of the TNS facilities and engincering area ventilation systems.

The construction schedules should identify which critical components

or materials are long-lead items requiring initiation of procurement in

advance of start of field construction.

End

items — AE-CD (Phase I)

Control and process description of facility, experimental area

ventilation systems, and utilities (Activity No. 13);

conceptual plant layout and building plans, elevation, and sections
(Activities No. 12, 15, and 16);

equipment arrangement and pipe routing drawing for facility and
experimental area ventilation systems, with preliminary information

on Phase II systems (Activity No. 13);

draft SDDs/outline specifications of facility systems and experi-

mental area ventilation (Activity No. 14);

conceptual cost estimate and schedule for design and construction

N
of facilities, systems, and experimental area ventilation (Activity
No. 13);

final conceptual engineering report for integration into the FCDR

(Activity No. 13); and

engineering planning document (Activity No. 17).
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4.3.4 Participant/activity — industrial subcontractors (IS)

The IS will:

perform conceptual engineering during the Phase I CD on the systems
engineering (WBS No. 21), mock-up systems (WBS No. 22g), fuel
handling (WBS No. 26b), radiation waste handling (WBS No. 26a), and

electric power — primary energy (WBS No. 23a);
accomplish conceptual engineering on the remaining Phase IT systems;

as system and component data are developed from the Phase IT CD
effort, the equipment layout and piping routing for the Phase II
systems and subsystems will be updated and refined to provide

interface data to the AE support activity;

equipment support and pipe hanger concepts will be evaluated and

developed;

steady-state and transient overall plant-control requirements for
the total plant system will be refined through studies with a

computer model;

a preliminary causability study will be performed for the entire
plant to verify adequacy of the plant protection system and to

provide input to the SAR;

instrumentation for the systems and subsystems will be identified,
and conceptual schematics and instrumentation lists will be pre-

pared;

component engineering of major components and related auxiliaries

will be completed;
mock-up detail and layouts with equipment tests will be completed;

critical components will be evaluated to assure compliance with

“"design requirements;

drafts of SDDs for the systems and subsystems and related auxiliaries
and for the overall plant control and protection systems will be

prepared;



12.

13.

End
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interface control documents (ICDs) will be prepared to show physical

and functional interfaces between the hardware and the facility; and

a detailed engineering manpower estimate and schedule for Title I,
II, and III engineering for the systems and subsystewms will be

prepared.

items — 1IS-CD

Engineering planning document for systems and subsystems

(Activity No. 28),

preliminary casualty study (for SAR) (Activity No. 21),
ICDs (Activity No. 25),

SDD drafts of systems and subsystems (Activity No. 24},

conceptual electrical and piping routing and distribution
drawings (Activity No. 19),

major equipment outline specifications (Activity No. 27),

final CD engineering report for integration into the FCDR

(Activities No. 13 and 19), and

cost estimate and schedule for systems and subsystems design

and construction (Activities No. 13 and 19).

.5 Participant/activity — AE (supporting Phase Il activity)

While Phase IT systems and subsystems are formed and communicated
to the AE supporting team via the interface control documents (ICD)
review-board system, modifications and changes to the facility will

be made as directed by a UCC/DOE change-review board.

If the review board determines that changes have caused major cost
or schedule modifications, UCC will revise the Phase 1 CDR/cost

estimate/Schedule 44.

If oniy minor changes result or if facility optimization is required

to lower costs, this activity would be accomplished during Phase I,

Title I design.
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The Phase I facility design review scheduled for January 1, 1980, is
intended to amplify and clarify any modifications or changes to the Phase I

CD design that occurred during Phase I1 CD.
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5. LINE ITEM DESIGN, CONSTRUCTION, AND PREOPERATIONAL PERIOD

5.1 Project Schedule

*

Figure 7, a comprehensive logic network that is the TNS Project
master schedule, presents TNS as a phased FY-1980 facilities-portion and
a FY-1982 device-portion project. The overall project schedule with

some key milestones is as follows:

May 1978 Phase I conceptual design complete
October 1980 Phase 1 funds approved

May 1980 Phase 11 conceptual design complete
December 1980 Start site construction; issue PSAR,
May 1980 Phase II funds approved

October 1985 Construction complete; issue FSAR
October 1986 Complete preoperational testing

The TNS project milestone schedule (Table 6) is defined at level 3
within the context of the work breakdown structure and flags those key
milestones on the schedule critical paths, inasmuch as these are the events
that, if allowed to slip, will cause the objective end event (pre-
operational testing complete) to slip an equivalent time period.

The TNS project logic network defincs all major activities for each
of the work breakdown structure tasks. The network identifies time
periods for management; systems engineering; advanced engineering;

Titles I, II, and 1II design; procurement; fabrication; assembly; con-
struction; installation; test and checkout; and preoperational test.

As a logic network, it shows the interrelationships and interdependencies
of activities for all project tasks of the work breakdown structure.éyThis
¢includes research development and demonstration task activities as they

relate to specific tasks. In addition, the network focuses the total

*

‘ This and other related schedules were derived via PERT Programs
PMS-4, 360 IBM computer, E-Z PERT graphics. These PERT tools are used
for detailed program analysis and organization.
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5. LINE ITEM DESIGN, CONSTRUCTION, AND PREOPERATIONAL PERIOD

5.1 Project Schedule

Figure 7, a comprehensive logic network that is the TNS Project
master schedule, presents TN3 as a phased FY-1980 facilities—portion and
a FY-1982 device-portion project. The overall project schedule with

some key milestones is as follows:

May 1978 Phase I conceptual design complete
October 1980 Phase I funds approved

May 1980 Phase II conceptual design complete
December 1980 Start site construction; issue PSAR
May 1980 Phase II funds approved

October 1985 Construction complete; issue FSAR
October 1986 Complete preoperational testing

The TNS project milestone schedule (Table 6) is defined at level 3
within the context of the work breakdown structure and flags those key
milestones on the schedule critical paths, inasmuch as these are the events
that, if allowed to slip, will cause the objective end event (pre-
operational testing complete) to slip an equivalent time period.

The TNS project logic network defincs all major activities for eacb
of the work breakdown structure tasks. The network identifies time
periods for management; systems engineering; advanced engineering;

Ti;les I, II, and III design; procurement; fabrication; assembly; con-
struction; installation; test and checkout; and preoperational test.

As a logic network, it shows the interrelationships and interdependencies
of activities for all project tasks of the work breakdown structure. This
includes research development and demonstration task activities as they

relate to specific tasks. In addition, the network focuses the total

*

This and other related schedules were derived via PERT Programs
PMS-4, 360 IBM computer, E-Z PERT graphics. These PERT tools are used
for detailed program analysis and organization.



Table 6. TNS Project — milestone schedule (WBS level 3)

Milestone
No. ' Description Date
1 Phase I CD approval and funds approval 10-1-79
2 Begin site preparation 1-1-80
3 Begin main-test building construction 1-1-81
4 Complete building systems final design review 1-1-82
5 Complete device final design review 9-30-82
6 Main test building beneficial occupancy; ready for 4-1-83
device assembly
7 Complete test of neutral-heam prototype 5-15-83
8 Macine structure installed 7-1-83
9 Award production neutral-beam contract 7-11-83
10 TF coils assembled to machine structure 1-1-85
11 Limiters, diverters, shield, inner poloidal coils, and 1-1-85
vacuum vessel sections assembled and installed
12 Complete vacuum vessel testing 4-1-85
13 Complete device final assembly 9-30-85
14 Complete manufacture/installation/test and check-out 9-30-85
of neutral beams No. 1, 2, 3, 4, and 5
15 Preoperational testing;fﬁmplete 9-30-86
16 TNS project operations start 10-1-86

£-¢G
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fusion community R&D effort for TNS by identifying each task R&D input
as currently planned and by showing the relatiomship of this input to
the related dependent task activity. TNS will be designed primarily on
the basis of existing technology. R&D effort is, however, necessary to
support those areas indicated to make TNS credible to the physics com-
munity and, of most importance, to minimize the economic risk to the
nation.

Analysis of the network problem reveals two opposing, critical
paths. The forward critical path is the timing of the R&D input,
which acts to delay the project until the device design can be based
on solid physics information. The backward critical path is the path
starting with an "available operating facility' by the mid-1980s,
working back through building beneficial occupancy. The timing of this
backward path acts to accelerate the building/construction phase because
of the time-consuming device assembly/installation activity that must
take place in the building lay-down areas and bays (unlike equipment
that can be fabricated, delivered, and installed in a finished building).
Because of these two opposing requirements, the decision was made to
start the main test building task and those tasks that carry a minimum
economic risk as soon as possible and to call them the Phase I facility
portion of the project with a FY-1980 funding daté. The Phase II device
portion of the project includes those principal to high technological and
economic risk tasks that must wait for additiomal R&D dinput (final
reference design) before firming up task design. The task/phase defini-
tions in the context of the work breakdown structure are given in Fig. 2.

To minimize economic risk, a series of facilities and device design
reviews are tied into both the available generic and specific R&D input;
these reviews, in turn, constrain critical design, fabrication, and
construction. The device and facilities final design reviews occur at
about 507 completion of the main test building, but at 0% complietion of
the other buildings (that are reference-design dependent). This means
that innovative and flexible design will be required for the main test

building with probably increased costs in terms of square footage and



interface consideration to allow for some degree of device-envelope
change. By the above technique, this device/building construction
overlap is not expected to lead to excessive delays, changes, or signifi-
cant cost increases. The alternative is to delay the total project 18
months by delaying the start of building construction to the final device
design review time period. This would delay the object—-end event amn
equivalent 18 months, inasmuch as beneficial building occupancy is on

a critical path. The result would be "TNS project starts operations”
April 1, 1988, rather than October 1, 1986, with a potentially equal
delay in the succeeding demonstration plant startup date.

Further analysis of the network indicates that, in addition to the
basic plasma physics uncertainties that form the critical path of
understanding, the neutral beam task also defines a critical path with
no activity slack. With neutral beam experience on such projects as PLT,
ORMAK Upgrade, TFTR, etc., it is thought that this zero slack situation
will not cause cost or schedule problems. The toroidal field coils and
vacuum vessel tasks are also critical-path items. The LCS and LCP R&D
programs are expected to minimize these problems.

The logic network as defined represents a very aggressive and
optimistic project. The presence of several major critical paths
indicates above-average possibilities for schedule slippage and cost
overruns. The noncritical path tasks, in addition, have abnormally
short slack periods. These problems will be analyzed in detail in

the conceptual design effort to ascertain how much risk is involved.

5.2 Project Costs

The TNS project cost estimate, to be based on the May 1977 reference
design and its refinements, will be derived as part of the conceptual

design activity.

5.3 Work Breakdown Structure

The TNS Project has been broken down into tasks that represent the
project hardware, software, and services that will be accomplished to

satisfy the contract statement of work. 'Figure 2 defines the work
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breakdown structure with elements at the lst, 2nd, 3rd, and 4th levels.
Levels 1, 2, and 3 define the project system, and level 4 and below
define project subsystems.

By using the work breakdown structure and the principles and
criteria of the project performance measurement system (PPMS), effective

project planning and control will be possible.

5.4 Overview of Task Responsibility and Scope

Figure 8 identifies the organizations responsible for accomplishing
the following aspects of work for each of the WBS elements: management,
R&D management, RD&D, engineering and design, procurement, fabrication,

assembly, construction, installation, checkout, and preoperational testing.

5.5 Enginering and Design Task Responsibility and Scope

Engineering activities for the Phase II systems and associated
systems will be performed by UCC and the industrial subcontractor to
be selected at the start of the FY-1980 Phase I portion of the project.
(It is assumed that this can be the same industrial subcontractor selected

to accomplish the device conceptual design.)

1. Conceptual design will be conducted from October 1, 1977, through
April 30, 1980. These efforts will establish project objectives,
scope and feasibility, basic conceptual design configuration by
means of trade-off studies of major subsystems, and preliminary
cost and schedule estimates. During these periods, the final

environmental impact statement will also be produced.

The major participants in the Phase I conceptual design will be

UcCC, IS, and an AE selected by ORO at the time of facility

conceptual design start.

The major participants in the Phase II conceptual design will be
UCC and the IS.
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Phase IT advanced engineering will start October 1, 1977, and
continue to the completion of the device conceptual design
effort, April 30, 1980 (7 months). This effort is expected

to start preliminary Title I drawings and specifications.

Preliminary design Title I, starting October 1, 1979, for the
facility and May 1, 1980, for the Phase II systems, is expected
to produce preliminary drawings and specifications; engineering
studies (soil investigations, seismic studies, etc.); prelimi-
nary cost estimates; equipment lists; procurement plans,
preliminary proposal/Title I report, design, construction,

and procurement schedules; and the PSAR.

The periods for performing the preliminary design effort range

from 15 to 33 months for the various subsystems of the WBS.

Final design is expected to produce working and fabrication
drawings and specifications; final construction cost estimates; and
materials, equipment, and supplies for the device and associated

systems. This design will be the responsibility of UCC, which will

use the procurement services of industrial contractors/subcontractors

it deems to be in the best interest of the project. Procurement of
materials, equipment, and supplies for facility construction (WBS
No. 3) will be the responsbility of the construction contractor(s)
(with the possible exception of long-lead equipment and supplies).

Fixed-price contracts will be used whenever possible.

Inspection and acceptance — A comprehensive set of acceptance test
requirements and test plans will be prepared by AE, UCC, and
industrial contractor/subcontractor for the conventional facilities
and special equipment, consistent with a master acceptance test
plan to be developed by UCC during pfeliminary design.

8



Acceptance testing will be periformed on each critical component,
subsystem, and system of the TNS device and facilities. Acceptance
test plans and procedures will be developed during the design
phase. Acceptance test requirements for purchased components

will be defined in the procurement packages. Acceptance

testing in vendor shops will be performed by the vendor and
witnessed by qualified personnel of the procuring organization
and/or by third-party inspectors. On-site acceptance testing

of systems and subsystems will be performed by the organization
responsible for installation and witnessed by designated UCC

and industrial contractor/subcontractor personnel.

AL will perform Title III inspections of the conventional facilities.
Acceptance testing of the systems and components in the conventional
facilities will be performed by the construction contractor(s) and
witnessed by ORO, UCC, and AE. Final acceptance of the facility

will be made by ORO after final inspection of construction.

Figure 8 further illustrates the responsibilities for the activities

described above.

5.6 Task Descriptfpns

IR
t

Definitions are required for the tasks\ﬁe be accomplished by the
TNS Project Team on completion of the advanceoﬁgggineering, preliminary
design, final design, procurement, fabrication, ;;ﬁéffuction, installation,
and checkout of the TNS. Also to be included are the supporting program
tasks for research and development, research development and demonstration,
and preoperational testing.

The work breakdown structure (WBS) is used as a basis for dividing
the project into related work packages for project planning and control.
A system will be used similar to that developed by PPPL for the TFTIR
Project. The WBS establishes a numbering system for cost control and
for scheduling and reporting purposes.

The WBS consists of four levels of detail. For TNS, the project

is first divided into six systems (2nd level), which are then broken
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into 19 major systems (3rd level). The project will be planned and
controlled at this level. Detailed tasks will be described at the
4th level of the WBS. The WBS is shown graphically in Fig. 2 and is listed
in Appendix C. Task descriptions have been prepared for the management
systems, using a portion of the TFIR descriptions where similar and
including new task descriptions by ORNL for the systems that are new
or revised for the TNS Project; these descriptions are presented in
Appendix C.

The task descriptions for the device systems will be developed as

part of the conceptual design.
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EXCERPT FROM ERDA, WASHINGTON, MEMORANDUM

OCT 28 1975

Robert J. Hart, Manager
Oak Ridge Operations Office

FY 1979 CONSTRUCTION PROJECT IDENTIFICATION

We have reviewed the short form data sheets submitted by Cak Ridge
National Laboratory.

With respect to the Prototvpe Experimental Power Reactor design
effort, we have recently provided $1.4 million for the continuation
of this design study (previous design effort was supported by the
EPPI). According to the DMFE program plan, this design effort

is essential to support a budget request for Title 1 capital
funding in FY 1980.

Edwin E. Kintner, Direccor
' Division of Magnetic
Fusion Energy



TiTLE:  Development and Technology - Fusion Systems ACTiITY %0, ER 02 04
Engineering Advance Design-EPR/TNS Conceptual 129 No. 00037
= StUdles R Bt S S S S~ T S
fl&. PROJECT GGALS FOR FY 1977 l

The Xey Objective is

To Provide a Strong, Supported Recommendation on the Nature of The Next Step
After TFTIR.

In support of this Key Objective, five Critical Objectives can be identified

'C.0. 1.0 To clarify role of TNS in fusion program vis-a-vis TFTR and possible
- upgrades, parallel efforts, and the EPR, Demo, and CPR steps.

This objective 1is tc identify the minimum overall risk, minimum cost, and
'time route to commercialization which forms the context for TNS. The method used
'is active participation with the Demo study wherein the extrapolation from TINS
iis provided by the Demo study and projections of TNS are provided to the Demo study.
b
Milestone

1.1 Prepare a position paper on role of TNS in fusion program 2/1/77

C.0. 2.0 To define the essential characteristics of TNS design option space.

This objective 1Is to characterize the design space between TFTR and
|EPR/Demo in such a way that selection of a TNS Reference Design can be made with
'both aggressive goals and acceptable, minimum costs. The method used is a
'combination of rlasma engineering judgments, design engineering conceptions ot
idifferent coii systems, examination of key sensitivities, and optimization of
jcertain costly systems trying to characterize the essentials of the design space
iin as few separate systems as possible.

Milestones

{
i 2.1 Develop basic characteristic representations of different size and

; configuration options covering the practical range from LHX-EPR 12/1/76
|

|

‘a' 2.2 Quarterly review 1/15/77
2.3 Develop plasma sensitivities and cost methodology 2/1/77
2.4 Seiect reference design - 41/77
2.5 Quarterly review 4115777
2.6 Document criteria for selected reference design 7/15/77
2.7 Document design consideration of reference design 10/1/77

C.0. 3.0 To develop RD&D input timing and sequence information

The objective is to identify essential information along with its source
and timing for TNS with the output being a rational schedule in which ~:it -al items

each supporting group.

2
Milestones P =

3.1 Establishment of a basic schedule chart

: 3/1/77

become highly visible. The method used is iteration of a central sequence chart with

UCNallen PAGE 8



TITLE:  Development and Technology - Fusion Systems sty no. ED 02 04
Engineering Advance Design-EPR/TNS Conceptual 189 No. 00037
. Studies e

14. PROJECT GOALS FOR FY 1977 (Continued)

3.2 Development of specific information needs and logical sources

and timing 5/1/77
3.3 Development of additional facilitles requiring incremental
funding 8/15/77

C.0. 4.0 To communicate the findings of this work to the technical
community and ERDA

This objective is to ensure prompt and adequate technical communication
of TNS findings within the relevant sectors of the fusicon zomunlty .pexifically
including scientific and technical staff, ERDA fusion program staff, interested
engineering, industrial, and decision making vodies. The method used combines :
frequent oral presentations with internal documentation and external written reports.

Milestones 1
‘ i
4.1 Written Monthly TNS Status Reports to ERDA-DMFE i

C.0. 5.0 To perform all these activities in a manner supporting establishment of a
Project Base. '

The objective here is to conduct the TNS Program in such a mamner that all
relevant information is documented and that a se~ure basis for the Line Item project
is laid. The method used is to conduct wherever possible the Program as if it were
actually a Project in a manner compatible with the actual budget, personnel, and time
resources. s

Milestones = A
5.1 Prepare a Job Plan for use of FY 76 CP&D funds for intensive study of z
key peripheral items i 11/1/76

5.2 Prepare a Request for FY 77 CP&D funds to continue study of key
peripheral items 11/15/76

5.3 Prepare a written administrative plan applicable to pre-title 1
project activities 6/1/77

5.4 Prepare a Schedule 44 - short form construction project data sheet
for a FY 80 Line Item Project 9/1/77

g

UCN-aq1
as PAGE 9
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UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
QAK RIDGE OPERATIONS

P.O.BOXE ARE A CODE 615
OAK RIDGE, TENMNESSEE 37830 TELEPHO%E 3818611

December 10, 1976

12-14-76, GRJ

Union Carbide Corporation
Nuclear Division

TIN: G. R. Jasny

Post Office Box Y

Oak Ridge, Tennessee 37830

Gentlemen:
TNS PHASED LINE ITEM PROJECT

As you know, work is proceeding rapidly in a number of different areas
of the subject project. These include continuing R&D activities,
feasibility studies related to a reference design, conceptual criteria
development, and CP&D (Title I design).

In all of the information and documentation received from ycur staff,
there is no overall planning document showing the overall project scope
related to time, funding, and project participants., The project is
proceeding on an accelerated schedule that is somewhat contrary tc the
normal ORO philosophy and methods for the development, management and
control of major capital projects. For example, substantial sums of
CP&D money are scheduled to be expended before a reference design is
selected and a full-scale conceptual effort gets underway on the
selected design. :

Perhaps the normal approach will not suffice for this nroject due to its
complexity, the time for meeting program objectives; and funding availa-
bility. Whether that is the case or not, ve want to be absolutely

certain that: (1) all members of the "Project Team" are generally in
agreement with the approach taken, (2) planning is based on sound
engineering and operational procedures with a certain degree of realism
due to the complex nature of the effort, and (3) the project proceeds
expeditiously but in accordance with ERDA management, engineering, budget,
contract, and financial procedures and controls.



G. R. Jasny -2 - December 10, 1976

In that regard, we feel it is imperative that some type of document be
prepared to show the full scope of the project, and all program activities
related to the project, as currently perceived and definitive plan for
accomplishing all of the work reauired in a realistic time frame. 1nere-
fore, we request that you begin immediately to develop a comprehensive
logic diagram for the TNS phased (FY 80 and FY 81) Line Item project.

The diagram should identify time periods for pre-conceptual, conceptual,
CP&D, Titles I and 11, and III design, procurement, and construction.

In addition, the logic diagram should be set up to clearly define the
roles of the various participants, such as UCC-ND, Westinghouse,
Architect-Engineer(s), etc. The logic diagram should show the inter-
relationships and interdependencies of major activities, including
required R&C. Such relaticnships and dependencies between the FY 15840
facility portion and the FY 1681 device portion should clearly be
delineated. One concern we have in this area relates to a draft bar
chart which was furnished us by your staff. The chart shows the facility
construction approximately 2/3 completed before the Tokomak design is
finished. Experience has shown that this type of overlap can lead to
delays, changes, and significant cost increases.

Based on discussions with members of the ORNL engineering.staff, there
seems to be a rather narrow description of what is included in the
facility part of the project. Therefore, we would like to have a
detailed statement of the scope of work to be accomplished under the

FY 1980 Line Item portion of the TNS project. A similar scope statement
.should be included for the FY 1981 nortion.

Accompanying the above, we would 1ike a detailed funding plan for the
entire project broken down into expense, CP&D, and Line Item capital

costs by major participants. It should be clearly indicated if any of

the participants other than UCC-ND will be split funded; and a description
of the work to be performed under each funding category should be included.

While we realize the complexity of TNS and the difficulty in planning out
the project in the detail requested above based on the status of the
work, such a step must be taken at this time to provide a foundation

from which the full ORO Project Team can efficiently and effectively
become involved in the management and control of the project.
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G. R. Jasny -3 - December 10, 1975

Receipt of the zhove information will permit us to take meaningful
action on ycur request for an additional 35C0,C00 of CP2D funding

in FY 1977. Therefore, we suggest that a high priority be placed on
this.

Sincerely,

hrTan Loy

Jéhn T. Milloway, Assistant Manager
EER:GWB for Construction and Engineering

cc: J. A. Lenhard
T. W. UWhite
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UNITED STATES £
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION -
WASHINGTON, D.C. 20545 -

DEC 13 1976

C. Baker, GA
M. Roberts, ORNL

CONCEPTUAL DESIGN PLANS FOR PROPOSED CONSTRUCTION PROJECTS

During recent conversations the subject of a conceptual
design plan (CDP) for INS has come up several times.

This plan is called for by ERDAM 6101 Appendix after
project selection by a program division. As a minimum,
the CDP should be available ™ one year prior to submission
of the long form Schedule 44.

For your information, I am enclosing a letter from the
Division of Facilities and Construction Management (FCM).
This enclosure details the cutline of a CDP and gives two
examples of plans meeting the FCM requirements.

As the TNS design efforts evolve, the development of a CDP
will be necessary and the design teams should establish a
specific schedule. 1 suggest that this topic be included
on the agenda of the TNS quarterly design review now

scheduled for mid-January 1977. T

J. 0. NWeff

Systems and Applications
Studies Branch

Division of Magnetic
Fusion Energy

I helosure:
“tated

ci R Fr nek, FCM
B. Edgerton, FCM
S. Waddle, ORO
E. Temple, SAN
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EXCERFT FROM ERDA, WASHINGION, MEMORANDUM
OCT 14 1975

Heads of Divisions and Offices, HO
Managers of Field Of fices
(PNR and SNB, THRU: Director, NR)

CONCEPTUAL DESIGN PLANS FOR PROPOSED CONSTRUCTION PROJECTS

F.0. plans for accomplishing conceptual designs for proposed
construction projects are to be submitted to HQ 30 days after
project selection by program divisions. The present guidance
in ERDAM 6101 Appendix on these plans is brief, and several
requests were made during last years budget cycle for a more
definitive outline of a conceptual design plan. b

Enclosed is a proposed conceptual design plan outline for F.O.
use in developing conceptual plans for proposed FY 78 projects.
Program divisions' guidance to the F.0. on selected projects is
due by October 15. The depth and extent of detail incorporated
in the conceptual design plans should be commensurate with the
scale and nature of the proposed project.

Samuel L. Hack, Director
Division of Facilities and
Construction Management
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PROPOSED EXHIBIT (for AECM 6101 APPENDIX, PART 1V)
REPORTING FLFMENTS FOR A CONCEPTUAL DESIGN PLAN

PROJECT SUMMARY

A. TITLE - 0Official name of the project including abbreviation
to be used.

B. PURPOSE - Indicate briefly how the project fits into the program
that it supports as to scope, timing and need.

C. DESCRIPTION - Briefly describe the facility, its proposad
lnration and size, process capacity, power level,
etc., to characterize the magnitude and nature
of the project.

D. ESTIMATE - Provide the current planning TEC for project.

E. SCHEDULE - Indicated: (1) planned Budget FY
(2) planned construction completion
(3) planned initial operation date

F. CP&D - Provide estimate and scheduled use of CP&D which are
currently allocnated or which will be requested.

CONCEPTUAL DESIGN SUMMARY

A. GSCOPE -~ Describe the work to be accomplished in the following
areas:

(1) Establishment of facility functions, requirements,
and criteria

(2) Facility "design

(3) Development of equipment lists

(4) Studies of major engineering alternatives

(5) Site evaluation and selection

(6) Development of cost and schedule baselines

(7) Establishment of management plans and project
control procedures

(8) Safety analysis

(9) Environmental assessments

The extent of development should be indicated in each
area together with the expected output documents.
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METHOD OF ACCOMPLISHMENT ~ Indicate the organizations that will

perform tne conceptual design work,
A~E selection plans if required, and
the type of contracts contemplated.

SCHEDULE - Indicate by bar chart or CPM network the required
activities, key milestone dates, work durations, and
interrelationships between the majlor -—onceptual design
activities and necessary prerequisite R&I.

CO8T - Indirate the estimared cont for the conccptual ifurt
broken duwn by FY, by functional work scope and by
organization. The approximate scheduled levels of
enginecering manpower by organization should be provided.
Requirements for CP&D or directly associated R&D funds
should be identified.

WORK PLANS - On major cngineering or developmental efforts
(normally conceptual efforts of over $1 million),
a work breakdown structure should be formally
established and work scopes, estimates and schedules
delineated for the work packages. This detailed
planning documentation should be included with the
plan at the option nf the program division.

S

Ay

P
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UNITED STATES kb
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION “p
OAK RIDGE OPERATIONS Ty

P.O. BOX E
OAK RIUGE, TENXNESSEE 37830

December 7, 1976

Union Carbide Corporation
Nuclear Division

ATTN: R. F. Hibbs

Post Office Y

Oak Ridge, Tennessee 37830

Gentlemen:

IMPROVEMENT IN CONSTRUCTION PROJECT SCOPE AND DEFIRNITION

B
Our present method of assuring the completeness and adequacy of line item
construction project definition needs reassessment. The full effects of
operational interfaces, safety and environmental considerations, energy
conservation, and the full extent of prerequisite research and development
can easily be overlooked during the conceptual design and estimating
phases of the project, only to be hrought to light during ‘the design and
construction phase when there is less flexibility in accommodating changes.

In broad terms, these interfaces are recognized in the budget instructions.
liowever, there is a need for improved communication between the engineering
groups trying to develop the project scope and estimate, and the pertinent
operating, research and development, safety and environmental, finance, and
other groups that must work in unison to provide complete related information
during the conceptual design stage. When conceptual design was initiated
some years ago, the major interest vu, of an engineering nature to establish
a reliable project scope and estimatc. It is now more clearly recognized
that the conceptual design efforts should be broadened to encompass fuller
requirement of const;pction project definition.

N

Schedule 44 Construction Project Daté\Sheet instructions provide reference
to the above interfaces but it appears\tlmely for us to collectively
reassess the complete effort that is npcessary on the part of all, concerned
to adequately comply with these 1nterfaLe requirements. The justificaticn
portion of the data sheet instruction makeq numerous references to,sesearch
and development, operational, and safety lnterfaces but it does noil appear
that they have been given full and adequate\attentlon du’1ng the conceptual
design phase of progect definition and estlmatlngszf1hese interfaces are not
solely "engineering" matters and require coordinated attention from all con-
tributing participants in ORO and the operatinngontractor organizations.

o
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Union Carbide Corporation -2 - December 7, 1976
ATTN: R. F. Hibbs

Attached for your ready reference are Pages 91-93 of OR Appendix 1301,
Part II, giving the Schedule 44 Item 9. Instructions, and Pages 106-110
of the same appendix providing similar additional data for projects with
TEC's of $25 million or more. Also attached are Pages 99-101 of the same
appendix that specify the information needed concerning environmental and
safety matters. Compliance with these instructions will provide — on a
budget basis -- the interrelationship of the project with research and
development, operations, safety, and other related activities. It should
be stressed that the development of adequate information in all of these
areas cannot and should not be accomplished solely by engineering
personnel but require an overall integrated programmatic, R&D, and finance
input by the contractor's staff and ORO.

The budget instructions referenced above represent ERDA's intent that the
various elements of the contractors and field office organizations
communicate effectively on these matters. However, these instructions do
not represent the full depth of the discussions that must take place among
all interested parties at the conceptual design stage to fully explore all
the potential problem areas and/or uncertainties.

To assure that the above matters are adequately considered during the con-
ceptual stage of a project, we propose that additional sections be added to

all future conceptual design reports to cover the operational and development
aspects of each project, and that those groups responsible for the operational
and the development aspects of the projuct review and attest to the complete-
nesg and adequacy of the report prior to the submission of the CDR to ORO for
review and approval. In addition, the sections of the CDR relating to
environmental and safety considerations should be upgraded to provide a more
comprehensive treatment of the potential safety and environmental problems
associated with the project. The information to be provided in these sections
is specified in ERDA Appendix 6101, Part III, Exhibit I. All those responsible
for iaput into the conceptual design report should recognize that timeliness

in the completion of these reports is of the essence because changes in project
estimates are extremely difficult — if not impossible -- to make once the
project reaches certain levels of review and approval at ERDA Headquarters.

These added sections in the conceptual design report should be prepared in
such a manuner as to accommodate all pertinent requirements in the Schedule
44 and 44a. The operational statement should also include an assessment of
the project's impact on operations, an analysis by operations of the work
that has been accomplished to define the project scope and an analysis of
the work still needed to be done; and a clear definition of the purpose of
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Union Carbide Corporation - 3 - December 7, 1976
ATTIN: R. F. Hibbs

the project from the standpoint of operations. The research and develop-
ment statement should include a statement of the development work to date;
a clear statement of the development work yet to be accomplished and its
impact on future scope and costs; an assessment of project systems and
equipment as outlined in the CDR; assessment of future R&D work impact on
schedule, cost, and manpower; and a clear statement of project definition
from the viewpoint of research and development. Where furtber R&D work is
reqQuired, this effort should be identified in the R&D portion of budget
documents and cross referenced to the project.

Details of implementing these new requirements will be coordinated by our
respective staffs.

Sincerely,

R. J. Hart
Manager
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UNITED STATES

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION -

WASHINGTON, D.C. 20545

JAN 6 1977

Dr. J. F. Clarke

Oak Ridge National Laboratory
P.O. Box X

0zk Ridge, Tenmnessee 37831

Dear John:
SUBIECT: TNS R&ED RENUITREMENTS

Over the last several months there have been many discussions
among the DMFE contractors and program managers on the need to
identify the R&D necessary to support the design and construction
of a INS. These R&D needs exist across the entire spectrum of
the DMFE program from the plasma physics area to the plant
maintenance area. One of the most important aspects of TNS has
aiways been thought to be the focus and discipline that such a
project can bring to the DMFE R&D program.

During the next year, there will be many reviews th assessments
relative to what can and cannot be supported in the DMFE program.
During these discussions it is essential that there be a strong
and well-based understanding of the TNS R&D requirements and the
tasks which are necessary to achieve a 1986-88 operation date.
Additionally, there is a need to understand the potential costs
to complete these tasks.

We would like to prepare a first draft of a TNS R&D plan by
February 18 for possible use in upcoming Congressional Hearings.
This schedule is very tight and I have asked F. Coffman and

J. Neff to work closely with you and your people to determine what
areas should be focused upon and to assist in obtaining information
about the technical programs outside ORNL. They plan on being at
0ak Ridge on January 7, 1977, to discuss the specifics of this task.

Enclosed are several pieces of information which give some ideas
on how we might approach an R&D plan for TNS. These include a
list of objectives, ééglan of action, a suggested format for the
R&D tasks and a schedule for completing the work. These should
serve as a basis for discussion.

-y

l'<I



Dr. J. F. Clarke -2 -

I look forward to reviewing your progress in this area
at the January 28 TNS quarterly review. Should you have
any questions, please call J. Neff of my staff.

Sincerely,

James M. Williams
Assistant Director for
Development and Technology
Division of Magnetic
Fusion Energy

Enclosures:
As stated

cc: M. Roherts, ORNL
G. Benedict, OR
S. Waddle, OR

7
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UNION CARBIDE CORPORATION - NUCLEAR DIVISION

(% x 1000) Schedule 68
Item FY 1977 ¥y 1978  FY 1979  FY 1980 Total
1. a. The Next Step (TNS) | )
TP&D Funding Requirements . $1,000 $1,000 $1,500 $1,000 $4,500
b. Descriptfon:

Ce

‘The Next Step {8 proposed as the next lopical step in the develop-ert of fusfon power after the TFYR project which

is to be operational in the FY 81-82 time period. The ERDA/DMFE Logfc T1T Plan test reactor (THS), s scheduled to be
operational by FY 86, TNS is a research fusion reactor which will generate a reactor core plasma using moderate cxten-
sions of the technology that will be qualified by 1980, The device will be designed to Lgalte deuterfun-tritfum plasna
and thns produce fusifon energy in a manner extrapolative to a fusion reactor. In adlition to the basic device, the
facility includey peripheral equipmeut, supp rt systems, controls, data analysis equipment, and buildings.

Project estimated cost is between $400M and $1000M.

Justification:

Four years of increasingly detalled design studies, which culminated in the EPR study, have {ndicated that a deutertum-
tritium {gnition experiment should precede EPR and have laid the groundwork for a rivent major proprarmatic decisafon
to begin conceptual design of such a facility.

Fusion programs are no longer level-of-effort research activities, but migsfon orfcnted with near, mid, and tauy
term goals aimed at achieving a practical, real energy option.

The Fusion Baérgy Option {5 a major concern to the general public and te the technlcal community fnvolved In mid and
long term encrgy goals. '

This project’s primary goal {s production of a fusion reactor corw from whichk systers integration cxperfence can be
gained; provision of a forcing function of fuslon technology le a secondary abjectise,

In order to assure the technology base for TNS, the design {s befng tied closely to the qualificd outputs (expected
about 1979-1980) of the two principal technologies involved, i.e., beams and magnet:, throwsh the ORNL bean program
and the ORNL Large Coil program. '

The foregoling considerations support the conclusion that construction and operition of the TN§ is essential . the
EPR and will be of great benefit in the timely, orderly developmer of fusion power In the 1.8, The TNS prog i+
is, therefore, a necessary part of the overall rescarch and development program lcading to successful demonstyat fon
of commercial feasibility.

In general, due to the research and developmental nature of this experimental project and the magnitude ol the
expenditures related to new technology such as sup:rconducting mapnet systems, large tritium systems, and large pulse
energy systems, the project is considered of such a complex nature that 1t {s necesrary to perform additional engincer-
ing and design (preliminary engineering Title I design) on the fa:ilities and other areas of the device, in advance of

normal timing. :
Page 1 of &



UNION CARBIDE CORPORATION - NUCLEAR DIVISION

Schedule 48

d. Teasibility studies are currently being accomplished, leading to a preferred reference design to be issued in May,
1977. Pre-conceptual design engineering is scheduled to begin in May, 1977 and continued through September, 1977,
On 10/1/77, formal conceptual engineering will start on both the Phase I, facility portion, and the Phase II, device
portion, of the project. Phase I conceptual design will be completed in May, 1978 for the facilities FY 1980 line
item portion, and Phase II conceptual design will be completed in May, 1980 for the device FY 82 line item portion
of the project. R

e, Description of Tasks and Estimated Costs: ($ x 1000)
FY 1977 FY 1978 FY 1979  FY 1980 Total Action
Task No. 1:
Perform preliminary Title I engineering design ucc/y
on the following TNS support systems: $ 500

1) Remote maintenance and assembly systems

2) Tritium handling and processing systems
N 3) Vacuum systems

4) Cryogenic refrigeration systems

lask No. 2:
Perform preliminary Title I engineering design on
the following TNS device systems: 500 ucc/w
1) Toroidal field coil
2) Polordal field systems
3) Shielding systems
4) Electrical power supplies

A-E Effort
1) Land Improvement -~ Site investigations, including
specific core drillings and seismic analysis, will
be performed to provide data for the design of the
building foundations and structures. 75 UCC-AE
2) New Buildings - Preliminrary design of the buildings
including containment, foundations. superstructure,
building services, and interfaces wich the experiment
will be performed to improve the cost estimate. 100 UCC-AE

Page 2 of 4



UNION CARBIDE CORPORATION - NUCLEAR DIVISION

Schedule 48

Task No. 3: (continued) FY 1977 Fy 1978 FY 1979 FY 1980 Total Action

3) Utilities - Preliminary drawings and

specifications will be prepared for the

power system, steam, water, etc., required

to support the TNS facility to better define

the scope and improve the cost estimate.

Likewise, preliminary design will be done

for the TNS cooling water system. 75 UCC/A-E
4) Phase II Conceptual Desipn Support - At the

completion of Phase I conceptual design, a Phase

1 support team will be formed to assist {n the Phase

IT conceptual design effort, 100 UCC/A-E

Task Wo. b:

_Engineering planning - preliminary estimates of engineering ’
. “manpover requirements for Titles I, II, and III design will
be generated.

1) Phase T - facilities 25 S0 LCC/A-E

2) Phase II - device 50 50 vee/o

3) Systems engineering 50 50 uec/w
Task No. 5:

RD&D planning ~ preliminary planning will be performed on
those TNS design specific RD&D programs to define better
their impact on TNS project cost and schedule. 50 500 500 ucc/y

R&D planning - preliminary planning will be performed on those
existing R&D programs to insure timeliness of needed data input,
and preliminary planning will be performed on those R&D programs
that exist but need to be modified for TNS, or which do not exist
and must be started new for the TNS project.

Page 3 of 4



UNION CARBIDE CORPORATION -~ NUCLEAR DIVISION

Schedule 48

Task No. 6: FY 1977 FY 1978 FY 1979 FY 1980 Total Action
Major components and equipment planning-

preliminary engineering will be performed

on those major components and equipment

systems to generate specifications. 200 600 250 vce/w
Task No. 7:

Perform preliminary Title I engineering design on

the following TNS device systems: 275 250 500 vee/w

1&C and Data Handling; Vacuum Vessel; Fuel Injector;
Impurity Control; Plasma Heating

Schedule of Start and Completion Dates for CP&D Task:

Start Date Completion Date
Task 1. Support Systems Design 3/01/77 9/30/77
Task 2. Device Systems Design 5/01/77 9/30/77
Task 3. A-E Effort . 8/01/77 1/01/78
Task 4. Engincering Planning 10/01/77 5/01/79 \
Task 5. RD&D/R&D Planning 10/01/77 5/01/80
Task 6., Major component/eqiipment planning 10/01/77 5/01/80
X Task 7. 1&C and data handling systems 10/01/77 5/01/79

Method of Accomplishment:
Participants are defined under the action column of section e, "Description of Tasks and Estimated Costs."

A. On all tasks, Union Carbide will participate with the A-E or Westinghouse as the overall technical management.
Carbide will provide criteria for design, be responsible for cost and schedule control, review and direct work
of the A-E or Westinghouse, assimilate and publish data requirements, and formalize all cost and schedule
estimates.

B. An A-E, selected by ERDA-ORO, will furnish the labor and material to complete the facilities related tasks
(tasks No. 3 and 4-1) and work with UCC & ORO per accepted ERDA procedures., They will furnish Carbide with bills
of material, preliminary Title I engineering design, and other input information for the preparation of preliminar:
-costs and schedules.

C. Westinghouse Electric Company, under subcontract 7117, to Carbide will furnish labor and material to perform the
device related tasks (Tasks No. 1, 2, 4-2, 4-3, 5, 6, and 7). They will furnish Carbide with bills of material,
preliminary Title I engineering design, and other inpur igforpation for the preparation of preliminary costs and
schedules. Page 4 of &

9-¢
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Appendix C-1i

SPECIFIC TASK STATEMENT OF WORK BREAKDOWN STRUCTURE SYSTEMS 11-16

WBS No. 1. Management Systems (The system to be designed in accordance
with ERDA Rdd-MCS-1/6101)

This task includes the application of established management systems to
assure that all program objectives are on schedule and within proposed

cost. The Project management effort is defined by the following activities.

WBS No. 11. Project Administration

This task includes the effort necessary to manage, direct, and control
the program. Finance and contract administration will provide assistance
to assure maintenance of proper cost planning and accounting recoxrds and .
to assure the smooth implementation of contract requirements to support
the Project Office effort in working with DOE and with other operating
sections, to perform liaison with DOE and architectural and engineering
contractor, and to establish and maintain planning and control interface
with industrial subcontractors. Effort by other functions is not included

here. Specific effort for this task is defined in the following subtasks.

a) Project Manager and Support Staff — This task provides for the
Project Manager and support staff to manage and direct project

activities to accomplish project obiectives.

») Finance and Accounting — Financial and accounting support will pro-
vide for the maintenance of proper cost planning and accounting
records to support the Project Office in working with subcontractors

and with operating sections.

¢) Contracts — Contract control will provide for the maintenance of
contract requirements to support the Project Office in working with-
subcontractors and with operating sections. This work will include
monirdf}pg project performanée, participating in negotiation of

changeéﬁ and ensuring that subcontract requirements are met.

This task includes the fee paid to the industrial subcontractor.



BLANK PAGE



d)

e)

P

g)

h)

2

C-4

Material and Supply Control — Identify and evaluate long-lead items
including subcontractor components, materials, tooling, special
test equipment, and facilities to determine the effect on fabrica-
tion and procurement cycles and program schedules; authorize pro-
curement of long-lead items and maintain cognizance of critical

materials and supplies.

DOE Liaison — This task provides the Project Office effort for

project review meetings with DOE. Other activities supporting this

function will include this effort in their specific task/subtask.

Fusion Program Liaison — This task provides the Project Office <ffort
for project review meetings with other participants in the National
Fusion Energy Program. This task will provide the project with

close interaction with those other agencies to ensure timely and

meaningful project support from those agencies.

'

Architectural and Engineering Subcontractor Liaison — Perform
liaison with the architectural and engineering contractor to assure
timely delivery of quality designs within established costs. Pro-

vide on-site liaison to assure proper construction of the buildings.

Industrial Subcontractor Liaison — Perform liaison with the indus-
trial subcontractor as required tn assure timely delivery of quality

hardware within cost.

Research and Development (R&D)/Research Development and Demonstr
(RD&D) Management — This task provides the Project management with

the assurance that required RD&D and R&D programs are carried férth

consistent with TNS technological requirements and schedules. v

 WBS No. 12. Project Planning and Control

This task includes efforts to establish and maintain a management infor-

mation system, to monitor program activity, and report to UCC management
and DOE. ) 4 g



a)

b)

c)

C-5

Work Breakdown Structure (WBS) and Task Descriptions — The WBS and
task descriptions will be revised to incnrporate changes resulting
from contractual negotiations and to expand specific tasks in scope

and depth.

Project Schedule and Budgets — This task is to establish, monitor,
and maintain a program for schedule and budget requirements. In-
cluded here is the effort;}o define requirements of work for respon-
sible organizations, maintain a project budget, integrate cost and
schedule monitoring and status system, and issue periodic reports

to provide overall project visibility for project analysis and

corrective action.

Project Performance Management ﬁystems (PPMS)*-* This task is to
establish and maintain a PPMS that not only integrates a balanced
consideration for cost, schedule, and technical program factors

but also maintains a discipline flexibility for incorporation &t
basic changes in program work conﬁéﬁt agd evolving technology. The

{
system will provide these features: v

® A single, formal integrated system for program planniig and
control directed toward meeting the contract requirements of

cost, schedule, and technical performance.

® Summary program cost, schedule, and performance data for

submittal to DOE.

¢ Visibility and control through the work breakdown structure
(WBS) by subdividing contract requirements iﬁtoxldéjcal work
units and measuring actual accomplishment against planned

values to determine cost and schedule status.

® A framework of contract limits or targets for:cost, schedule,
I . ‘ .
ﬁnd technical performance through integration of the contract
A\
baseline budget, program milestones, and technical performance

parameters.

* . ) ’
The PPMS.'developed by UCC for TNS adopts the criteria developed and

used successfrlly by DOD.



a

® Detailed cost and schedule reports for both program and per-

forming department management.

® Traceability of the effect of program changes on baseline

budgets, progriut schedules, and technical performance goals.

® (Compatibility with other internal UCC operating systems through

use of the same data base that supports internal operatiomns.

The system should consist of five operating modules that integrate
ten highly interdependent subsystems (see Fig. C-1). The system
defines a baseline plan for: performing contractual requirements,
authorizing the plan, measu;ing performance against the plan,
replanning and redirection %o changed work scope or corrective

action, and overseeing system application and ensuring its operation

PN

integrity.

Project Model — This is the specific task of establishing and main-
taining a cost and schedule computer model to provide immediate

response to "what if" questionms.

Project Management‘ControL Room — This is the task to provide the
project with a control room where project meetings can be formally
held. It will provide updated schedules and cost visual aids, pro-
jection capabilities, and a communications operations center and
will be staffed at all times for project use. The project records
center (WBS No. 15d) will be located close tolghzs area with the
control room staff controlling records upkeep. The control room

v

will be the résponsibility of the data manager.

WBS No. 13. Technical Coordination

Effort in this task is to provide technical support to the Project

- . L PR .
Manager in areas of engineering, manufactuging, safety requirements,

configuration control, assembly direction ghd’cbntrol, operations and

A%

test control, and configuration interface contrdl.

a)

Engineering Direction and Control — Includes engineering projéct

technical coordination effort and fiscal and manpower control. &7

roar
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a)

e)
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Manufacturing Direction and Control — Includes manufacturing project

coordination effort and fiscal and manpower control.

Safety — Includes safety project control effort associated with
assurance that adequate safety has been designed into the system and
that design meets contractual requirements covering safety. Develop-
ment of safety plans and support of the safety program by design -

organizations is included as part of the Systems Engineering Task
(WBS No. 21).

Configuration Control — The configuration manager will have the
respon51b111tv of assuring that the TNS end product meets contractual
techn1ca1 de31gn requirements. This is accomplished through an
SDD/ 30 formal change system and the 1nterfr~e control task that

the conflguratlon institutes, mauufactures, and controls. The
systems engineer chairs the change review board and interface.con-

{ 3
trol document review” board system.

Assembly Direction and Control — Includes assembly project coordina-

tion effort and fiscal and manpower control.
y

Operations and Test Control — Includes preoperational test and test

and checkout coordination effort and fiscal and manpower control.

Interface Control — This task establishes, rirects, and: controls the
interface control document system. A formal ICD review board will

be chaired by the configuration manager.

WBS No.. 14. Erocuremeﬁt Systems

I\
BN
N

Includes procurement project control effort plus the\establishment/yf-a

system to rey}gw supplier acceptability and performance.
Py N

a)

¢ N

4 ~

“ . 14/
NI Jo

Procurement Admlnlstratlon —'Lstabllsh procedurys, methods, and *
routings for the necessary rev1ews, approvals, and. reccrdlngs of _
requests for quotatlons;$xeqq;s1tlons, purchases and subcontracts,
and chénges, terminations, ana orger closeOuts.” Establish authorized

requisitioners and cuategories for authority, to requissdion and dollar

level of authority. Establlsh procedures and practices for the

-

o
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b)

o)

C-9

solicitation of bids and proposals, review and evaluation of same,
and negotiation and award of resultant orders and subcontracts.
Establish the procedures, practices, and documentation required by
DOE for timely approval of procurement actions. Establish monitor-
ing and audit controls to assure compliance with the po;icies,
practices, and procedures‘identified above. The industrial sub-

contractor will follow approval procedures to be provided by UCC.

Procurement Documentation and Records — Establish the requirements
for documenting procurement activities and Eﬁentify the participants
in the process responsible for preparing, obtaining approval, dis-
tributing, and filing procuremeﬁf documents. Establish the '
responsibility in the procurement document for the master file and

/r

and for subsidiary bupportlng data files in the technlcaJ operations

- or administrative departments. Establish the period- reqnlred for

maintenance of or1g1na1 docixrentary procurement records and any
review requirements prior to microfilming or other long-term storage
means and/or destruction. Establish the necessary controls for

=S

safekeeping, access by authorized users, and loan for appiopriate

purposes. al . L

4 k2
1

Subcontract Administration — Prepare specific so11c1tat10ns for bids
or proposals, w1th appropriate documentation and requ1rements for
response by offerors. Receive bids and proposals and appropr1atel§
administer the analysis, evaluation, and selection of sources for

\") . - 4:
award or negotiation of orders or subcontracts. Place awards and

carry out the necessarv tasks of expedltlng and monltorlng per-

formance liaison with COgnlzant industrial subcontractor personnel

and ‘vendor perscnnel until satisfactory completion or termination
of the related orders and subcontracts in acccrdance with their

equirements and terms. and condltlons through v131ts meetings,

_Leports, correspondenne, and other communication as necessaryﬁ

Using cognlzant program admln*stratlve and technical persomnnel,
I O

assess progress and performance agalnst established plans.w‘When
departures from plan occur, obtain revised plans and Dchadules and
m?nagement‘§ttentlop at ghe appropriate level to optimize a”programﬁ

S PR =

X o

i
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d)

e)

of special action to regain the schedule or obtain the results
specified in the order or subcontract. Negotiate appropriate con-
sideration for failure to deliver stipulated performance. Issue
changes and negotiate equitable adjustments in price, delivery, and
other terms and conditions as appropriate. Close ocut completed or
terminated contracts, taking action to obtailn the necessary certifi-
cations and other appropriate documents, and dispose of residual
property, excess material, tooling, etc., as may be appropriate to
the rights and interests of the parties, in accordance with the

order or subcontract.

Procurement Negotiations and Recommendations — Establish negotiating
teams composed of persons cognizant of the technical requirements,
program controls aspects, and financial and contractual terms of the
prospective subcontract. Identify for each negotiation the tech-
nical, cost, schedule, and other performance objectives and the pre-
rogatives of the negotiators to depart from specified goals in
reaching agreements for procurement. Designate a chief negotiator.
Conduct negotiations, prepare record of results, obtain necessary

approvals, and confirm with other parties as required and approved.

Procurement Liaison with DOE and Other Cognizant Government
Representatives — In accordance with UCC established policy and
procedures and the requ%rements of the contract, prepare and submit
for DOE's approval the necessary documentation. Conduct such liaison
as required to obtain appropriate responses. Prepare responses to
satisfy DOE requests for information, status reports, documentation,
meeting, etc. Provide to program personnel notice of new or changing
DOE or other government requirements that might affect procurement
activities. Industrial contractor liaison with DOE and other
cognizant government representatives to be conducted via UCC unless

otherwise provided in the subcontract provisions with the industrial

subcontractor.



WBS No. 15. Documentation Svstems

Includes the effort to establish a focal point for integrating the data

management effort.

a)

z)

d)

Data Management Program — Control and production of contractual data
required by the program includes data responsibility assignments, -
project correspondence, procedures, data retrieval, editing, final
art work, publication, and distribution of the data. This task is
considered limited to actual publication activities and any groups

assigned specifically for data control and data library.

Specification and Drawing Control — Includes the specific effort to
maintain 21l specifications and drawings in an updated form as

directed by the configuration manager.

Publications — Includes the effort for preparation and publication
of contracted data as directed by the data manager. This effort

includes technical writevs, art draftsmen, and the hardware and

software for publishing documents.

Records Center — Includes the central contractual document records

maintenance and control effort to be managed by the data manager.

WBS No. 16. Quality Assurance Systems

Includez. the effort to establish and implement a Quality Assurance Program

as well as performance of various functions such as review, audit, sur-

veillance, and inspection.

a)

b)

Quality Assurance Management — This task provides planning and
support effort for the establishment and implementation of a Quality
Assurance Program. Quality Assurance will prepare an overall s&stem
quality control plan, work instructions, and process control instruc-
tions. Inspection and testing is included in each fabrication and

and fabrication support task.

Inspection Control — This task includes the effort to manage the

inspection and testing effort, which is included in each fabrication
74
and fabrication support task. ’



Appendix C-2

DETALILED LISTING OF TNS WORK BREAKDOWN STRUCTURE ELLMENTS
(PATTERNED AFTER THE TFTR MODEL™)

1. Management Systems

11. Project Administration Systems
z) Project manager and administration staff
b) Finance and accounting
~) Contracts
«{}) Material and supply control
e¢) DOE liaison
) National laboratory liaison
) AE subliaison
#) Industrial subcontractor liaison

Z) R&D management

12. Project Planning and Control Systems
a) WBS and task description Y
b) Project schedule and budget i
¢) PPMS control i
d) Project model

e) Project management control room

13, Technical Coordination Systems
a) Engineering direction and control
b) Manufacturing direction and control
e) Safety
d) Configuration control )
e) Assembly direction and control
f) Operations and test control

g) Interface control

N

* 4
PPPL-TFTR~3073, Tokamak Fusion Test Reactor Work Breakdown
Structure, Princeton Plasma Physics Laboratory, Sept. 15, 1976.
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14.

15.

16.

21.

22.

C-14

Prccurement Systems

a)
b)
z)
o)

e)

Administration

Documentation records

Subcontract administration

Negotiation and recommendations

DOE and other government liaison

Documentation Systems

a)
b)
e)
d)

Data management

Specification and drawing control

Publications

Record center

Quality Assurance Systems

a)
b)

Quality assurance management

Inspection control

Device Systems

Systems and Safety Engineering

)
b)
e)
d)
e)
N
9)

Tokamak systems

Electrical power and control systems

Plasma heating systems

Tokamak support systems

Instrumentation and controls and data systems

Facilities systems

Preoperational testing

Tokamak Systems

a)

Toroidal vacuum vessel

1)
2)
3)
4)
5)

6)_'*.

Vacuum vessel shell
Penetrations

Segmented joints or closures
Limiters

Neutral beam adap':ers

Liner or shroud



23.

24.

25.

v)

e
<&

aj
e)
)
)

ey

o

C-15

Machine structure

Toroidal field coils
Poloidal field coils
Shieldirz

Impurity control

Tokamak systems mock-up

Electrical Power and Control Systems

a)
i)
e)

d)

Primary energy

Primacy and secondary distribution

Energy conversion

1)
2)

Toroidal field power-conversion equipment

Poloidal field coil power-conversion equipment

Standby er emergency

Plasma Heating Systems

a)
b)

NB heating systems

RF heating systems

Tokamak Support Systems

a)

b)

e)

d)

e)
i)

)
h)

Remote servicing

Fuel handling

13
2)
3
4)
5)
6)

Tritium storage

Tritium delivery

Tritium processing

Tritium cleanup

Non-tritium charge gas storage

Non-tritium charge gas delivery

Main vacuum pumping

Heat removal-

1)
2)
3
4)

Superconductor refrigerant
Vacuum cryopanel refrigeration
Vacuum vessel cooling and heating

Water cooling

Experimental area ventilation

Radioactive waste handling

Fuel injector

Assembly



Cc-16

26. Instyrumentation and Controls and Data Systems
«) Central instrumentation and controls
b) Operational instrumentation

) Scientific instrumentation

3. Facilities System

51. Main Test Building Systems
a) Test cell
b) Mock-up assembly bay
¢) Hot-cell bay
d) NB test cell bay
e¢) Land improvement
) Utilities

) Standard equipment

32. Other Building Systems
) NB power conversion
b) Radiation waste processing
¢) Control room
d) Research laboratory
e) Plant services
f) Shop
g) Tritium processing
h) Cryogenic. plant
7) Cooling H,0 pump house
J) TField coil power and capacitor yards

k) Motor-generator

4. Preoperational Testing

5. Ro&b

51. Technology Development
a) Overall plant
b) Blanket and shield system

a) Toroidal magnets system
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<) Poloidal field svstem

€} Structural svstem

f) Electric energy storage and pulse systems
7) Plasma heating cystem

77) Tritium processing

£) Vacuum pumping systenm

J) Cryogenic cooling system

) Maintenance and assembly system

) Tritium containment system

/) Instrumentation and controls
52. Hardware Demonstration

53. Plasma Physics and Engineering
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