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FOREWORD 

* 

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 viable 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 is presented in four parts: 

\Y 

PART I — Summary 
PART II — R&D Needs Assessment 
PART III — Project Specific R&D Statements 
PART IV — Program Planning ('i 

This assessment was developed initially in an intense few-week period, 
ir 

based on the understanding and information that I.ad been built up at 
ORNL and Westinghouse over the preceding years by participation in the 
Fusion Program in general and in the Tokamak Fusion Test Reactor (TFTR) 
[both the Feasibility/Burning Experiment (F/BX) and the Two Component 
Torus (TCT)], the Experimental Power Reactor (EPR), and prior TNS 
studies in particular. ^^ 

In attempting to develop a program plan, two kinds of information^'-^ 
were included in the assessment, namely, current status and extrapola-
tion. With rapid technical progress 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 nation's energy program in general, the extrapolation 
can and does change on a much more rapid time scale. In particular, 

* 
Effective October 1, 1977, ERDA became part of the Department of 

Energy (DOE). O 
cr 

ix 
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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 reflect the evolution of schedular planning that occurred 
in the March-April 1977 period. As i 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 REACTOR 

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 feasibility jitudy, preconceptual design, conceptual 
design, and line intern construction, while the elements of the 
project are orf . ized into an administrative work breakdown 
structure. Wituthe aid of these two classifying schemes, the 
project tasks are described in terms of schedule, estimated 
cost, type of funding, and proposed type of participant. The 
initial constraints of completion 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 years later. This specific mechanism is fundamental 
tc the construction of the schedule and should be reconsidered 
when the completion and initiation dates are reformulated. 

Because the purpose of this work "\s to tr id the development 
of the eventual 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 which, 
the schedule is based is that there exists at the outsetpa 
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.:;;. 

r N .. rJ< -1-. INTRODUCTORY SUMMARY 

\'l Introduction' 
u. • 

Preparation for the Next Step (TNS>\ as (,an attainable line item* 
project1 in the National Fusion Program2 requires concerted and compre 
hlensive planning in addition to the technical basis underlying fusion? 
advances. The TNS Program and Budget Proposal,3 Form 189, for FY 1977 
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specifies five critical objectives, one 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, development of supporting RD&D program coordination, 
and specific project planning. Expressions of similar concern about 
planning efforts have been made recently by both DOE-DMFE4 and DOE-ORO5 

in letters specifically addressing TNS, dated December 10, 1976, and by 
DOE-ORO6 in a broader context. As a result of these now commonly held 
concerns, the Oak Ridge TUS Team has put together a first-draft version 
of a comprehensive planning document (Parts I, II, III, and IV). This 
draft version of Part IV has been developed as a starting point, along 
with the companion documentation on the 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 organizational 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 
continues in the chronological order of the TNS Program stept;, 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. 5). 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. 
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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 Demonstration (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 Che schedule. 

1.2.2 Sensitivity to underlying premises 

The plans discussed above are the result of applying conventional 
project engineering practice to the two fundamental premises of this 
study, namely, .. 

• Complet ion 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 necessity 
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 Current research input. 
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Basing the plan on the second premise results in the design/ 
construction portion of the plan being internally consistent but the 

i 
initiation of the plan not being clearly iiddressed. 

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 basis 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 effected is a means of developing a commitment to TFS, 
a means of developing a choice of objectives and designs for TNS, and a ' 
means of choosing the project team and site. Each of these difficult / // 

developments or choices was assumed as a starting point for the present 
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. 
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2. PROJECT OVERVIEW 

2.1 Basic Premises 

The Next Step (TNS) 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-DMFE 
Logic III Plan calls for a TNS device, possibly characterized as an 
ignition test reactor, to be operational by FY 1986. 

As a definite starting poinL 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 a major project of 
this magnitude, DOE may elect to organize a project-management structure 
similar to that for the CRBR Project. This decision should nnt 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 
steDS and the postulated schedule is that there 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 construction 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. Many of the final criteria will not be available 
until FY 1981-19.82. Considering the interactions required between the 
manyi'RfiD programs and the TNS design process, it is unlikely that all of 
the infbrmation and hence the overall project design will be available 
on schedule. To assess the overall impact of uncertainty in the outcome 
of the R&D programs on TNS, integrated systems sensitivity studies must 
be conducted. 

We have assumed a success-oriented program for this first pian to 
i S v. 

evalua te the requirements for the targeted FY 1986 completion. Three 
' • j J< 

key dates were taken for"the basic skeleton of the plan, as presented 
in Table 1. 

2-1 
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Table 1. Key dates underlying the schedule development 

Schedule Datu 

1. Starting date fot formal project (Title I), chosen 
to maintain an accelerated fusion program pace 
and to incorporate the findings of the midterm 
experiments in 1973 and 1979 FY 1980 

2. Starting date for hardware fabrication (TiLle II), 
chosen to base the final design review on con-
firmation from TFTR results with H plasma "̂ FY 1982 

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

We propose a phased 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.; UIlCGr tcl in features of the tokamak device until the second phase 
(principally the device) funding besins 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 capacity-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 II design in October 1981. 

The ERDA/DMFE planning document has estimated funding for this device 
at $400 million (in constant FY 1978 dollars). Preconceptual design 
trade-off studies by the ORNL/Westinghouse design team are currently 
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being used to evaluate various design options with the help of a system 
design 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 billion; 

2.2 Project Cost '!»/ 

ERDA-DMFE has instructed ORNL to plan and proceed along a logical 
path to the selection oc a minimum-1 ost option for The Next Step (TNS) 
after TFTR which fulfills 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 long-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 TFTR to CPP, TNS was targeted 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, contingency, and escalation). A more 
soundly based estimate must await completion of the conceptual design. 

2.3 Project Schedule 

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

Major milestones \J 

10-1-7 7 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 
network analysis of the construction schedule (to be disc.ussed in detail 
in Sect. 5) defines a schedular critical path that continues through the 

V; 
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main test-cell beneficial occupancy date and requires the date to occur 
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 critical-path requirements, it is proposed that the project 

ji-
be phased, with the 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 TNS program, including 
the line item project and the clearly associated prior activities, 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, during the device conceptual design and before Phase I design 
a/(d construction, and a final refinement following TFTR testing in the 
FY 1981-1982 time period, before final Phase II design and construction. 

To ensure the best technical base for the device systems conceptual 
design effort and simultaneously to start the project in FY 1980 to meet 
a mid-1980s operations date, the phasing concept was used. A FY 1980-1982 
phased project allows facilities conceptual design to be based on'the 
envelope characteristics of the reference design (which results in minimum 
schedule delay at the small cost increment in the overall plant of a more 
general facilities specification) and the device conceptual design to be 
based on the^subsequent substantial refinement of that reference design 
(which reduces the economic and technical risk on the predominant device 
portion of the plant). This technique results in two more years of device 
conceptual design and integration of the R&D input (into the device 
technicai^base) scheduled to be available in FY 1979-1980. 
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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 control and visibility. 

An indication of the project phase structure is included in Fig. 1' 
by identifying each element either as 1 or 2 for Phase I or Phase TJ . " 
The principal logic for designating elements Phase I or Phase II is 
discussed in footnote a to Table 2; the specific selections are discussed 
in Table 3. The specific work breakdown structure and phase designations 
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 economic 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 reviews 

Date Review Definition 

5-15-77 Project initiation design 
review 

10-1-77 Conceptual design review 

10-1-78 Conceptual design review 

1-1-80 

1-1-81 

Phase I and II design review 
No. 

Phase I and II design review 
No. 2 

1-1-82 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 formally define the basis for preconceptual design, 
which starts following this review. 

This review will summarize the results of the preconceptual 
engineering activity and focu» 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 17 
conceptual design. It will focus the latest R&D input on 
the design. 

This review will integrate the Phase I 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 devic<:- design 
effort, the main test building design effort, and the 
latest R&D results before starting 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 integra-
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 TFTR 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 device 
final design and will focus all 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. 

^Those activities and subsystems needed for planning or early use (generally facilities) are 
nominally designated as Phase I. If the uncertainty in design and associated uncertainties 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 I 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 element) 

Element Comments 

Management Systems (WBS No. 1) and Systems 
and Safety Engineering (WBS No. 21) c 

Tokamak systems mock-up (WBS No. 22g) 

Electric Power — Primary energy (WBS No. 23a) 

Fuel handling — tritium and non-tritium 
(WBS No. 25b) 

Heat removal — water (WBS No. 25d) 

Experimental area ventilation (WBS No. 25e) 

These systems and subsystems will be needed at the 
start of the project. Their initiation at the 
start will present no economic risk; therefore, 
they are Phase I elements. 

The mock-up subsystems ari> 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 I 
elements. 

The six M-G sets require. 3 to A years for manufac-
ture/delivery/assembly at the construction site, 
which will require designating 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. 

These subsystems have extensive piping requirements, 
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 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. 

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





A! 

Fuel handling — tritium and non-tritium 
(WBS No. 25b) 

Heat removal — water (WBS No. 25d) 

Experimental area ventilation (WBS No. 25e) 

Radioactive waste handling (WBS No. 25f) 

Main Test Building (WBS No. 31) 

nomic risk. 

These subsystems have extensive piping requirements, 
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 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. 

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. 

The main test buildihg li.is a test cell (WBS No. 31a), 
a mock-up and assembly bay (WBS No, 31b), a hot-
cell bay (WBS No. 31c), 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 an 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'.al ly 
assembled and then Installed on the machine struc-
ture. Any delay in this building construction 
will cause an equal de.lay 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 
souare footace and secondarv shielding. These 





Other Building Systems (WBS No. 32) 

CJ 

funding as possible. This 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 construction 
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 .is possible allowances in 
square footage and secondary shielding. These 
allowances might increase construction costs to 
minimize economic risk. 

The land improvement (WBS No. 31c) and utilities 
(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 
economic risk. 

The buildings in this element are all separate 
structures. The control room buildiz.j (WBS 
No. 32c), research laboratory building (WBS 
No. 32d), plant services building (WBS No. 32c), 
and the shop and warehousing building (WBS 
No. 32f) are not reference-design dependent and 
should be completed as soon as possible to provide 
storage and work areas. No economic risk is 
involved. 

Construction of the radioactive 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. 321), and the M-G building 
(WBS No. 32k) will not begin until after the final 
facilities design review, which is based upon the 
final reference design. Therefore, no economic 
risk is involved. (Some Title II design modifica-
tion might be required.) 



3. FEASIBILITY STUDY AND PRECONCEPTUAL DESIGN PERIODS 

3.1 Work Scope 

3.1.1 General 

The feasibility study period has involved preparation for defining 
the next logical tokamak confinement device (now known as TNS) following 
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 engineering tasks. 
These activities logically lead into preconceptual design, once the 
dp.vice reference, design has been established. 

The reference design is to be established in May 1977 with precon-
ceptual engineering scheduled to be completed in September 1977 for the 
start (October 1977) of for.oal conceptual 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 engineering design studies are 
being performed to establish a reference design base from which further 
planning and design can proceed. The technical assessments being made in 
the studies are directed toward ensuring that the key ideas conceived on 
the basis of their theoretical desirability can indeed be made workable 
in the mid-1980s time frame. The scientific studies make effective use 
of the knowledge, judgment, and experience available in the broad ORNL 
fusion program to ensure the relevance and technical feasibility of the 
design concepts. These studies, applying expertise from fusion theory, 
confinement and heating experiments, magnet and beam deVelopmex, engineer-
ing, and reactor technology, are focused on the development and 
evaluation of both hew and existing concepts for use in the design. The 

ir' 0 
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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 initiation and 
development of the format and preliminary versions of design descriptions, 
project plans, schedule, cost estimates, staffing plans, and project 
organization. 

3.1.3 Preconceptual design period (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 quarter FY 1977 

$635a $581 $2400& 

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

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

a 
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Figure 3 presents thW % plan, which defines funding amount 
(expense or CP6.D) for eac!. ipant per fiscal year and clearly 
shows participant split f'Jut, -rig. Technical management of the project 
will be accomplished by uCC. 

The feasibility study period is funded with both expense and CP&D i 
funds. This part of the work will be accomplished by UCC and industrial 
participants inder subcontract. The CP&D* effort will focus on those 
device and device—support systems that require additional construction 
planning ana design because of their complexity and associated 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 ere the task funding type (expense or CP&D) 
and participant (UCC or IS). 

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

A. MAJOR PROCUREMENT AND 
FABRICATION 

1. LABORATORY/INDUSTRIAL TEAM 
2. LABORATORY/UNIVERSITY TEAM 
3. INDUSTRIAL SUBCONTRACTORS _ 
4. CONSULTANTS 

B. UCC 

1. DIRECT AND INDIRECT SALARIES 

C. TECHNICAL SERVICES 

D. COMPUTER AND PROGRAMMING 

E. CAPITAL EQUIPMENT OBLIGATIONS 

TOTALS 

FY 1976 

EXP. CP&O 

230 
30 

350 

25 

635 

Ta 

EXP. CPS 0 

415 
6 

140 

20 

581 

FY 1977 

EXPENSE CP & D 

FEASIB'Y 
STUDY 

PRECONCEPT 
DESIGN 

FEASIB'Y 
STUDY 

PRECONCEPT 
DESIGN 

540 400 850 
24 

307 100 150 

26 

15 

912 500 1000 

Fig. 3. TNS funding plan — feasibility study and preconceptual design periods ($ * 1000) 
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TOKAMAK EXPERIMENTAL POWER 
REACTOR SCOPING STUDIES 

TJB DEFINITION 
STDIES 

TNS reASIBlLlTr * 
SToDIES (PHASE I ill) 

TNS t>aE-0'j!:CEmiAL * 
DSSI .N (PHASE I * II) 

MTLE-STO.-.'SS: o 

CY 1975 CY a.976 
FY 197b 

B . 

A 1 * 
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Z.j T.-Jrh rrOr^ , ST jISS (t>/30/7o) 
"V SRATlrG TVTRACTOa <• S**BCi»ITHACTOHS START {7/i/7l>) 
rii AS rY 7V/J3U L.'. FJ. ST "DIES START (7/l/~b) 
VSi"* 'J-' -X, L.I. SHC;.r TOSf.' SCH. DATA ci-ISiT lv/8/7b; 
li^RAT; C CONTRACTOR ANE SUB'"C»'TSACTORS START (±u/l/7b) 
TNS AS FY 80/82 L. . PROJECT 3TVD1ES START (10/1/76) 
DSVKirre BASIC as?. r-STGN CHARACTERISTICS OF SIFFiRENT SlZ'i A- CON FIT. TNS 
I3SUE JUART'iEl Y RUVTE'A" (12/jV^) v3/i5/77) (6/30/77) (9/30/7"0 

10. PH2;-ARS P0SI71 '•>' F..PSR SOLS OF T S 7 ' 'HOGRAL (2/3/77) 
11. liEVEIî P rlA'i". A SENSITIVITIES AND COST rH'a'Oi.XiY (2/3/77) 
12. ESTABLISH RDieli SCHEDULES AND F'̂ 'UH 3 INFORMATION (3/1/77) 
u . SECOJ.'lWy PR2.-7.Rf: ~ V-V. -STG". (4/15/77) 
15. C0KPL3TE PHASE I tt H F K A S m i U T T 5TODI1S AID DULUMMT CRITERIA FOR SKIK*. 
16. OPERATING CO." TRA'~T">R i Sl.'BCO' TRACTORS START PHASE I A IT PUB-CONCEPTUAL Dl 
1 7 . COMPOTE PHASE I 4 U PRE-COKCEPTOAL EKSTOT AND DOCDMCTT RESULTS ( 9 / 3 0 ^ 

* THIS ACTIVITY INCLUDED THE FY 1976 CP S D EFFORT 

Fig. 4. TNS job plan - feasibility study and 
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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 
Hay 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 started 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 reference design. Both Phase I and Phase II conceptual 
design efforts will be based on the April 1977 reference design. This 
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 consider 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, 

4-1 
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Table 4. Conceptual design report outline 

Section No. and activity 

] Purpose of report 

2 Brief physical description of project 

3 Project purpose 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 

7 Project schedule 

8 Proposed method of accomplishment 

9 Summary cost estimate 

10 Outline specifications 
10.] General codes, standards, specifications, system design 

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

10.3.1 Demolition 
10.3.2 Fire protection 
10.3.3 Structural and architect-;.—al 
10.3.4 Piping 
10.3.5 Heating, ventilation, and air conditioning 
10.3.6 Mechanical 
10.3.7 Electrical 
10.3.8 Instrumentation 
10.3.9 Computer applications 

10.4 Other structures 
10.5 Special facilities 
10.6 Outside facilities 
10.7 Standard equipment . 

11 Reference data 

12 Appendix 
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"Approval to proceed" determination. The interim environmental Phase I 
impact statement will serve as the Phase II environmental assessment 
document. A final total project environmental impact statement will be 
published at the completion of Phase II 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 
Fig. 7, Sect. 5). As a result oi 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)0 

Fiscal Year Costs 
1978 $ 7,150 
1979 9,433 
1980 - 4,000 

Total CD effort $20,583 

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

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

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 work plan defines task funding type 
(expense or CP&D) and task participant. Task descriptions will be 

n 
presented in the conceptual design job plan to be published within ^ 



ORNL-DWG 78-7628 

FY 1978 

DESCRIPTION EXP. 

A. MAJOR PROCUREMENT AND FABRICATION 
1. INDUSTRIAL CONTRACTORS 1870 
2. CONSULTANTS 24~ 
3. LABORATORY/INDUSTRIAL TEAM 1545 
4. LABORATORY/UNIVERSITY TEAM 100. 
5. AE FOR PHASE I CD AND SUPPORT EFFORT 1000 

B. UCC 
1. DIRECT AND INDIRECT SALARIES 1386 

C. TECHNICAL SERVICES 

D. COMPUTER AND PROGRAMMING 125 

E. CAPITAL EQUIPMENT OBLIGATIONS 

TOTALS 

100 

6150 

FY 1979 

EXP. CP& D 

2375 1250 
25 

1680 
200 

1500 

1803 250 

-

150 

200 

7933 1500 

FY 1980* 

EXP. CP& D 

iooo 800 

1000 

500 200 

100 

400 

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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Fig. 6. TNS job plan — conceptual design. 
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Table 5. TNS Program milestones — conceptual design 

No. Milestone Data 

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/IS 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 

Publish TNS OPDD approximate requirements and criteria, codes, and standards 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 II) 4-15-78 

12. AE and IS complete Phase I conceptual design, AE starts Phase II support effort 4-15-78 
13. Issue final CDR for Phase I 4-15-78 
14. ORO sends annual 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 j 
18. Publish Phase II CDR (BY-2 for a FY 1982 line item project) 4-15-80 j 
19. Publish final Schedule 44 and Cost Estimate Phase II , 4-15-80 j 

20. Complete Phase II activity and documents for integration into Phase II CDR; publish j 
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 j| 
22. IS completes Phase II conceptual engineering 4-15-80 



20 days after start of the conceptual engineering. A participant/ 
activity methodology that represents preliminary thir.- Ing follows. 

A . 3 . 1 Participant/activity — 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 (IS)/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. issue outline specification, system design descriptions/SDDs), 
equipment,specifications, etc. (Activity No. 5); 

h 

5. issue final approved codes and standards (Activity No. 6); (T 

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

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

8. issue conceptual SAR (Activity No. 10); 

9. issue environmental impact statement (Activity No. 11); and 

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

A In addition to the above, UCC will update overall project budgets 
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 
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the procedures to be used Tor 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 
estimating; 

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. refx̂ ie 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; 
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13. identify overall utility requirements (water, gas, oil, and 
electrical power) and complete CD and equipment selection J I 

utility switchgear; 

14. develop CD of tritium spill and fire protection systems; 

15. prepare drafts of SDDs for the facilities and engineering area 
ventilation systems; 

16. prepare a detailed engineering manpower estimate and schedule 
for Title I, II, and III engineering for the facilities and 
engineering area ventilation systems; and 

17. 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); 

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

3. equipment arrangement and pipe routing drawing for facility and 
experimental area ventilation systems, with preliminary information 
on Phase II systems (Activity No. 13); 

4. draft SDDs/outline specifications of facility systems and experi-
mental area ventilation (Activity No. 14); 

5. conceptual cost estimate and schedule for design and construction 
of facilities, systems, and experimental area ventilation (Activity 
No. 13); 

6. final conceptual engineering report for integration into the FCDR 
(Activity No. 13); and 

7. engineering planning document (Activity No. 17). 
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the procedures to be used Tor 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 I, 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 
estimating; 

V 
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; 

11. prepare conceptual plot plan and plans for elevations ̂ and sections 
for the buildings; 

12. complete CD of experimental area ventilation and buildings; 
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13. identify overall utility requirements (water, gas, oil, and 
electrical power) and complete CD and equipment selection oi 
utility switchgear; 

14. develop CD of tritium spill and fire protection systems; 

15. prepare drafts of SDDs for the facilities and engineering area 
ventilation systems; 

16. prepare a detailed engineering manpower estimate and schedule 
for Title I, II, and III engineering for the facilities and 
engineering area ventilation systems; and 

17. 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); 

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

3. equipment arrangement and pipe routing drawing for facility and 
experimental area ventilation systems, with preliminary information 
on Phase II systems (Activity Do. 13); 

4. draft SDDs/outline specifications of facility systems and experi-
mental area ventilation (Activity No. 14); 

5. conceptual cost estimate and schedule for design and construction 
V1 

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

6. final conceptual engineering report for integration into the FCDR 
(Activity No. 13); and 

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

The IS will: 

1. 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); 

2. accomplish conceptual engineering on the remaining Phase II systems; 

3. as svstem and component data are developed from the Phase II 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; 

4. equipment support and pipe hanger concepts will be evaluated and 
developed; 

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

6. 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; 

7. instrumentation for the systems and subsystems will be identified, 
and conceptual schematics and instrumentation lists will be pre-
pared; 

8. component engineering of major components and related auxiliaries 
will be completed; 

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

10. critical components will be evaluated to assure compliance with 
"design requirements; 

11. drafts of SDDs for the systems and subsystems and related auxiliaries 
and for the overall plant control and protection systems will be 
prepared; 
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12. interface control documents (ICDs) will be prepared to show physical 
and functional interfaces between the hardware and the facility; and 

13. a detailed engineering manpower estimate and schedule for Title I, 
II, and III engineering for the systems and subsystems will be 
prepared. 

End items - IS-CD 

1. Engineering planning document for systems and subsystems 
(Activity No. 28), 

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

3. ICDs (Activity No. 25), 

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

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

6. major equipment outline specifications (Activity No. 27), 

7. final CD engineering report for integration into the FCDR 
(Activities No. 13 and 19), and 

8. cost estimate and schedule for systems and subsystems design 
and construction (Activities No. 13 and 19). 

4.3.5 Participant/activity — AE (supporting Phase II activity) 

1. While Phase II 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. 

2. If the review board determines that changes have caused major cost 
or schedule modifications, UCC will revise the Phase I CDR/cost 
estimate/Schedule 44. 

3. If only 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 II 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-1S80 facilities-portion and 
a FY-1982 device-portion project. The overall project schedule with 
some key milestones is as follows: 

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 defines 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 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 alt 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-A, 360 IBM computer, E-Z PERT graphics. These PERT tools are used 
for detailed program analysis and organization. 

May 1980 
December 1980 

May 1978 
October 1980 

May 1980 
October 1985 
October 1986 

Phase I conceptual design complete 
Phase I funds approved 
Phase II conceptual design complete 
Start site construction; issue PSAR, 
Phase II funds approved 
Construction complete; issue FSAR 
Complete preoperational testing 
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% S î twr 

in 

Ift'l ryfw âii 1 fifHTV 
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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: 

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 defines 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 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. 

December 1980 
May 1980 

May 1980 

May 1978 
October 1980 

October 1985 
October 1986 

Phase I conceptual design complete 
Phase I funds approved 
Phase II conceptual design complete 
Start site construction; issue PSAR 
Phase II funds approved 
Construction complete; issue FSAR 
Complete preoperational testing 



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 

device assembly 
4-1-83 

7 Complete test of neutral-beam prototype 5-15-83 
8 Macine structure installed 7-1-83 
9 Award production neutral-beam contract 7-.L1-83 
10 TF coils assembled to machine structure 1-1-85 
11 Limiters, diverters, shield, inner poloidal coils, and 

vacuum vessel sections assembled and installed 
1-1-85 

12 Complete vacuum vessel testing 4-1-85 
13 Complete device final assembly 9-30-85 
14 Complete manufacture/installation/test and check-out 

of neutral beams No. 1, 2, 3, 4, and 5 
9-30-85 

15 Preoperational testing replete 9-30-86 
16 TNS project operations start 10-1-86 
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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 relationship 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 date. The Phase II device 
portion of the project includes those principal to high technological and 
economic risk tasks that must wait for additional R&D input (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 50% completion of the main test building, but at 0Z completion 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 
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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 an 
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 1st, 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 
UCC, IS, and an AE selected by 0R0 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 II 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 preliminary design. 
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Acceptance testing will be performed on each critical component, 
subsystem, and system of the TNS device and icicilities. 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. 

AE 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 0R0, UCC, and AE. Final acceptance of the facility 
will be made by 0R0 after final inspection of construction. 

Figure 8 further illustrates the responsibilities for the activities 
described above. 

5.6 Task Descriptions 
v. 

Definitions are required for the tasks Vo be accomplished by the 
TNS Project Team on completion of the advancea\engineering, preliminary 
design, final design, procurement, fabrication, construction, 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 TFTR 
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 TFTR 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. 

* 



APPENDIXES 

Page 

A. INITIATION OF PLANNING EFFORTS A-3 
Letter, E. E. Kintner, ERDA—DMFE, to R. J. Hart, 
ERDA-ORO, initiating TNS line item operation, 
Oct. 28, 1976 A-5 
Extract fron TNS For= 189, FY 1977 A-C 
Letter, J. T. Milloway, ERDA-ORO, to G. R. Jasny, 
Dec. 10, 1976 A-8 
Letter, J. 0. Neff, ERDA—DMFE, to M. Roberts, 
Dec. 13, 1976 A-ll 
Letter, R. J. Hart, ERDA-ORO, to R. F. Hibbs, 
Dec. 7, 1976 A-15 
Letter, J. M. Williams. ERDA-DMFE, to J. F. Clarke, 
Jan. 6, 1977 A-18 

B. CP&D FUNDING DETAIL B-l 
Schedule 48 — TNS CP&D Funding Detail 
(Preliminary) B-3 

C. DETAILS OF WORK BREAKDOWN STRUCTURE . ... C-l 
Specific Task Statement of Work Breakdown Structure 
Systems 11-16 C-3 
Detailed Listing of TNS Work Breakdown Structure 
Elements C-13 



Appendix A 

INITIATION OF PLANNING EFFORTS 



EXCERPT FROM ERDA, WASHINGTON, MEMORANDUM 

OCT 28 1976 

Robert J. Hart, Manager 
Oak Ridge Operations Office 

FY 1979 CONSTRUCTION PROJECT IDENTIFICATION 

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

With respect to the Prototype 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 
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TNIE: Development and Technology - Fusion Systems ACTIVITY \O. ED 02 OA 
Engineering Advance Design-EPR/TNS Conceptual 13?No. 00037 
Studies _ _ ^ 

14. PROJECT GGALS FOR FY 1977 I ; I 
The Key O b j e c t i v e i s ' 

To Provide a S t r o n g , Supported Recommendation on the Nature of The Next S tep 
A f t e r TFTR. 

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

C.O. 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 is to identify the minimum overall risk, minimum cost, and 
jtime route to commercialization which forms the context for TNS. The method used 
|is active participation with the Demo study wherein the extrapolation from TNS 
is provided by the Demo study and projections of TNS are provided to the Demo study. 

Milestone 

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

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

This objective is to characterize the design space between TFTR and 
lEPR/Demo In such a way that selection of a TNS Reference Design can be made with 
iboth aggressive goals and acceptable, minimum costs. Th«i method used is a 
!combination of..plasma engineering judgments, design engineering conceptions of 
idifferent coix systems, examination of key sensitivities, and optimization of 
icertain costly systems trying to characterize the essentials of the design space 
in as few separate systems as possible. , 

Milestones 

2.1 Develop basic characteristic representations of different size and 
configuration options covering the practical range from LHX-EPR 12/1/76 

2.2 Quarterly review 1/15/77 
2.3 Develop plasma sensitivities and cost methodology 2/1/77 
2.A Select reference design 4/1/77 
2.5 Quarterly review 4/15/77 
2.6 Document criteria for selected reference design 7/15/77 
2.7 Document, design consideration of reference design 10/1/77 

C.O. 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 whicb "tit -.al items 
become highly visible. The method used is iteration of a central sequence chart with 
each supporting group. 

0 
Milestones 

3.1 Establishment of a basic schedule chart v; 3/1/77 
PAGE 8 II] J.751 



A-7 

Engineering Advance Design-EPR/TNS Conceptual N°- 00037 
=1 

TITLE: Development and Technology - Fusion Systems ACTIVITY ED 02 04 
Engineej " ' 
Studies, 

[ia] PROJECT GOALS FOR FY 1977 (Continued) 

! 3.2 Development of specific information needs and logical sources 
and timing 5/1/77 

j 3.3 Development of additional facilities requiring incremental 
i funding 8/15/77 
i I 
IC.O. 4.0 To communicate the findings of this work to the technical 

cossnunity and ERDA 
This objective is to ensure prompt and adequate technical communication 

of TNS findings within the relevant sectors of the fusicr. cc=unity . pecifically 
including scientific and technical staff, ERDA fusion program staff, interested 
engineering, industrial, and decision making bodies. The method used combines 
frequent oral presentations with internal documentation and external written reports. 

Milestones 

4.1 Written Monthly TNS Status Reports to ERDA-DMFE 

C.O. 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 manner 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. -----

Milestones ' 

5.1 Prepare a Job Plan for use of FY 76 CP&D funds for intensive study of 
key peripheral items 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-tltle I 
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 

-'j Ji 

UCN-4414 A (13 3*79) PAGE 9 
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UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

OAK R IDGE OPERATIONS 
P. O . BOX E 

O A K RIDGE. TENNESSEE 37830 

12-14-76, GRJ 

AREA CODE 
TELEPHONE 4 B 3 8 6 I 

December 10, 1976 

Union Carbide Corporation 
Nuclear Division 
ATTN: G. R. Jasny 
Post Office Box Y 
Oak Ridge, Tennessee 37830 

Gentlemen: 

TNS PHASED LINE ITEM PROJECT 
As you know, work i s proceeding rapidly in a number of d i f f e r en t areas 
of the subject p ro jec t . These include continuing R&D a c t i v i t i e s , 
f e a s i b i l i t y s tudies re la ted to a reference design, conceptual c r i t e r i a 
development, and CP&D (T i t l e I design). 

In a l l of the information and documentation received from your s t a f f , 
there i s no overall planning document showing the overall project scope 
re la ted to timo, funding, and project pa r t i c ipan t s . . The project is 
proceeding on an accelerated schedule tha t is somewhat contrary to the 
normal ORO philosophy and methods for the development, management and 
control of major capi ta l p ro jec t s . For example, substantial sums of 
CP&D money are scheduled to be expended before a reference design is 
selected and a f u l l - s c a l e conceptual e f f o r t gets underway on the 
selected design. 

Perhaps the normal approach will not s u f f i c e fo r t h i s project due to i t s 
complexity, the time f o r meeting program objectives,1 and funding avai la-
b i l i t y . Whether tha t i s the case or not , we want to be absolutely 
cer ta in t ha t : (1) a l l members of the "Project Team" are generally in 
agreement with the approach taken, (2) planning i s based on sound 
engineering and operational procedures with a cer ta in degree of realism 
due to the complex nature of the e f f o r t , and (3) the project proceeds 
expeditiously but in accordance with ERDA management, engineering, budget, 
cont rac t , and f inancial procedures and controls . 
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In t ha t regard, we feel i t i s imperative tha t some type of document be 
prepared to show the f u l l scope of the p r o j e c t , and a i l program a c t i v i t i e s 
r e l a t ed to the p r o j e c t , as cu r ren t ly perceived ana d e f i n i t i v e plan f o r 
accomplishing a l l of the vrork required in a r e a l i s t i c time trame. There-
f o r e , we request tha t you begin immediately to develop a comprehensive 
log ic diagram f o r the TNS phased (FY 80 and FY 81) Line Item p r o j e c t . 
The diagram should i d e n t i f y time periods for pre-conceptual , conceptual , 
CP&D, T i t l e s I and I I , and I I I design, procurement, and cons t ruc t ion . 
In add i t ion , the logic diagram should be se t up to c l e a r l y de f ine t he 
ro les of the various p a r t i c i p a n t s , such as UCC-ND, Westinghouse, 
Archi tec t -Engineer (s ) , e t c . The logic diagram should show the i n t e r -
r e l a t i onsh ips and in te rdependences of major a c t i v i t i e s , including 
required R&D. Such r e l a t i onsh ips and dependencies between the FY 1950 
f a c i l i t y portion and the FY 1981 device portion should c l e a r l y be 
de l inea ted . One concern we have in t h i s area r e l a t e s to a d r a f t bar 
chart which was furnished us by your s t a f f . The char t shows the f a c i l i t y 
construct ion approximately 2 /3 completed before the Tokomak design i s 
f i n i shed . Experience has shown t h a t t h i s type of overlap can lead to 
delays , changes, and s i g n i f i c a n t cost inc reases . 

Based on discussions with members of the ORNL engineering s t a f f , the re 
seems to be a ra ther narrow descr ip t ion of what i s included in the 
f a c i l i t y par t of the p r o j e c t . Therefore , we would l ike to have a 
de ta i led statement of the scope of work to be accomplished under the 
FY 1980 Line Item portion of the TNS p r o j e c t . A s imi la r scope statement 
should be included f o r the FY 1981 por t ion . 

Accompanying the above, we would l i k e a de ta i led funding plan f o r the 
e n t i r e p ro jec t broken down in to expense, CPSD, and Line Item cap i ta l 
cos t s by major p a r t i c i p a n t s . I t should be c l e a r l y indicated i f any of 
the pa r t i c ipan t s other than UCC-ND will be s p l i t funded; and a descr ip t ion 
of the work to be performed under each funding category should be included. 

While we r e a l i z e the complexity of TNS and the d i f f i c u l t y in planning out 
the p ro jec t in the deta i l requested above based on the s t a t u s of the 
work, such a step must be taken a t t h i s time to provide a foundation 
from which the f u l l 0R0 Pro jec t Team can e f f i c i e n t l y and e f f e c t i v e l y 
become involved in the management and control of the p r o j e c t . 
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G. R. Jasny - 3 - December 10, 1976 

Receipt of the above information wi l l p e m ' t us to take r ean ing fu l 
a c t i o n on your reques t f o r an add i t i ona l 35CG.COQ of CPSD funding 
in FY 1977. Therefore , we suggest t h a t a high p r i o r i t y be placed on 
t h i s . 

S ince re ly , 

I, 
i l loway, Ass i s t an t Manager 

EERrGWB f o r Construct ion and Engineering 

c c : J . A. Lenhard 
T. W. White 
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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 outline 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. I suggest that this topic be included 
on the agenda of the TNS quarterly design review now 
scheduled for mid-January 1977. 

J. 0. Neff 
Systems and Applications 

Studies Branch 
Division of Magnetic 

Fusion Energy 

! iiclosure: 
• " t aim! 

|i Fr nek, FCM 
k. Edgerton, FCM 
S. WaHdie, ORO 
E. Teiiipie, SAN 



KXCEKPT FROM ERDA, WASHINGTON', MEMORANDUM 

OCT 14 19 7 5 

Heads of Divisions and Offices, HO 
Managers of Field Offices 

(PNR and SNB, THRU: Director, NTR) 

CONCEPTUAL DESIGN PLANS FOR PROPOSED CONSTRUCTION PROJECTS 

F.O. plans for accomplishing conceptual designs for proposed 
construction projects arc 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. 

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.O. 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 AECH 6101 APPENDIX. PA?.T IV) 
REPORTING ELEMENTS FOR A CONCEPTUAL DESIGN PLAN 

I. PROJECT SUMMARY 

A. TITLE - Of:icial 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 proposed 
Inratinn and size, procoss capacity, pc-cr kvcl, 
etc., to characterize the magnitude and nature 
of the proiect. 

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 allocated or which will be requested. 

II. CONCEPTUAL DESIGN SUMMARY 

A. SCOPE - 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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B. 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. 

C. SCHEDULE - Indicate by bar chart or CPM network the required 
activities, key milestone dates, work durations, and 
interrelationships between the major conceptual design 
activities and necessary prerequisite !!&D. 

n. rosr - ! rv!i <-->te the pstirated cor.t for tl.t ^r.^/.ual t-fiort 
broken down by FY, by functional work scope and by 
organization. The approximate scheduled levels of 
engineering manpower by organization should be provided. 
Requirements for CP&D or directly associated R&D funds 
should be identified. 

E. WORK PLANS - On major engineering 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 of the program division. 

b 
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UNITED STATES -
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION -

OAK RIDGE OPERATIONS ~Y 
P.O. BOX E 

OAK R1UGE, TENNESSEE 37830 

December 7, 19 76 

Union Carbide Corporation 
Nuclear Division 
ATTN: R. F. Hibbs 
Post Office Y 

Oak Ridge, Tennessee 37830 

Gentlemen: 

IMPROVEMENT IN CONSTRUCTION PROJECT SCOPE ANT) DEFINITION 
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 brought 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. 
However, 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 of an engineering nature to establish 
a reliable project scope and estimate-. It is now more clearly recognized 
that the conceptual design efforts should be broadened to encompass fuller 
requirement of construction project definition. 

Schedule kA Construction Project Data-sheet instructions provide reference 
to the above interfaces but it appears^ timely for us to collectively 
reassess the complete effort that is necessary on the part of alii concerned 
to adequately comply with these interface requirements. The justification 
portion of the data sheet instruction makes numerous references to ̂ research 
and development, operational, and safety interfaces but it does noil appear 
that they have been given full and adequate\attention durihg^the conceptual 
design phase of project definition and estimating."'^These interfaces are not 
solely "engineering" matters and require coordinated attention from all con-
tributing participants in ORO and the operating^contractor organizations. 
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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 0R0. 

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 project review and attest to the complete-
ness-. and adequacy of the report prior to the submission of the CDR to 0R0 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 input 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 manner 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 
ATTN: 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 further R&D work is 
required, 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. 2054 5 

JAN 6 1977 

Dr. J. F. Clarke 
Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge, Tennessee 37831 

Dear John: 

SPBTECT: TNS R&D REQUIREMENTS 

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 TNS. 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 
always 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 and 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 
Oak 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, a^lan 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. 



A-19 

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 

cr: M. Roberts, ORNL 
G. Benedict, OR 
S. Waddle, OR 
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(S X 1000) Schedule '.8 

Item _ _ FY 1977 IT 1978 FY 1979 FY 19 BO Totnl 

1 . a . The Next Step (TNS) 
CP&D Funding Requirements - $1,000 $1,000 $1,500 $1,000 $4,500 

b. D e s c r i p t i o n ; 
vhe Next Step la proposed as the next lofilcal step In the develop icrt of fusion power after the TKTK proleci which 
is to be operation.il in the FY 81-82 time period. The ERDA/DMKE Logic III I'l..n tost reactor (TNS), Is scheduled to be 
operational by FY 86. TNS in a research fusion reactor vhlch wll' generate a reactor core pl.ir.m.i using moderate exten-
sions of the technology that will bo qualified by 1980, r The device will be designed to ignite (iiiit eriuri-1 rl L lum plasma 
and thus produce fusion energy in a manner extrapolatlve to a fusion reactor. In ndlltlon to the basic device, the 
facility include,H peripheral equipment, supp rt .systems, controls, data analysis equipment, and bui Mings. 

Project estimated cost is between S400M and S1000H. 

c. Justification: 
Four years of Increasingly detailed design studies, which culminated in the EPR study, have Indicated that n deuterium-
tritium ignition experiment should precede EPR and have laid Ihe groundwork for a ri^ent m.i}or pm>:ranmat Ic dee is Ion 
to begin conceptual design of such a facility. tu 

Fusion programs are no longer level-of-effort research activities, but misnlon oriented with near, fid, »n<l l"'|!i u> 
term goals aimed at achieving a practical, real energy option. 
The Fusion Energy Option is a major concern to the general public and te the technical community involved In mid ami 
long term energy goals. ' 
This project's primary goal is production of a fusion reactor cor>.' from which Mysters integration experience can be 
gained; provision of a forcing function of fusion technology 1E a secondary objectUc, 
In order to assure the technology base for TNS, the design is being Lied closely to the qualified mt|mfi (expected 
about 1979-1980) of the two principal technologies involved, i.e., beams and magnet! , throu-tih the ORNI, hoar, program 
and the ORNI, Large Coil program. 
The foregoing considerations support the conclusion that construction and operition of the TNS is essential t the 
EPR and will be of great benefit in the timely, orderly developme it of fusion power In the U.S. The TNS pro,;i n 
Is, therefore, a necessary part of the overall research and development program leading to successful demonsti ai h m 
of commercial feasibility. 
In general, due to the research and developmental nature of this t.-xperimental project and the magnitude of the 
expenditures related to new technology such at superconducting magnet systems, large tritium ays Letts, and large pulse 
energy systems, the project is considered of such a complex nature that it is necessary to perform additional engineer-
ing and design (preliminary engineering Title I design) on the fa.-ilities and other areas of the device, In advance of 
normal timing. 
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Schedule 4tt 

d. Feasibility 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 1, 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. 

e. Description of Tasks and Estimated Costs: ($ x 1000) 
FY 197 7 FY 1978 FY 1979 FY 1980 Total Action 

Task No. 1; 
Perform preliminary Title I engineering design 
on the following TNS support systems: 

1) Remote maintenance and assembly systems 
2) Tr-itlum handling and processing systems 
3) Vacuum systems 
4) Cryogenic refrigeration systems 

Task No. 2: 
Perform preliminary Title I engineering design on 
the following TNS device systems: 

1) Toroidal field coil 
2) Polordal field systems 
3) Shielding systems 
4) Electrical power supplies 

Task No. 3: 
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. 

2) New Buildings - Preliminary design of the buildings 
Including containment, foundations, superstructure, 
building services, and interfaces wicti the experiment 
will be performed to improve the cost estimate. 

UCC/W 
$ 500 

500 IJCC/W 

75 

100 

UCC-AE 

UCC-AE 
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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. 

4) Phase IX.Conceptual Design Support - At the 
completion of Phase I conceptual design, a Phase 
I support team will be formed to assist ln the Phase 
IT conceptual design effort. 

Task No. 
Engineering planning - preliminary estimates of engineering 
•manpower requirements for Titles I, II, and III design will 
be generated. 

1) Phase t - facilities 
2) Phase II - device 
3) Systems engineering 

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. 
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. 

75 

100 

25 
50 
50 

50 

50 
50 
50 

500 500 

VCC/A-Z 

UCC/A-E 

TCC/A-E 
UCC/W 
UCC/W 

UCC/W 
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Task No. 6: FY 1977 FY 1978 FY 1979 FY 1980 Total Action 
Major components and equipment planning-
prelimlnary engineering will be performed 
on those major components and equipment 
systems to generate specifications. 
Task No. 7: 
Perform preliminary Title I engineering design on 
the following TNS device systems: 

I&C and Data Handling; Vacuum Vessel; Fuel Injector; 
Impurity Control; Plasma Heading 

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

Task 1. Support Systems Design 
Task 2. Device Systems Design 
Task 3. A-E Effort 
Task 4. Engineering Planning 
Task 5. RD&D/R&D Planning 
Task 6. Major component/equipment planning 
Task 7. I&C and data handling systems 

200 600 250 

275 250 500 

Start Date Completion Date 
3/01/77 9/30/77 
5/01/77 9/30/77 
8/01/77 1/01/78 

10/01/77 5/01/79 
10/01/77 5/01/80 
10/01/77 5/01/80 
10/01/77 5/01/79 

UCC/W 

UCC/W 

Met-hnd of Accomplishment: 
Participants are defined under the action column of section e, "Description of Tasks nnd 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 & 0R0 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 input information for the preparation of preliminary costs and 
schedules. P a g e 4 o f 4 
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Appendix C-l 

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 records 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 objectives. 

b) 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. 

o) 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 
monitc project performance, participating in negotiation of 
changes^ and ensuring that subcontract requirements are met. 

This task includes the fee paid to the industrial subcontractor. 
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d) 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. 

e) 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. 

f ) Fusion Program Liaison — This task provides the Project Office effort 
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. 

g) 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. 

h) Industrial Subcontractor Liaison — Perform liaison with the indus-
trial subcontractor as required to assure timely delivery of quality 
hardware within cost. 

•?') Research and Development (RStT))/Research Development and Demonstration 
(RD&D) Management — This task provides the Project management with 
the assurance that required RD&D and R&D programs are carried forth 
consistent with TNS technological requirements and schedules. 

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. n f 

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

b) Project Schedule and Budgets — This task is to establish, monitor, 
ana 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. 

•k 
c) Project Performance Management Systems (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 of 
basic changes in program work content and evolving technology. The 
system will provide these features: 
• A single, formal integrated^system for program planni\» 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 into logical work 
units and measuring actual accomplishment against planned 
values to determine cost and schedule status. 

• A framework of contract limits or targets forcost, schedule, 
(L. 
IS'nd technical performance through integration of the contract 
\\ 
baseline budget, program milestones, and technical performance 
parameters. 

ft 
The PPMS'developed by UCC for TNS adopts the criteria developed and 

used successfully by DOD. 



C-6 

• Detailed cost and schedule reports for both program and per-
forming department management. 

• Traceability of the effect of program changes on baseline 
budgets, progress schedules, and technical performance goals. 

• Compatibility with other internal UCC operating systems through 
use of the same data base that supports internal operations. 

The system should consist of five operating modules that integrate 
ten highly interdependent subsystems (see Fig. C-l). The system 
defines a baseline plan for: performing contractual requirements, 
authorizing the plan, measuring performance against the plan, 
replanning and redirection to changed work scope or corrective 
action, and overseeing system application and ensuring its operation 
integrity. 

d) 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" questions. 

ve) Project Management Control Room — This is the task to provide the 
(A 

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 to this area with the 
control room staff controlling records upkeep. The control room 
will be the responsibility of the data manager. 

WBS No. 13. Technical Coordination 

Effort in this task is to provide technical support to the Project 
Manager in areas of engineering, manufacturing:, safety requirements, 
configuration control, assembly direction and control, operations and 
test control, and configuration interface control. 

a) Engineering Direction and Control — Includes engineering project 
technical coordination effort and fiscal and manpower control. J„ 



ORNL-DWG 78-7626 

MOD<lE 

J Fig. C-l. Outline of'project performance management systems logic (P*?MS). 
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b) Manufacturing Direction and Control — Includes manufacturing project 
coordination effort and fiscal and manpower control. 

e) 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). 

d) Configuration Control — The configuration manager will have the 
responsibility of assuring that the TNS end product meets contractual 
technical design requirements. This is accomplished through an 
SDDy/sSjD formal change system and the interf".oe control task that 
the configuration institutes, manufactures, and controls. The 
systems engineer chairs the change review board and interface con-
trol document reviev/ board system. 

e) Assembly Direction and Control — Includes assembly project coordina-
tion effort and fiscal and manpower control. 

fj Operations and Test Control — Includes preoperational test and test 
and checkout coordination effort and fiscal and manpower control. 

g) Interface Control — This task establishes, /directs, and; controls the 
interface control document system. A formal ICD review board will 
be chaired by the configuration manager. 

WBS No. 14. procurement Systems 

Includes procurement project control effort plus the establishment of a 
system to review supplier acceptability and performance. 

a) Procurement Administration — Establish procedures, methods, and 
routings for the necessary reviews, approvals, and,recordings of,, 
requests for quotations .^requisitions, purchases and subcontracts, 
and changes, terminations, and order closeouts. Establish authorized 
requisitioners and 

categories for authority(fto requisition and dollar 
level of authority. Establish procedures and practices for the 
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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 policies, 
practices, and procedures identified above. The industrial sub-
contractor will follow approval procedures to be provided by UCC. 

b) Procurement Documentation and Records — Establish the requirements 
for documenting procurement activities and identify the participants 
in the ptocess responsible for preparing, obtaining approval, dis-
tributing, and filing procurement documents. Establish the 
responsibility in the procurement document for the master file and 

O, 'I 
and for subsidiary supporting data files in the technical operations 

I, or administrative departments. Establish the period required for 
11 

maintenance of original documentary procurement records and any 
review requirements prior to microfilming or other long-term storage 
means and/or destruction. Establish the necessary controls for 
safekeeping, access by authorized users, and loan for appropriate 
purposes. ^ , " u. 

c) Subcontract Administration — Prepare specific solicitations for bids 
or proposals, with appropriate documentation and requirements for 

u response by offerors. Receive bids and proposals and appropriately 
administer the analysis, evaluation, and selection of sources for 

O I 1 
award or negotiation of orders or subcontracts. Place awards and 
carry out the necessary tasks of expediting and monitoring per-
formance liaison with cognizant industrial subcontractor personnel 
and vendor personnel until satisfactory completion or termination 
of the related orders and subcontracts in accordance with their 
^requirements and terms and conditions through visits, meetings, 
reports, correspondence, and other communication as necessary0 
Using cognizant program administrative and technical personnel., 
assess progress and performance against established plans...When 
departures from plan occur, obtain revised plans and schedules and 
management attention at the appropriate level to . optimize a,;program 

'A ^ 

T. " 1 ~ . ' - . " 

fe, ' ' '• r. 
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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 out completed or 
terminated contracts, taking action to obtain 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 thi.; 
order or subcontract. 

d) 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. 

e) Procurement Liaison with DOE and Other Cognizant Government 
Representatives — In accordance with UCC established policy and 
procedures and the requirements of the contract, prepare and submit t. 
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. 
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WBS No. 15. Documentation Systems 

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

a) 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. 

b) Specification and Drawing Control — Includes the specific effort to 
maintain all specifications and drawings in an updated form as 
directed by the configuration manager. 

c) Publications — Includes the effort for preparation and publication 
of contracted data as directed by the data manager. This effort 
includes technical writers, art draftsmen, and the hardware and 
software for publishing documents. 

d) 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 

Includes,, 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) 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 system 
quality control plan, work instructions, and process control instruc-
tions. Inspection and testing is included in each fabrication and 
and fabrication support task. 

b) Inspection Control — This task includes the effort to manage the 
inspection and testing effort, which is included in each fabrication 
and fabrication support task. 
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DETAILED LISTING OF TNS WORK BREAKDOWN STRUCTURE ELEMENTS 
(PATTERNED AFTER THE TFTR MODEL*",1 

1. Management Systems 

11. Project Administration Systems 
a) Project manager and administration staff 
b) Finance and accounting 
<-•) Contracts 
r1) Material and supply control 
e) DOE liaison 
f ) National laboratory liaison 
,7) AE subliaison 
h) Industrial subcontractor liaison 
i) R&D management 

12. Project Planning and Control Systems 
a) WBS and task description / 
b) Project schedule and budget a 
c) PPMS control >' 
d) Project model 
e) Project management control room 

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

* 

PPPL-TFTR—3073, Tokamak Fusion Test Reactor Work Breakdown 
Structure, Princeton Plasma Physics Laboratory, Sept. 15, 1976. 
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14. Procurement Systems 
a) Administration 
b) Documentation records 
c) Subcontract administration 
d) Negotiation and recommendations 
e) DOE and other government liaison 

15. Documentation Systems 
«) Data management 
b) Specification and drawing control 
a) Publications 
d) Record center 

16. Quality Assurance Systems 
a) Quality assurance management 
b) Inspection control 

2. Device Systems 

21. Systems and Safety Engineering 
a) Tokamak systems 
b) Electrical power and control systems 
c) Plasma heating systems 
d) Tokamak support systems 
e) Instrumentation and controls and data systems 
f ) Facilities systems 
g) Preoperational testing 

22. Tokamak Systems 
a) Toroidal vacuum vessel 

1) Vacuum vessel shell 
2) Penetrations 
3) Segmented joints or closures 
4) Limiters 
5) Neutral beam adapters 

,, 6), Liner or shroud 
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v) Mach:ne structure 
a) Toroidal field coils 
a) Poloidal field coils 
e) Shielding 
/) Impurity control 
g) Tokamak systems mock-up 

23. Electrical Power and Control Systems 
a) Primary energy 
b) Primary and secondary distribution 
o) Energy conversion 

1) Toroidal field power-conversion equipment 
2) Poloidal field coil power-conversion equipment 

d) Standby ©r emergency 

24. Plasma Heating Systems 
a) NB heating systems 
b) RF heating systems 

25. Tokamak Support Systems 
a) Remote servicing 

b) Fuel handling 
1) Tritium storage 
2) Tritium delivery 
3) Tritium processing 
4) Tritium cleanup 
5) Non-tritium charge gas storage 
6) Non-tritium charge gas delivery 

a) Main vacuum pumping 
d) Heat removal 

1) Superconductor refrigerant 
2) Vacuum cryopanel refrigeration 
3) Vacuum vessel cooling and heating 
4) Water cooling 

e) Experimental area ventilation 
/) Radioactive waste handling 
g) Fuel injector 
h) Assembly 
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26. Instrumentation and Controls and Data Systems 
u) Central instrumentation and controls 
b) Operational instrumentation 
r.*) Scientific instrumentation 

3. Facilities System 

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

•j) Standard equipment 

32. Other Building Systems 
a.) NB power conversion 
b) Radiation waste processing 
c) Control room 
d) Research laboratory 
e) Plant services 
f) Shop 
g) Tritium processing 
h) Cryogenic, plant 
i) Cooling H 20 pump house 
j) Field coil power and capacitor yards 
k) Motor-generator 

4. Preoperational Testing 

5. RU&D 

51. Technology Development 
a) Overall plant 
b) Blanket and shield system 
a) Toroidal magnets system 
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a) Poloidal field system 
c) Structural system 
f) Electric energy storage and pulse systems 
q) Plasma heating system 
h) Tritium processing 
i) Vacuum pumping system 
j) Cryogenic cooling system 
k) Maintenance and assembly system 
I) Tritium containment system 
//1) Instrumentation and controls 

52. Hardware Demonstration 

53. Plasma Physics and Engineering 

i 



INTERNAL 

1. S. E. Attenberger 
2. t'j. K. Ballou 
3. W. R. Becraft 
4. L. A. Berry 
5. E. S. Bettis 
6. I. H. Brogden 
7. T. Brown 
8. E. H. Bryant 
9. J. D. Calleit 
10. D. D. Cannon 
11. R. J. Colchin 
12. R. A. Dandl 
13. R. A. Dory 
14. J. L. Dunlap 
15. P. N. Haubenreich 
16. J. T. Hogan 
17. W. Houlberg 
18. T. J. Huxford 
19. G. G. Kelley 
20. M. S. Lubell 
21. J. W. Lue 
22. H. E. McCoy 
23. A. T. Mense 
24. O. B. Morgan 
25. L. W. Nelms 
26. Y-K. M- Peng 

ORNL/TM—5984 
(Part IV of ORNL/TM-5982) 
Dist. Category UC-20d 

DISTRIBUTION 

27. H. Postma 
28. R. L. Reid 

29-73. M. Roberts 
74. J. A. Rome 
75. M. W. Rosenthal 
76. R. T. Santoro 
77. c. Sardella 
76, J. L. Scott 
79. T. E. Shannon 
80. J. Sheffield 
81. P. T. Spampinatc 
82. D. Steiner 
83. W. C. T. Stoddart 
84. N. A. Uckan 
85. J. S. Watson 
86. F. W. Wiffen 
87. H. T. Yeh 

88-89. Central Research Library 
90-91. Fusion Energy Division Library 

92. Fusion Energy Division 
Communications Center 

93-94. Laboratory Records 
95. Laboratory Records — ORNL-RC 
96. Patent Office 

97-99. Technical Publications 
100. Document Reference Section 

EXTERNAL DISTRIBUTION 

101. R. Aronstein, Bechtel, P.O. Box 3965, San Francisco, CA 94119 
102. D. Anthony, General Electric Co., Building 2, Room 447, 1 River 

Road, Schenectady, NY 12345 
103. G. Benedict, Department of Energy, Oak Ridge Operations, P.O. 

Bpx E, Oak Ridge, TN 37830 
104. S. L. Bogart, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
105. R. Botwin, Grumman Aerospace Corporation, Bethpage, NY 11714 
106. R. N. Cherdack, Burns and Roe, Inc., 283 Highway 17, Paramus, 

NJ 07652 
107. J. F. Clarke, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
108. F. E. Coffman, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
109. D. Cohn, Massachusetts Institute of Technology, Cambridge, MA 

02139 
110. J. Coursen, Grumman Aerospace Corp., Bethpage, NY 11714 



BLANK PAGE 



111. Library, Culham Laboratory, Abingdon, Oxon, 0X14 3DB, United 
Kingdom 

112. N. Ann Davies, Office of Fusion Energy, Department of Energy, 
Washington, DC 20545 

113. H. W. Deckman, Advanced Energy Systems Laboratory, Government 
Research Laboratories, Exxon Reserrch and Engineering Company, 
P.O. Box 8, Linden-. NJ 07036 

114. A. Favale, Grumman Aerospace Corp., Bethpage, NY 11714 
115. J. J. Ferrante, Large Coil Program, Building 2-708, General 

Electric, 1 River Road, Schenectady, NY 12345 
116. F. Fickett, National Bureau of Standards, Boulder, CO 80302 
117. C. A. Flanagan, Westinghouse Electric Corp., Fusion Power 

Systems, P.O. Box 10864, Pittsburgh, PA 15236 
118- H. K. Forsen, Exxon Nuclear Co., 777-106th Ave., Bellevue, WA 

98009 
119. J. W. French, Westinghouse Electric Corp., Fusion Power Systems, 

P.O. Box 10864, Pittsburgh, PA 15236 
120. G. M. Fuller, McDonnell-Douglas, Dept. E450, Bldg. 10613, Rm 370, 

St. Louis, MO 63166 
121. H. P. Furth, Princeton Plasma Physics Laboratory, Princeton 

University, P.O. Box 451, Princeton, NJ 08540 
122. A. Gaines, Combustion Engineering, 100 Prospect Hill Road, 

Windsor, CT 06095 
123. A. Gibson, Culham Laboratory, Abingdon, Oxon, 0X14 3DB, United 

Kingdom 
124. Roy W. Gould, Bldg. 116-81, California Institute of Technology, 

Pasadena, CA 91109 
125. R. J. Gran, Grumman Aerospace Corp., Bethpage, NY 11714 
126. E. Gregory, Airco Inc., Murray Hill, NJ 07974 
127. D. S. Hackley, Large Coil Program, General Dynamics-Convair 

Division, P.O. Box 80847, San Diego, CA 92138 
128. R. Hancox, Culham Laboratory, Abingdon, Oxon, 0X14 3DB, United 

Kingdom 
129. C. R. Head, Office of Fusion Energy,,Department of Energy, 

Washington, DC 20545 
130. C. Henning, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
131. R. L. Hirsch, Exxon Corporation, 1253 Avenue of the Americas, 

New York, NY 10020 / 
132. Anthony Hsu, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
133. D. L. Jassby, Princeton Plasma Physics Laboratory, Princeton 

University, P.O. Box 451, Princeton, NJ 08540 
134. D. G. McAlees, Manager, ETF Systems Interface, Exxon Nuclear 

Corp., Inc., Research and Technical Center, 2955 George 
Washington Way, Richland, WA 99352 

135. D. M. Meade, Princeton Plasma Physics Laboratory, Princeton 
University, P.0. Box 451, Princeton, NJ 08540 

1 3 6 M . Murphy, Office of Fusion Energy, Department of Energy, 
Washington, DC 20545 l!

 ; 
137. J. 0. Neff, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 » 



138. T. Reuther, Office of Fusion Energy, Department of Energy, 
Washington, DC 20545 

139. D. J. Rose, Department of Nuclear Engineering, Massachusetts 
Institute of Technology, Cambridge, MA 02139 

140. M. N. Rosenbluth, School of Natural Sciences, Princeton 
University, P.O. Box 451, Princeton, NJ 08540 

141. C. Rosner, Intermagnetics General Corp., Charles Industrial 
Park, New Karner Rd., Guilderland, NY 12084 

142. M. L. Rossi, Grumman Aerospace Corp., Bethpage, NY 11714 
143. G. Schilling, Princeton Plasma Physics Laboratory, Princeton 

University, P.O. Box 451, Princeton, NJ 08540 
144. G. Seigel, Tennessee Valley Authority, 1360 Commerce Union Bank 

Bldg., Chattanooga, TN 37401 
145. A. Simon, University of Rochester, Rochester, NY 14627 
146. W. M. Stacey, Jr., School of Nuclear Engineering, Georgia 

Institute of Technology, Atlanta, GA 30332 
147. J. Stekly, Magnetic Corp. of America, 179 Bear Hill Rd., 

Waltham, MA 02154 
148. L. D. Stewart, Princeton Plasma Physics Laboratory, Princeton 

University, P.O. Box 451, Princeton, NJ 08540 
149. C. Taylor, Controlled Thermonuclear Research, Mail Code L-382, 

Lawrence Livermore Laboratory, P.O. Box 808, Livermore, CA 
94550 

150. F. Thomas, Grumman Aerospace Corp., Bethpage, NY 11714 
151. T. C. Varljen, Westinghouse Electric Corp., Fusion Power 

Systems, P.O. Box 10864, Pittsburgh, PA 09864 
152. S. Waddle, Department of Energy, Oak Ridge Operations, P.O. Box 

E, Oak Ridge, TN 37830 
153. J. Willis, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
154. W. Wilkes, Mound Laboratories, Miamiburg, OH 45432 
155. Herbert H. Woodson, Department of Electrical Engineering, 

University of Texas, Austin, TX 78712 
156. W. W. Withee, Energy Systems, General Dynamics-Convair Division, 

P.O. Box 80847, San Diego, CA 92138 
157. J. L. Young, Large Coil Program, Westinghouse Electric Corp., 

1310 Beulah Road, Pittsburgh, PA 15235 
158. E. Ziurys, Office of Fusion Energy, Department of Energy, 

Washington, DC 20545 
159. K. Zwilski, Division of Magnetic Fusion Energy, Department of 

Energy, Washington, DC 20545 
160. Director, Research and Technical Support Division, Department 

of Energy, Oak Ridge Operations, P.O. Box E, Oak Ridge, TN 37830 
161-305. Given distribution as shown in TID-4500, Magnetic Fusion Energy, 

(Distribution Category UC-20d) 

0 



K A M A K F U S I O N T E S T R E A C T O R ( T F T R ) 
D - T PHYSICS 

( I N DESIGN/HARDWARE) 

PROGRAM 

MILESTONES 
u n X o 
> H U) n 

- m m "0 H C 
*> r 

4 
2 * 2 

it" 
8 iv 
s § I 

<4 ' '<4 ! : 

I r 

| 0> X ™ 

(A i 

iHlfl 

" I f T j 



BLANK PAGE 



r ERDA 
MAGNETIC FUSION POWER ACQUISITION PLAN 

CT Itil I C* 1113 I CT l l l<~ I Cr tiir 
FT lit; 

BEQEEpEQEnaS K 
rr 1 ( 1 1 I FT 1114 | rr i t « s 

)SELECT CONCEPTS FOR DEMONSTRATION ' I i i i i 

• CT 1111 
rr illf 

I ! 
I I I 

i ev ICTT 
r r m i 

i i»«« 
r r i t a a 

I | i ! 

COMPETITIVE J^MCINSTiJldNi ALC! EVALULT I(!HJ- • 

«JYM*IHIJIJUB BMHjrHAWjrniB BMBI JRWAWJRNAA BBBEJITHULMJIJUB »KB| JF PAAJUFFL [ 

1 CT HI? rr m i 1 CT imr 
r r m a 

! . ! 

TR • ^ TFTR 
IEN + TRITIUM 
IPS O P S 

1 ' ; i i 
ERDA + N S MA 

I I 

N 

! i I t 

APPROVAL {$)- TEST COMPLEX + 
TNS PHASE I I 

TART TFTR 
fDROGEN OPS 
LTIOMM. w i n 

l I 

IGEN 
OPS * \ 

COMPL B . O . D , ) 

I L 
| ENVIRONMENT 

IMPACT A5SESSME 

I 

OOMPLETE 
CONSTRUCT IOfij ~ 

M I M 

U, TNS 

START TRITIUM OPS 
OrtRATIOMM. 1C9TIIC I 

mow. 

TRITIUM OPS 

i i • . 

• i 

APF̂ Vli 
- -POWER (J) 

|l ECH DEMO 
v i FIONMEIN^AI!. 
I 
A$StSSMENl 

'*jt t i W L j ENVI RONMEKlTAll 
TNS PROOF GF 
PRINCIPLE t 

ILL L 

E N V I R O N M E N T A L ! I M P A C T J 

I i 

T 

I ! 

j E l W 
' COMMERCIAL f 

DEMC 
ASSESSMENT + 

i 



BLANK PAGE 



r « % * * 

.AN PLANNING 
1 

I E \ CT Hil rr m i 

J ?ATidN'A 

I 

MJ 

» * 

ft l»*B 
FY I Ma 

E V A L U A T I 

t 

I IN' 

fr I««| 

-j-Li. 

"CTTgZ 
rr lit; i cv mi: rr IM) H O H ? C T J I H 

- • .... - 1 • . . rr 1114 nag [WWJRHWJIJUH M M J I ^ ^ J U H T M H A H J I J I A H I B M J I H ^ P Y ^ N P N R P P N ^ IMFLJPJMN 

i ev I Hi i PV ii 

r I'NAL I E N V 1 RONME^ltAli 
T N S PiRbOF OF ! 
P R I N C I P L E 

( ^ S E L E C T I O N F O F ? P U L L - S C A L E D E V E L O P M E N T | 
— E U L L - S C A L E D E V E L O P M E N T A N D I N I T I A L P F 

kU 1HPACT 

C O M P L E T E T N S 
O P E R A T I O N A L 
T E S T I N G 

J ! I 

I I 

1 
i f f I N A L ' E N V l f c O N M E N T A L S A F E T Y A N 

E f ^ D A A P f ^ R O V i f V L 
C O M M E R C I A L P R O T O T Y P E ® 

D E M O S T R A T I O N j 

! : I ! I •• 
i - i - L - L i - - 1 -

P R O O F O F 
T E C H N O L O G Y 

C O M P L E T E P T D 

ASSESSMENT + 

J L - j - k i - O P E R A T I O N A L 
f 1 ; | T E S T I N G I 
i l l I . I 

! F I N A L E N V I R O N M E N T A L S A F E 
• ! : , I' | 

• L - I - 1 1 - - C O r i M E R C I A L [ P R O ! 

v ^ r E N V l T O r i M ^ N T A L IM^AfcT STATEMENT 

i i i ' 

I i 

I i ! 3 



BLANK PAGE 



f PLANNING PURPOSES ONLY 

C T r O N FOR* F U L L - S C A L E DEVELOPMENT | 
F U L L - S C A L E DEVELOPMENT AND I N I T I A L P R O D U C T I O N 

I i i i 

i 

! ^ F I N A L 
PROOF OF J l : i i i . 1 

TECHNOLOGY [ r ; • 

. feNV I &0NME:NTAL SAFETY A N A L Y S I S RgPOST 
' COMPLETE PTD 

- • o p e r a t i o n a l 
| t e s t i n g J 

, , F I N A L ENVIRONMENTAL SAFlETY W L Y ^ I S " * ' 
i '' 1 I I I • 

~ - 1 - J - J - i . - ^ - L J - i —cowrikRri i AL I P^OT6TYPE D E M O ' " ^ ' 

RO4M^NTAL I Mf̂ AfcT STATEMENT 

I : 

I i 
I i 

I I 

I., 1 

i I 



Q. 
Id u 
I - _J 
cn Q_ 
h- u 
X z 
u 1—« 
z . Ctl 

CL 
L d . 





BLANK PAGE 



r 
muauuitflffi n » its Zhnrj>-K' z •rfi J iU iFiPjfjt-'.; 

I 1 
1 I 

u f-. I ; i 

Ctt _ ^ 'lout. <hri« •» oeu 
^Rclor OF F*R1 NCIPLE 
«»T»1»HLC iitvim 

L 
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