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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

MAY 15 1880

Mr. James R. Morrison
12432 Cantebury
Warren, Michigan 48093

Dear Mr. Morrison:

This is in reply to your letter of May 16, 1979, regarding nuclear
accidents before Three Mile Island. [ am sorry for the long delay in
responding, but we have been very busy with the aftermath of the Three
Mile Island accident.

Enclosed for your information are the following documents:

Report NUREG-0572 of September 1979 on "Review of Licensee
Event Reports (1976-1978)" by the Advisory Committee on
Reactor Safeguards of the Nuclear Regulatory Commission.

A section on "Past Accidents in Nuclear Reactor Facilities
and Nuclear Power Plant Airborne Radioactivity Releases”
excerpted from the Summary of the Technical Staff Analysis
Report to the President's Commission on th( Accident at
Three Mile Island of October 1979.

Excerpts from a section on "Precursor Events" from Volume II,
Part I, of "Three Mile Island -- A Report to the Commissioners
and to the Public" by a Special Inquiry Group of the Nuclear
Regulatory Commission, January 1980. (Four specific incidents
prior to the Three Mile Island accident are discussed.)

I trust that this material will be of interest to you.

Sincerely,

ihoertr 2K

Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Enclosures:
As stated
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PAST ACCIDENTS IN NUCLEAR REACTOR FACILITIES
NUCLEAR POWER PLANT AIRBORNE RADIOACTIVITY RELEASES

Part I of this report describes selected accidents
which have occurred in nuclear reactor facilities worldwide.
Included are accidents involving central scation power
plants, plutonium production reactors, demonstration plants,
and experimental and research reactors. The condition for
inclusion in this compilation is that the accident fulfill
one of the following criteria:

Caused death or significant injury

Released significant radicactivity offsite
Results in core damage

Causes severe damage to major equirment

Was a precursor to a potentially serious accident
Resulted in inadvertent criticality

Resulted in significant recovery cost

O00O00O0OO

Of the 40 accidents considered, 22 resulted from equipment
failure,l0 from human farlure, and 7 involved both ecuipment
failure and human failure.

By type, there were 27 nuclear accidents and 13 non-
nuclear. The latter are defined as cases where criticality
of the core was not a factor; either the reactor was unfueled,
shutdown, or systems not associated directly with reactor
operation were involved. 1In this tyre of accident two
people were killed and 8 injured. Radicactive release
accompanied three of these but in No case was it significant
offsite. All of the nonnuclear accidents involved central
station power plants.

Nuclear type accidents to Central station power plants
resulted in no personnel injuries or deaths. Three Mile
Island received by far the most attention because of the
nature and duration of the accident and the number of people
involved. It was the first central station power plant
accident to release more than trivial amounts of radiation.
Inadvertent criticality at two power plants did not release
any activity or cause any core damage.

The most serious accident radiologically happened to
the Windscale productionreactor in England when art of the
uranium-graphite core was destroyed by a smoldering fire.
Milk consumption in a 200 Square mile area was restricted
because of iocdine contamination through animal feed.
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The only serious criticality accidents have occurred
with experimental and research reactors. In one of these
where were three fatalities and the reactor was destroyed.
Serious core damage was incurred at four other reactors of
this type when they became supercritical. No serious off-
site contamination resulted, however, for any of these
accidents.

In the second part of this repcrt, yearly releases of
noble gases and halogens are tabulated for power plants
operating in the United States. Some of the higher routine
yearly releases from operating nuclear power stations have
been comparable to the single event release of the Three
Mile Island accident.
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II. Nuclear Power Plant Airborne Radicactivity Releases

The release of fission products from the TMI-2 accident

consisted of 2.5 million curies of noble gases, primarily

xenon and about 15 curies of iocdine~131. The questicn
may be asked, how does this short-term, single-event
release compare with the historical record of allowed
annual release of fission products from operating
reactors? The following two tables present information
taken from NRC reportsl,2/, concerning routine releases

of noble gases, halogens and particulates from operating
nuclear reactors in the United States Annual releases that

are comparable to releases resulting from the TMI-2
accident are underlined.

We point out that in 1975 and 1976 amendments to 10 CFR
Part 50 (Appendix I) severely limited the allowed
releases from routine operations. The concept of "as
low as practicable” releases required power stations to
install equipment limiting releases tc low values.

The release of radicactive noble gases from TMI-2 led
to a low average radiation dose to individuals in the
neighborhood and to a collective dose to the total
population within a S0-mile radius of about 3,300
person-rem.3,5/ For comparison purposes the population
doses from operatinc nuclear power plants in 1975 has
been estimated.4/ l.2se ranged from a high of 750
person-rem to a low of 0.008 person-rem.

1/ NUREG~0077, "Radiocactive Materials Released from Nuclear
Power Plants, 1974, U.S. NRC, June 1976.

2/ NUREG-0521, "Radiocactive Materia Released from Nuclear
Sower Plants, Annual Report 1977," . S. NRC, Jan. 1979.

;/ Report of the TMI Ad Hoc Population Dose Assessment
sroup, "Population Dose and Health Impact the Accident on
the Three-Mile Island Nuclear Station", May 10, 1979.

4/ "Population Dose Commitment D . to Radioactive Releases
from Nuclear Power Plant Sites in 1975", PNL-2439, Octcber,
1977, by Baker, Soldat and watson.

S/ "President's Commission on the Accident at Three Mile
Island - Report of the Task Group on Health Physics and
Desimetry”, J.A. Auxier, et al. Sept. 28, 1979 gives an
estimated collective dose of 2,800 person-rem.
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.26
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0.05

1978 1976 18711
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1.3
- 0.01
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22. Miller dep. at SS.
23. Kohler dep. at 7S.
24. Walters d«p. .at 29.
25. Hallsan dep. at S0.
26. Hallaman dep. at 50; Dunn dep. at 69; Walters dep. at 31.
27. Hallman dep. at 52.
28. Murray dep. at 64.
29. Ibid at 66.
30. Walters dep. at 32-33.
31. Taylor dep. at 61.
32. Miller dep. at SS.

33. Murray dep. at 64,
I.

C. PRECURSOR EVENTS
OVERVIEW AND GENERAL DESCRIPTION

The experience of the nuclear po 30
vith accidents and episodes presaging \&
particular interest to the Special Ingqui\r

stry d the N2&C
-2 accident was of
gup. Several suca
A3 in connection with
€ Zne problem at THI-2
vas alsc a possible precursoi\t D\ March 28, 1979 accident.

The history of the industr jeved to determine (1)

oNdf the March 28, 1979

ther the Mforzation was effectively
hd, and (3) vhether that information
Nutilized.
A\nquiry Group planped to investigate
all potential precursod #ts to deteraine their relevance and
significance and howv the ere handled. However, as vwork
projressed ve realized that there vere a nuaber of additional
events and issues that although they did not appear to be
significant, might have yielded information that would
substantiate the observations we made as a result of our review
of the precursors that ve did investigate. These events vere
not addressed because the resources required to investigate
these peripheral issues vere not justified by the aexpected
return. Therefore, the precursors discussed in this report are
best described as a representative sample of all the precursor
events associated with the accident at TMI-2. We believe that
this sample accurately reflects the vays that these events and
issues have been handled.

The aore significant precursor matters exaained begin with
a 1971 letter to the Atomic Energy Ccmaission froa H. Dopcaie
of Belgiuam (see Section ICH4) vhich noted a problea with

probleas at TNI, (2)
evaluated and diss
vas ultimately effed

Initially, tae SP




PAGE 0183
pressurizer level after a saall-break loss-of cooclant accideat
from the pressurizer steaa space of a Westirjhouse pressurized
water reactor. In 1974, such an event occvred at a
Westinghouse reactor (NOK-1) at Beznau, Switzerland (see
Section ICS).

In 1975, the Nuclear Regulatory Coaaission published a
report of a detailed 3-year study, variously kmnown as
"HASH-1400", "The Reactor Safety Study"™ or "The Rasaussen
Report”, vhich attempted to measure the risks in the operation
of nuclear reactors; small-break loss-of-coolant accidents aand
snmall releases of radiocactivity vere included (see Section IC6).

In September of 1977 the Davis Besse nuclear poverplant of
the Toledo Edison Company, designed by Bahbcock and Wilcox
(85W), had a transient that was very similar to the T™HI-2
accident (see Section IC8).

At the same time, at the Tennessee Valley Authority (TVA),
Carl Michelson, a nuclear engineer and a consultant to the
N3C's Advisory Committee on Reactor Safeguards (ACRS), raised
to his TVA superiors soze long-considered conceras about tae
susceptibility of Babcock and Wilcox designed plaants to
very-small-break loss-of-coolant accidents (see Se pn IC7).
TVYA subaitted the Nichelson report to Babcock and
analysis in April of 1978. A handvritten copy hagAq
informally in the fall of 1977 by Michelson to Jesse\EIgrsole,
a close personal friend and a amember of the ACRS. Ebegsd
the process of preparing questions that vg eaventually\ge
Portland Genmeral Electric Coapany about i Pehble Springs,
Orejon, plant wused Nichelson's report as W .
gquestion about operator interpretatipn of p rizer level in
a 86W plant during a loss-of-coolagl ¥ .

IC10).

At Babcock and Wilcox Coampany N
Division headguarters, a concern arisy Qud of the incident in

Josa2ph J. Kelly (in the Pldn hNegratiodg/Section) on Noveaber
1, 1977, and Bert H. Dunn, of the Emergeacy Core Cooling
Systeas Analysis Branch) on :
minagement to revise guidance
on stopping the Higi™pressure
(see Secztion ICY
At the HRC,

st ning operator instructions
ction pumps duriung accideats

s a outgrowth of the coaposite iapact
s Besse incident, the Michelson
report, and Ebersole
of the Reactor Systead Bfanch of the Office of Nuclear Reactor
Regulation prepared a note signed on January 10, 1978, by ais
Braach Chief, Thomas H. Novak, concerning pressurizer desiga ia
BEW plants. The note urged that revievers verify that
operators of future plants be provided adequate inforamatioan
about procedures for terainating High Pressure Injection flow
(see Section IC12).

In Sarch 1973, D. M. Sternberg in Region I, O0ffice of
Inspection and Enforcement (ISE), reported to K. V. Seyfrit ia
I52 Headquarters that TNI-2 had experienced a blowdowvn (after a
reactor trip) on March 29, 1978 because a pressurizer Pilot
Operated Relief Valve (PORV) opened after a loss of control
pover (see Section IC14).

An event on March 20, 1978 at the Ranch Seco nuclear power
plant near Sacraaento, California, involving loss of pover to
som? nonnuclear instrumentation, proapted conceras at 36W about
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the necessity for operator education on procedures to follow
when such loss of instrumentation occurs. BEW wrote to all its
Site Operations Managers (except TMI) that "pressurizer level
and RCS pressure assure that the Reactor Coolant System is filled..." 1
"emphasis added) (see Section ICl3).

At NRC's Region III, James C. Creswell, Reactor Inspector,
wi'o was an inspector for Davis Besse, developed a series of
ccncerns, six of which he submitted on January 8, 1979, through
chainnels for review by the Atomic Safety and Licensing Board,
and some of which he personally laid before Commissioners Bradford
and Ahearne in March of 1979 (see Section ICll). Figure IC-1l iz a
graphical representation of the significant preéursor milestones.
Figure IC-2 is a graphical representation of the organizational
relationship of NRC employees who were directly avolved with pre-
cursor events or issues.

This chapter reviews these events in detail and gives the
Special Inquiry Group's conclusions and recommendations.
) i CONCLUSIONS AND RECOMMENDATIONS

(a) The nuclear indusery and the NRC had littl concern
about what the operators saw during a transi®en
they did as a result. Actual plant operating a
procedures were not reviewed in any s ematic fa n by the
NRC or by the vendor. Incidents we
from the perspective of the hardware

about what the operator saw or did.

In the design of equipment,
why a piece of equipment will .
function, (e.g., why a valve wi\ tN\gpren when it should).
However, little considegation n g

For equipment, this

is pr¥per because a piece of
equipment is more lik

il t4 perform a required functien,
unction for no apparent reason.
y applied to the operator. How-
ever, people ffy Rature are WMot passive. The operators have
iN ingness to become actively involved in

ollowing an incident. Cnce the operators
e)going to take an active role in a particular
event, they hava 'n themselves to be very persistent and
innovative in firNjng a way to get a certain function done.
However, defining all of the reasons why an operator might
initiate an action has received much less attention than it
should have received during the design and licensing of
nuclear power plants. Therefore, with machines, the concern
is that the machines will not perform when they should; but with
cperators, the concern should be that the operator will perform
when they should not.

operating thd
decide that tf

In the past, the operators have been essentially ignored by the
NRC and by the plant designers. On the other hand, incidents
such as the one that occurred at Davis Besse on September 24,
1977 make it quite clear that operators do not consider them-
selves to be passive observers during an incident. The opera-
tors are an active component. Moreover, they can and do inter-
vene in the automatic features of the plant as well. Such
intervention may be right or very wrong.

If it is decided that the operators should play an active
role in mitigating and minimizing the consequences of an
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5. Beznau* Incident--lugust 20, 1974

On August 20, 1974, an incident occurred at the NOK-1=
Nuclear Powver Plant in Beznau, Switzerland that bears soae
similarity to the accident that subsequently occurred at Taree
Hile Island. The NOR-1 plant was designed by Westinghouse.
The design is siailar to nuclear pover plants that vere built
by Westinghouse in the United States.

The particular incident in question began with the reactor
operating at 100 percent power. A trip of one of the two
turbine generators occurred. As a Tesult, the Reactor Coolant
Sytsa termperature and pressure increased rapidly and both
PORVs opened. One PORV failed to close and a subsequent
depressurization of the Reactor Coolant System occurred. The
reactor tripped on low pressure as a result of this
depressurization. As pressure continued to decrease, steaa
formed in the Reactor Coolant System hot leg and pressurizer
level began to rise. It eventually increased fyst the 100
percent point and remained off-scale for 3-
operators were able to identify that the PORy
approximsately 2-3 asinutes and shut the isolatid
is no indication of what caused the opg .
Such a short period of time that the FORY was open Liter the
PORV wvas shut, the pressurizer leve rapidly as the stzaa
bubbles in the Reactor Coolant Systen Apsed. Pinally,
approximately 12 minutes into ¢t the pressurizer
level reached the five percert/Paint and\s Pressure
Injection vas initiated.

In this particular design, \a IdQident initiation wvas
required for High Pressure Inje uation. This
initiation required bots Coolant Systea pressure
and a lov pressurize because the
pressurizer level wen
the Reactor Coolaat Sy2
decrease ipitially and
begin until 1 nutes

Cause High Pressure Injection to
he incident.

* This inc come to be known as the Bezpmau incideat.

In fact, th agtor, vhich is located in Beznau,
Switzerland, hamed "NOK-1", There is no "Bezpau
Reactor".

The incident vas analyzed by a team froa Westinghouse's
Brussel, Belgium office and a report prepared. This report vas
distributed to various individuals in the Westinghouse domestic
reactor offices in Pittsburgh, Pa. The analysis indicated that
all existing protection systeas had perforaed properly. 12

This conclusion vas based in part on an apalysis of a saall
LOCA from the steam space in the pressurizer vhich had been
perforaed in 1971. This analysis showed that during such an
eveat, pressurizer level would rise and prevent autoaatic
initiation of High Pressure Injection. 13 The analysis also
shoved that the operators had approximately 50 ainutes to
manually initiate High Pressure Injection before core damage
vould begzin. 14 Westinghouse concluded that this amount of
tise (20 minutes is pnormally considered an adequate period for
an Jperator to take required sanual actions) and the indication
available to the operator (Westinhouse plants have, aaong other

- ——  — . — S e e gy e oy
-~ > .

e |



PAGE 0195
indications, direct indication of the PORV position) were
sufficient to provided adeguate protection. 15 This
conclusion was substantiated by the fact that the operators at
Beznau isolated the PORV in 2 to 3 aminutes.

It should be noted that prior to the TMI accideat,
Westinghouse guidance to utilities concerning small LOCA
procedures did not provide specific warnings that pressurizer
level might inc:iase during such an event. The Westinghouse
operator training program included a stuck-open PORV and tae
operator was instructed hov to recognize this evsat. However,
the Westinghouse simulator d4id not indicate a rising
pressurizer level, but only indicated a aore slowly decreasing
level. 16

The results of the 1971 anaylsis had been docuamented to the
AEC in the Safety Analysis Report (Amendment 1 dated October
1972) for the RESAP~3 standard plant. 17 Although this report
4id not specifically state that the pressurizer level would
increase during such an event, it did statg/\pat for breaks ia
the 2 to 6 inch range, High Pressure Inje Qo aight not
result. The report also noted that a de High Pressure
Injection of more than 50 ainutes would not N1t in core
uncovering.

Beginning with RESAR-3 the st
vas changed to require only low
Pressure Injection. This change ¥
operating experience which ipdicate
High Pra2ssure Iniection wo oblem if the
coincident prcssure and leWg wvas eliainated.
Westinghouse considered chadgddNg M der designs, but decided
dion available to the
£ this nJe was not required. 18

rd destingNluse desija,

e to initiate Hignhn
marily the result of

t spurious actuation of

operator, backfitt

The original gé
subaitted to the AN
the plant had respor

- gxpected. The NRC eventually became
avare of the incidentN\g®\DeZf-au during discussions with
vestingho aployees XpAloving the TNI accident. The NBC
subsequ tained from the Swiss government the

Westingh rt and another report prepared by the Sviss.
Paradoxica ever, because of the current regulatory
requirement respect to Proprietary Information, the Swiss
governament wa le to designat2 this information as
Proprietary which would have prevented the disseaination of the
details of this event to the public. 1In fact, it sas initially
intended that the only reference tkat would be made in any
public NBC documents vith respect to the Bezaau incident, was a
statement that had been approved by the >viss governaeat. This
statement said, "We are avare c¢f one incident at a foreiga
reactor designed by Westinghouse which occurred a nusber of
years ago ia wbich a PORV was challenged during a turbine trip
transient and failed to reclose wher pressure decreased. The
failure to close vas detected in a fewv ainutes by the operators
vho imssediately isolated the valve by closing the olocked valve
in series with the PORV. This actioa terminated the incident.
The failure to reclose vas due to the rupture of the cast iron
franme between the valve operator and the valve body which vas
caused by a vater slug hitting the valve. The source of the
vater slug vas the loop seal located betveen the pressurizer
and the relief valve. Investigation of this event identified
the cause of the valve failure to be design error which, we
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understand, has been subsequently remedied.™ 19 There is no
indication in this statemeant that pressurizer level failed to
decrease and that High Pressure Injection was inhibited as a
result of the response of the plant. It vas only after the
inappropriateness of the withholding of this information froa
the public, wvas raised by a number of individuals, iancluding
meabers of this Special Inquiry, that the proprietary
restrictions vere reaoved.

After the accident at TNI, Westinghouse provided guidance
to plants that still have the coincident low pressurizer/low
pressurizer level High Pressure Injection. This guidance
pointed out that during small LOCAs froam the pressurizer, taere
may be a problea with pressurizer level hanging up. By letter
date April 10, 1979 (Ref. 20), Westinghouse informed the NRC
that they had advised utilities that the problem could exist
and they were recommending that the operators be specifically
instructed to monitor prensure and manually initiate High
Pressure Injection if pressure dropped below the actuation
point.

Specific Conclusions

(a) An incilent occurred at the NOK-1 nuclear plant in
that demonstrated the phenoamenon of inc ing press er
lev2l during a small loss-of-coolant agfident froam the
steam space in the pressurizer. This non was

1977, and during the TMI accidern
the Beznau incident, the high p
High Pressure Injection to fail t
Bess2 and TMI, the High Pressure I}
but was subsequently stop ;
erroneously interpreted gh preag

At Davis
system ipitiated
wOperators

izer level.

(b) The relevant phenomenon
during a small LOCA from th
been previously jdgntified b

reasing pressurizer level
- rizer steaam space) nad
stinghouse. Therefore, the

plant responded pected. he implications of this
phenomenon but{p bW phenomenon itself, had been reported
to the ABC priom\t 2\ Beznau incident. It is not kaown
hovw clearly the AX cdgnized this phenomenon as a result

of this matter.
never explicitly infdfmed that for older Westinghouse
designs (i.e., prior to RESAR-3) operator action vas
required during a small LOCA from the steam space in tae
pressurizer. As a result, it vas not possible for the AR
to incorporate the lessons that might have been learned
fros this incident into the licensing of Westinghouse
plants or PW®s in general.

(c) Because of the restrictive nature of the current
requlations vith respect to proprietary information
received from foreign governments, it is very possible that
the information contained in the Beznau report would aot
have become part of the public record even in light of the
THI accident. However, it must be recognized that there is
a trade-off betwveen restrictive proprietary inforaation
provisions that allov a foreign governament to provide

— ————— - Y
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informaticn that will subsequently not become part of the
public record; and the fact that if foreign goveraments can

. no longer provide this information with confideance that it
will not become public, they wvill refuse to provide tae
information in the future.

6. BReactor Safety Study (WASH-1400)--October 1975

In 1975 the NBC published the results of an-extensive three
year study vhich attempted to gquantify the risks associated
vith operation of a nuclear reactor. The report was foraally
titled, "The Reactor Safety Study." 21 It has also come to be
xno¥n as "WASH-1800™ or "the Rasaussen Report”.

WASH-1400 is a precursor to the accident at THI for a
nuaber of reascns.

Pirst, WASH-1400 identified the category of small-breakx
LOCAsS as one of the most significant contribygors to the risk
froam nuclear reactor operation. 22,23 of icular concera
were the smallest class of Reactor Coolan em breaks (1/2
inch to 2 inches effective diameter) which ed a break
equivalent to the stuck open PORV at TNI (appr ately 1 inch
effective diameter). This dominanceA”Qf very sa LOCAs over
larger LOCAs wvas found even in th ISt serious (With respect
to radiocactivity releases froa the Njnaent) categories of
accidents identified in WASH-1400. example, the
probability of the most serigag y N f accident assessed
in WASH-1400 being initiate very 1 LOCA is 50 tiaes
greater than the probability\t ¢+ would b« initiated by a
large LOCA. 24 This dominan¥g ya primarily to the fact
that small pipes are ggonsideral e common than large pipes,
and large pipes are lled udj
requirements. 25

i\ WASH-1400 on the significance of

3 to place a great deal of
process and in research allocatioas,
he emphasis been shifted to these
it is possible that a better understanding of
hDots at Davis Besse (Septeaber 24, 1377) aad
deen developed.
: 00 eaphasized that small releases of
radiocactivity r ting froam variov= plant accidents are auch
sore likely than large catastrop’ .c failures releasing large
quantities of radioactivity. Por exaaple, the least severe
category of accident conseguences (Category 9), vhich includes
the level of releases that occurred at TMI, 27 wvas found to be
over 400 times more likely than the mcst severe category (e«g..
Category 1. 28

As a result of this conclusion, the NBC should have

recognized that these less severe accidents deserved a
.ignifizant emphasis in the regulatory process because tlhe
probabilities inlicated that an event of this type vould occur
in the coming years. As has been shown by the accident at TNI,
increased emphasis should have been placed on emergeancy
planning and dissemipation of inforaation during such high
probability but low consequence events. This is particularly
true wvhen one recognizes that although the radiocactivity
rel2ased during these events did not produce a significant
physical health affect, the psychological stress caused by
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draft.

(d) Michelson and Bbersole vere painfully naive to believe that
a handwritten draft report, inforamally handed to a
first-line supervisor wvithin the NRC, would receive
anything more than a cursory review. The lack of followup
by Ebersole after he forwvarded the report to Israel
exacerbated the problem of this report not being givean
extensive consideration by the NRC.

(e) BEW response to the Nichelson report vas excessively slow.
Hovever, this slow response was due primarily to the fact
that B&W believed thbat the technical issues raised in the
report were not significant and were already adequately
addressed in earlier analyses, and that the bulk of their
effort vas associated with explaining why the concerns
raised ia the report vere not significant issues.

(f) With respect to the issue of operator iaterpretation of
pressurizer level, B&W felt that this issue had been
resolved by virtue of the additional g nce that Kelly,
Jones, and Dunn all amistakenly believagfli Kad been sent to
the various utilities as a rcsult of lly-Duan aewmos.

(3) Although Michelcon wvas (and still is) a oQudzyltant to the

a meaber of the ACRS, because his forama elationship
(i.e., the report wvas not sub ed to the ACES) .

Michelson and Ebersole had bee e personal frieuds
since long before either of thea ame associated with the

ACRS. It was in this
shared a comaon interes
Michelson report wvas gi

An incident occu) he Davis Besse Nuclear Power
Station* on Stholbcr A 7, that bears a stroung resemblance
, at TNI-2. The incident began at
the plant was operating at 9% power wvith one
PQver Day of operation. The incident wvas
ious half-trip of the Steam and Peedwvater
Rupture Cont) ystem. This trip stopped the feedwater flow
to the No. 2 »dm generator which caused the level in the
steam generator to decrease. At 1 minute and 16 seconds after
the spurious half-trip, a full trip vas initiated as a result
of low level in the No. 2 steam generator. 7This full trip
isolated the main feedwater flow to the other steaa gemerator
and initiated auxiliary feedvater flow. Hovever, the No. 2
auxiliary feedwvater pump turbine did not come up to full speed
because of binding of the turbine governor. This situation
resulted in no auxiliary feedvater flow to the No. 2 stean
g2nerator. At approximately the same time that the full trip
of the Steam and Peedvater Rupture Control System occurred, the
Pilot Operated Relief Valve (PORV) opened as designed.
Hovever, due to a missing relay in the control circiit, the
valve rapidly cycled open and shut, and eventually failed ia
the open position.

initiated B

* On August 1, 1969, the rfoledo Edison Tompany and the
Cleveland ElectZic Illuamipating Coapany, two privately
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owned public utility coapanies, applied for a license to
construct and operate the Davis Besse Nuclear Power
Station, Unit 1 located on Lake Erie about 21 ailes east of
Toledo, Jdhio. A Construction Perait wvas issued om Marca
28, 1971, and by letter dated April 21, 1977, thae Nuclear
Regulatory Coamission issued an Operating Licease. By
Septeaber 28, 1977, the plant was still in the startup
testing prograa.

The design of the Nuclear Steam Supply Systea by Babcock &
§ilcox is similar to TMI-2. Engineered safety features
built into the Davis Besse Unit 1 included ai eaergency
core cooling systea with a core flood systeam and both high
and low pressure injection systess. The architect-engineer
for Davis Besse vas Bechtel Corporatiomn. The turbine
generator vas supplied by Generul Electric Coampany.

The full trip of the Steam and Feedwater Rupture Comtrol
Systea also shut the Main Steam Isolation Valves. As a result
of the loss of cooling to the Reactor Coolant Systea, the
Reasztor Coolant Systea teamperature increased, which ig tura
caused pressurizer level to increase sharply. At 1 te and
47 seconds the operator msanually tripped the react ause of
high pressvrizer level.

The tripping of the reactor, the open PORV, aund ta?®
injection of cold auxiliary feedwater to the 1 stean
generator caused Reactor Coolant Systea texj
pressurizer level to decrease. At this poi
vere verifying proper operation of various sd
responding to numerous alaras that verg receivag
room. The alarms vere received so rgbi
isplications of each alara could not
The difficulties vere further coapoun
operators did not immediately realize
been initiated by a malfunct .
Rupture Control Systea. 80

As pressure continued to'\§
1600 psi (at approximately 3 a
Safaty Peatures Actuation Syste ated. The actuation
caused containment tion and WpAtiated High Pressure
Injection flovw. T inment isolation shut the veat on the
queach tank, wvhich 2 the ¢{ischarge from the open PORV.
As a result, the pres iNcreased in the gquench tank and
caused the rupture dis lov. The operators realized that
the rupture disk had blowyt Hovever, they thought that, at
msost, the PORY had stayed open slightly longer than normal;
they did not realize that the PORV vas still stuck opean.

The operators did have the computer printout of temperature
at the outlet of the PORY available; however, they did not use
thit information because the alara printer was too far
behind. 81 The only other indication of the PORV position was
fros the control power signal for the solenoid, and that
erroneously indicated that the valve vas shut.

At approximately 4-1/2 minutes pressurizer level stopped
decreasing and began to increase as a result of the influeance
of the High Pressure Injection pumps. However, Reactor Coolant
Systea temperature and pressure continued to decrease. At
approximately 6 msinutes, the operators stopped the High
Pressure Injection pumps because pressurizer level had returned
to normal and, in fact, had increased above the initial

features and
\2 the control

, it eventually reached
at wvhich point thae
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level. 82 Securing the High Pressure Injection was coasistent
vith the plant's emergency procedures, vhich stated in
Emergency Procedure 1201.06.2, Section 2.4.3, "Note that as BRCS
| reactor coolant systea~ pressure is decreased, the HPI |bigh
pressure injection-~ must be throttled to maintain pressurizer
leval."” 83 Hovever, the action of stopping High Pressure
Injection vas inconsistent with the plant operating procedures,
specifically Plant Procedure 1101.01.2, Section 1.1.3, Itea 6,
vhich states,

"Reactor coolant systea pressure must be saintained apove

the pressure that would allowv the foramation of a stean

bubble at the highest point of the 36-inch reactor coolant

piping.™ 88

In hindsight, some of the operators vere amazed that they
stopped High Pressure Injection based on pressurizer level
indication alone, because they realized that the plant was
approaching saturation conditions. They can only attribute
this action to the confusion that existed in the control
rooam. 85

Pressurizer level began to decrease after the High Pressure
Injectisn system sas stopped because of the continding decrease
of Reactor Coolant System teamperature. At 7-1/2/aidutes ignto
the incident, saturation pressure vwas reached ig eN\geactor
Coolant Systeam and boiling began. The void foraatida N t.e
Reactor Coolant Systeam caused expansion of, the water
increase in pressurizer level. At this pOikt, the ope
vere still involved with responding to &N
proper operation of systeams. However, - bgfian to realize
that the plant vas not responding ag they & xpected,
particularly in light of the fact Aha{ pressi nad continued
to decresase. Some of the operato
pressure decrease amight be caused Dy
Coolant System caused by the inject »old vater into the
No. 1 steam generator, 86 AAdwever, h 5. realized that tney
vere losing Reactor Cool tem wvatpgZ. At approximately 9
sinates pressure stabilizdg 90 psi and pressurizer level
vas offscale high. The op ound this coabination very
confusing, but they realize ne system vas saturated, and
that the pressure/Uag remainin onstant and the pressurizer
level vas high sult of the boiling in the Reactor
Coolant Systeam. At approximately 9 ainutes 20 secoads,

N Reactor Coolant Puamp in each loop to

reduce the heat inp o/ the system. Only in retrospect did
the operators realiz fat securing pumps to reduce heat input
was not consistent with their concern that pressure decrease
might be due to overcooling. 89

Reactor Coclant System pressure resained comstant for
approximately the next 13 ainutes, while at the saae tiaze
pressurizer level remained offscale high. At approximately 22
minates, the operators received a high containmsent pressure
alars. This alaram, coupled wita an instrusent reading of 3
psig, caused one of the operators to finally realize that a
leak vas occurring from the Reactor Coolant System. This fact,
as vell as earlier information about the guench tank rupture
2isk blowing and other matters indicated to hiam that tae PORV
vas open, and he iamediately shut the block valve. 99
Shutting the block valve wvhile the makeup puaps vere running
caused a repressurization of the systea. This repressurizacion
collapsed the steam bubbles that had formed in the RBeactor
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Coolant Systeam, and pressurizer level rapidly decreased.
gecause of this decrease, the operators sanually restarted the
High Pressure Injection puaps.

Approxisately 1 hour after the incident began, the
sperators had increased Reactor Coolant System pressure above
saturation and had returned pressurizer level to norsal. As a
result, they secured the High Pressure Injection systea a
second time. At this point, the plant vas in essentially a
stable cordition.

(a) Response to the Incident

(i) SRC Office of Imspection and BEnforcement, Regioa III

The NRC 0ffice of Inspection and Enforceaent, Region III in
Chicago vas first notified of the incident by telephone at 8:45
a.a. on Sunday, Septeaber 25, 1977, the day follovwing the
event. The event was perceived by the Region III personnel as
being a very severe traasieat, but, because t plaat wvas in a
safe condition, it was decided that it was
seni someone to the site imsediately. 91 incipal
Inspector for the Davis Besse plaat, Thomas g, vas
schedulad for a training session durinag
incident. So another inspector, TerIy\
plant on Monday, Septeaber 26.

The purposes of Harpster's trip et
determine if the plant wvas in a safe s} own coadition, (2)
jeteraine all the relevant parypseters d »g the traansient, (3)
ensure that proper analysis o transidgl vas conducted, 92
and (4) define actions necessa qre any further plant
operation. 93 Harpster's reviyw h lasted approximately !
week, raised several copaerns that £ subsequently related to
Taabling. These concg ncluded 1) the operator response
during the tramsient; skaluatid® of the pressure excursioa,
including boiling effed he core and the effects of
boiling on the fuel, and a Yossible problem with the High

plant wvere to (1)

core. 938

Harpster n about operator response centered on the
fact that the R s had not had adequate training to
recognize the prgblex with the Steaa and Feedwater Rupture
Control Systeam, pdpficularly because this systea vas unigue to
pDavis Besse. Harpster vas also concerned about the failure of
the operators to integrate plant paramseters (e.d., their
reliance entirely on pressurizer level). Hovever, he did aot
voice this second concern because the emphasis of iais vork aad
his major concerns vere associated with plant physical
probleas. 95 Harpster also considered the generic implication
of this incident; however, he thought it ynreasonable to
con=lude that a similar transient could occur elsevhere because
of the mechanical failures involved and the fact that the Steaa
and Peedwater Rupture Control Systea that initiated the
incident was unigue to Davis Besse. 96 Harpster vas
subsequently involved in a training session for various reactor
inspectors and staff personnel at Region III. This session
included a discussion of the chromology of events, the
initiating sequence, the operator response, and the various
equipment aalfunctions.

On Septeaber 30, 1977, an Iamediate Action letter 97 was
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issued by Region III as a result ¢f the Septeaber 28, 1977
incident. Aaong other things, this letter required an
evaluation of the pressure excursion including boiling effects,
to ensure that boiling did not cause damage to the Reactor
Coolant System. 1ISE practice and policy required that this
evaluation be coapleted before the plant was returned to Mode 4
(hot shutdown). 98,99

When Taabling assumed responsibility for the investigatioan,
his primary concern vas resolving specific iteams ian the
Iasmediate Action Letter. 100 Taabling vas aware that void
foraation bhad occurred in the Reactor Coolant System, but he
vievwed it principally as a potential equipaent problea
associatel with vibration of the Reactor Coolant Puaps and
potential fuel dasage. Taabling did not realize that void
formation had caused the pressurizer level to increase;
consequently, he believed that the operator action of securing
Sigh Pressure Injection wvas appropriate in view of the fact
that pressurizer level had returned to the operating
range. 101 Tambling also considered the generic iaplicatioas
of the incident. Hovever, he concluded that no generic issues,
wara associated vith the incident. because the Pi Othated
Relief Valve (PORV) that had failed open had be€
one manuafacturer, but the valve in other B&W p
designed by a different manufacturer. 102 In add , the
fact that the relay in the PORV control cjircuit was
considered a plant problea and would no
at other facilities. 103

At the conclusion of his inspection,
that the licensee prepare a supplegent to

pling requested
initial Licensing
ould include the
\ the site. This
material (LER NP-32-77-16 Suppleaey 105) was forwvarded
to the Region III office on Noveabe 977, as a part of thae
report that is required vwjifiNn 90 day loving such incidents.
5 's investigation were
t (lo. 50-346/77-32) dated
s report describes the
ion and notes several
® this Special Ingquiry: (1) the

documented in an Inspect
Noveaber 22, 1977 (Ref.
incident as a sudden depres?
conclusions that e

operators had
because of lacR\o
and therefore, TV

id¢ct indication of the valves positioan,
ision installed iandications of position
of the PORV pilot (2) the PORY control circuit vas not
safaty-related and BNQt/covered by the quality assurance prograa
for safety-related coaponents, and (3) B&W had analyzed the
incident and found that it vas within the scope of the
generalized depressurizatioan transient previously analyzed. As
a result of this inspection, no iteamas of noncoagliance
associated with the incident were noted.

This concluded Region III involveament with this incident
until concerns about this incident vere raised by Jaames
Cresvell, Region III inspector. These concerns are discussed
in detail in Section IC11 of this report.

(ii) NRC Office of Nuclear Reactor Regulation

The NRC O0ffice of Nuclear Reactor Regulation (NRR) also
became involved with the investigation of this incident. Leon
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Engle, the Licensing Project Manager for Davis Besse, vas
notified of the event by the Office of Iaspection and
Enforcement. However, because ISE did not request assistance,
2ngle concluded that active involvenent by NER was not
required. 107 At the same time, the Division of Systeas
Safety within NRR also became awvare of the event, and a
fact-finding group headed by Gerald MNazetis vas sent to the
plant. Engle, Mazetis, and severai other representatives of
the Division of Systeas Safety met with reprasentatives of the
atility, B&W, and Region III at the site on Septeaber 30, 1377.

Engle collected data froa the incident and, after returaing
to #ishington, plotted this data (see Pigure 1 3) Although tae
data plots revealed that steaa foraation had caused the
pressurizer level to increase, Engle did not consider this
€£inding to b2 significant. He also realized that the operators
had secured the High Pressure Injection systea before isolating
the leak. Hovever, he did not focus on whether or not this
action was proper because he considered operyAQr action to be a
responsibility of ISE. 108 His primary cod n vas the fact
that a relay such as the one that was four§ dsing in the PORYV
control circuit could be reamoved from a syste! thout anyocae's
knowledge. 109 He believed that little actioo\cdyld result
from this concern because the syste
safety systea. fHe was also conce that the investigatioa
vas being conducted unsystematicallND use of the nuasber of
groups involved and the lack Qf coor ion. He informed ais
supervisor of this concern, done. 110

After his review, Mazetly
Report 111 in which he noted
reached during the event and h® operators secured High
Pressure Injection wj hey obgefved an increasiag pressurizer
level. In this in eport,\p® related several issues aand
conzerns, including? Nere vere endless speculatioans
associated with this nd (2) the licensee should address
the dynaaic effect of orsation in the Reactor Coolaat
Systen duripg™~ghe transiwg?, particularly because it was
a sociateg Reactor Coolant Puap cavitation and seal
e .fects. : ormal report may not have been distributed to
anyone. HNa? h\s testified that he did not consider these
concerns to b ore significant than other safety conceras
that came up ANJA. 112

On October 3, 1977, Mazetis gave a briefing to
representatives froa the Division of Systeas Safety and I&E
including Boger Nattson, the Director of the Division of
Systeas Safety, and Karl Seyfrit, the Assistant Director,
Division of Reactor Operations Inspection in I&E. The general
characteristics of the transient were discussed, as vas tae
plot of pressurizer level, Reactor Coolant Systeam teaperature,
and Reactor Coolant System pressure prepared by Engle (Figure
1). The conclusion of this meeting vas a decision by Seyfrit
and Mattson that ISE would maintain lead respomsibility for the
investigation. 113

Subsequently, Nazetis prepared a note dated October 20,
1977, froa Denwood Ross of NRR to Seyfrit. 114 The note
lescribed soze areas of interest to the Division of Systea
Safety that he believed should be adidressed in the Toledo
gdison Company foramsal report of the incident. One coancera
stated, "The operator's role in participating in the event
should be related. Por example, the manual actions associated
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‘with the control of level in steam generator No. 2 should bpe
described. The operator's decision to secure high pressure
injection flow based on pressurizer level indication should be
explained."™ 115

Seyfrit does not recall whether he received this note;
hovever, he believes that if be had received it, he would have
called Region III or seat a copy of the report to the people
conducting the investigation in Regiom III. 116 Testiaony by
Region III personnel and a review of the Region III files
failed to produce the document or any recollection oa the part
of Region III personnel concerning the issues raised by this
document. The meeting on October 3, 1977, and.the October 20,
1977 note appear to be the only foruas in which the conceras
raised by NRR personnel would have been forvarded to the IGE
inspectors conducting the investigation. The October 20, 1377
note apparently ended the Division of Systeas Safety
involvement.

R.J. McDermott of the Quality Assuraance B
Office of Nuclear Reactor Regulation alsc co#
detarmine if deficiencies in the licensee's\gAg
projras or test program had caused or contribu
transient. In a memo dated October 6,, 1977 (Ref
NcDermott noted that the Eamergency Cjp
initiated at 1600 psig, that pressurg
psig, and that boiiing occurred in th
He did not commaent on these facts. He'\g

ted a reviev to
Aty assuraace

hed as low as 800
tor Coolant System.
ad that he did not
usion, but that he
from Whe ISE inspector.
menao 118 in which a2

had requested additionmal info
On October 20, 1977, McDeraott
concluded that the licensee ha
or hov the relay in tj QRY con *ircuit wvas reaoved. This
memd concluied NcDer at. It does not appear

that any subsequent a Eyere taken as a result of this

reviewv.

In additi Ahe meeting om October 3, 1977, Karl Seyfrit
participated i Jiefing of the Advisory Coamittee on Reactor
Safeguards (ACR fn October 7, 1977 concerning this incideant.
puring this briefing, it was noted that soame boiiing had
occurred in the Reactor Coolant Systea. However, Seyfrit
con=luded that the transient was coapletely teraminated after
aboat 15 minutes by putting the No. 2 auxiliary feedwater puap
iz msanual. 119 This vas an interesting observation since the
PORY was still stuck open at this time. Ebersole, who had
alvready received the handwritten draft of the Michelson report
(see Section IC7) and who subsequently prepared the Pebble
springs questions (see Section IC10) asked questioans Juriang
this briefing. Specifically, he asked if High Pressure
Injection had pumped water into the Reactor Coolant Systea.
Seyfrit's response vas that it had not because the operator had
turned it off. 120 Ebersole also asked if it was plaaned to
extrapolate the event to 100% power. Seyfrit stated that it
vas not likely that the plant could be in this particular
position at 100% power. 121 Seyfrit's conclusion that the
plant could not have a transient such as this at 100% power was
based oan the following points: (1) the plant wvas operatiag by

——— e —
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duaping steaa to the condenser rather than using the main
tucrbines; (2) the plant vas using the Startup Feedvater Systea
rather than the Nain Peedvater System (the spurious half-trip
of the Steam and Peedvater Rupture Control Systea which
initiated the incident would not have isolated feedvater flow
to the No. 2 steas generator if the Main Peedvater Systea hnad
been in use); and (3) different systeas would be in operatioa
and therefore vould change the nature of the traasient. 122

During the ACRS briefing, Seiss, a meaber of the ACRS,
stated that Dav.s Besse had submitted what appeared to be an
abnormsally large number of Licensing Event Reports. He offered
three hypotheses; (1) the nuaber vas, in fact, abooraally
larje for a plant startup, (2) the nuamber wvas typical of plants
during a startup, or (3) Davis Besse personnel had a different
interpretation of what should be reported. Seyfrit stated that
the ansver was a coabination of all three; but, he concluded
that the perforsance at Davis Besse vas not unique or
unusual. 123

Seyfrit discussed this incident again at
ACRS aseeting. During the discussion, he ngq
cavitation had occurred in the Reactor CoolM¥ aps due to
boiling, but that no da . . had occurred. Ebe again asked
about the iasplications o.J the same a dent at f pover.
Seyfrit again responded that the ombination events
vould be unlikely at full power. 12

Noveaber 1377
hat soae

(iv) BEW Response

Davis Besse plant.

bezan with attendan
at 10:00 a.a. Sunda -
of the meetiny vas to y the recovery effort tLat wvould
k&> sequence of events. 125

hNested that additional personnel be
n Lynchburg to support this effort.
. Kelly vas sent to the Davis Besse plaat to
. ‘s of data that had been collected during

Faist sy
sent from yhe BRF offices
Therefore
assist in t}
the incident.

Kelly spen pProximately 2 days at the plant, atteapting
to deternine thésequence of events. Kelly did not coasidr
vhat the operators sav or hov they interpreted what they ¢ .
His understanding wvas that the utility vas interested priamarily
in assigning tasks to be accomplished before returaing plaant to
service, and this was the emphasis of his vork. 126 ¥hen
Kelly returned to BE&W, he gave a briefing in Lynchburg to
people vho vere later sent to the plant to support Toledo
Bdison in its meeting with the NRC.

Kelly hal identified several concerns that he raised vith
Faist and with BEW persoannel in Lynchburg. These concerns
included (') fuel damage because of boiling in the core; (2)
Reactor Coolant Pump damage resulting froam operation at
saturation conditions; (3) mechanical stress to the steaa
generators resulting from increased teaperature differeance
associated vith lost insulation; (4) cheamical damage caused by
boric acid crystallization on carbon steel pipe; (5) stress
associated vith excessive cooldown rates; and (6) the PORYV
failure. 127

TR s e
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puring the brieting of BE&W personnel ia Lynchburg, Kelly
iiscussed vith Bert Dunn and Bobert Jones of the B&iW staff a
concern associated vith the steam formatioa in the Reactor
Coolant System. Dunn resolved Kelly's concern about boiling
and the possibility that it wvould Jasage the core, but raised a
nev concern about the operators incorrectly securing High
Pressure Injection. 128,129 Tiis led Kelly to prepare a asemo
concerning the guidance provided to operators associated wita
secaring High Pressure Injection 130 (see Section IC3).

Paist also vorked on the recovery effort following the
incident. Some concerns that he identified include the
following

(1) The alara on one High Pressure Injection leg cleared, but
the operators did not see flow indication in that leg.
(Faist believes that this occurred vhen the operators
sansally initiated High Pressure Inject.oa, 131 but otaers
believed that this occurred vhen High Pressure Ianjection
initiated automatically early in the incident

(2) Michael Derivan, the shift foreman in the ¢
during the incident, wvas confused by the fa
decreased vhile pressurizer level increased. H
Faist testified that he did not coansid the poss
that other operators aight subsequen e confuse

rooa
pressure

Faist has testified that he had discu

he operatioan of
High Pressure Injection during the Apcident

Dunn and Joanes

of 8&W, and they concluded the High ssure ction skould
not have been turned off because O possib¥lity that it
vould not restart ccrrectly if it snded later in the
incident. 133 However, it does 2o pag 7 that Paist did

anything as a result of thi¥s A scussia

Faist prepared a Sitg P m Repo (No. 372) (Ref. 134).
He has testifi=:d that he describe the hardvare
probleas that had occurred Apd\ N equence of events, as
opposed to opinions and iate y with personnel. 135
Therefore, he di N fact that the operators were

cafused by th cation that they sav, nor did he report

that the operatol ed High Pressure Injection
igcorrectly. He S oted that the operators had secured
High Pressure Injech

In the Site Prob Report, Paist also pointed out that the
Stean and Feedvater Rupture Control Systeam actuation did not
trip the reactor. Toledo Edison opposed installing such a trip
because they vanted to keep the Steam and Feedvater Rupture
Control Systeam and the Reactor Protection Systea separate.
Toledo Bdison personnel believed that the Reactor Protection
Systea would trip the reactor vhen required. Faist did not
consider the geraric implications of the need for a siamilar
anticipatory trip, based on loss of feedvater, on other B&W
plants. 136

(v) Toledo E2dison

The involvesent of Toledo Edison msanageeent began during
the actual incident. Terry D. Murray, the Assistant Statioan
Superintendent (Nurray became the Station Superintendeat in
Noveaber 1977) was at the plant vhen the incideat occurred.
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Murray arrived in the control roca shortly after the operators
sanually tripped the reactor and he resained there throughout
tha incident. After Nurray vas confident that the plaant was
stabilized in a norsal hot shutdown condition, he telephoned
the station superintendent to infora bhia of the incideat. 137
Nurcay 4id not contact the NRC at this time. 138

On Sinday msorning (Septeaber 25, 1977) a meeting of station
staff and support personnel vas held to: 1) reviev the details
of the incident, 2) identify issues that required additional
iavestigation, and 3) develop a plan to correct physical daaage
that occurred inside the containment. 139 Shortly before the
group convened, the NRC was contacted.

The principal concerns that came out of this in-house
confereace vere: 1) potential damage to Reactor Coolant Puaps
and to the fuel due to void formation in the Reactor Coclant
Systea, 2) thermal stress of the React:~ Joolant Systea, 3)
sechanical damage inside containment, and 4) the cause of tae
sticking of the PORV. 140

Tvo or three veeks after the init
the inocident, the personnel who ver
vith a group of consultants to the p
During this conference the operators di

meetings concerning
he contrcl rcoam aet
t of Toledo Bdison.
d the information

available in the control rooa 142 as observed during
the discussion that a coamo ead in the events wvas the
operator's inability to recod msall LOCAs. 143 At least

he had never seen a leak
44" It does pot appear

vhere pressurizer lev

that any actions vere s a result of this ameeting. In
addition, this vas the e that the operators were asked
to describe t fficul ™Y had in deteramining vhat vas

happening 4 e even\.

ghe incident that occurred at Davis Besse is almost an

?Xact copy of the accident that subseguently occurred

TMI. The reasons that Davis Besse did not sustain

severe core damage that resulted at TMI are that

f) the Davis Besse plant had been operating at a very
low pover level and had a very los . ower history, and
(b) the operators at Davis Besse wvere able to ideatify
and isolate the open PORV in 20 minutes as opposed to
2 hours at TNI. If it had not been for these
fortuitous conditions, it is very likely tiat the
incident at Davis Besse would have been as severe as
the subsequent accident at TNI-2.

(ii) Numerous groups vere involved with the reviewv ot the
incident at Davis Besse; a team froam the Office of
Nuclear Reactor Regulation, an individual from B&d in
Lyackburg, tvwo inspectors from the Office of
Inspection and Enforcement, and plant persoanel.
Unfortunately, their efforts were not coordinated, aand
consequently the concerns raised by individuals wvere
never exchanged among the aeabers of the
organizations. Por example, the concerns raised by
Mazetis in the Office of Nuclear Reactor Regulation
that subsequently vere forvarded to the Office of
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Inspection and Enforcesent as the Ross-Syfrit note
vere never forvarded to the IfE inspectors actually
conducting the investigation. Siailarly, the coaceras
raised by Kelly that subsequently resulted in the
Kelly-Dunn memo vere never forvarded to anyone outside
of the BEV organization. Because of this fragmented
investigatioan, there vas never a cross-pollination of
ideas, vhich amsight have resulted in a realizatioa of
the significance of some of the individual conceras.
All of the reviev groups overeaphasized equipaent.
The revieve ; tended to disregard the generic
implications of the incideant at Davis Besse by siaply
arguing that the specific pieces of hardvare were
different in other plants. This argument was proposed
in spite of the fact that siailar pieces of equipaent
with coaparable probabilities of failure and similar
failure sodes vere installed on other B&W plants aad,
in some cases, on all pressurizad vater reactors.
The people directly involved the investigatioan
made no significant effort tg ss the scenario froa
the perspective of speculati ysis. Little
consideration vas given to what d have happened if
the plant had been at higher po evel or a higaer
pcver history, or if nad taken tXNe operators longer
to identify an isolat stuck open PORV.
The information coancer? the incident that occurred

v ively distributed to
spec ally to Metropolitaa
due primarily to the fact
involved wvith the
icident did not identify the
sociated with the incident that
dentified, and they disaissed the
dation of the incident by their eapaasis

other B&W uti
Edison. Howvev

rcvioviaq the incident at Davis Besse, one can see
ral indications that the PORV was open and that
eactor Coolant Systea inventory wvwas decreasiasg.

y the benefit of hindsight the operators' actioas
pfear to include a nuamber of errors. These errors
include stopping the High Pressure Injection pusps as
the Reactor Coolant System approach saturation
conditions and delay in closing the PORV block valve.

Study of the behavior of highly trained people
under emergency conditions suggests that such people
rarely saake cimple blunders in the operation of
systeas. Such people typically are highly
disciplined; trained to follov procedures carefully;
trained to avoid iaprovisation; and intensely aware of
rules and constraints. Compared wvith the average
person, they rarely make tactical errors in the sense
of accidentally turning the wrong knob. Nevertheless,
such trained people sometines do make errors in
esergencies. To distinguish these from the ordinary
kind of errors, ve may call these "strategic" errors.
In an 2mergency such people recognize that something
is vwrong and that soame action aust be taken. They
conceive a model or scenario for vhat is aappeniay.
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Thay follow procedures or reaction strategy vhich they
believe is applicable to the scenmario. Studies also
shov that once a scenario is conceived and a reaction
strategy undertaken, there is a tendeacy not to seek
or perceive additional data vhich contradict the
original scenario. There is a psychological
phenomenon called "cogn.tive dissonance" wvhich smakes
the aind tend “o reject data iz conflict vith the
original hypothesis. 146

After an incorrect scenario is conceived, an
entire pattern of actions can be taken vhich in
retrospect are ' lunders. This phenoaenon can be sean
to a lisited extent during the September 2¢, 1977
incident at Davis Besse, and to a such greater exteat
during the TMI accident. However, it rloes not appear
that this phenosenon has ever been addcessed in tae
design or licensing of nuclear povar plants. The
iaplications of tais phenomenon are cons derable since
it implies that any seguence of action an
operator, no satter hov ill advised sees to a

dispassionate observer, (i.e., the de aay io
| fact be a creditable event that aust be

idered in
accident analyses.

9. Kelly-Dunn Maamcranda--Noveaber | PR

Joseph Kelly of the B&W sta ynch Virgiuia, vas
sent to the Davis Besse plant t PredYPaist, the B&d
Site Operations Manager, in deterni gN\ghe sequence of
events, Kelly's conclusigg . eviously in sectioan
IC8(a) (iv).

Upoan returning to B , Kel discussed the iampact of
steaa formation in the E oolant Systeam with Robert Joaes
(vho subsequently became ,

L

staff (see Fi
existed). D
foraation to b
the operators ha

.ted that he did not consider that steaa
cular problea, but, he did believe tiat
a)jnated the High Pressure Injection systea
prematurely. He } d out that he could develop scenarios in
vhich the operator ould have engendered serious conseguences
by securing High Pressure injection vhen they did. 147,148

Kelly did nothing officially about Dunn's concera until he
learned of a subsequent incident at Davis Besse on October 13,
1977 in which the operators prevented High Pressure Injection
initiation. Because of this secound exaaple of what he
considered to be iaproper operator action, Kelly wrote a aeao
lated Noveaber 1, 1977 (Ref. 149, 150).

Before writing this memo, Kelly talked to the simulato-
instructors at BSW and they stated that they did not unde.rs
vhy the operators reacted as they had. They stated that ta
operators had not been trained to secure High Pressure
Injection unless Reactor Coolant Systeam temperature had
stabilized, Reactor Coolant Systea pressure vas increasing, and
pressurizer level vas in the indicated band. 151

Kelly's Noveaber 1 seso noted that during the September 24,
1977 incident, "the operator stopped HPI when pressurizer level
began to recover, wvithout regard to prisary pressure™ 152 with
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shoald be pursued further. He has also agreed that the satter
vas not referred to DOR because no one considered vhether the
note should be sent to LOR.

The only case under active Teview vhere the note could aave
been applied prior to the TNI-2 accident vas the M¥idlaand
operating license application. However, requests for
additional inforaation seat to the applicant after the note was
prepared do not include any guestions that could have resulted
froa this note. The reviewer involved, Scott Newberry,
testified that he does not knov why the questions vere not
sent, although he does reca’ receiving the note. <The only
explanation that he can prc l!e is that eitier (1) "it fell
through the crack,"™ possibly pecause it had to do with
operating procedures which vere not norsally reviewed, or (2)
he decided to wait until a later stage of the review process,
possibly because the operating procedures had not yet been
vritten for 8idland. 323 Therefore, it appears that ao action
vas taken with respect to the concerns described in this note,
and that the saterial vas never reviewed tuv deteraine if
additional guidance should be provided to the licensees for
plants already in operation. :

Specific Conclusions

rote the nofe.

qation of (i) the
on Septeaber 24,
Nof the Michelson

(a) We could not determine why Isra
Apparently the reason vas soge
incident that occurred at Lavis Mg
1977; (ii) the handvri“ten,draft
report that was prov. ed srael B
the questions that w ce @ uring
Pebble Springs Oper: “ing :

(b: The technical conten. of tb
describe the phen ;
at Davis Besse, sequentLy at TMI, to secure Higa

ver, the note did describe a

phenomenon that aa used the pressurizer to remsaia

full of water durin atter stages of the TMI accideant
stor Cool Svstea vas essentially coapletely

he ACRS review of the
application.
-Novak note did not

for evaluatdp”of its applicability to operating plants,
appareatly because of an oversignt, rather than the result
of any conscious decision not to send it.

13. Raancho Seco-~-MNarca 20, 1978

On March 20, 1978, an incident occurred at the Rancho Seco*®
nuclear pover plant when an operator dropped a light bulb iato
an instrument panel, shorting out a nonnuclear dc pover
supply. This short caused a reactor trip and a rapid cooliowa
at approximately 300 o F per hour. This rapid cooldown vas
greater than the cooldown rate liaits peraitted in the
Technical Specifications for the plant. Purtheraore, the loss
of the dc power supply caused the loss of approximately
two-thirds of the teaperature, pressure, flow, and level
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signals available to the operator in the control rooam. Duriag
the incident, Iigh Pressure Injection actuated at 1600 psig
vhich maintained pressure above 1400 psig.

*Rancho Seco Nuclear Generating Station, wvhich receive? an
Operating License dated August 16, 1974, is owned by the
Sacramento Municipal Otility Distoict (SMUD). The plant is
located 26 ailes northeast of Stockton ina Sacraaento County,
california. The reactor vas obtained froam Babcock & Wilcox
company and the plant uses a Westinghouse turbine generator.
Bechtel Corporation served as the architect-engineer.

The event was reviewed by BSW and by the Sacraameato
Municipal Otility District (SMUD), and it vas deterained that
the plant could return to power and that no significant dasage
had occurred. 324 However, the NRC staff noted that although
00 structural damage occurred, if the plant had operated for a
longer timse with the associated irradiation of the reactor
vessel, more significant damage wvas possible a result of
brittle fracture associated with the rapid cp6liova rate. The
conclusions wvere that positive steps should Ngen to prevent
transients of this kind, and that the generic i1
the transient be proaptly reviewed. This review Mas
in 2 memo from Darrell Bisenhut of thy” DRI staff to
Stello of the NRR staff dated Narch s

SHUD pointed ovt an additional Progle
incident had resulted in a loss of a si) icant asount of
instr. ‘sntation and, consequen¥i, the opPRragors were hampered
in th- .¢ atteapts to respond t\ . This probleam wvas
caused not only by the erroneou ations observed by tae
operators, but also by the fact equipament responded ia
Som2 cases to tbas erropdOBhg signa\s¢th&t vere received as a
result of the loss o perators found it difficult
to detersine vhich of
vere incorrect. 326

This incident was alsy
Traansfer of L
(Ref. 327),
IGE to NRR.

eved by IfE, and a formal
Y vas executed oa April 25, 1978
s’¢rring responsibility for several issues frosz
ues raised in this transfer included: (1)
reviev of the o upply to nonnuclear instruaentation to
deteraine whe & gn changes wvere necessary; (2) review of
the advisabili.: automatic initiation of auxiliary feedwater
flovw by a Safety Peatures Actuation Systea signal; aad (3)
evaluation of the susceptibility of BEW plaats to other
initiating events or failures that could produce siailar
cooldown transieats. This Transfer of Lead Responsibility did
not address the issue of the operator interpretation of
indication or the availability of indication to the operators.
On June 20, 1978, a meeting held at Rancho Seco included
representatives froa NRR and from SMUD to discuss the cooldown
transiea*t. One purpose of the aeeting vas to deteraize vhetaer
other failures or initiating events could cause a similar
transieat. Conflicting reports exist concerning vhether an
additional failure mechanisa was identified. One suamary of
the meeting indicated that none of the attendees postulated
another mechanisa or failure that would initiate a siailar
transient. 328 Hovever, another suaaary of the saae Beeting
stated, "The final item on the agenda was a discussion of other
possible mechanisas for causing a severe cooldown transient.
Cepressurization due a faulty electromsatic relief valve jie0.,
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PORV~ or safety valve vas the only possibility discussed." 329

Regardless of wvhat was actually decided at the aeeting,
because of perceived higher priority work, further action oa
this entire issue vas suspended after this meeting, aad no
additional actions wvere taken on any of the issues addressed ia
the Transfor of Lead Respoansibility. 330,33

As alrerdy noted, BEW had also revieved this incideant and,
on August 8, 1978, sent a letter to each of the Site Operations
Nanagers (axcept at TNI-2) for subsequent forwvarding to 3&W
plants. This letter discussed.the severe thersal transieat
that had occurred at Rancho Seco and also discussed the
substantial loss of nonnuclear instrumsentation associated wvith
the loss of electrical power. The letter observed further that
nead for a careful evaluation of operator training and
emergency operating procedurer. for any loss of nomauclear
instrumsentation. The letter eaphasized that the operator's
response should be keyed to certain variables if a loss of
normally available instrusentation occurs. Thg specific
variables cited as significant were (1) pres zer level, (2)
Reactor Coolant Systeam pressure, (3) stean ator level, and
(4) steam generator pressure. The letter s
pressurizer level and reactor coolant system pINS
that the reactor coolant systea is filNed; the s
level and pressure assure adeguate 4y heat rea

As stated earlier, this letter -
utilities except Netropolitan Edison,
The reason this letter was nopAgent to '\ is that an earlier
incident had occurred at THMICoO il 2 978, and it wvas
thought by B&W that this issu been dIscussed with TMI ia
sufficient detail that it vas
letter. However, no s >
discussions wvas foup gother ydson for not sending the
NI InYegrated Control Systea
he erroneous indication was

dl." 332

operator of TMI-Z.

different from the sysdea\Jysralled at Rancho Seco. 333 If
this letter had been seny ¥ TMI-2 it aight have resulted 1in
operator tpe g that emMasized the need to consider Reactor
Coolant Sy ssure, and not just pressurizer level, when

atteapting exmine Reactor Coolant Systea inventory.

Specific Conclus¥ons

(a) The incident itself wvas not a direct precursor of the THMI-2
accident (i.2., the incidents theaselves are pot siailar).

(b) A letter vas prepared and forwarded to various B&W
utilities. The letter discussed the fact that Reactor
Coolant Systea pressure and pressurizer level wvere the
measures of Reactor Coclant Systeam inventory. Had TNI-2
received this letter, it might have resulted in additional
emphasis and training at TMI-2 with respect to the fact
that pressurizer level alcone vas not an accurate indication
of Reactor Coolant Systea inventory. The letter was oot
forsarded to Metropolitan Edison, hovever, because B&W
conzluded that the issues contained in the letter had been
discussed with theas during the review of a siamilar incident
vhizh had occurred at Three Mile Island onm April 23, 1978.
This discussion is not, however, a matter of record at
either BSW or Toledo Edison.
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14, Three Nile Island--Narch 29, 1978/Sternberg Nemo--March 31,
1978

On farch 29, 1978, a reactor trip occurred at THI-2 as a
result of the loss of a vital bus. Power to the vital bus was
lost because of the tripping of the alternative powver supply
during a test. This loss of power caused the PORV to fail open
on loss of pover to the control bistable, causing a
depressurization of the Reactor Coolant Systea. PFurtheraore,
the Hig:. Pressure Injection systea initiated., The
depressurization vas stopped after about 4 ainutes by
reenergizing the vital bus froam its alternate power supply.

The utility noted that there vas a problem associated with
this incident because the PORV opened (rather than closed) oa
loss of power to its copntrol bistable. In a Startup Problea
Report dated March 30, 1978 (Ref. 334), the utility
either changing the valve to fail shut or providi
indication on the control panel that the valve
signal.

This matter vas reviewed by B&W and the conclusi vere
that (1) BEW agreed with the concept of haj
shut on loss of nonnuclear instrusentati

indication of the PORY position should be ded in the
control room; hovwever, this indication wvas ose froam the
power to the solenoid. 335

This issue vas also revieved bf £M» archid -engineer, and
an Bngineering Change Memo vas ini on April 6, 1978 (Ref.
336) . Trhe Engineering Change Meao } 4, for am indication
in the control roca of pove o the fajd. The aemo

initially included a provi N G
shut on loss of powver; hoX hat pr¥vision may have been
subsequently deleted becaul 5 not required for proper
systes operation. 337 Whet pey PORV was sventually changed
to fail shut on losg of contrd er wvas not deterained.

Burns and Roe alss cdqcluded thWf, even though it would reguire
4 change to the ¢ fety Analysis BReport, the change was
not an unreviewed A Juestion. 32?7

These actions psequently rep.~ted to the IZE Regiocn
I office by Netropol\t dison in a letter dated June 27, 1978
(Ref. 339). This let? concludes that Reactor Coolant Systes
pressure reached as lov as 1173 psig during the event and that
(1) the control signal should be changed to cause the valve to
fail shut on loss of control pover, and (2) position indicatioa
for the PORY should be provided in the control rooa.

During this period, Daniel Sterabery of the ISE Region I
office also becase concerned as a result of this incident.
Sternberg vas the Acting Branch Chief for the ISE branch
responsible for THNI-2. He prepaied a zemo to ISE Headquarters,
dated March 31, 1978 (Ref. 340), in which he noted that tiae
Narch 29, 1978 incident resulted in a blovdown because the PORV
opened on a loss of electrical pover to the control bistable.
Although Sternberg acknowledged that the valve was not
snfety~related, he stated,

"It is requested that the adequacy of the design approach

(i.e., valve failing open on loss o’ control powver) be

revieved on an expedited basis for 7 facilities in

general and Three Mile Island in ;y  ticular."™ 341




.

Sternbery has testified that he wvas concerned because the
PORY failed open on the loss of a single pover supply, and this
failure resulted in an initiation of an unannunciated
Loss~of-coolant accident. 342 Sternberg believed that his
ability to correct probleas such as this vas significantly .
ispaired since the itea vas not defined as a safety-related
coaponent. Nonstheless he thought that the issue should Dde
addressed. He also testified that bhe would have recoasended
that the aatter be referred to NRR for reviev, but he had beed
told earlier in his career in ISE Region I not to msake such
recoasmsendations because such decisions vire the prerogative of
162 Headquarters. 348

Sternberg received a response from IGE Headquarters sigoed
by Karl Seyfrit on Nay 3, 1978 (Ref. 345). The response, vhich
vas prepared by Roger Woodruff, stated,

"The request is hz-<4 on failure of the valve in the oped

position. Failure in this pusition is covered in Section

7.8.1.1.6 of the PSAR. We conclude, that additional reviev

is not varranted.™ 346

Section 7.%.1.1.6 of the FSAR,
Control,” states, "In the event that
fail in the open position, pressure rel
by cycling (open and close) tj relief is ion valve." 347

Woodruff did not contac one in NRR out this matter
because he thought that the 2 had already been revieved by
¥8R. Furthersore, he did not the valve should be
safety-related bl auseg/ N ety valves, which provide
relief protection if \h Q
safety-related,348 ‘\th

Sternberg has testiXi
adequate beca
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®pressurizer
elief valve were to
ould be controlled

t he accepted the response as

. vieved the issue and decided
that it vas problen However, he would have preferred to ‘

he ispPlications of a valve that can cause a

accident by failing open on a loss of
N of perceived higher priority vork,
bprq did not pursue the issue after he
¥rom I6E Headauarters. 349
qh Seyfrit did not personally review the matter 1ia
hought that because the issue vas addressed as part
of the 1dzation, and that application had been reviewed by
NBR preNp#isly, the design vas acceptable. 350

ssall loss-of-%po "
control power. g€

Specifiz Conclusions

(a) The meamo is a precursor to the TMI-2 accident because it
refers to an incident that occurred at THI (March 29, 1978)
during which a PORV failed in the open position creating a
ssall LOCA. Although this failure, vas due to a loss of
control pover, it had the sape effect as the failure, for
vhatever reason, a year later.

(b) A re-exasination by NER of the adequacy of the design of
the THI-2 PORY, might have precipivated an assessaent cf
the iasplication of a stuck open PORV, or might have
provided the ispetus for an adequate PORY position

occurred.

! indication in the control rooa. Such a reexamination never
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