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FOREWORD

This report presents the findings of the Michigan Public Service
Commission Staff Investigation into the management practices and prudency
in the construction of the Enrico Fermi 2 Nuclear Project by the Detreit
Edison Company. The investigation, conducted entirely by the Staff of the
MPSC, s the first major effort of its kind by the Commission. Indeed,
few similar efforts have been undertaken by the regulatory Commissions in
the United States.

The investigation represents an alternate approach to an audit or a
review typically performed by an outside corsultant on the issue of pru-
dent management at a major construction project. Further, as a departure
from a typical study, it quantifies the effect of the imprudancy on the
project cost. Attempt has been made to present the report in non-
technical, layman's terms. The investigation, however, involved many
technical, engineering, financial, and management issues.

[ wish to express sincere thanks to Ms. Heidi Rawson for typing of
the original draft and for supervising the preparation of this final
report. Her patience, hard work, and efficiency were a major factor in
timely completion of this report,

Sincere thanks are also due to Adele Arnold, Susan DeLonj and

Pat Tooker for their valuable assistance in the preparation of this
report.

Roger Fischer and John Abramson deserve special mention for many

helpful suggestions and for providing the necessary resources for this
investigation.

Hasso Bhatia, Ph.D.
Project Manager
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R
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MAJOR FERMI 2 EVENTS

year Events
1968 Fermi 2 approved by Board of Directors
Prelimiary Engineering began

Nuclear Steam Supply System (NSSS) and Turbine ordered

1969 Preliminary Safety Analysis Report (PSAR) filed
Applied for Construction Permit
3elow-qrade work began
Original Conceptual Estimate $229 Million
Fuel Load 1973
Commerical Operation Date (£OD' 1974

5-Volume Preliminary Safety Analysis Report (PSAR) filed

1970 Site Preparation work proceeds
Decision made to install new radwaste system and closed
cycle cooling with natural draft towers

1971 Jrywell pedestal completed

Ralph M, Parsons Corporation hire+ as construction
manager

Ist Estimate Revision $269 Million
Fuel Load 8/1973
coo 2/1974

Calvert Cliffs decision: requires full consideration of
environmental impact and public review

2nd Estimate Revision $337 Million
Fuel Load 9/1974
con 2/1975

1972 Construction Permit issued

Turbine foundation laid

DECo 50.55e report of cracks in Reactor Building Base Slab

(vi)



1972
(cont.)

1973

1974

1975

1976

3rd Estimate Revision $423 Million

Fuel Load 4/1975

cob 10/1975

4th Estimate Revision $452 Million

Fuel Load 10/1975

cop 4/1976

Closeout of 4/14/1972 cracks in reactor Building Base
Slab 50.55e report

Drywell and Suppression Chamber completed

NECo 50.55e report of Reactor Vessel Flange Distortion
5th Estimate Revision $511 Million

Fuel Load 10/1976

coD 4/1977

Final Safety Analysis Report (FSAR) filed

Reactor Pressure Vessel (RPV) is set

Construction halted

Notice of termination of Parsons contract

Daniel International Corporation hired as construction
manager

Closeout of 8/27/1973 Reactor Vessel Flange Distortion
50.55e report

fth Estimate Revision $314 Million

Fuel Load 1/1980

cop 9/1980

Turbine - Generator arrives on site

20% of Fermi 2 sold

nreparations to resume construction begin

Daniel assumes role of construction manager on site

(vii)



1977 Construction resumes
7th Estimate Revision $894 Million

Fuel Load 1/1980
cno 9/1980

1978 Construction escalated
8th Estimate Revision $894 Million
Fuel Load 6/1980
cop 12/1980
9th Estimate Revision $988 Million
Fuel Load 6/1980
coo 12/1980

1979 Three Mile Island (TMI) Accident

Three Mile Island (TMI) New Issues Task Force identifies
299 items

Physical Completion 80%

10th Estimate Revision $1.3 Billion
Fuel Load 5/1981

coo 3/1982

1980 Expansion of Fermi 2 scope due to TMI occurs

Torus Modification Plan approved

19381 System turnover begins

Advisory Committee for Reactor Safeguards (ACRS) hearing
held

Safety Evaluation Report (SER) received

l11th Cstimate Revision $1.8 Billion

Fuel Load 11/1982

cop 11/1983

DECo 50.55e report of electrical cable pulling problems
12th Estimate Revision $2 Billion

Fuel Load 11/1982
coo 11/1983

(viii)



1981 Physical Completion 85%
(cont.)
Closeout of 1/8/1981 cable pulling problems 50).5%e
report
1982 RPV Hydrodynamic test
Turbine on turning gear
Preoperational tests begin
Emergency Preparedness exercise completed
ASLB decision
13th Estimate Revision $2.35 Billion
Fuel Load 6/1983
con 11/1983
Torus modifications complete

NRC affirms ASLB & ASLAB decisions on operating license

Flow Induced Vibration Test milestone was successfully
completed

Physical completion 94%

1983 Revised Estimate $2.7 Billion
Fuel Load 12/1983
coo 6/1984
Percentage Complete 96%
RHR vibration problems addressed
Drywell steel modifications (Phase 11, IIA)
INPO, CYGNA evaluations
Progress in Pre-Op and Start-Up
Performed IHSI treatment
Fuel arrives on site
Revised Estimate $3.075 Billion

Fuel Load 6/1984 ‘
coo 12/1984

(ix)



STAFF_RE°ORT ON INVESTIGATION OF ENRICO FERMI 2 NUCLEAR UNIT

CHAPTER 1: INTRCDUCTION
A. Background

In July 1968, Detroit Edison Company announced plans to build a
large, commercial, light-water nuclear power plant on a 1120-acre site
in French Township, Monroe County, Michigan. The initial estimates were
that the plant would be completed in 1974 at a cost of $228 million.
Farly design and site preparation work began in 1969-70. In October,
1972, Detroit Edison obtained an AEC construction permit to proceed
with construction. In 1974, due to alleged financial difficulties, the
work was halted on the project. In 1976, Edison negotiated sale of a 20%
share in the Fermi 2 plant to the Northern Michigan Cooperative and
Wolverine Electric Cooperative (now merged as Wolverine Power Supply
Cooperative).

In February 1977, construction activity resumed at the Fermi
site. Now, in December, 1983, the plant is 98% complete and is scheduled
to start commercial operation in December 1984. The current estimate of
plant cost is $3.075 billion.

In July 1983, Detroit Edison filed a rate case requesting an
increase in revenues to cover, among other things, the investment in the
Fermi 2 project.

In preparation of the rate case presentation, the Staff of the
Michigan Public Service Commission undertook this study to perform an
in-depth evaluation of the management and verification of expenditures on

the Fermi project.



B. Purpose and Scope

The purpose of this investigation by PSC Staff is to perform an

in-depth evaluation of the management of the Fermi project by Detroit

Edison to ensure that ratepayers of Detroit Eaison shall not pay for

imprudent and unreasonable costs incurred at the Fermi project. The

scope of the study is to determine whether:

(a)

(b)

(¢)

(d)

(e)

(f)

(q)

Reasonable and prudent manacement techniques were utilized
in the conduct of the Fermi project .

There was adequate involvement and supervision by the
senior management.

The decision-making proc2ss was reasonable, prudent and
incorporated the state-of-the-art techniques. This is
evaluated by analyzing specific decisions taken vs. the
alternatives available or considered.

Detroit Edison had in place a system of controls, audits and
verification procedures to ensure that expenditures were
approved, incurred and recorded in accordance with
established procedures, agreements and acceptable
accounting standards.

That there was adequate control exercised in contract
evaluation, awards and contract administration.

That there was adequate control and supervision to assure
efficient utilization of workforce, equipment and other
resources.

That the planning, scheduling and information systems were
efficiently utilized to coordinate work activities,

material procurement, quality assurance, cost estimates, etc.



(h) That adequate and timely support was provided by
Engineering and AE organizations during the project, and
finally,

(i) To price out and recommend disallowances, if any, as a

result of imprudent management.

Caveat

(a) A1l the above items were evaluated in light of circumstances,
conditions and information available at the time the decisions were
made by the Edison management. In other words, actions taken are
assessed against the alternatives available at the “ime and not what may
have developed later on. In general, a decision or action taken was con-
sidered reasonable if it was properly evaluated based on risk analysis,
cost benefit, technical feasibility, practicality, experience and good
Judgment. [f the decision later turned out to te wrong due to events or
circumstances unforeseen, it was not trected as imprudent. However,
reasonable anticipatory judgment was considered an essential part of pru-
dent decision-making. This is particularly important in the nuclear
industry where public attitudes, nuclear events and political factors
heavily influence the nuclear policies and are strong leading indicators
of things to come. It is also important to recognize that the nuclear
industry has been in a state of flux and evolving throughout the period of
the Fermi project.

(h) The investigation purposely ignores the question of "need
for power" which led Detroit Edison to build Fermi 2 in the first place.
Nor shall we look at the choice of nuclear vs. other options such as

coal, oil, solar, windmill, and purchase power, etc. It is not our con-



tention that these are not germaine to the issue, but simply that they
are to be traated elsewhere outside the scope of this study.

(c) Finally, the staff evaluated some of the major plant
parameters such as BWR vs. PWR, cooling towers, selection of NSSS supplier,
turbine generator supplier, only insofar as they affected the cost,
construction, and scheduling. No attempt was made to review technical
feasibility, design criteria or engineering evaluation of the plant from
operability, safety or licensability viewpoint.

Similarly, decisions such as plant size and location were not

challengea.

C. Investigation Approach

The basic investigative tool was research and review of documents
generated throughout the project history--both at site and at the
Corporate Offices. These include project management reports, monthly
progress reports, project forecasts, numerous reports generated by CARS
(Cost Accounting & Reporting System), reports to senior management, Board
of Directors, inter-office and contractor correspondence, Engineering
Committee reports, problem evaluation and resolution reports, PAR data,
PSAR/FSAR, unit labor cost and productivity measurement reports, third-
party project evaluations and internal audit reports. This is only a
partial list of the rather extensiv: information requests made and
obtained from the Edison project organization. There were in excess of
400 formal requests made. Photographs taken throughout the project were
also screened. It should be emphasized that there was excellent coopera-
tion from the PMO and Edison management as far as information availability

and accessability. Besides information and documents” obtained from



Detroit Edison, a large number of reports, publications, and documents
were reviewed in the course of this investigation. This includes NRC
reports, quidelines, nuclear events at other plants, independent research
reports, e.q., EPRI, nuclear publications. All in all, the Staff made an
extensive research and review of documents.

Another powerful investigative tool used was th: personal interviews
with a large nunber of key individuals and manaqgers associated, now and
in the past, with the Fermi project. The range of interviewees includes
the Chairman of the Board, Vice-Chairman, and Senior Management, all the
way to the plant foremen, who were actually supervising the day-tc-day
construction activities. Numerous interviews were also conducted with
major contractor managers including Daniel International (construction
manager), Bechtel, Wismer Becker (piping), MAC (project consultants to
DE), outside A-E organization (S & L, S & W and GE). We also met with
NRC personnel assigned to the Fermi project to obtain their assessment of
Fermi 2. In many cases, several follow-up interviews were held to obtain
fuller explanation of events, circumstances and decisions. In our
Judg :nt, the interview process was a very important and necessary element
of this investigation. We hasten to add, however, that Detroit Edison
personnel are not innocent bystanders, but have deen interest in this
investigation. We recognized this in analyzing their views and opinions.

Throughout this review, %he MPSC advisory committee provided quide-
lines and policy directions. The investigation team, in turn, provided
periodic updates and continuously consulted with the committee to draw on

the vast knowledge and experience of its members.



D. Project Team

Project Manager: Dr. Hasso Bhatia
Financial Audits: Jim Mendenhall (Principal), Dave Flees,
Nancy Katsarelas
Engineering: James Padgett (Principal), Tim Boyd, Rich Whale
John Abramson, Director of the Electric Division, was also the pro-
ject director, who made many useful suggestions.

Advisory Committee

Roger Fischer John Abramson
Ronald Callen James Padgett
Michael Fielek Hasso Bhatia
Donald Johns Joseph Barden
William Celio Thomas Cooper

Dr. Michel Hiser, Chairman Lauchlin MacGregor

E. Organization of Report

The first two chapters provide the background, history and overview
of the Fermi project. It reviews the general environment of the nuclear
industry, project evolution, general Edison philosophy to design and
construction management, safety issues, prior nuclear experience, major
events, etc. Chapter 3 deals with specific management decisions, commit-
ments, project support, evaluation of contractors, vendors, project orga-
nization, control, planning and scheduling functions. This is designed
to identify the major issues, key events and decisions which had signifi-
cant impact on the project. There is also a general evaluation of the
project management.

The individual issues identified in earlier chapters are discussed
in detail. The Staff also reviewed the nature of the issue, what or who
caused it, how it was resolved and Staff assessment of whether the
manage-ment took a reasonable and prudent action. Also, we shall provide
our recommendation of whether the cost associated with the issue be

disallowed. Effort will be made to quantify such a disallowance.



The final chapter summarizes the conclusions and findings. The
disallowances developed in earlier chapters are summarized to formulate

the staff recommendation.

F. General Word of Caution .\\\\\\\\

It is us:ful to caution the reader of the limitations of this

"

investigation and nature of this assignment. Building a large nuclear
plant is no small task. It is a complex engineering and construction
feat requiring sustained commitment of financial, manpower and materia)
resources. In its engineering complexities, a nuclear plant rivals large
Jovernmental jobs such as space or defense programs. Yet, a nuclear pro-
ject as a commercial venture is subject to financial constraints generally
absent from similar public orojects. The single-most factor affecting a
commercial nuclear project is the regulation of the nuclear industry. As
will become evident in this report. the Fermi project, like all other
nuclear projects, has been subject: | to countless regulations which
evolved throughout the design and construction phase. The Fermi project
could not escape impact of this unending stream of regulatory changes.
The complex and difficult task of a nuclear plant places a singular
responsibility on the managers of the electric utility. Thousands of
decisions invo’ving millions of dollars must be made during the 10 to 12
year project duration. Many of them posing hard choices, e.q., between
economics and added safety; do it now or later; capital vs. operating
costs, analyze what-if options. These choices demand experienced, com-
petent managers who can weigh options, anticipat2 events, evaluate risks,

make decisions, and face consequences, good or bad. In short, nuclear



plant construction demands extraordinary talents, skilled judgment and
tough decision makers. This is particularly so in the case of Detroit
Edison who has not built a large commercial nuclear unit before.

Another inescapable fact of a nuclear project is that events are
often not within control of the utility. The general economic and finan-
cial conditions, nuclear accidents and consequent regulations, political
attitudes are all examples of factors not within control of the utility.
Wwhile reasonable anticipation and allowance for these factors is required
of a prudent management, overconcern, and thus provision for possible
but improbable events, is clearly outside the realm of prudency .

The task of the investigative team is not made any simpler due
to circumstances outlined in the foregoing. We are making an after-the-
fact judgment of utility decisions ranging over ten to tweive years
involving interplay of engineering feasibility, economic efficiency,
safety constraints, resource availability and hundreds of other internal
and external factors. Despite best efforts it is difficult, often
mpossible, to reconstruct conditions as they obtained then, in order to
make a precise judgment on a specific decision e~ action. Nor does our
team pretend to possess matching skills, and expertise for a one-to-one
assessment of every project action. Our conclusions are, therefore, our
best judgients given the facts as we could learn and analyze.

Similarly, an ideal goal would dictate an extensive and intensive
investigation. But that would be foolhardy given our resources and time.
In a review of this nature, one can quickly get mired into detail,
diverge into endless pursuits and lose sight of the significant. The
forest vs. trees syndrome is quite real in this case. Initial quidelines

of $100 million as a threshold were found unrealistic and quickly



abandoned. However, it did help us keep focus on the important and
select targets.

We believe that this investigation is a happy blending of the depth
and the breadth achievable within our resources. But we reserve that

judgment for readers and future reviewers.



Chapter 2: OVERVIEW OF FERMI 2 PROJECT

A. Historic Perspective

Detroit Edison is the largest electric utility in Michigan serving
1.6 million customers in southeastern Michigan. Its current peak
requirement is about 7,000 MW with annual output of 35 billion kwh in a
normal year. Major generating facilities of Detroit Edison include a
3,000 MW coal plant at Monroe, 1,700 MW at St. Clair Units and 800 MW oi)
unit at Greenwood. Detroit Edison also owns a 49% share of the 1,800 MW
pumped storage facility at Ludington. A pumped storage facility is
designed to take advantage of a base load such as a nuclear unit during
off-peak periods in order to meet on-p2ak loads during the day time.
During the period of the 1960's, demand for electric power was growing at
7-7.5% per year throughout the industry. Detroit Edison was experiencing
this overall growth rate with industrial demand growing at as high as
10.5% per year Demand projection indicated that the historic growth
rates of the 1960's would continue into the 1970's and beyond.

[n 1967-68, as a part of its long-term planning strategy to meet
growing customer loads, Detroit Edison considered nuclear options.

In July 1968, Detroit Ed‘.on announced that it would construct a
1,200 MW Class boiling water reactor at the 1120-acre site in Frenchteown,
some 35 miles south of Detroit on the western shores of Lake Erie.
Detroit Edison had built and operated an experimental non-conventiona)
fast hreeder nuclear unit, Fermi 1, at this site in the mid-60's.

Detroit Edison had no experience in design, construction or operation of
a large scale commercial nuclear unit at the time of announcement of
Fermi 2. At this time, the Company was planning to embark upon a major

program of nuclear plants as their primary new source of power supply.
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In the late 1960's and early 1970's, Edison announced a second nuclear
unit, Fermi 3, and two more nuclear units: Greenwood 2 and 3. While
nuclear power was the wave of the future, Detroit Edison seems to have
taken a particular fancy to this new power source. The driving force at
Edison was its then Chairman, Mr. Walker Cisler, who had been a leader in
the electric industry for many years. The Edison nuclear program got a
further nudge from a study in 1970 by Doxiadis Associates, (Emergence and
Growth of an Urban Region), which predicted a very dense population
corridor, a megalopolis between Detroit and Chicago. Fdison's nuclear

program was designed to serve this expected growth.

B. Nuclear Industry

A brief background and state of the U.S. nuclear industry is in
order.

Viability of nuclear power was demonstrated during the 1950's, first
in Europe, then in the United States. The first commercial nuclear plant
was the Shippingport reactor built in 1957--a 60 MW PWR. [n 1960,
Dresden 1 began operation for Commonwealth Edison. It was a 200 MW BWR.

Most commonly nused nuclear reactors in the United States are called
the "Light Water Reactors" since they use ordinary water as coolant. Two
types of LWRs are the Boiling Water Reactor (BW4R) and Pressurized Water
Reactor (PWR). In a BWR, water passes through the fuel core and is
allowed to boil into steam, which in turn is run through the turbine to
generate electricity. The condensate steam is then returned to the reac-
tor as ordinary water. In a PWR, water is held under higher pressure to
prevent boiling. Heat from the préssurized water is extracted by a steam

generator. This steam then is run through a turbine to qgenerate
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electricity. In a PWR, the water from a reactor does not run through
the full steam cycle. In general, therefore, in a PWR the radioactive
area is confined to the reactor building while in a BWR, the balance of
the plant (BOP) also is exposed to a radioactive environment.

The early nuclear reactors built for submarine and experimental uses
were of PWR design. In 1960, General Electric designed and constructed
the first BWR at Dresden. Since then, the two designs have been almost
evenly distributed--with slight preference for PWR's. Utilities with
mul tiple plants, such as Commonwealth Edison and TVA, have maintajned a
mix of both types. Some consider PWR's as a more proven design.
Construction-wise, they appear to be equally complex.

The major suppliers of nuclear reactors in the U.S. were
Westinghouse, Cabcock & Wilcox, Combustion Engineering and General
Electric. GE is the sole supplier of BWR reactors. An NSSS system is
the basic nuclear plant component consisting of a reactor vessel and the
auxiliary systems, e.qg., primary cooling system. In the early 60's, NSSS
suppliers were promoting commercial nuclear power by offering turnkey
projects; i.e., they will design, build and start the nuclear units for a
fixed price. Often they will subsidize the projects and assume all risks
in order to encourage nuclear power in the utility industry. Several
utilities took advantage of such promotional offers.

In the late 1960's, recognizing that industry was beginning to
mature and to minimize their risks, the NSSS suppliers discontinued the
turnkey projects. They were also feeling pressures from other design and
construction firms that NSSS suppliers were getting too big a piece of
the action out of the growing and profitable nuclear pie. The major NSSS

suppliers, therefore, no longer offered to design and build the entire
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power plants. The utilities had to separately contract for AE, construc-
tion and component vendors. The nuclear industry, however, continued to
grow at a rapid pace. In 19€6-67, 51 new units were ordered. Units
built up to 1970 were in the 400 to 800 MW range. In 1968, the larger
size up to 1,250 MW were being ordered.

Nuclear units built and operational in 1970 cost an average of
$200/kw with construction duration of about 50 months. For planning pur-
poses, utilities were assuming a $250/kw and 50-60 month construction
schedule for plants operational by 1975. It appears that given the rela-
tive prosperity and stability of the eiectric industry, these were reason-
able rough estimates. By January 1970, there were 16 operating plants
with more than 5000 MW capacity, 69 were under construction and a total
of 101 units had been ordered. Between January 19/0 and January 1973,
seventy-three new NSSS orders were placed. The booming nuclear industry
also c~eated critical demand for qua1if1ed engineers, project managers,
welders, quality assurance personnel, planners, and construction craft
people. In many cases, demand exceeded supply, and turnover became a
serious concern impacting projects including Fermi 2.

Demand for skilled manpower, material and general inflation affacted
construction costs and schedules throughout the industry. Vendors were
unable to meet delivery schedules, large AE firms were turning down jobs.

The period 1975-1980 was the most critical for the nuclear industry
in the United States. The climate for new nuclear power plants declined
rapidly and by 1980 had ccmpletely soured and come to a virtual halt.

A number of factors contributed to this development.
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1973-74 0i1 Embargo

Rapid escalation in 0il prices and subsequent emphasis on
conservation lessened demand for all energy. Ironically,
to prevent future embargoes energy independence was
emphasized, 1eading to construction of more nuclear
plants. Nuclear power was considered as America's answer
to 0il embargoes. A3 it turned out, the result of the oil
embargo was sharply higher energy prices, unprecedented
inflation and interest rates, which adversely affected
labor, construction and material costs--main input factors

of a nuclear project.

Concern for Public Safety and Environment

The growing environmental concerns subsequent to passage
of NEPA in 1970, began to concentrate on nuclear power.

[n 1971, the Calvert C1iff decision requiring environmen-
tal impact statements (EIS) for nuclear projects added a
new dimension to nuclear licensing. The thermal discharge
into lakes and rivers was severely restricted and moni-
tored. The two major issues raised by nuclear opponents
were nuclear proliferation and nuclear waste disposal.

The fear of sabotage, theft and international terrorist
acts involving deadly nuclear material were a prime con-
cern. This also created opposition to the nuclear repro-
cessing option which would have improved the economics of
nuclear power. In 1977, the Carter Administration decided

against nuclear reprocessing options in response to the
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critics. In 1981, President Reagan lifted this ban. No
reprocessing, however, has taken place due to political

and econcmic uncertainties.

Nuclear waste disposal has been a far more nagqing and
touchy issue. There are no facilities for permanent
disposal of high-level, radioactive, toxic wastes produced at
commercial nuciear plants. Currently, the spent nuclear
wastes are stored on-site, in fuel pools, in hope of even-
tual permanent disposal at a geologic facility. The
wastes contain extremely "hot" plutonium and other
material which will remain radicactive for thousands of
years. Special sites must be located and built for this
purpose. States are reluctant to allow these facilities
to be built on their lands. It is a national issue.
Inability to develop permanent storage has caused some
stat~-, such as Wisconsin ard California, to ban further

development of nuclear power in their states.

In 1982, a significant step was taken in this direction.
The Federal government has offered to take charge and
responsibility for permanent storage and maintenance of
waste disposal. While this helps the current nuclear
plants, it may be too late for the revival of the nuclear

industry.
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Licensing and Regulation

The Atomic Energy Commission (AEC) was created in the
1950"s to license and regulate construction and operation
of power plants. Their primary purpose was to ensure pro-
tection of public health and safety. Title 10 of the
Federal Code of ~egulations prepared in 1957, had two
important sections, (a) 10CFR50: Domestic licensing of
production and utilization facilities; and (b) LOCFR?20:
Standards for protestion against radiation. These were
the two basic documents guiding the nuclear industry. 1In
1971, there was a major code revision and AEC published
10CFRS0 Appendix A: General Design Criteria. About this
time, the AEC also began issuing regulatory guides,
interpretation, bulletins and other criteria. The number
of regulatory guides grew rapidly in the period 1970
through 1978, 1In 1977, after the Browns Ferry accident,
the NRC issued Appendix R: Separation Criteria for Fire
Protection. While, by 1978 the total new juides and
requlations began to taper off, the intensity of NRC

enforcement and attention increased significantly.

[n 1974, the AEC was reorganized to separate the regula-
tory function from the nuclear promotion function. The
former function was vested with the Nuclear Regulatory

Commission (NRC).
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The rapid growth and expanded enforcement activities

the NRC have had significant impact on cost and constr

NS

.

tion duration of nuclear plants. It has also reduced the
economic advantages of nuclear power over other 1] ter-

natives.

v

lesides its own rules, there are other groups, agencies
ind institutional standards that are applied to the
nuclear industry by the NRC. These include ASM
Standards, ANSI, AWS (American Welding Society) and
Formed after the Three Mile Island (TMI) inc ident, the

titute of Nuclear Power Operations (INPO) is an
industry owners organization performing sel f-evaluation
and operations performance criteria. Recently, the WR
has insisted on Independent Design Verification

~ritical systems to ensure safety of as-built equipment.

Nuclear Events

In the period 1975-80, two major nuclear accidents
severely crippled the nuclear development. In 1975,

occurred at the TVA's Browns Ferry Unit in Alabama. The

fire in the cable room damaged important control cables.

The fire was brought under control and the plant safely

shut down. But the accident brought to light some Dbasic
shortcomings in the design of the cable room and electri-
cal systems. The MNRC issued Appendix R, mandating exten-

sive redesign and use of cable separation criteria for

fire protection and safe plant shutdown controls.




Browns Ferry was the first major accident at a commercial
nuclear plant. Although no one was injured and no
radiation leaked, | ublic fear and concern for nuclear

power safety increased.

The second, and psychologically much more damaging, was
the accident at Metropolitan Edison's Three Mile Island

Unit 2, near Harrisburg, Pennsylvania in March, 1979.

At TMI, a relatively minor mechanical failure was agqgra-
vated by human misjudgment and interference. The critical
core cooling water levels were alluowed to fall, uncovering
the core for a brief period and destroying all the fuel.
Mcre importantly, operators and experts were unable to
judge the condition of the plant for several days, and
large quantities of radioactive water ard gases were
allowed to leak. Fear of a hydrogen bubcle explosion
(Tater found to be false and theoretically impossible),
inadequate plans for evacuation of population, and lack of
communication by the utility all contributed to a major

nuclear catastrophe.

Perhaps the most significant impact of the TMI accident
was not what it did to the public in real terms, but what
it did to the utility - General Public Utility - and to
the industry as a whole. The accident was an economic

disaster for GPU.
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The massive clean-up effort, still in progress, may run
upwards of a billion dollars. The replacement power COsts
amounts to several million dollars per month. The undamaged
sister unit, T™I-1, could not be operated--the NRC would

not permit it. What was at first a minor series of opera-

tor errors had brought economic ruin to the utility.

The effect on utilities operating or building nuclear
units was also severe, particularly on the latter ones.
The NRC came back with a vengeance requiring new criteria
for operator training and procedures, control room modifi-
cations, Emergency Response Information Systems (ERIS).
The NRC came up with a 500-page TMI action plan. In the
meantime, new licensing activities were stopped to make an
assessment of the nuclear industry. The worst affected
were the plants under construction and ready to receive an

operating license--Fermi 2 among them.

The industry itself got a rude awakening of the woefully
inadequate and complacent operating procedures--which
could self-destruct a utility. Industry groups such as
INPO, and the Nuclear Safety Analysis Center (NSAC) were
formed to develop self-evaluation programs. Out of fear
of economic ruin, an industry-owned insurance group was

also formed.

Browns Ferry and Tiil were illustrative to the industry
that a new thinking was in order. The former was an acci-

dent started by human error but solved by Automatic Scram
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Controls. The latter was a svstem failure, turned into 3

disaster by human interference.

The primary economic advantage of nuclear power over
fossil-plants is the relatively low operating costs.
However, this presumes high operating capacity factors.
The history of nuclear operations has demonstrated less
than satisfactory performance. Some plants have been shut
down for long periods due to retrofits, regulatory
required maintenance and general equipment problems, e.q.,
tube failures. defective equipment and long lead time of
critical parts, resulting in costly downtime. In their
economic analysis, capacity factors of 65% or higher were
assumed. The average industry experience has been in the
mid 50's. Moreover, security, safety and other sur-
veillance requirements have significantly added to the
operating costs of nuclear power plants, further reducing

their economic advantage.

The problems listed above have created uncertainty for the
future of the nuclear industry. Operating plants are
operating under a constant threat of new regulations or
costly operator errors; utilities with units under
construction are struggling to complete and operate the
units so as to stop revenue drain, AFUDC and start earning
on their investment. No utility is even conceiving of
starting a new nuclear project under the current con-

ditions.
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In what may be the ultimate irony, the economic outlook for a new
nuclear project is more favorable today than it has been any time in the
past ten years. This is for a variety of reasons. The inflation rate
has slowed down considerably. The economic recession ard unemployment
has led to a surplus of skilled labor. The large constructors and At
firms are begging for projects. Finally, and most importantly, NRC requ-
lation, although a lot more stringent, is relatively stable and less
uncertain. A1l these conditions, in our judgement, are favorable for
nuclear projects. Yet the shock of recent experience will keep any pru-

dent utility from venturing into nuclear units for years to come.

C. Fermi 2 Project Evolution

Prior to announcing Fermmi 2, Edison had evaluated bids for 800 Md
PWR and 1,100 MW BWR units from four NSSS suppliers. The basic parame-
ters were evaluated by a high-power Engineering Committee. Input to this
committee was provided by the Generation Engineering Department of
Detroit Edison. An independent AE firm of Sargent & Lundy (S&L) was also
asked to evaluate the various bids.

In August 1968, Detroit Edison placed an order for a 1,154-Md BWR
unit with GE with the option to buy a second unit (Fermi 3)--the unit was
later upgraded to 1,200 MW. This GE unit is one of the eariiest designs
known as Mark I/BWR 4. This decision, Edison claims, was based on the
excellent operating experience at GE's Dresden 1 unit owned by

Commonwealth Edison, since 1960. Other factors considered were:
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short construction cycle of 4 to 5 years.
- lower purchased price based on comparative bids.
- to stay with the proven design (Mark I/BWR 4), even though GE was

developing and offering a newer design.

DE considered a BWR more reliable over a PWR from an operations
and maintenance perspective due to higher operating pressures and
use of steam generators in a PWR.

The NSSS decision shall be analyzed in detail in the following
chapters.

The turbine-generator order was placed for a 1200 MW unit with
English Electric Ltd. of England in 1969. At least 5 other bids were
evaluated based on price, experience and financial status of the vendor
before selecting English Electric. Although, English Electric offered a
definite price advantage over other bids, this was the first such large
size TG being built by English Electric.

The Edison decision was at some risk as to the performance of the
unit. Further evaluation of this later.

Early in the project, Edison decided that construction of Fermi 2
should be 4a.signed to a general contractor. Detroit Edison selected
Ralph M. Parsons, a large construction firm with vast experience in
petroleum and industrial projects, the Titan Missile program and other
defense programs. Parsons had a good riputation in the business.
Parsons was given responsibility for developing detailed cost estimates,
scheduling, subcontractor bids and project Quality Control program. As
it turned out later, Detroit Edison reversed itself and went to a

construction manager concept, directly contracted for construction, took
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over the QA program and terminated Parsons' contract. The decision, which
we consider significant, will be analyzed in detail.

Detroit Edison felt confident that it had a large pool of skilled
and qualified engineers with experience in power plant design. Most
recently, they had designed their four Monroe units--3,200 MW coal
plant. With concept design from GE on NSSS and auxiliary systems and
some assistance from ocutside AE firms on specialty jobs, Edison felt that
they could handle the design and engineering functions. One of the key
factors in this decision was that by being their own AE, they would develop
intimate knowledge and understanding of the plant, a definite asset when
in the operations/maintenance mode. Further, with more nuclear projects
planned down the road, Edison was developing a formidable engineering
force with nuclear expertise. The decision was made to be their own
architect engineers. It was a deviation from industry practice at the
time. This decision was one of the most critical and overambitious. OE
had underectimated the task and overestimated its capability. But more
on this in the next cnapter. Unlike the construction decision, Detroit
Edison remained its own AE throughout the project.

In November 1968, a Project Management Organization was formed, with
Mr. Walter McCarthy (the current Chairman of the Board) as the Project
Manager.

In April 1969, the Project Organization prepared and submitted the
Preliminary Cafety Analysis Report (PSAR) to the AEC. PSAR is the prin-
cipal document laid out by the utility building a nuclear - wer plant.

It provides considerable detail of the project parameters, site suitabi-

lity, design criteria, safety Snd emergency procedurés and detailed
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operating procedures. The PSAR runs into S5-volumes for
hasic written document to corvince the AEC that the util
construct and safely operate a light-water reactor at the chosen
Throughout, the project PSAR is updated. The final revision of
called Final Safety Analysis Report (FSAR), is prepared towards comple-
tion of the project.

In April 1969, Edison applied for a construction permit. Soon after
submission of the PSAR, Edison started site preparation work. nder a

»

imited Work Authorization from the AEC, all below grade work could
be done by Edison at its own risk.
In December 1970, a suit was filed with the AEC by environmentalists

laiming that the 1970 Environmental Protection Act required, among other

things, that an Environmental Impact Statement must accompany

cation for a nuclear power plant. Specifically, they brought

of Calvert C1iff Nuclear Unit under construction by Baltimo
lectric. The court ruling ly 1971, in favor of envir
1gnificant impact on nuclear construction permits
Pending a construction permit, Fdison was re-asse
parameters. 0One of the major reviews was in the
ndenser steam.
The original Fermi desiqn was based on nce-thru
» UsIng Lake Erie as the heat sink. Concern for

U

ind impact on "‘r‘“.i']k‘ ':1fn ‘;!"'. fj!-—)‘\n t) hel jeve *’M”” the emer 11 ng
‘equlations would not permit lake discharge. Edison considered other

1lternatives including a series of spray pond systems.

dison decided to build the natural draft coolinc




Closed Cycle Cooling System. This decision required major adjustments

in the turbine generator operating conditions and the system output. The
cooling tower decision was a major revision in the project which added to
the cost, permited delay and plant derating. It will be analyzed in
greater detail in the following chapters.

In October 1970, Detroit Edison was grante4 limited work authoriza-
tion to proceed with construction at its own risk on all systems and work
below grade. Detroit Edison started furiously working on substructures
for the reactor building, circulating water system, turbine house, and
other auxiliary structures. Photographs taken during the period show
construction activity going on at a rapid pace. The construction activity
continued on the erection of the turbine, reactor and auxiliary buildings
and drywell pedestal during 1971-72.

In October 1972, the Fermi Project received an AEC construction
permit. It is the company contention that, typically, the AEC construc-
tion permit as expected in 12 to 15 months. Oue to environmental
reasons and the Calvert Cl1iff decision, the Fermi permit was delayed by
at least 30 months. This delay, Edison claims, forced them to reset
their schedule for completion of the plant to April 1975 from February
1974. Further, Edison claims that, due to this delay, it became subject
to many new regulations from the AEC.

The Staff has analyzed the construction permit delays and they will
be discussed in this report. It suffices to say, for now, that there was
significant construction activity taking place, perding a construction
permit. This is further evidenced from the fact that in April 1972,

Detroit Edison submitted a 10CFR50.55(e) violation, reporting cracks in
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the reactor building base slabs. The issue was closed out in November
1972. Prior to issuing the constructicn permit AEC had cited 12 PSAR
open items which must be addressed by Edison.

Bulk construction continued into 1973 pursuant to AEC authorization.
This period also saw a rapid growth in regulatory enforcement.
Environmentalists with recent victory in Calvert Cliff were having an
increasing impact on AEC thinking. The AEC was showing mcre serious
interest on specific system design and construction methods. Requlatory
quides were developed suggesting more specific solutions to design and
construction problems. While not mandatory, regulatory guides were a
strong recommendation and the project not following these must develop
alternate methods acceptable to the AEC. While the AEC was ratcheting
new regulations on some utilities, Fermi specifically was exempted from
compliance with specific requlatory guides. In the most part, however,
it appears that DECO attempted to comply with the guides. This issue
merits further analysis.

During 1973-74, Edison was preparing to resolve PSAR open items
including: Residential Heat Removal (RHR) system design and construc-
tion; radiological releases/source term calculation; design of sacrifi-
cial shield; Beach Barrier Design; Recirculation Pump/Motor overspeed
missile; protection of spent fuel pool, etc. Fdison engineers were busy
in this period designing and redesigning systems to satisfy AEC. One of
the key systems: Residual Heat Removal (RHR) systems was a major issue
to be resolved. Initially, Detroit Edison's thought was to use the lake
as the ultimate heat sink, but abandoned the idea. The AEC was not con-
vinced that the lake would provide adequate water for RHR cooling. Next,

a 50-acre pond was considered but again rejected on the grounds that such
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a pond could not withstand a postulated 50-ft. tidal wave and seismic
conditions. Finally, Edison selected a RHR pond with mechanical draft
cooling towers placed in an enclosed, separate building, designed to meet
seismic standards. Fermi 2, it turns out, ended up with one of the most
expensive RHR cooling systems in the industry. It, however, took advan-
tage of the RHR design by housing the Emergency Diesel Generators (EDG)
in the same building.

By the end of 1973, Edison had spent $212 million, with an estimated
$300 million to go. Estimated project construction was 47% complete
with engineering 65% completed.

One of the major restraints to field construction progress was that
the enginee“ing activities were falling behind. DE was beginning to find
that engineering complexities and issue resolution were taking much
longer and manpower resources were inadequate both in size and technical
expertise. There was also a general shortage of manpower in the nuclear
design area. Major portions of work were being contracted out to con-
sultant firms such as Sargent & Lundy and, later, Stone & Webster.
Designs for an auxiliary boiler house, turbine building structural steel,
reactor building and particularly the hangar design were seriously
impacting the project schedule and the cost.

At the same time, Edison was devoting considerable engineering
effort to prepare PSAR for the Enrico Fermi 3 unit which was in the
concept stages. Since the ©F3 design had major deviations from EF2, for
instance, the Mark-1 reactor was changed to Mark-3; a major new effort
was being devoted to the EF3 project. A separate Project Management
Organization was announced for EF3. It appears that EF3 put a further
strain on a severely taxed engineering organization and some impact on

EF2 progress.
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Another problem area in 1973-74 was *he delay in procurement and
delivery of the major equipment and components. There were delays of
several months in deliveries of pipe hangars, valves, 1-R condenser
tubes, control panels, nuclear piping, etc. Material shortages at
Bethlehem Steel Corp. were causing allocation and delays in resteel for
RHR and other buildings. Expediting functions were strengthened, but
with little success. Energy shortages in England caused manufacturing
delays in the turbine-generator.

Detroit Edison was also getting concerned regarding the project
management, particularly in the area of quality control, scheduling,
~lanning and project controls. By now, the schedule completion dates
had been revised to April 1978.

In 1974, the Fermi project went through several major changes.

Daniel International, a large construction management organization,
was hired to perform a review of the project management organization and
various functions, estimate the percentage of completion, and to recom-
mend changes in the project to improve performance. Daniel recommen-
dations, which will be discussed in some detail later, included
correcting serious deficiencies in the project planning and scheduling,
engineering and ,~ccuremert areas.

In July 1974, Edison decided to termminate Parsons as general
contractor and hired Daniel International as the construction manager
with ovorall responsibility for project planning, scheduling, contract
administration and construction. Quality assurance was also a Daniel
responsibility. Daniel, who was near completing the James A, Farley
Nuclear Unit at Alabama Power, was considered'a strong construction manage-

ment organization with a good quality assurance program. Also, Detroit
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Edison wanted to have more direct involvement in the project; selection
of contractors, quality assurance and safety issues. The two functions
not the responsibility of Daniel, however, were purchasing and engineering.

In 1974, Edison was also faced with serious financial conditions.

In April 1974, Consolidated Edison shook the utility industry and invest-
ment community by skipping their regular common stock dividend. This
spread doubts about the financial integrity of many electric utilities,
especially those with large construction programs and oil generation.
Detroit Edison, caught in this crisis, found itself in a serious cash
crunch and decided to severely cut down on its capital programs. At this
time, Edison was in the middle of several major projects: Fermi 2,
Monroe 4, Greenwood 1, Superior Coal Dock, with Greenwood 2 & 3, Fermi 3,
and Belle River 1 & 2 in the planning stages.

Detroit Edison claims that it was facing serious financial problems
for several reasons, principal among them: inadequate rate relief, a
credit squeeze from Wall Street, high fuel bills, and large construction
expenditures.

Detroit Edison's top management decided to stop active construction
indefinitely. The in-house engineering effort was to continue, however.
The decision to halt construction had the most telling effect on project
personnel, contractors and craft. Many fixed price contracts had to be
cancelled with a heavy penalty, or reneqotiated as cost reimbursable;
much of the equipment under scheduled delivery had to be warehoused,
often in inadequate, unprotected condition. Many skilled laborers,
welders, electricians, and quality control inspectors had to be let go.
Warranties on many components were allowed to expire--DE found it cheaper

than to continue service warranties. Vendors such as GE insisted on
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delivery of components as per schedu e and maintenance
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completion of reactor building (12/76).

turbine-generator received from English Electric (7/76).
cancelled Fermi 3 unit (6/75).

negotiated sale of 20% interest in Fermi 2 to
Northern-Michigan and Wolverine Electric Cooperatives. (Now

merged as Wolverine Power Corp).

In the same period, several outside regulatory events also affected

the project:

fire at Browns Ferry lasting 8 hours and destroying 1,600 cables
resulting in extensive separation criteria for redundant cable
systems through Std-Review Plan and Appendix R.

Rassmussen study on Reactor Safety was issued, criticized and
finally disowned by AEC.

AEC itself was reorganized into NRC and ERDA.

protest resignations of 3 GE nuclear engineers, an NRC safety
inspector at Indianpoint 3, and resignations of AEC chairman,
commissioners and several NRC safety experts brought to much
public attention problems within the nuclear industry and NRC
enforcement. Congress raised issue of nuclear waste,
Price-Anderson Act, non-proliferation, etc.

NRC issued several new regulations and regulatory quides to
supposedly improve plant safety, missile and pipe break protec-

tion from internal accidents.

It was estimated by Edison that construction shutdown and restora-

tion would add at least $200 million to the project. Subsequent estimates,

when all direct and indirect impacts are considered, may exceed

$1 billion. At the time of shutdown, Edison estimated that the project
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was 43% complete with engineering about 70% done. Fdison had planned to
utilize the shutdown period to prepare more complete engineering packages.
This would allow them to offer hard money contracts to constructors.
Ironically, after the project resumed, most current hard money contracts
were switched to cost plus.

Prior to shutdown, Mr. Wayne Jens, now V.P. for Nuclear Operations,
was the Project Manager. In 1976, Mr. William Fahrner became the Project
Manager. He continues as PM till this day.

Construction resumed at the Fermi site in February 1977. The
revised estimate was in the range of $900 million with a completion date
of September 1980. This is, in our view, the first definitive project
estimate.

By the end of 1977, Edison reported 57% completion and actual expen-
ditures of $515 million. The progress rate in this period was an accep-
table 1.4% per month. (Generally, 1.5% completion per month is con-
sidered satisfactory in the nuclear construction. EF2 has had overall
rate of about .75%.)

Construction activity picked up steadilv in 1978-79. However, it
was being seriously hampered by lack of engineering support. The project
was running on so-called "hand-to-mouth" operation, as fa~ as engineering
and construction activities, i.e., construction was often held up for
lack of engineering output. This was particularly so in the pipe and
hangar design and the electrical areas. The craft productivity was
dropping, hangar redesign was running as high as 25%, occassionally
approaching a rejection ri.e of 50 to 60%. Temporary tubing and hangars

were being installed to proceed with construction in many areas.
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During this period, allegations were raised in the media against the
project management for improper verification of piping material, hiring
of unqualified personnel and even doctoring of some documents.

Edison in,tituted its own investigation to look into the allega-
tions. The NRC alsc investigated the "falsified document" charge and
found them baseless.

The schedule was steadily falling behind as productivity dropped,
and there was general "low morale" on the project, tension between
engineering and construction was growing. Many contractors who were
earlier on a fixed cost basis now demanded and got cost reimbursible terms.

Due to a large number of contractors on the site, there was a problem
with coordinating their activities and in allocating work priorities.

Between March 1977 and December 1979, the project cost estimate was
revised from $894 million to $1.3 billion. The schedule, however, was
revised to a March 1982, commercial operation date. The project's physi-
cal completion was reported as 82% by June, 1979. Between June, 1978 -
June, 1979, 12% progress was achieved. This rate, though less than
1977-78, if it could be maintained, would have made 1982 C.0.D. achievable.

The project was preparing for start-up and pre-operational testing
activities. For this purpose, system scoping packages were being pre-
pared to explain to construction and design groups the system concepts as
opposed to bulk constructin. It is typical in a project at a 75-80%
completion point that the project switcl from a bulk construction into
system mode. In 1978, the project prepared a material identification
system called CCS - Component Control System. For the first time, the
start-up activities were being integrated into the construction and

engineering activities.
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[t seems that the start-up concept started quite early in the pro-
ject. In 1973, Edison prepared the start-up manual and the start-up
group was formed in 1974 to scope out the systems. The shutdown s)owed
these efforts, however. Edison's manual was used at the Shoreham Nuclear
Plant during the Fermi shutdown and was brought back in 1977. There
appeared to be some resistance in the Construction Organization to
embrace the system approach while the conscruction was going on.

The start-up and pre-op testing is a critical stage in the life of
nuclear plant construction. Edison, it appears, was keenly aware of the
importance, criticality and complexity of this phase. There are several
approaches one may take to accomplish this task. Since the bulk of the
project had been completed with attendant investment, the start-up
actions have to be not only technically sound, but must be done effi-
ciently to minimize delays. The initial Edison approach was to perform
the bulk of the start-up function by in-house personnel. As it turned
out, Edison had to hire a considerable amount of outside expert help.
Start-up has been for the past year or so, and is today, the single most
critical path item to the project completion. How well the Fermi project
handled this task, and what were the major roadblocks and restraints will
be analyzed in detail.

A major setback to the project was the accident at Three Mile Island
in March 1979, While the NRC was preparing its own action plan, Detroit
Edison established a New Issues Task Force to assess the impact of ™I on
the Fermi project. With the help of Stone & Webster, the engineering
consulting firm, the Edison Nuclear Operations group fdentified 289 items
impacting Fermi. Undoubtedly, TMI hurt Fermi at a very sensitive stage

of construction. The NRC suspended all licensing activities while it
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developed the response to TMI. The Fermi operating license, under NRC
review, was caught in this post-TMI whirlwind.

Edison made a reassessment of cost and schedule in December 1979,
and estimated that as a result of TMI, plant cost would be at least
$1.3 billion and would be completed after March 1982. Further, there
was the strong likelihood that both the cost and schedule could rise much
higher. The true impact of TMI on Fermi, however, became more clear in
1980 and 1981.

In 1979, Edison management expressed deep concern about the
progress, direction and status of the project. It was becoming a drain
on its financial and manpower resources, while showing no light at the
end of the tunnel. The project was experiencing serious turnover of
skilled personnel. The TMI accident only heightened this concern. The
Company management hired an outside consulting firm, Management Analysis
Corporation (MAC), to perform a diagnosis of the project and recommend
imprévements.

The consultant group identified some basic weaknesses in the organi-
zational structures, engineering functions, planning and scheduling, quality
assurance and the start-up functions. Among the major recommendations:

- move the project management office to the site.

- simplify the agproval authority level.

- greater field engineering support.

- more rigorous performance evaluation of contractors and greater

supervision of their work activities.

- evaluate cost projections and establish a prioritized systems

plan based on financial considerations. Nverall fmprove effec-

tiveness on the job.
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greater accountability from construction manager (DIC).

- clarify the roles of CM, owner and contractors. Greater

involvement and committment of upper management to the project.

- better project control, use of CPM network to improe planning

and scheduling functions.

- strengthen QA/QC functions and emphasize need for good 0A

program on the project.

Fermi PMO was reorganized in 1980. The most significant change was
that the QA organization was brought under the direct Detroit Edison
umbrella--previously a Daniel responsibility. Also, the field engineering
effort was strengthened. More Project Management personnel were brought
on the site.

As the project moved towards completion in 1980, Edison began a
systematic program of equipment and component inspection, necessary prior
to the pre-operational testing. The Fermi project had been in progress
almost 12 years. Much of the equipment had been delivered in the early
1970"s based on the 1974 operational date. During shutdown, equipment
was heing received and stored without adequate warehouse facilities,
Fquipment installed had not been turned over for § to 10 years. Ouring
shutdown, Edison made a conscious decision to only maintain the major
equipment based on cost-benefit analysis. Threshhold was $10,000 cost
i tem, |

In 1980, Edison started a massive effort of refurbishing the equip-
ment. This inspection program also discovered numerous equipment
deficiencies, performance and design deficiencies and general material

degradations. Many components had to be refurbished in the warehouse or



in the laydown areas prior to installation. Construction and the inspec-
tion activities had to leapfrog and often interfere with each other.
Defective equipment had to be replaced--often impacting schedule due to
long lead times. It was an agonizing, massive effort to upgrade the com-
ponents and bring them into acceptable condition. In some cases, as in
“Limitorque” motor operated valves, equipment had to be upgraded to meet
the new environmental qualification standards. This applies to non-
metallic material used in the valves and its inability to withstand harsh
environment. Some defective equipment such as polishing demineralizer,
MSIV, and core spray pump was attributed to manufacturing defects and
backcnarged to the vendor. By and large, the refurbishment program was
extensive, expensive and impacted the start-up schedule. A detailed
analysis will be performed on this issue.

In 1980, a team of Edison internal auditors issued a report on their
investigation of the allegations on ABC's "20/20" and the local Bill
Bonds show. The report found:

- Some improprieties in hiring practices by local hiring agents.

- Serious problems in hangar design, excessive rework, and redesign
holding up progress. No adequate control on design process.

- Serious problems with document control and inadequate paperwork
associated with construction.

- The electrical contractor's performance on cable pulling was
seriously questioned. Investigation found Comstock was pulling
cables too tight, stretching to fit the terminations. A pro-
fessor from the University of Michigan was hired to further
look into this aI\eqation; A significant rework resulted from
this finding.
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Although Edison claimed that Fermi was its top priority, the finan-
cial resources allocated to the Fermi Construction were often inadequate
to meet the scheduled operation date. This was especially so in the
craft area, As one senior management person indicated, whenever there
was a cash crunch, and there were several of these during 1979-80, man-
power levels ware reduced at Fermi 2. The Construction Manager (Daniel)
often complained of this inadequacy. For instance, a 2500 craft nee
recommended by Daniel was met only with about 1,100. Overtime on jol was
at a minimum. Edison has claimed that although adequate resources were
provided .o the project, the inadequate rate relief and earnings did pcse
budgetary constraints, affecting all projects.

Another effect of insufficiency was that the overheads on the pro-
ject increased in proportion to construction expenditures. So was the
ratio of non-manual to the manual on site, compared to a typical job.
This is further confirmed by the fact that percentage increase in
construction expenditure, in spite of all the rework, scope changes,
etc., is the lowest compared to other components such as engineering,
other overheads, nuclear operations, etc. We shall elaborate on this
further.

It must be said, in defense of the Company, that senior management
was getting seriously concerned about the direction and progress of the
project. This is evidenced from a number of investigations undertaken
both in-house and out-of-house. In 1978, the Project Services Section of
the Generation Construction Dept. conducted a project evaluation (Assign.
#264), under direction of the Manager of Construction. This evaluation
was done by three independent groups, including Bechtel. Construction

Managers from Commonwealth Edison were brought on site to make a field
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inspection and assessment of the work completed, rate of progress and
work to go. Edison also participated in a study ronducted by the
University of Texas, funded by D.0.E. to analyze the worker productivity
at the job site and identify problem areas. Edison’'s own internal
auditors and Daniel instituted work sampling studies to measure craft
productivity. The firm of Management Analysis Corporation (MAC) was
hired to perform periodic diagnostic assessments of the project. We
shall discuss these reviews and generic problem areas elsewhere. It is
sufficient to emphasize at this point that Edison management was con-
tinually assessing the project, taking actions to bring the project to a
completion. The PMO was extensively reorganized.

By the end of 1980, Edison reported about 80% construction comple-
tion. However, other events were happening affecting project completion.
High-level and low-level nuclear waste disposal became a controversial
issue. With banning of reprocessing fuel in 1977, much larger high-level
nuclear waste had to be stored away. At the same time, no satisfactorj
mode of permanent repositories were developed. Thus far, nuclear waste
from operating plants is being temporarily stored in fuel pools on-site.
These sites were getting filled and must be expanded. In 1982, Congress
passed the Nuclear Waste Policy Act to resolve the i<sue. The Department
of Energy will consider several sites including salt formations in the
Great Lakes as possible storage sites.

However, in 1980, due to the uncertainty in this area, Edison decided
to make extensive redesign and install high-density fuel racks to increass
the on-site capacity for spent fuel storage. This added capacity will
Tast until 1995,
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Similarly, the transpcrtation and burial problems for low-level
waste became a serious concern in 1980. This was one reason for Edison's
decision to modify the liquid and solid radwaste system. Also, an on-
site storage was built for this purpose. The new radwaste system would
greatly reduce the drumming needs ana eliminate liquid waste. It should
be noted that an on-site storage is not the common industry approach.

Also, seriously impacting the project progress were the new regula-
tions resulting from the TMI accident. At least 100 changes in design,
construction and operating procedures were recommended by the Edison task
force, set up two weeks after TMI. Major changes:

- Modification in control room instrument consoles and panels.

Computer analysis of accident data.

Containment inerting system to prevent Hy bubble during an
accident,

Sampling equipment in critical plant locations.

Standby feed water pump added as a backup to ECCS, to ensure

core coverage.
Additional fire walls.
- A new technical support center and emergency operating facility.
As will be discussed later, not all these changes are attributable
to TMI. Nevertheless, the plant design became much more complex. The
implementation of these design changes was even more difficult since
construction was essentially done. Retrofit and backfitting was costly

and time consuming. Further, worker productivity suffered due to demora-

lizing effects of rework, difficult access to areas, working around the

built areas, etc. In 1980, regulations and guidelines were also issuad

on enviromment qualifications of the safety equipment.




Eiectrical components, 2.9. cables, switches, motors, sensors,
breakers must be able to withstand harsh environments--both under normal
operation and emergency conditions. Many components not meeting these
qualifications had to be replaced--with far more expensive parts and with
long lead times. This program was integrated with the refurbishment
progran mentioned earlier.

A1l in all, 1980 was a critical year for the Fermi project. By the
end of 1980, the project schedule was revised to fuel load in December
1982 and C.0.D. in December 1983. The budget estimate of $1.8 billion
was soon *o be revised to $2.0 billion or more.

In 1981, Edison was getting alarmed and raising serious doubts
whether the project would be completed in the foreseeable future.

Systems supposedly completed and ready for testing were found having a
large number of components damaged, missing or needing refurbishment.
Punch list and pre-punchlist items were piling up: had 8,000 to 9,000
physical work items by mid-1981 and growing. Many items were to be
ordered with long lead times. The P/L completion rates were 255 of the
target rates. Hanger installation rates, especially for small bore
pipes, were extremely slow. Incomplete punch list was holding up initial
check-out and pre-op testing of components and system. Further, the
paperwork on completed systems was not being furnished. Problems were
also discovered in the RHR System, Control Rod Drive Assembly, Compressor
and Fire Protection System, In general, the systems were not being
turned over fast enough to the start-up group. Control room changes
alone required 20,000 mhrs.

In 1981, major construction was also going on in the radwaste modifi-

cation and on-site storage buildings. The project's top priority by the
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end of 1981 was to get the RPY hydro testing done. Project schedule
showed 27 week negativity.

Mr. Harry Tauber, V.P. in charge of Fermi, made a personal investi-
gation on the job to determine causes and cures for the frustration among
site personnel. He reassured the project that “it was not a disaster
though frustrating”. He expressed general optimism that the project can
be completed on schedule. Also, a team from MAC conducted another review
on how to improve the system turn-over. A number of actions were taken
as a result. The project was directed to prepare a task-by-task evalua-
tion of critical path items in order to eliminate delays and to get back
on target, i.e., December 1983 completion. The most significant change
was formation of a new crganization called System Completion Organization
(SCO). This was to act as an intermediate group between construction and
nuclear operations. The purpose of this group was to take over systems
which were complete or near complete, identify and tag the missing com-
ponents or physical activities remaining (called the punch list items),
and to develop a schedule for the P/L completion. Although this group
-ds not to do the construction, it would direct work to the appropriate
contractor and coordinate completion. To assist this organization,
experienced people were brought in who could target on specific activities.

Establishment of an organization such as SCO is a common practice on
a nuclear project as the project moves from bulk construction to system
completion. O0Other constructors, e.9., Bechtel and S & W, also use this
approach. However, it is critical to choose the right moment in the
phase of construction to establish SCO. First of all, one must have a

fairly accurate assessment of the project status. Second, if SCO is
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established too soon, it can be very disruptive to the construction
activity. Also, it takes away the accountability froum the responsible
¢ri.oractors, 4and the construction manager, in this case. Thirdly, turn-
over of systems should be phased in, rather than all at once. This way,
one can target on systems, identify generic deficiencies and plan comple-
tion. Taking all systems at once would merely transfer one construction
organization into another and dilute its efforts.

In our judgment, creation of SCO in November 1981 was a positive
step. As is expected, there was some resistance from the Construction
Manager (Daniel) to this, especially on its timing. Edison management
felt, and rightly so in our judgment, that it would be easier for the
Edison start-up group to take over systems, completed and screened by
Edison personnel (SCO was under Ediscn responsibility). Obviously, there
was some tension developing between Daniel and Edison site people.
Finally, the project was «aching a point where Daniel had to be phased
out and Edison was to ~xercise the ownership role.

A more detailed evaluation of the creation and implementation of the
SCO concept will come later. Other changes i 1981:

(a) Sizable increase in field engineerina support.

(b) Site Manager Mr. Syl Noetzel was brought in to assist in day-
to-day decision making. Daniel demanded this. OE also took
over Project Controls function.

In 1981, the project also faced a financial dilemma. Edison's
security case for financing construction in 1981-82 was approved by the
Michigan Public Service Commission in August 1981. The Commission
.decision was challenged by the State Attorney General and other interest

groups. A court stay order was placed on the Commission order. Edison
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could not proceed with financing plans until the matter was cleared up.
Detroit Edison faced a serious financial bind if tre case was decided
against the Company. As a precautionary action, a freeze was placed on
all niring at the remi project, overtime was reduced and other budgetary
limits were placed on the project. Funds from the Wolverine & Northern
Michigan Cooperatives kept Fermi g0oing. In November 1981, the Michigan
Supreme Court decided in favor of the Company. At issue was the con-
sideration of need for the project by the MPSC as part of the securities
proceedings. Intervenors argued that need and economic benefits vs. cost
must be determined befuore financial apprnaval is granted by the MPSC. The
Supreme Court ruled that while such a consideration is desirable, it must
be done at the start of the project, not a continuous review during each
security proceeding. Thus, the Supreme Court endorsed some form of "need
for power" procedures--under consideration in Michigan for several years,

Once the financiai uncertainty was 1ifted, project funding was
increased at Fermi. Also, in 1982, a significant milestone was reported
in successful completion of RPY hydro tests. Turnover of skilled person-
nel had also improved due to recession.

In September 1981, the Advisory Committee on Reactor Safety (ACRS)
issued a letter to the NRC generally favorable to the Fermi project. It
indicated no major problems affecting licensing. 1t, however, advisad
Fermi of the need to retain expert start-up personnel on the project even
after fuel load.

In February 1981, Senior Management set up a task force to study
construction options, e.g., delaying the projects, sale and retirement
of power plants. The task force recommended continuation of work at

Fermi and completion as planned.
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During 1982, efforts were shifted towards system completion and
start-up. In February, 1982, a full-scale exercise of radiological
emergency response plan was completed. In May, the turbine was placed on
turning gear for the first time and the first emergency diesel generator
was run. Systems were rapidly being transferred to start-up for testing;
38% of CAI0 and testing was reported complete, mostly in the non-safety
systems however.

Work was completed on the Technical Support Center and Office
Services building annex. Modifications to the radwaste system and the
on-site storage building were in progress and completed in early 1983.

By June, 1982, 91% project completion was reported.

In July, 1982, a major milestone was reached by successfully
completing RPV hydrostatic testing after a delay of almost two years.

For the first time, both cooling towers were run together at full flow.
Significant torus modification work, started since 1978, was completed.

In July, the Fermi 2 estimate and schedule was revised. The new
estimate was $2.35 billion with expected fuel load date of June 1983,
C.0.D. of November 1983. Favorable responses were received from the NRC,
Atomic Safety Licensing Board (ASLB) and the Atomic Safety Licensing
Appeals Board (ASLAB).

A second major milestone was reached in December 1982 with the suc-
cessful completion of Flow Induced Vibration Testing (FIVT).

Ninety-four percent physica' completion was reported by the end of 1982.

Several new and unresolved problems continued to impact work
progress and testing throughout 1982. Some of these included: drywel
" steel modifications, vibration in RHR pump, diesel generator wedge

problems, slab-over torus, rattlespace and cable tray hangar installations.
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A1l of these seriously impacted schedule. By July 1982, it had
slipped by at least six months. Moreover, each individual activity was
behind planned s:hedule. Once again, the schedule was revised
(unofficially though) to December 1983 fuel load. By now, Edison was
directly controlling major segments of the project through SCO, start-up
and direct contract administration (Bechtel, Comstock, etc.).

.n early 1983, Edison took a number of serious steps to meet the
December 1983 fuel load and to bring the problems to a successful resolu-
tion. Mr. W. Holland was brought on site in November 1982, to supervise
all construction, engineering and start-up activities. The size and
authority of the start-up group was expanded to drive the project.
Neficiencies in the start-up group were corrected by hiring a large
number of outside start-up experts from S & W, Bechtel, GE and others.

In 1983, Senior Management significantly increased its acention and
direct invclvement in the day-to-day decisions and site activities.

Plant walkdowns and management meetings increased in frequency. The
foard of Direcic+c were also taking more keen and individual interest in
the prioject activities. 0One formal Board of Directors meeting was held
at the site. All of this was designed to emphasize the seriousness and
importance that Edison Management placed on Fermi 2 completion. The
Staff gained first-hand knowledge of these actions as the investigation
team was on site during this period.

Significant progress was made in 1983 to reduce the number of punch
list items (23,000 to less than 5,000) and completion of instrument
contral work units. Edison also utilized the opportunity to perform IHSI
treatment of critical welds and a few other post-commercial activities.
Many contractors were being demobilized in anticipation of project

completion by the end of the year.
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An assistance audit by the Institute ot Nuclear Power Operations
(INPO), an industry self-evaluation group, pointed out several
deficiencies in the operator training program. Edison took immediate and
vigorous actions to beef up the program with very successful results.

In May, 1983, a new cost and schedule estimate was released,
although these were well known to the project personnel. The revised
official estimate was $2.7 billion with a December 1983 fuel load. Staff
discussions with the NRC resident inspectors and NRC reports indicated
less optimism. Their prediction was a probable fuel load date of June
1984. Edison Management, challenged the MRC position (Summary of
caseload Forecast Site Visit, June 7-9, 1983). The NRC, however,
expressed general optimism and stated that the plant is essentially
complete.

Good progress in testing, system completion and nuclear operations
readiness brought significant optimism to the project during August and
September of 1983, Although schedule slippage of two or three months was
still possible, the project was beginning to see the "light at the end of
the tunnel”. The first batch of fuel was brought and stored on site on
August 14, 1983. Successive batches were received over the next several
weeks. IHST treatment was successfully completed in less than budgeted
time and money

In April 1983, the Electric Cooperatives who owned a 20% share of
Fermi 2 and were currently paying their share of project costs eypressed
serious concerns as to the project completion. Further, they were

seeking a revision in the agreement to limit investment in the project.
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In July, the Co-Op agreerent was revised to incorporate the
following:

1. The level of Co-Op's investment will be frozen when the project

cost reaches $2.7 billion.

2. The Co-Op share will be correspondingly reduced if the project

cost exceeds $2.7 billion.

3. The buy-back agreement was modified to extend over a period of

15 years.

The Co-0p's suggestion of a capacity factor incentive provision was
rejected by Edison.

In October, 1983, the project received a setback in two critical path
areas. The arywell steel modification which had been ongoing in several
phases since 1982 was discovered to be far more extensive. Testing of
several systems must wait while the modifications in the drywell are
designed and installed. A large contingent of design engineers from
5 & L were brought on site to complete design work by December 1983,
Installation was to be complete by February 1984.)

A second persistent problem was the vibrations in the RHR pumps.
Earlier, Edison and GE had failed to isolate the cause of vibrations--
considered serious and unacceptable. Several "hit and miss" fixes were
propo.ed and adopted including bypass valves and ordering a new check
valve. Finally, problems were isolated in the pumps as the primary cause
of vibrations. In December 1983, *he pumps were being repaired in GE
facilities in Califurnia and expected to be delivered back at the site in
early 1984,
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In November 1983, Edison announced the last, and hopefully final,
estimate and schedule for Fermi 2. The revised cost estimate is $3.075
billion, fuel load of June 30, 1984 and commercial operation date of
December 1984. The plant is assumed to be 98% complete.

By now, Edison had run out of reasons and excuces for any further
delays. According to the Company pre s release arnnouncing the revised
schedule, the latest delay was not due to any regulaticns or outside
factors but directly related to the equipment, testing and start-up

procedures.
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CHAPTER 3: PROJECT MANAGEMENT, DECISIONS, PERFORMANCE AND CONTROLS
A. General

In this chapter, all of the issues identified in earlier chapters
are fully discussed in detail. During the course of the investigation,
the Staff learned of many new issues which have impacted the project per-
formance, cost and schedule. These have been identified and discussed.

As a general proposition, the Staff found three broad categories of

issues:

a) Issues which wer2 primarily decided by and within the control
of the Edison Management. Principal examples of this are:

- Pre-construction decisions such as selection of the system
configuration and the NSSS, major AE, vendors and contrac-
tors, and project organ zation.

- Financial and other resources employed on the project,
including construction sh.down, Co-Op agreement, etc.

- Senior Management role, involvement, philosophy and
overall commitment to the project.

b)  Issues which developed during the course of the project pri-
marily as a result of interaction of various events and deci-
sions which were directly or indirectly influenced by Detroit
Edison. Examples of this are:

- planning and scheduling functions

- engineering and design group performance

- worker productivity and performance
schedule and cost estimates, project delays, document

control, procu-ement functions and performance.
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c) “ne third cateqory of issues are those which occurred basically
due to outside events and which Edison could not control.
Edison role was limited only to a preper and adequate response.
Examples of this include:

- Regulatory changes: mandatory and suqgested (including
MPSC regulations).

- Three Mile Island and Browns Ferry accidents.

- Economic and financial conditions within the state and the
nation.

- Availability of skilled resources necessary for successful

completion of the task.

The three categories of issues are not mutually independent. On the
contrary, one set of conditions, say inflation and interest rates, can
strongly influence all other aspects of the project. It is useful,
however, to bear in mind the three classes Jf issues so that a separate,
but consistent, set of criteria is applied in evaluating different types
of issues. For instance, when judging the performance of the engineering
design group, factors such as experience, supervision and desiqgn control
functions are the dominant evaluation criteria and not the financial
restraints or availability of skilled trades.

In developing an issue, attempt has been made to present all
facts and viewpoints known to us. For this reason, issues may suffer
from extreme detail. In most cases, contrary pnsitions have been
discussed. The final Staff position on an issue is the judgement of the
Staff based on consideration of qll the factors. An effort has been made
to cite documents or other evidence in support of the position. In some

cases, personal opinions, observations, comments and recollections have
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formed the basis of Staff position--but only after the Staff is satisfied
through independent verification that the position is reasonable.

One difficulty in analyzing a project of this nature is the fact
that it has been going on for such a long duration. Many individuals
have worked on the project over the years. Recollection of events and
decisions is difficult and varies between individuals. Secondly, even
though the project has generated massive documentation of key decisions,
evaluations and discussions, many underlying factors, often the true
reasons for a decision, aay still be expressed through verbal com-
munications. The Senior Management confirmed during our interviews that
this was generally their style of involvement and decision making on
Fermi 2.

Finally, in recommending disallowances when an issue is found
imprudent, the Staff has exercised its best judgement to derive a reason-
able relationship between the level of disallowance and the nature and
degree of imprudency. In many cases, it has'been impossible to identify
the exact dollars associated with an issue. The Edison project people
have acknow'edged this inability. The Staff has, in many instances,
taken the second best apnroach and estimated the costs associated with an
issue. The Staff feels confident, however, of the reasonableness of its

estimates.
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B. Vendor/Contractor Selection and Perfcrmance

1. Pre-Construction Decisions, Engineering Committee

One of the most crucial phases in the nuclear project is the selec-
tion of major systems, equipment and the selection of vendors who can
supply such equipment. FEquipment must be selected on the basis of
safety, compatibility, performance and cost-effectiveness between alter-
nate choices. Similarly, criteria for vendor selection must be:
experience with similar jobs in size and quality assurance, reliabilitv
of performance to deliver equipment on time, ability to accommodate
design changes, ability to interpret and communicate with the owner,
constructor and quality control personnel and, above all, the overall
economic evaluation.

The choice of equipment and vendors for major systems was determined
very early in the Fermi 2 project. The evaluation process started in
1966, two years prior to announcement of the project. BRetween 1968-70,
most major equipment and vendors were selected and awarded. The eval-
uation of options was performed by the General Engineering Department of
the Company. Their evaluations were then presented to the high-powered
ilanagement Engineering Committee. Decisions of this committee were sub-
ject to approval by Mr. Walker Cisler, then chairman of Detroit Edison.
(See Engineering Committee minutes.)

Detroit Edison has the document “Enrico Fermi Project Procedures
Manual”. This manual details, among other things, the guidelines for
project procurement procedures. A key element of this procedure is prep-
aration of Purchase Analysis Review (PAR). This document must be pre- -
pared for every major contractor and vendor. It identifies the bid

process, the quotes and evaluation of bids, and final recommendations.
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The factors to be considered for bid .nalysis as listed on the PAR are:

Lowest price

Best quality

Past service

No competition

Replacemeny parts

Engineering preference

Delivery, and Management decision.

A detailed ranking order is developed for each vendor/contractor.
In the case of major equipment, although all these factors were con-
sidared, generally the final decision was done at the management level.

The PAR is a contract document which contains the history of the
contract, all change orders, budget provisions and actual expendi-
tures.

To evaluate the equipment and vendor selection process, we reviewed
reports of the Engineering Committee, presentations by the Generation
Engineering Task Force on Fermi and the PARs. We also interviewed
several persons who were associated with that phase of the project. In
general, we were impressed with the knowl edge of the technical details of
the Edison personnel.

The evaluations for system and equipment selection were quite
exhaustive and detailed, complete with cha‘'ts and tables. O0Often
discussions surrounded system optimization, economic effectiveness and
life cycle costing. The pros and cons of various options were laid out
clearly and thoroughly debated. (For examples of these, see Evaluation
of Cycle Optimization and Reactor feed-pump selection.) The fact that

senior Edison Management was engineering-oriented facilitated the com-

munication and understanding of the technical details. Decisions could
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be made rather promptly. Frequent use was made of outside experts and
consultants to independently evaluate the systems and equipment before
their seiection.

In our judgement, it was Edison philosophy to stay with the prioven
design with minimal deviations. This was a basic factor in choosing the
containment and vessel, steel vs. concrete structure, radwaste system,
feed water reheaters, demineralizers, etc. [t should be recoanized that
ictual design, construction and operating experience of the nuclear
industry was still quite limited in the late sixties. The licensed
suppliers of systems, equipment and installers were very few and offered
a narrow range of options. The cost estimates assumed for any economic
evaluation were not plant specific. Generally, the estimates on systems
and subsystems were derived from experience at other jobs--prorated for
size, scheduling, location, etc. At best, they were crude approximations.

Another guiding principle for design basis at Fermi 2 was that it
was to be designed as a stand-alone unit with no regard for an additiona)
unit. Fermi 3 was being conceived at the Fermi site, but not unti) 1980,
if then. This was made clear in a memorandum from Mr. W. J. sicCarthy to
the project task force, dated November 10, 1969. It reads:

“This is to confirm the conclusions reached at the

Engineering Commi ttee meeting of Nov. 8, 1969. These

conclusions are largely based on the present system

planning forecast which does not foresee a second light

water cooled reactor at Fermi site until 1980, if then.

These conclusions can be summarized as follows:

L. The capacities of equipment and systems provided for

Fermi 2 unit shall be selected without regard for
possible later addition of an adjacent light-

water-cooled reactor which might be able to share
some common equipment and systems with Fermi 2.

55



2. Design decisions on Fermi 2 shall be optimized on
the basis of a single self-contained unit, subject
to the proviso that no steps shall be taken in design
of Fermi 2 unit which foreclose or make extremely
awkward the possible later addition of, or efficient
combined operation with, an adjacent 1ight water cooled
reactor.”

The vendor selection was a broad based process. Bids were invited
from vendors who had dealt with Edison in the past, recommended by con-
sultants or had experience at other known jobs. Both domestic and
foreign vendors were invited. In some cases, unsolicited bids were sub-
mitted and accepted, as in the case of turbine generator - Westinghouse
and General Electric submitted such bids. In some cases, such as NS55
system, the choices were extremely limited.

The bid evaluation process was rather exhaustive, complete in detail
and considered first cost and operating features. Weights were given to
various factors and ranked. In our judgement, Edison Project Managers
did a reasonably good job of vendor selection. In this section, we shall
select a few major equipment and vendors and analyze their performance
in-depth, evaluate the erection phase, design deficiencies and overall
vendor performance, Project Management role, etc.

However, first, the following three examples which illustrate the
reasons for our general satisfaction with equipment vendor selection and

evaluation process. The examples are taken from the Engineering

Committee minutes.

1. Reactor Feed Pumps and Drives

Edison Project Engineering developed the design parameters. From
operating efficiency and reliability considerations, it was determined
that two pumps will be required to meet full load plus margin (15%).
Fach pump must be capable of supplying 65% of the two pump design point
(design graphs were presented and reviewed).
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Bids were requested of DelLaval, Byron-Jackson, Pacific and

Ingersoll-Rand. KSB, a German firm, asked to be allowed to
submit bids.

- Two alternate designs: diffuser design and double volute
design were submitted. KSB and Byron-Jackson submitted the
latter design.

- Edison preferred the diffuser type, as they generate and
transmit lesser pressure pulsations to interconnector piping.

- Next, material and performance characteristics of each pump
were compared for each bidder.

. - The experience record of each bidder was evaluated.
Byron-Jackson was the only bidder with pumps in actual
operation--six units at AEC facilitv in Hanford. DE was unable
to inspect these. B-J had 30 more units (5 tested) on order.
DelLaval had 18 units (2 tested) on order.

No other bidder had units in operation or on order.

B The cost comparisons, including allowance for fuel penalty,
showed that B-J was $1600 lower than DelLaval. Performance-
wise, DeLaval had the best efficiency.

The seleé:;;;-;F‘?EZEEEF'?;EEl;;mp was deferred until the turbine

drives were also evaluated.

The drive bids were obtained from GE & DeLaval. Westinghouse
declined to bid, while English Electric submitted a preliminary bid; the
detailed bid to be submitted by EE only if their offer looked
competitive--it did not.

Essentially, therefore, only GE and DeLaQal bids were evaluated in-

depth.




Both offered acceptable material, witi DelLaval having superior

casing with 12% chrome, compared to carbon steel casing from GE. The
double-flow exhaust design of DeLaal indicated better efficiency than
GE's single-exhaust. GE had far greater experience in the non-military
nuclear units, while DeLaval ad large navy and marine experience. Gt
offered a 12-month warranty from initial operation; DelLaval offered 13
months from the commercial operation.

Price-wise, DelLaval was $198,000 cheaper than GE. Further, it
offered a $21,000 discount if both feed pump and turbine were ordered
from DeLaval. Therefore, it offered about a $219,000 advantage over the
next bidder. Further, management determined that it was advantageous to
have both pumps and drives from one supplier (better communication,
inspection and responsibility). Thus, the decision was made 1n April
1970 to place an order for reactor pumps and drives with DeLaval, based on
performance and cost-effectiveness (it is useful to emphasize here that
differences of $100,000 or $200,000 appear rather minor when compared to
current project costs running into billions. However, back then, in
1968-70, these amounts were significant when the total project estimate

was $228 million).

2. Main Unit Transformers

Bids were solicited from 14 bidders; nine of which were foreign.
A1l bidders were pre-screened and found acceptable. The bids prescribed
three options:
- a full size, 3-phase, 1270 mva
. - two half size, 3-phase, 635 mva, and

- four third size, 3-phase, 425 mva
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Edison determined that the recent history of their transformer
Failures and failures at other utilities (in Ohio and Florida) suggested
that a single main unit transformer for a unit of this size was unaccep-
table. The two half-size transformers were more attractive. The bids
were, therefore, evaluated for this option.

- McGraw-Edison offered the lowest first cost bid; but wien

losses are taken into account, the bid from Ferranti, an
English firm, appears to be the lowest. This firm had supnlied
34 transformers in the U.S.A. of up to 400 mva range, ard has
repair shops in Toronto capable of all but major repairs. Five
railroad cars are available in the U. S. for transporting
transformers of 625 mva size.

GE bids were 19% higher than Ferranti.

Ferranti was selected as transformer vendor. The committee members,
Heidel and Meese, raised questions as to why Ferranti claimed smaller
transformer losses when the overall weight and copper usage for two
sources (Ferranti & McGraw-Edison) were the same. Their concerns were

addressed.

3. Deaerating Feedwater Heaters

The following excerpt from the Engineering Committee minutes of Nov.

19, 1969 illustrates the discussion on this issue:

B. Enrico Fermi No. 2

1. Award of Feedwater Heaters

Mr. Sinnott introduced the subject by reminding the
Committee that the feedwater cycle had been discussed
in some detail at the last meeting and emphasized that
the ability of the No. 5 heater to deaerate the drains
was of critical importance. He asked Mr. Stanley to
briefly review the approved cycle beicre leading into

a discussion of the feedwate~ heater bids. Mr. Stanley
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presented Exhibit 2 and Exhibit 2C showing the approved
feedwater heater cycle with pumped forward drains and

‘we location of the No. 5 heater in the cycle. He
ivaicated the work duty in terms of oxygen removal imposed
on the No. 5 heater. He presented Exhibit 3, an economic
comparison of the offers submitted by Yuba, Sweco,
Westinghouse, and Foster Wheeler. Yuba is the lowest
bidder by some $94,291. Mr. Stanley presented Exhibit 4,
a cross section of the Foster Wheeler lo. 5 heater, and
described its deaerating features. He next presented
Exhibit 5 and described the method by which Sweco
proposes to deaerate drains in the "o. 5 heater and

then discussed the design shortcomings in the method of
oxygen removal that Yuba has proposed and is shown on
Exhibit 6.

Mr. Stanley indicated that the method proposed by Yuba
would be entirely acceptable in a conventional heater
layout but in his opinion would not perform the duty
required in the Fermi cycle. He next presented Exhibit 7,
a summation of quality assurance, shop facilities,
venting, ability to deliver, and oxygen removal guarantee
and indicated that Yuba and Westinghouse could not be
considered satisfactory suppliers for the No. 5 heater.
The designs submitted by Foster Wheeler and Sweco are
considered acceptable designs for this purpose by the
engineering and operating departments. Mr. Anderson
asked if any opportunity would occur in which a Yuba
feedwater heater of the design proposed could be checked
in order to determine its ability to remove oxyjen.

Mr. Stanley reported that there are none in service
encountering the oxygen removal requirements required

by Fermi. Mr. Meese asked if Jetroit Edison has any
other Yuba heaters in service and was told that we have
Yuba heaters at Harbor Beach.

Mr. Meese asked if Sweco were large enough and had
sufficient financial stability to be able to undertake
the furnishing of the Fermi feedwa er heaters and was
told that they were capable of hanc ing an order of
this magnitude. In response to Mr. Meese's question,
Mr. Stanley reported that P.E. Heidman, R. Gies,

L. Schuerman, and J. Carey had recently inspected
the facilities of both Yuba and Sweco. The opinion
of the inspecting group was that Yuba was probably
the lowest on the lis: of bidders as far as quality
assurance and shop conditions were concerned.

Mr. Drummond asked why Foster Wheeler was so much
higher than the other bidders and was told th.t
.Foster Wheeler is primarily a high-pressure heater .
manufacturer and cannot be truly competitive in a
low-pressure heater offering. Mr. Sinnott reported
that the apparent reason that Sweco appeared to be

60



far ahead of Westinghouse and Yuba in the design of
a deaerating heater of this type was that they had
been working closely with GC to provide heaters
with high oxygen removal capability. Mr. Stanley
recommended and the Committee agreed that the
feedwater hea‘er business shouTd be placed with Sweco.
Mr. Weese asked Wr. Anderson 1T he had any concern
because the iower bidder had not been accepted.

Mr. Anderson said the explanation as given by

Mr. Stanley was entircely satisfactory and the Purchasing
Department had no objection to placing the business
with Sweco. Mr. Zavitz reported that the delivery

of design information promised by Sweco appeared to

be in good order. Mr. Anderson added that a drawing
submittal requirement would become a part of the
contract with Sweco. Appended to the minutes is a

copy of R.E. Barry's memo of November 12, 1969

comparing rontact time for various sizes and shapes

of falling water from the standpoint o’ deaeration.

This information was part of the discussion on
deaeration and the memo was received subsequent to

the meeting.

These are only three examples of numerous vendor awards that we ex-

amined. Based on this, the Staff is convinced that the process was:

- logical, technically sound and detailed;

- the economic evaluation of options--design, equipment and ven-
dor bids, and assumptions was prudent and reasonable, given the
cost estimates;

- the people making technical reviews were experienced, qualified
and knowledgeable. Adequate outside expert assistance was
obtained wherever needed (e.g., hired S & L, Dames & Moore, and
GE for expert reviews);

- the senior management was sufficiently involved in making major
decisions.

Cne does not conclude from the above that the decisions mada turned

out to be correct, only that the process was reasonable and prudent. Nor
did we make an independent verification of the design criteria and pa-

rameters. Further, how effectively these decisions were implemented will
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be reviewed in this section for a few systems and equipment.

A final observation in this regard is that the equipment bids were

issue¢ in a relatively short period. By 1970, most major equipment or

systems were on order. We conclude that there were at least four iden-

tifiable reasons for this:

a.

As mentioned earlier, good technical communication between
Project Engineers and the Management enabled prompt decisions
on the issues. Further, general approach to stay with proven
design helped expedite decisions.

General increase in nuclear power plants placed severe demands
on vendors and contractors. Equipment must be ordered early to
receive vendor priority. For example, NSSS suppliers did not
build equipment specific to the unit. The vendor would build up
to its capacity common equipment, which would be shipped to
whoever was ready to receive it.

It seems Edison was adopting the so-called "fast track”
approach. This was a relatively recent approach to large
construction projects. Under this concept, procurement and
construction start off early on "long-lead" time items, while
design elements are still being developed. This incremental
approach to construction allows an early construction start. A
benefit of this concept is that, in theory, it reduces infla-
tion effects and construction duration. However, it also re-
duces the overall job coordination and optimization. Further,
this method does not lend itself to fixed price contracts,
since work packages are not complete.

It appears that Edison had set a February 1974 completion date

by edict. FEvery action was geared towards meeting this date.

62



Some say that this date was chosen for a purpose. Detroit
Edison Management wanted Fermi to be a showpiece of nuclear
power in preparation for the World Power Conference in May

1974, in Detroit.

As the project personnel realized, the schedule began slipping

quite fast in 1969-70, and soon the 1974 deadine became totally

unrealistic. Next, we shall analyze in some detail, procurement, award

and performance of selected major systems.
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2. General Electric as NSSS Supplier

Edison performed an early evaluation of the source and type of NSSS.
In the yrars 1966-68, bids were requested from the four domestic NS555
suppliers: GE, Westinghouse, Combustion Engineering and Babcock-Wilcox
for 300 M4 units. The first one is a BWR supplier, while the others were
PWR. GE and Westinghouse also submitted unsolicited bids for 1100 MW
class systems. lLater, Edison also requested formal bids from all four
for 1100 M4 Class systems. Combustion-Engineering did not bid due to
inadequate time.

Edison hired the design and construction firm of Sargent & Lundy
(S & L) to evaluate the bids and provide an independent assessment of the
NSSS systems and estimates. FEconomic evaluations showed that 1100 MW
units have cost advantage over 800 MW units: $185/kw vs. $220/kw.

Edison decided to construct an 1100 MW-class BWR unit. With this
decision, Edison was constrained to purchase the General Clectric system
since they were the only BWR suppliers. Edison also chose the contain-
ment and vessel cesign and configuration, then being offered and opera-
tional at other BWR's. Specifically, the configuration was a BWR 4
containment and Mark 1 vecsel, with torus suppression chamber and light-
buldb shaped drywell. Mark [ is the earliest BWR design. A more advanced
design called Mark Il wac being developed by GE at the time. As stated
earlier, Detroit Edison chose to stay with the proven design.

In August 1968, Edison placed an order with GE for supply of NSS5
System for Fermi 2 unit, with option to purchase a second same-size unit

at a later date.
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The value of the contract was $44.5 million, as follows:

NSSS: $33.8 million
First Core Fab: 9.2 n
Radwaste System: 9 »
Fuel Pool Cooling & Filtering System: 16 "
Accident Calc. & Consulting Services: 42 "
Total $44.5 million

The contract delivery date was September 1971.

Independent equipment evaluation by S & L for the GE bid was
$33,875,000, excluding fuel.

The other two quotes were (NSSS only):

destinghouse $34,375,000
Babcock & Wilcox 46,000,000 (firm)

The GE contract award was a fixed price with provision for escala-
tion adjustment for material (35%) and labor (55%). The remaining 10%
was to remain fixed. Material escalation would use "“Steel Mill Products
Index", published monthly by the Bureau of Labor Statistics. Similarly,
labor escalation adjustment used "Index of Average Hourly Earnings Rate
in the Electrical Equipment and Supply Industry”.

The GE, NSSS contract included supplying equipment, i.e., reactor
pressure vessel, internals and auxiliary, plus supervision of erection,
but not erection itself. A1l manufacturers of NSSS system declined to
bid on erection at that time.

Subsequently, in October 1973, Edison signed a contract #1A-92100
with GE - I&SE (Gen. Elec. Installation and Service Engineering Dept.)
for installation of RPV internals and control rod drives.

A second decision was the erection and structure of the contain-
ment. 1In 1968-69, S & L evaluated two alternates: a concrete structure .

vs. steel structure.
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The estimates showed that the former would cost about $400,000 less
than the steel structure. The main reason against it was that concrete
structure had not been in operation or licensed at the time. (The
Shoreham Unit had a concrete siructure under construction in 1969. In
1970, P P & L ordered a Mark Il concrete containment unit for
Susquehana.) The AEC had raised upwards of 100 questions on the licensing
of a concrete structure. Further, Chicago Bridge & Iron (C B & 1), who
was being considered to erect containment, had a complete design package
ready for a light-bulb steel structure. The concrete structure, on the
other hand, would require a re-design. Some cost advantages, therefore,
could disappear due to the redesign work.

Prior to selection of the primary containment erector, Edison
General Engineering developed detailed comparisons of cost estimates by
CB&I at other jobs.

At its meeting of November 19, 1969, the Engineering Committee
discussed at length the award of primary containment to C B & I.
Although the decision had previously been made to select C 8 & I for the
job, some of the design parameters and economic factors were being
reviewed. Some of the issues included:

- CB&I1 is the only completely qualified supplier of primary
containment structures in the country. They have the ability
to design, construct and interface with the AEC on behalf of
the client.

- Another grcup, Pittsburgh-DeMoines, was erecting primary con-
tainment but has no design capability.

- The EF2 containment will be designed at 62 psig, and 281°F., it
will be tested at 1.25 design pressure.
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Peach Bottom unit of Philadelphia Electric was a comparable
unit in size and time. Its estimate is $400,000 less than EF2
because Peach Bottom is a 2-unit package deal. Also, it was
commi tted a year earlier.

Costs were also compared with Georgia Power's Hatch #1 unit,
scheduled in 1973, yet $400,000 lower than EF2. Engineering
response was that it was an 800 MW unit and committed two years
earlier.

Tear drop vs. light bulb configurations were also evaluated.
Light bulb/torus was selected as it would be $270,000 less and

more conventional.

Staff Analy.is

Based on review of Engineering Committee analysis and discussions,

availability of alternatives, and limited number of suppliers, the Staff

believes that:

1.

Selection of General Electric as NSSS supplier was prudent and
reasonable. This assessment is predicated on the assumption
that Edison had decided to go for the BWR unit. We did not
evaluate this decision of Edison's. The NSSS decision was
Targely dictated by their philosophy to stay with proven
design--but optimized to the specific needs. There is per-
suasive evidence that Edison Engineers and Managers were com-
petent, knowledgeable and performed necessary evaluation of all
feasible alternatives. The tendency to stay with proven design
and parameters is.reasonable given the fact that this was their

first venture into a commercial nuclear unit.
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Edison obtained expert technical assistance from S & L before
final decisions were made. The 1100 MW Unit had a price advan-
tage over the 800 MW.

The terms of the contract were reasonable in that it provided
only for adjustments in material and labor rates based on
B.L.S. indices.

The delivery schedule of September 1971 established by E£dison
appeared reasonable, considering the commercial operation of

the unit in February 1974,

Other Auxiliary Contractors for NSSS

In addition to the General Electric NSSS contract (agreement

41£-83800), Edison hired a number of other contractors to provide serv-

ices and material. The General Contractor, Ralph M. Parsons, was

overall in charge of contract administration.

1.

Reliance Truck Company of Phoenix, Arizona (contract #1C-70092)

"To provide unloading, transport and setting in of RPY".

This was a lump-sum contract for $645,000. The RPV was to oe set in

the reactor building between September and October 1972. As it turned

out, due to delays and other reasons (see GE contract: RPY distortion

and repairs), the vessel was installed around July 1574.

The final price for transportation, unloading and RPY se*-in was

$1.1 million. The main reasons for higher expenses were escalation due to

delay in installation and changes in scope.

Contractors performance was sgtisfactory. No accident or damage

occurred during this activity.
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In October 1973, General Electric - Installation and Service
Engineering Dept. was hired under separate contract (#1A-921
to

"Erect Reactor Internals System and control rod drive
system and al' associated specified equiprment, materials

and systems”.

"GE shall furnish all labor, tools, erection equipment,
and all items necessary to accomplish the work".

The contract was for a lump-sum amount of $2.93 miilion. Other
Didders were Reactor Contruls and Foster-Wheeler. They were rejected
the basis less experience.
of contract agreement with GE-I St very much
impressed u .dison contracting skills. It had several positive
features for Edison:
if GE finished work on time or
sooner,
The contract was thorough and compensated Edison for dela's and
damages due to contractor errors, demurrage and other char les.
$3,000/cay compensation to Edison by GE if i ils to meet the

May 1, 1676 deadline.

Edison has th: option to delay work if to its advantage, and

suspend GE work., The completion dates may chen be renego-
tiated.

sE shall submit a detailed (CPM) schedule of erection.

[f Cdison directs GE to expedite work . it will compensate Gf

for actual craft hours plus 20%.

iE shall work under the direction of General Contractor.




- GE shall warranty all equipment, material and service to
comply with applicable design, specifications and workmanship.
This warranty shall expire one year after reactor operation at
50% or higher level.

- GE shall perform all repairs necessary under this scope of
work .

It is interesting to note that in 1973, Edison was able to enter
lump-sum contracts with favorable performance guarantees. The work began
in July 1974 and was suspended in December 1974.

In 1976, GE - I & SE advised DE of their conceri about extended
shutdcwn, the technical changes and the change to Daniel as Construction
Manager. GE requested a change to a cost reimbursible contract with
incentive provision. GE expressed difficuity in identifying the balance
of the work. Due to similar problems at other projects, GE was no longer
accepting fixed price jobs.

The Edison negotiating team reviewed the GE offer and made the
following recommendations:

(1) GE has informed DE that they will not complete the work under

present contract.

(2) Continuation of work under GE is the only option for Edison to
meet September 1980 C.0.D.

(3) Continuing with GE will allow maximum salvage of work already
completed. GE had been paid $750,000, of which $300,000 will
be lost. Additional termination charges of $200,000 may also
be incurred.

(4) Changing to a cost reimbursible contract will provide added
flexibility to incorporate technical changes and drywell engi-

neering can be better handled by GE due to their experience.
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(5) Verification at Philadelphia Electric showed that the GE rene-

gotiated offer was reasonable.
(6) Daniel, the CM, was in agreement with the Edison recommendation
to continue with GE.
In 1977, the cost plus agreement was accepted. Performance of
GE 1 & SE work was less than satisfactory. In May 1979, (CO #25) a
$100,000 penalty was assessed against GE because, as per contract, the
manhours had overrun by 29,452 from the base estimates. The ccst of this
installation was increasing rapidly due to scope changes, rework and low
productivity. GE exceeded their manpower target by a factor of three.
They were demobilized in September 1979 after they had completed an esti-
mated 60% of the work and expended 162,000 manhours vs. the target of
116,000 for 100% completion. Edison seemed unhappy with GE performance.
They were paid $9.2 miilion. Reactor Controls, who had bid on the job in
1973 and again in 1976, was now called in to complete the installation of
reactor internals and control rod drive system. The RCI bid for
remaining work at $3.4 million in 1980. By December 1982, RCI had heen
committed more than $20 million and still was not done. More discussion

of this later.

3. Inland Ryerson Construction Products Co. (#1M-92300) for

"Detailing, Fabrication & Furnishing of Reactor Building
Drywell Structural Steel”.

Contract Price: $560,000 (firm)
Several revisions were made in this contract, principally due to the
insufficient design definition by Edison at time of contract; changes in

scope (see CO#1, 2, 3, 9)



The changes did not seem to iwpact schedule. Several back charges
were initiated by Edison. Some were not collected, e.q., Back charge
- J5044 for $2,719: Repaint job
J5149 for $125,317: Rework drywell steel
J5162 for $20,790: Loading, unloading DW steel
16825 cancelled - piece scrapped Rework Pedestal Support

Generally, performance of this contractor was acceptable.

performance of General Electric Contract for NSSS Supply (IE-83800)

GE was one of the first and the most critical contractor from
the Fermi 2 standpoint. Their commitment was not only through
supply of material and service for the construction phase, but
beyond into fuel load and commercial operation. In our judgement, both
GE and Edison recognized the need for an honest, fair and equitable rela-
tionship throughout the project. Mr. Charles M. Johnson has been the GE
Project Manager for Fermi 2 since 1958. The Staff twice met with him.
As the project stretched out, scope and regulatory changes, rede-
sign, and rework all brought frustrations to both parties.
Our interviews and document reviews indicate that both sides
attempted to maintain a professional and cooperative relationship.
Between 1968 and 1982, there were at least 66 major contract revi-
sions, some involving more than one change.

(a) Cost Increases

- NSSS cost increased from $35 million to about $92 million by

December 1982. Although this is a 2.5-fold increase, it
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compares very favorably with overall 11-fold project
cost increase.

- Most of the increases were due to a delay in the pro-
ject.

- In 1977, GE asked for and got a time and material cost
adjustment for the remaining project. Other significait
ctanges include:

Amount
11/74 C0-32: Warranty Extension to 7/79 $1.5 million
6/77 C0-50: Warranty Extension to 10/80 $3.98 million
This contract revision provided for delay claim, Home Office
Service under T & M, site overheads, etc. Analysis by Edison
auditors showed a $880,000 advantage for Edison, so the revision

was accepted.

11/77 C0-52: Edison asked to replace $1.14 million
obsolete computer HS-4010
with HS-4400. 01d equipment
salvaged.

4/78 C0-53: GE tech. direction & start- $2.00 million
up serv.

11/78 C0-55: Inst. repairmen to supplement $1.50 million
Edison work force during pre-op.

GE selected as they have better
BWR experience, better mgt. control,
GE personnel better qualified.

12/80 CO-61: Extend engg. & warranty to $18.00 million
12/83; home office; legal,
QA and procurement, site
direction; licensing design
and installation support.
T & M rate raised by 12%;
start-up technicians ($9.9 million).

3/82 C0D-64:  ATWS work $1.1 million
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A review of individual change orders shows that they were
genera'ly reasonable; Edison performed independent estimates
against the vendor quotes before acceptance. Investigation team
is satisfied with GE cost escalations for NSSS.

(b) Schedule Performance:

GE seemed ready to deliver equipment on time. As is evidenced
from revisions, most delay claims came from GE aga‘nst DE. The
only possible delay in the early stage was due to RPV repair
problems mentioned elsewhere, the responsibility for which was
under dispute.

The investigation team is satisfied with GE schedule perfor-
mance.

(c) Back Charges:

In the long course of the project, hurdreds of back charges
were generated against GE. We found GE to be generally con-
ciliatory in settling disputed items. A review of back charge
report shows that Edison was abie to collect some direct labor and
equipment replacement from GE, though not overheads. GE seems t
hav2 a better record in this regard. Some others, principally
English Electric (turbine vendor) and Schreiber Manufacturing,
were not so cooperative (see Staff Request 116, 167 on Back
Charges).

Although both General Electric and Detroi* Edison have main-
tained good working relations, they have also acted in a busi-
ness1ike manner to protect their respective interests.

- Edison was often in a weak negotiating position. General

Electric was the sole licensed supplier of much of the

safety equipment and spare parts. [t had expertise on
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BWR not available from other sources. FEdison's own inex-

perience in nuclear design made it dependent on GL. There is
no evidence that GE exploited this position, but they did pro-
tect their interest and were tough bargainers.

Early in 1973, during the construction of RPV (GE had subcontracted
the RPY fabrication to Combustion Engineering at Chattanooga, Tennessee),
a dispute developed due to damage tc RPV.

(a) Cracklike reflectors in 5 nozzles were found during ultrasonic

testing at C E shop.

(b) GE demanded that Edisen issue a purchase order before repair
work could proceed.

(¢) DE issued a separate PO (IE-90227), under protest, to allow
repair and fabrication to continue. Separate PO was to iden-
tify the rework costs. Estimated repair was 3506,000.

(d) 1In Aug. 1973, during RPv-hydro testing, CE found that closure
head would not properly fit on the vessel flange due to 4istor-
tion. Again Edison, under protest, asked GE to proceed with
the fix, which included refacing the flange, boring out holes
and installing bushings in the holes. The total price for RPY
repair was $902,000.

To settle the dispute, both parties entered a "favored nation"
clause, whereby GE will make the same settlement as it may reach with
Georgia Pcwer at Hatch 1 unit on a similar issue.

The final settlement was offered by GE where DE will only pay the
direct C E repair cost. GE will absorb its own costs. The settlement

price--$769,000.
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The Staff believes that this repair cost shouid not be borne by the
rate payers. It is not evidence of imprudency of DE. If anything, it
indicates an effort to recover the damage costs. Nevertheless. rate
payers should nct pay for costs resulting from faulty fabrication by the
vendor.

The total disallowance after AFUDC (1974-82) is estimated at $770 «x
1.20 x 1.73 = $1.6 million; where 1.20 is overhead multiplier and 1.73 is
AFUDC multiplier.

- In 1975, GE filed a fuel fabrication delay clair. The claim
for $6.5 million was based on underutilization of rersonnel and
facilities. A second claim for $1.55 million was filed in
October 1975 for fuel design and licensing work which will have
to be redone due %o new fue! design. GE refused *o proceed
with fuel fabrication until the claim was resolved. In
September 1976, Edison made a $700,000 payment so that fuel
work can continue during negotiations to "identify a mutually
acceptable settlement". In November 1976, the dispute was
settled for $4.0 million.

A review of correspondence (see C0#2, 1A-75750) shows that
both sides bargained hard to reach i resolution.

- To achieve increased fue! channel life, GE advised DE in
September 1974 to increase from 80 mils to 100 mils. Edison
issued a WCR under protest b2cause they felt that the incremen-
tal cost should not be the Edison responsibility.

Amount disputed: $458,000 ($335,000 in de-escaiated 1968
dollars).

- Prior to shutdown in 1974, Edison requested GE to defer ship-

ment of equipment scheduled to arrive auring shutdown period.
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GE, however, insisted on delivery and Edison received the
equipment. Cash flow problems were important to both parties.
Puring shutdown, Edison elected not to maintain lot of equip-
ment which was already installed or stored with inadequate pro-
tection. For example, HPCI, RCIC turbines were ordered early
and sitting in a reactor building, while craft pe ple were
climbing all over it, unprotected from dust, etc. After the
construction resumed in 1977, GE insisted that in order to
rece e full protection of performance warranty, Edison must
refurbish and perform continuous surveillance of the equipment.
GE also advised that this should be undertaken soon so that
Edison not get burned later. Refurbishment effort began in
1979, though seriously only in 1981-82,

GE was often frustrated with the project schedule developed by
Edison or its Construction Manager. GE found it unrealistic
ahd not detailed. General Electric maintained a policy of non-
interference in Edison's project management, selection of
contractors, etc. In the early years, Edison often sought GE
advice on contractor selection.

Vibrations in RHR pump were a serious critical path item found
during pre-op testing in 1981. (This issue is examined
elsewhere in detail.)

The dispute developed between Edison and GE because Edison
blamed it on defective pump supplied by GE. GE felt no respon-
sibility because they blamed it on the wrong valve selection by
DE. The dispute is unresolved. A task force is performing an
engineering analysis of the issue. GE has made several recom-

mendations to solve the technical problem.
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- Heat exchanger performance in RHR.

GE admitted that one of its vendors was at fault. The
restricted flow problem is solved bLv cutting out the last
baffle. GE accepted picking up the cost of direct labor and
material.

- CRD-HCU:

An accumulator in the hydraulic control unit (HCU) was found
corroded during the refurbishment. lpon inspection at a

GE facility, water was found in the component. Edison claims it
is a manufacturing defect. This dispute is not yet resolved. A
1/3:2/3 solution was being debated.

- A 1500-hp motor in the Mu set which provides power for the
recirculation system was found dried up on inspection. FEach
claimed the other party was responsible. A 50:50 solution was
being discussed.

- Steam condensing mode deletion: Engineers at DE recommended
deletion of this capability because they felt it was unne-
cessary and too complex to be safe. GE advised against it.
The issue has been resolved (a detailed examination of this
issue later).

- GE also has an unsulved claim on DE fur $350,000 for services
performed on regulatory issues.

Many of these issues and recommendations have been discussed in the

section on “Pre-Op Testing and Start-Un".
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Selection of keactor Containment Vessel Design (Mark I)

and Erection

The BWR's built in the early sixties have a Mark I containment
design. This consisted of an inverted light bulb called drywell and a
doujhnut-shaped suppression chamber called torus.

During 1966-68, when Edison was developing the design pa~ameter, the

Mark I design was the only one available from GE. A slight variation in
drywell known as teardrop design was available, but essentially with a
Mark I design.

As mentioned previously, Edison generally held the philosophy to
stick with the known and proven design. Another concern was that such
design and construction was an “off-the-shelf" technology and, therefore,
could be built sooner and cheaper. The 1974 deadline was a serious con-
sideration to Edison.

Edison chose to stay, therefure, with the Mark I design. Some
debate within the Engineering Committee centered on the teardrop design
and the concrete containment, but these were not adopted. 1In 1970, an
order was placed with Chicago Bridge & Iron to build a 63' diameter,
1ight bulb type containment vessel.

In 1969, General Electric developed an advanced design containment
vessel known as Mark II. Later, a Mark II] design was doveloped by GE.
The new design had several design advantages over the older design. The
principal advantage being that the Mark II had more space inside the
drywell and, therefore, was easier to construct. The newly adopted AEC
regulations on pipe whip restraints required a large amount of piping,
hangars and other equipment. The size of the containment was also an
important factor in worker accessibilitv and maintainability. The Mark

Il design was slightly more expensive than Mark I. According to one
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Edison Senior Project Engineer, by its design, Mark I requires more

cooling than Mark II or III.

The prevailing consideration was purcly economic. The smaller con-

tainment was to be accompanied with lower design pressures to satisfy the

safety requirements.

In 1969, GE offered Edison the newer designl. However, Edison never
seriously considered the GE offer and proceeded with the chosen design.
(See fig. 1-3)

At the same time, other utilities who had ordered BWR's Mark I were
reconsidering their option. Two of them were the Shoreham Unit of LILCO,
and the Susquehanna Units of PP & L.

In 1967, Shoreham, " ike Fermi 2, had ordered a BWR-Mark I. When the
new design was available by GE in 1969, LILCO decided to change overZ.

In April 1968, four months prior to the Fermi 2 order, Penn. Power &
Light (PP & L) ordered an 1100-MW Class BWR with Mark 1 design from GE.
[n 1970, PP & L made a reassessment of their containment design performed
by Bechtel. The Bechtel analysis showed that:

- A change to Murk II design would not adversely affect the

Susquehanna application for a construction permit.

- Anchoring pipe whip restraints in the Mark Il concrete contain-

ment presented design advantages over Mark I design.

- Mark 11 containment would be easier to construct, considering

the need to incorporate the new AEC requirements.

- The estimated costs for the Mark II containment were about the

same as the larger size (74 ft. diameter) Mark I.

1 Based on discussions with C.M. Johnson, GE Project Manager at EF2.

2 Based on discussions with C.M. Johnson, GL Project Manager at EF2.
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In January 1971, PP & L directed GFf to change from a Mark [ to a
Mark 11 design for Susquehannal (the Unit 1 was completed in 1982).
Detroit Edison was aware of the congestion and accessibility problems
with their chosen design. In 1971, at an Edison Board of Director’s
meeting, the subject was brought up by Edison Engineer, Dr. Bacher. The
Fermi 3 design was originally a copy of EF2. When DE did their model ing
of pipe whip and piping restraints, they knew that the Mark I would be
too congested and difficult to build. So DE converted EF3 to Mark III
in 1973 based on advice by Ebasco, a consulting firm. Ebasco was chosen
as A/E for Fermi 3.

Industrywide, serious problems were raised with the design and size
of the containment vessel.

A report by Harold Oslick, Chief Engineer at Ebasco Services Inc.,
described the problems with the older design as follows:

"The reasons for the development of the different containment
design concepts have, for the most part, been related to
economics. The prevailing thought was the lower design
pressure, the lower the evaluated plant cost would be.

The same philosophy was applied to the containment size.

As a result, we had everyone striving for the smiallest
containment with the lowest design pressure. The results

in my opinion, were disastrous, as we begin to examine
system-related problems and interfaces.

With respect to the containment size, one neec only walk
through some of the smaller ones to admit a mistake. The
problems associated with maintenance, accessibility and
inservice inspection are a mechanic's nightmare. A good
comparison in miniature would be found under the hood of
your modern car. The effects of lower design pressure
were more subtle and were not realized until the ECCS
crisis. The development of more sophisticated computer
codes showed us that the ECCS performance was enhanced
with increased containment back pressures, this being
more pronounced in PWR than BWR systems.  System design

1 “An Historical Assessment of the Susquehanna Nuclear Project” by
Management Analysis Company, 1981.
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considerations now have to halance reduced design pressure

versus degraded ECCS performance in developing an optimal

containment design."l

Undoubtedly, Mark Il containment was not without problems. Serious
hydrodynamic feedback load problems were found with all BWR designs under
postulated loads during transient conditions. These problems were found
to be far greater in the Mark Il & III design, with the suppression
chamber directly under the vessel. The torus design was structurally
somewhat more flexible under transient conditions. Susqueharna and other
Mark 11 owners spent several millions to resolve the issue to NRC satis-
faction.

In 1975, Edison joined 16 other utilities owning BWR (Mark I con-
tainment) to fund a study by GE to analyze the suspected design deficien-
cies in:

1. Safety relief and blowdown systems

2.  MHydrodynamic Pool Swell Phenomenon

An initial $120,000 was authorized for the phase I - short term
program. Eventually, Edison contributed $3.7 million as its share of
costs to resolve the problem.

Edison argued that it was in their best interest to join this common
effort rather than embark on a separate effort to provide "fix". In
recommending this course, Edison indicated (contract 1A-87661, C0#2,
6/16/76):

"The contract is a composite document to meet the needs of many dif-

ferent companies and while it might not be exactly the way Edison

would write it if we worked directly with GE, our Legal Dept. review
finds it adequate. Legal has advised Purchasing that this contract

does not change Edison rights to recover these or any other costs
for repairs to the torus, which might be contained in Edison

1 "Safety Aspects of Containment System Design"
Harold Oslick, Chief Engineer, Nuclear Licensing
Ebisco Services, Inc., New York, N.Y. 10006
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contract with GE for NSSS. Edison right for recovery is a complex

legal question which has not been fully researched and Legal Dept.

cannot advise Purchasing that we can recover these costs at a future
date, but only that if that right exists today this contract does
not in any way change our rights.

if Edison does not become a signed member of owners group we would

have to provide NRC a separate plan of action for apg tal and a

"fix" as a result of this study. It would be almost impossible to

prove our fix in that we need a test facility. We wonld also have

to fund a duplicate work which is being shared equally by the

Owner's Group. This cost is estimated to be $10 - 14 million.

There is also a chance that we would be forced to provide a fix to

code criteria inctead of the interim criteria permitted for

volunteer fixes. 1f enforced by NRC, it would be a very costly fix
and from public relations standpoint could cause real problems for
those companies who make a volunteered Fix."

Besides the above-mentioned problem, rumerous other modifications
became necessary to the torus and drywell during the construction history
at Fermi 2. These modifications required a significant increase in
piping, hangars, snubbers and reinforcement of drywell loads. Access and
congestion in the drywell were a critical problem. Severe manloading
restraints have reduced productivity and undoubtedly delayed the project
completion. Currently, Phase 11 Orywell Steel modification i5 underway
in the drywell and is a critical path item to testing and fuel load. At
least 27 safety systems are waiting to be tested in drywell. It is dif-
ficult to estimate to what extent the Mark Il design would have reduced
this access and congestion problem, but certainly it has been an fmpor-
tant contributor to project delay and costs. In its annual 1981 presen-
tation to the Board of Directors, the Fermi Project Management identified
the containment size as an important ‘actor, contributing to the project

delays.
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Construction of Reactor lontainment Vessel

In November 1969, a contract was assigned to Chicago Bridge & Iron
(CB&T1)of [11inois to "design, develop, fabricate and deliver" the
containment vessel in accordance with the specification developed by
Sargent & Lundy.

The vessel design was to be a light-bulb type with the option to
change to a toardrop desiqgn.

Total contract price was $3.86 million, of which the field
construction component of $1.70 million was subject to escalation. The
remaining $2.16 million was fixed component.

C B & I began below-grade work in 1970 in anticipation of a
construction permit in early 1971. By December 1970, the NRC permit had
been delayed by four months. Another four months delay was further anti-
cipated. C B & | asked for and received a compensation for 8 months
delay totaling $182,000.

In June 1972, C B & I was temporarily demobilized because all the
below-grade work had been completed and the construction permit to con-
tinue work had not been received. A $54,100 demobilization expense was
reimbursed. C B & I was to return after 5 months, by which time the
construction license was expected.

C B &1 resumed work in late 1972 after the permit was received in
September 1972. The C B & | work was completed by 1978. The total final
price was $5.0 million.

The only significant event in the C B & | performance was damage to
the containment vessel during the application of concrete under pressure
in the drywell. The damage consisted of an inward deformation about 7"

high and 8" in diameter. C B & I proposed to repair the damage for
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$25,000. Edison had estimated a much higher cost.

repair by all parties was estimated

filed with the AEC

Staff Analysis
(a) Selection of Containment Vessel Design
In Staff judgement, Edison should have seriously
option to switch to the Mark Il desi
becoming apparent with the older,
in terms of constructability and
containment is the key system in nuclear
of all safety concerns. It is not uncommon
that when an initial agreement is made, options

for future desiqn changes.

Edison was given further opportunity when

license wis delayed to make such a re-analysis

> .

that AEC licensing was under susgension for some time
sequent to Calvert C1iff. Edison failed to utilize thi

The start of below grade work pending construction

in our judgement, an imprudent step. It closed all

basic design improvement. This, in the Staff's vi

been the primary reason for not reassessing the ntainment
fesign.

Other possible reasons:

Adherence to tested design.

In general, Edison engineers were not experienced 1n nud lear

jesign. They were even less comfortable with newer design.




(b)

This decision was tied to their decision to do their own engi-
neering.

February 1974 completion date was sacred. Fdison wanted no
major deviations to upset this apple cart. Mr. Cisler
controlled the early phase of all construction docisions. With
pemmit delays this target became impossible to achieve.

At EF2, Edison ended up with the earliest design BWR, a 1960's
design, still being built in the 1980's. Today, EF2 is the
only BWR under construction and in near-term licen;e stage with
the Mark I design, first developed by GE in 1960.

Edison Involvement with BWROG on Hydrodynamic Load Problems.

The Staff believes Edison took the correct approach by joining
the utility pool and performing shared cost research to resolve
this nagging problem.

It reduced a potential exposure of $10-14 million to about
$4.00 million.

Further, Edison made a courageous and sincere effort to assert
their right to recover costs of any torus fix from GE, the
supplier of NSSS, although unsuccessfully. At tiis point, it
warrants mention that generally the Staff found Edison taking
an aggressive stand on recovering costs of a repair, rework or
refurbishment resulting from vendor/contractor errors. We
reviewed several back charge reports (Request #116 & 167),
PAR's, etc. to analyze the back charge policies and collection
history.

Generally, we found hundreds of back charges initiated in the

field by Daniel/Edison on vendors and contractors. The success
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rate in affecting these back charges, particu
items, was not ver: satisfactory. As one

stated, "we often get 10¢ on a dollar, but we
joo so complex, long, and involving multiple work

pin down an error on a party is often difficult:

from him, even more so. Edison also must consider goot

tions important for safe and efficient job completion.

"

Incollected back charges is the “owners curse” on a large

B & I Performance
The Staff is generally satisfied with this
ficulties in installation were largely due to

construction permit. The final price was onl

contract bid--an n-'vvmnly good performance

The only abnormal event was the damage to
oncrete application under the vessel at an
cost of $200,000. According to Edison, all

recovered from insurance. No disallowance is recommended,




4. Turbine-Generator: Vendor (English Electric)

and Installer {(Aycock)

(a) Vendor Selection

In 1968, Edison invited bids for 800 MW turbine-generator units.
Four foreign and two domestic vendors submitted quotes. Subsequently,
1100 MW T-G bids were invited from only the four foreign manufacturers.
GE and Westinghouse submitted unsolicited quotes for the 1100 MW T-G.

The quotes are summarized as follows:

$ (000)
1. General Electric $27,985
2. Westinghouse $28,896
3. English Eleciric $16,548
4. C.A. Parsons Ltd. $16,900
5 AR.1. Ltd. $21,580

On September 16, 1968, Detroit Edison awarded the contract to
English Electric Ltd. of England. The installation schedule was for
1972. The turbine rated at 1154 MW, with 9,748 Btu heat rate; 14.16
million 1b/hr., 965 psia, and 99.6% quality is guaranteed.

A principal raticnale for selecting English Electric was the lowest
quote. Another important reason, in our judgement, for choosing a
foreign manufacturer was the Edison intention to expand the domain of T-G
supplfers and competition from the four or five domestic ones. Down the
road, Edison envisioned purchasing several large units for their system.
Greater competition was advantageous to them in the long run. At one
time, Edison considered A11is-Chalmer, another domestic supplier, but
later withdrew from the market.

Offsetting these advantages were several disadvantages to purchasing

the English Electric machine.
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EF2 was the largest turbine unit to be built by English

Electric at the time. FEdison had made a detailed review of the
design concepts, performance and parameters of the machine
prior to order. Several Edison engineers had visited EE faci-
lities and talked to technical personnel. Edison engineers,
over the years, had designed and operated turbines, more
recently at the Monroe Units. So they felt confident at the
time about the EE turbine-generator. From time to time, during
installation and testing, Edison did feel concerned about the
equipment performance. For instance, this was one of the
reasons for the extensive clean steam testing program planned
by DE in 1978, Subsequently, San Onofre Units of Southern
California Edison purchased similar units from GEC. Their
performance has been found generally satisfactory. Some vibra-
tion problems developed at the San Onofre turbine during opera-
tions in 1983, Edison has been notified and a fix is planned

prior to fuel load.

The logistics of communication, equipment, transport and shop
supervision became auite difficult through the manufacture and
erection phase. Edison hired VinCotte Associates, a Belgium
consulting outfit, to inspect and supervise the manufacturing
phase. Also, the English engineering firm of Merz and
McLellan was hired to verify critical design features,

Other agents were sent to perform the final inspection.

Edison was constantly exposed to currency fluctuations between
the dollar and pound sterling. This factor was not considered

by Edison in the initial review.
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Payments for EE - Home Office Technical Services were based on
pound sterling. In 1978 - 1979, Edison paid additional costs
to EE of $69,000 to cover currency exchange (change order #54
dated April 24, 1980, contract 1£-83799). In June 1980, Edison
also had to pay $160,000 for additiona! customs duty since the
"Constructed Value" of equipment had increased from the origi-

nal contract price.

In analyzing the bids, i.e., domestic vs. foreign, these inci-

dental costs were not fully recognized by Edison.

As will be discussed later in detail, serious installation
problems developed due to the inexperience with foreig. equip-
ment, lack of full understanding between Daniel, Aycock
(turbine-generator), EE - Technical Team and Detroit Sdison
PMO. Many component parts had to be shipped back to £ngland,
e.9., rotor blades and generator welds, for modification. This
held up erection, created l1iability claims and caused general
frustration. A specialist who had erected a similar £ unit
in Korea was hired to assist. FEE equipment was built to dif-
ferent standards than normal GE/Westinghouse design. FEdison
did not fully evaluate these factors and their impact on cost,
schedule and performance risks in selecting the turbine-

generator supplier.

In 1969, English Electric merged with AEI, another manufacturer
of turbine-generators. The new company offered to supply an

Ati design generator. The Edison Generation Engineers visited
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English Electric, ACl and C.E.G.B. (Central Electricity
Generating Board of England) facilities in England to inspect
the AEl generators. Based on technical review, they recom-
mended that Edison select AEI equipment over English Electric
because:

1. AEl-EE prefer to manufacture AEIl design as their design is
nearly complete and shop 1s empty.

2. AEl has more experience. They have built 18 units of
100 Mw of more, compared to only 3 by EE.

3. AEl is an advanced design with hydrcgen-cooled rotor; the
stator is simpler to erect. AEI design is more efficient.

4. Vibrations and cracking problems have been experienced
with EE design rotors.

5. Consolidated Edison and C.E.G.B. have ordered AEl design
generators. (Although C.E.G.B. units are used in HTGR
nuclear units, their turbines are more like oil or gas
turbines).

6. Experience gained from Con-Ed units will be useful.

After firm orders were placed with AEI-EE for supply of the turbine-

generator, Edison was continuously reviewing the design.

In October 1970, ratings on the turbine and generator were
raised from 1100 MW to 1180 MW and 1203 MW, at a cost of
$730,000. Another $250,000 was added for the increase in scope
(see CO #4; 10/5/70), The rating was then lowerad to 1154 MW
when cooling towers were added.

In June 1971, another scope of supplies was increased at.a cost
of $295,000 (see B items on £0 #5).

In November 1971, scope of supplies increased by 9 items (see

CO #7 & 8) cost of $259,700.
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June 1972: 16 more items added or changed at a cost of $270,000.
December 1972: 12 more items added or changed. Added cost
amounted to $328,000.

April 1973: 5 new items added; cost, $49,000.

January 1974: 3 new items added; cost, $152,000.

March 1974: 8 equipment modified; cost, $157,000.

December 1974: Edison suspected problems in the stator coi)
end-winding. DE asked GEC to perform additional vibration
tests, at a cost of $60,000. This was prompted by problems
experienced in the U.S.A. on domestic and foreign generator
designs. It was Edison thinking to take the "extra step" to
ensure reliability and performance.

In 1974, DE challernged the integrity of H.P. rotor forging.
Tests performed by GEC confirmed that the rotor was entirely
sound. In May 1975, Edison contracted Merz & MclLellan
Consultants to conduct an in-depth technical analysis of the
rotor. M & M recommended that the rotor be accepted as is.
Edison deferred approval of the rotor and hired another con-
sultant, Dr. Allen, to review the data. He recommended that
the rotor be accepted after a 100% ultrasonic inspection.
Next, Edison hired a retired Westinghouse chief metallurgist
who also recommended the 100% UT inspection. Finally, DE
contracted the South West Research Institute (SWRI) to perform
this ultrasonic examination. SWRI tests indicated that the
rotor was fit for service. DE acknowledged to GEC that the
rotor could be shipped. The dispute delayed the shipment by
apbout 15 months. GEC billed DE $146,000, principally for

storage of equipment and inspection assistance. The final
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settlement was $101,000 (CO #29). Edison paid for all the
inspection and consultation.

In July 1977, modifications were made in the governor pressure
control system. Cost: 3736,000.

In October 1977, major modifications were made in the
electro-hydraulic governor to add redundant power units, load
rejection relaying, time delaying and duplicate trip relays,

etc. on H.P. valve controllers.

According to Edison engineering (Memo EF2-38840, dated
10/31/77), this effort was caused by "the fact that adequate
redundancy was not incorporated into the valve control wodules
and remained undiscovered until the final system acceptance
tests were performed”. Edison recommended the modification at

a cost of $204,000.

In January 1979, EE was authorized an additional payment of
$1.4 million due to a 2 1/2 year delay in the erection of the
turbine-generator (see note VPFP79-15 from Mr. H. Tauber to

J. Hammond). By now, $4.8 million had been added to the EL T-G
contract for equipment, design modifications and technical
assistance for erection phase. The erection had just begun.

As will be discussed, more problems developed in the erection
phase which further added to direct EE contract costs. By
October 1982, the contract price was $24,066,081, an increase

of $7.5 million from the original price.
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Staff Analysis:

The choice of English Electric was attractive for Edison due to the
low bid compared to other domestic suppliers. It appears that Fdison had
made a prior decision to go with foreign manufacturers to create supplier
competition. This is borne by the fact that domestic bids were not
solicited on 1100 MW equipment. Edison may argue that based on an 800 MW
bid, the foreign suppliers appear more competitive. Edison engineers
also seem to have been impressed with the EE design. At any rate, the
S5taff agrees that these factors were important considerations for Edison.
However, the other direct and indirect factors were not fully evaluated.
For example, the relevant cost should be the total equipment and erection
costs. This will be more important when large size equipment of untested
design is ordered.

The performance risk was not adequately considered at the initial
stages. Later on, Edison became overly concerned with performance and
operability. This resulted in costly, multiple, independent tests of
rotors mentioned earlier. In our judgement, these concerns were a direct
result of a "foreign design". The rotor welay for this reason alone was
about 15 months. Escalation and delay charges were building up rapidly.

It was not necessary for Edison to take upon itself to experiment on
major equipment like a T-G for a critical, first nuclear unit in its
system. Edison tied up experienced engineers who traveled frequently to
Europe to supervise and resolve problems with T-G construction. All this
could have been avoided with a domestic supplier. The desire to be
“Industry Champions” should have been resisted.

Since Edison engineers were very knowledgeable in technical details

of a T-G, oftentimes they proposed changes and modifications which
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appeared unnecessary and unimportant. At the same time, some signficant
redundancy design conside:ations were ignored.
The Edison decision to opt for AEIl generator appears to be reason-

able and prudent based on analysis performed at the time.

Frection of Turbine Generator

In November 1977, Aycock, Inc. of Campbell, Pennsylvania was awarded
the contract for the erection of the turbine-generator at a lump sum
price of $4.92 million. Simultaneously, a cost reimbursible contract was
also awarded to Aycock to complete the condensor installation. Much of
the condensor erection had been performed earlier by Foster-wWheeler.

The Aycock selection was made after a detailed bid evaluation per-
formed by Daniel, Edison and English Electric managemern® personnel.

A principal consideration in the selection of the erector was his
“understanding or awareness of the unique erection requirements of an
English Electric turbine" (DIC 77-4303). Other factors included price
and prior experience.

Bids were received from Aycock, Union Boiler, Townsend & Bottum,
Power Systems Inc. and J.A. Jones Construction. Only the first three
were given serious consideration based on bids. Individual meetings were
held with these bidders.

Aycock was selected for the following reasons:

(1) Lowest bid;

(2) Satisfactory understanding of the complexities of the English

Electric turbine;

(3) The contractor has limited nuclear experience but has performed

heavy 1ifting at several nuclear sites, including RPV setting

at Calvert C1iff, Zimmer, Cooper Stn; Pilgrim and some work at
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Shorenam. Aycock was selected by Bechtel for bidding at

Greenwood 1.

Edison/Daniel verified the financial, technical and resource
ability to handle the job. Aycock was to sub-contract
mechanical/piping work to a local company, Power Process Piping

(PPP), which had performed several jobs for Edison.

The Aycock contract was a lump sum for turbine erection for $4.9
million, plvs a cost reimbursible condensor installation (contract
#1A84501). Daniel had the responsibility for monitoring the erection
work. The English Electric Technical Director was at the site to assist

with erection instructions and interpret technical specifications.

Erection Phase:

Erection began in August 1978 when turbine component parts were
transported from the parking lot where they had been stored since 1976.
At the suggestion of EE, Edison hired a materials engineer to inspect the
condition of the stored equipment. Cost: $72,000.

Serious erection problems developed from the very beginning. The
intial schedule was that erection would begin in 1979 and completed by
March 1980. It took until the end of 1982. Aycock was demobilized by
mid-1981; the system was turned over to start-up. Bechtel maintenance
finally finished work by the end of 1982.

Some of the erection problems encountered are discussed below:

- Edison, Aycock and Daniel lacked experience with the EE-type

turbine.

- EE réqufred too much field fitting of bolts compared to domes-

tic suppliers.
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Piping on the turbine was designed and shipped by EE. Designs

were delayed.

Erection instructions by EE were not properly sequenced and
were incomplete; this caused scope changes and delays. (See,
for example, CO #6; additional $239,250 expense.)

Too many interferences resulted in the removal and refabrica-
tion of tubing, welds, etc. (See CO #7.)

Interference and extra work to temporarily install equipment
and perform early oil system flush. FEE had to redesign, fabri-
cate and install extra piping.

Nefective equipment returned to England for repair, e.q.,

L.P. blades, L.P. sole, dowel pins and posts. (See C0#2.)
Serious problems with coupling bolts;

British standards for tolerance were much more rigid.
Controversy developed within Daniel, EE and DE as to tolerance
standards. Arguments went on for three months as to need for
fine grinding of coupling bolts. Finally, a local machinist
from Toledo, Ohio was hired who had the expertise in fine
grinding, and he completed 4 to 5 couplings with 20 bolts each
in 6 weeks. This type of problem would not occur with domestic
suppliers.

There was evidence of conflicts between Aycock, Daniel and CE
Technical Director. Daniel, it appears, was tightly
controlling the work, which was resisted by both Aycock and EE.
They felt Daniel was an unnecessary hindrance to progress. In
February 1981 (CO #64), Edison detided to eliminate the need
for directions from Daniel. "Technical direction was to be

given by EE to Aycock".
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- Lack of coordination, unfamiliarity with EE design, poor

installation instructions and too many parties involved created

confusion and misunderstanding and loss of work progress.

- As a result of erection delays, rework and extended technical

directions, several escalation claims were filed and payments

received by English Electric. Among them:

(a)
(b)
(c)
(d)
(e)

$1.4 million
$116,000
$278,000
$222,000
$129,000

January 1979
April 1980

September 1980 (CO # 62)

March 1981 (CO # 65)
March 1982 (CO # 77)

A separate $1.6 million contract was signed with Englizh Electric

for start-up engineering analysis.

hundreds of back charges on EE.

Tne success rate was very poor.

During erection, Edison generated

- The erection contractor, Aycock, also received several adjust-

ments for rework and delays due to no fault of the contractor.

Among them:

(a)
(b)
(c)

(d)
(e)
(f)
(a)

(h)

$249,000: C03; (4/79) authorized for future extra work

$109,000: C04: construction based on superseded drawings

Rework of cold heat pi
Piping not built to sp

ping; $63,000
ecs;

£E may pick up part of the cost.

[nadequate erection in

structions $239,000

Turbine frame interference $ 71,000

Cold flush system prep

Future funds for extra
(back charged to EF)

NDE as per British sta
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aration $100,000
work $249,000
ndards $ 52,600

CO #5

CO#6
Co #7
co#8
Co#9

Co #11



(1)

(i

3

(1)
(m)

(n)

(o)

Extra work due to EE $100,000 Co #12
(back charged)

Cost overruns due to rework and $330,000 CO #15
fit up accessibility

Delete instrument piping & (65,000) CO #16
tubing from the contract

because Aycock/PPP does not

have the ability to design the

piping as per specs

Cost overruns $494 000 co #17

Delay adjustment $390,000 co #19

Extra work $600,000

Add. delay of 112 days $412,000 co #23
#$98,235 per month

Extra work for turbine oil flush * 105,000 co =25

Delay $575,000 CO #26

power Process Piping, a subcontractor for Aycock, filed a
claim for $3 million against Edison in a civil action

suit.

(1)

(2)

(3)

(4)

Basis for PPP suit was:
Handling and transportation problems. The Tay-down
and storage area was moved by 1000 yards. Additional
costs were incurred in transporting material due to

longer distance. FEdison PMO recognized this problem.

Interferences due to hangar supports were encountered
during fitting, assembly, installation and alignment.
Nf the 329 interferences, NDaniel recognized 295 as

valid claims

Design changes and various interferences. At least

42 claims were documented by PPP.

Delays and indirects.
PPP claimed significant costs due to schedule delays

resulting from “material deficiencies as well as
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numerous extra work". Original completion date was
September 30, 1979, but PPP was demobilized on
January 16, 1981.

(5) PPP also claimed interest and legal fees.

The dispute could not be resolved by the parties. The major con-

tention of DE/Daniel was that the claims had not been well documented

rather than their validity.

An arbitration was conducted in January 1983. According to Edison,

new facts were brought to light not known to them previously. Edison

settled the dispute for $1.7 million.

Staff Analysis and Findings on Performance of Turbine-Generator

Supplier and Erection

Based on its detailed review, the Staff concludes as follows:

1.

Selection of English Electric as the turbine-generator supplier
was not entirely justifiable. Even though it provided first
price advantage, the installation, logistics of dealing with
severai overseas parties and lack of experience both at EF and

DE/Daniel with new design all involved unwarranted risks.

Selection of Aycock as installer was thoroughly reviewed by
Daniel/Detroit Edison. The choice of Aycock with PPP as the

piping subcontractor was prudent and justifiable.

The erection of the turbine generator was poorly planned, badly
coordinated and mismanaged. Principally, both Daniel and
Detroit Edison must be faulted for this. The Staff is

constrained to note that DE mismanaged an essentially non-QA,
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conventional turbine system. One cannot bl.ame regulation or

any outside factor for it.

4. Many of the erection problems resulted from deficiencies in
equipment design, lack of instructions and inadequate

experience with the new design from a foreign supplier.

5. The delay and rework costs received by Ayco<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>