i

s

‘ v - GG’L"\/(/LI\,/ -&LQQ .
UNITED STATES ‘ A
NUCLEAR REGULATORY COMMISSION :
WASHINGTON, D. C. 20555 ’

June 2, 1983

CHAIRMAN

The Honorable Joseph R. Biden, Jr.
United States Senate :
~ Washington, D.C. 20510

,»Dear Senator Biden:

Your March 4, 1983 letter requested information and specific responses to

questions concerning the events which occurred at the Salem Nuclear Gener-
- ‘ating Station, Unit 1, on February 22 and 25, 1983 The responses to your

-quest1ons are enclosed.. S e

My fe]]ow Comm1ssloners and I are also concerned that these events have
occurred. We have closely monitored the staff's followup of the mal-
functions at the Salem plant as well as -the broader implications for

- the nuclear power industry. The facts, data and circumstances associated - .
with these events have been collected and documented as NUREG-0977. . This
information was used by the staff to determine ‘the safety issues associated - .

_ with the events. These issues were grouped into three areas:. (1) equipment

" issues; (2) operating procedures and operator training and response; and

- (3) management issues. The staff evaluated each of the areas to determine

~ theTicensee's actions necessary to resolve the issues. The staff concluded,
as reported in their safety evaluation NUREG-0995, that the underlying causes
of the problems were identified and resolved and, as such, the Salem facility
could be allowed to restart. We concurred with these findings. Concurrently,
an NRC task force with representat1ves from three NRC offices was estab11shed
to review and evaluate the generic 1mp]1cat1ons

_fThe events can be characterized as failures of the safety system to automati-
‘cally shut down the reactor. However, the operators did identify the need for-
plant shutdown and did manually shut down the reactor on both occasions such
that the events themselves posed no serious threat to public health and safety.

- However, we view the failures as serious safety concerns since the automatic
systems did not function as expected and if other plant conditions had existed,
such as full power, considerable overpressure of the reactor system would have
occurred wiﬁhout prompt operator action. The licensee has attributed the cause-
of the failures to a lack of adequate maintenance to a part of the safety system,
specifically, the circuit breakers which de-energize the control rods to cause
rod insertions and reactor shutdown. Additional means to trip the Salem reactors
(albeit not as rapidly) are discussed in response to your Question 6.

Regarding calculation of probabilities that you mention in you letter,

the industry over the past several years has provided the staff various
estimates of the probability of failure to trip the reactor. The staff
has recognized the substantial uncertainties in these calculations and,
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because of the probabilities calculated, the staff hasﬁcontinued its efforts

to resolve the Anticipated Transient Without Scram (ATWS) issue.

in the answer to your Question 11, the new proposed ATWS rule is currently

being evaluated in Tight of the Salem events, and this reevaluation will be
forthcoming.

In symmary, prior to our decision to allow restart of the Salem facility,
the Commission conducted a careful examination of the events and the circum-

stances associated with them.

Based on this examination, we are satisfied

that the safety implications of the short~ and long-term actions have been

resolved by specific commitments from the Ticensee.

of the circumstances leading up to the events of February 22 and 25 led us
to conclude that violations of the Salem operating license contributed to

the failures that occurred.
penalty of $850,000 on the Ticensee.

answer to your Question 3. §

Commissioner Gilinsky adds:
underlying causes of the problems at the Salem plants have been jdentified

and resolved. I must add that the documents referred to by the Commission

I do not share my colleagues'

confidence that

not a sound basis for decision on Salem restart in that they left out some
the most important safety violations reflecting management deficiencies --
can be seen by comparing these documents with those accompanying the Comm1ss1on S
later enforcement action, which picked up the om1tted items.

Enclosure:

S1ncere1y, ~

Oviginal Signed By
John ¥« Ahearne ~

)/ Nunzio J. Palladino

Responses to Questions

Cleared with all Cmrs.' Offices by SECY C/R.

Ref.-CR-83-74

3) In A to Q14 -- second paragraph change
"requirements"

“word

Originating Office:

As indicated

In addition, our review

As a result, we have proposed to impose a civil
Th1s is d1scussed in more detail in the

the

were
of
as

Cmr Ahearne wou]d have preferred the

following:

1) In A to Q12 -- last sentence to have read,
"This problem apparently occurred bBecause

there were no procedures requiringanyone
to examine, evaluate or interpret the
timing of events and there was inadequate

or lack of, training in the use:

ahd oa

-understanding of the SOE printout.”

to controls"

2) In A to Q14 -- first paragraph to have
additional sentence, "Additionally, ma1n-

.tenance conducted on the reactor trip .-
breakers in January 1983 was:conducted withliguidance from a Westing-
house (Apparatus Services Division) representative who was also .

EDO/NRR unaware of the existance of the bulletins!
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Dear Senator Biden:
. . D. Fisenhut H.Dentgn

I am pleased to respond to your\March 4, 1983 letter about the events that

occurred at the Salem Nuclear Geperating Station, Unit 1 on February 22nd and

25th of this year. Your letter nequested information and specific response to

several questions concerning the eyents; detailed responses are provided in

the enclosure to this letter. ~

The cther Commissioners and I were also concerned that these events occurred.

We closely monitored the staff's fo]]éﬂup of the malfunctions at the Salem
plant as well as the broader implicatiops for the nuclear power industry. The
facts, data and circumstances associated,with the events at Salem have been
collected and documented as NUREG-0977. VYhis information was used by the staff
to determine the safety issues associatedWwith the events. These issues were
grouped into three areas: (1) equipment iggues, (2) operating procedures and
operator training and response, and (3) management issues. The staff evaluated
each of the issues to determine the 1icensee\% actions necessary to resolve the
issues. The staff concluded, as reported in their safety evaluation NUREG-0995,
that the underlying causes of the problem(s) weyre identified and resolved and,
as such, the Salem facility could be allowed to ‘vestart. We concurred with
these findings. Concurrently, an NRC task force yith representatives from three
NRC offices was established to review and evaluate\the generic implications.

The event can be characterized as a failure of the safety system to automatically
shut the reactor down. However, the operators did identify the need for plant
shutdown and did manually shut the reactor down such that the event itself posed
no serious threat to public health and safety. However\ we view the failure as
a serious safety concern since the automatic system did Qot function as expected
and, given other plant conditions such as full power, congiderable overpressure

"of the reactor system would have occurred without prompt operator action. The

~in response to your Question 6.

“licensee has attributed the cause of failure to be a lack of adequate mainte-

nance to a part of the safety system, specifically, the cirduit breakers which
de-energize the control rods to cause rod insertions and readtor shutdown.
Additional means to trip the Salem reactors (albeit not as rapjdly) are given

Regarding calculations of probabilities that you mention in your letter, the

. industry has provided the staff over the past several years various estimates
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, M onorable Joseph R. Biden, Jr. 2

-

of the probability of faillye to trip the reactor. The staff has recognized -
the substantial uncertainties in these calculations and, because of the
probabilities calculated, the staff has continued its efforts to resolve the
ATWS issue. As indicated in Bhe answer to your Question 11, the new proposed
ATWS rule is currently being evaluated in light of the Salem events, and this
reevaluation is forthcoming. '

In summary, we shared your concerns and consequently, prior to our decision to
allow restart of the Salem facility\ conducted a careful examination of the
events and the circumstances associated with them and assured ourselves that
the safely implications of the short ®nd long term actions were resolved by
specific commitments from the licensee

Nunzio\Jd. Palladino

Enclosure: Responses to Questions
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I&Honorable Joseph R. Biden, Jr.

events occurred and is an examp
the design and opelXation of nuclear power plants.

In your letter, you

2

ention that this incident demonstrates the extent to
which reliance is placded on fallible "human" factors.
always be some relianc

le of the defense-in-depth concept utilized in

In my view, there must
on the human factor since no design of this complexity

can account for all possjble occurrences. That is why nuclear plants are built
using defense-in-depth copcepts and why we place so much emphasis on training,
procedures, and management\ involvement and oversight.

Regarding calculations of probabilities that you mention in your letter, the
industry has provided the staff over the past several years various estimates
The staff has recognized
the substantial uncertainties g these calculations and, in spite of the low

of the probability of failure\o trip the reactor.

probabilities calculated, the s

ATWS issue.

ff has continued its efforts to resolve the
As indicated in theienswer to your Question 11, the new proposed

ATWS rule is currently being evaltiated in light of the Salem events, and this
reevaluation is expected to be completed by about mid-April.

In summary, we share your concerns and are conducting a careful examination of

the events and the circumstances associated with them.

structured manner and intend to address your concerns, as well as others,
prior to any restart decision.

\Sincere]y,

5

Nunzi

J. Palladino, Chairman

We are proceeding in a

u. S. clear Regulatory Commission
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Dear Senator Biden: crogram Support Staff, MRR RMinoque unningham

I am pleased to respond to your March 4, 1983 letter about the events that
occurred at the Salem Nuclear Generating Station, Unit 1 on February 22nd and
25th of this year. Your letter requestey information and specific response to
several questions concerning the events; Yetailed responses are provided in
the enclosure to this letter. : :

The other Commissioners and I are also concérned that these events occurred..
We are closely monitoring the staff's followyp of the malfunctions at the Salem
plant as well as the broader implications.forithe nuclear power industry. The
facts, data and circumstances associated with Ythe events at Salem have been ,
collected and documented as NUREG-0977. This wnformation is being used by the
staff in evaluating the 1icensee's actions and dssessing when a restart deci-
sion for the Salem facility is warranted. Concukrently, an NRC task force with
representatives from three NRC offices has been established to review and
evaluate the generic implications. R :

A plan of action (Salem Restart Status Report) has heen prepared which identifies
the issues involved with the Salem events specifically, along with short and

long term actions required of the utility to resolve those issues: Before
recommending restart, the staff intends to obtain spec{fic commitments from

the licensee to complete the short term actions to the Staff's satisfaction.

The Commissioners will make the decision on the restart of the Salem facility
when we are satisfied that the underlying causes of the proflem(s) have been
identified and resolved. : \ w

The event can be characterized as a failure.of the safety system\to automatically
shut the reactor down. However, the operators did identify the nead for plant
shutdown and did manually shut the reactor down such that the event jtself posed
no serious threat to public health and safety. However, we view the failure as

" a serious safety concern since the automatic system did not function as expected
and, giveh other plant conditions such as full power, considerable overpressure
of the reactor system would have occurred without prompt operator action. The *
licensee has attributed the cause of failure to be a lack of adequate mainte-
nance to a part of the safety system, specifically, the circuit breakers which
-de-egnergize ‘the-control rods to cause rod insertions—and reactoy shutdown. — ~
Additional means to trip the Salem reactors (albeit not as rapidly) are given-
in response to your Question 6. :

Regarding calculations of probabilities that you mention in your letter, the
industry has provided the staff over the past several years various estimates
of the probability of failure to trip the reactor. The staff has recognized
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FOR:
FROM:
SUBJECT:

PURPOSE:
DISCUSSION:

RECOMMENDATION:

COORDINATION:

SCHEBULING:

Enclosure:

Letter te Senator/Biden

Contact: D.

Wigginton, Ext. 27354

The Commissioners A
William J. Dircks, ExecutivéfDirector for Operations

RESPONSES TO SENATOR BIDEN S QUESTIONS RELATED TO SALEM 1
EVENTS

For Chairman's sig{gﬁhre.
This letter providé? a response to Senator Biden's letter
dated March 4, 1983 , The Senator's letter contained fifteen
questions wh1ch are auswered in the enclosure to the Tetter
to be signed by the Cia1rman.

/

| recommend ‘that the Chj1rman sign the letter.
MRR, RE%{ Reg1on I

Prior to Salem 1 restart. \

/ William J. }
Executive D\

Rircks
rector for Operations
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Responses To U. S. Senator Josepn R. Biden Jr. Questions (March &4, 1983 Letter
20 Chairman Palladino)

Question 1

Please provide me with & complete description of the event and its safety
significance. ' .

ReSDonse

Attqchment,l is a draft Abnormal Occurrence report which provides details of
" the reactor trip breaker failure events at Salem. NUREG- 0877, a

task force report on the facts associated w1th the c1rcumstances of the events,
hoS been 1ssued and is Attachment 2.

ﬁ1th respect to the safety swgn1f1canced'the'5a1em ATWS events of February 22 .
and 25, 1983 posed no serious threat to public health and safety because the
Salem recctor was at low power and the operators manually scrammed the reacior
sobn after the automatic scram signal. The event of February 22nd was a loss.
of one operating: feedwater pump at low power. The event of the 25th was normal
operation at 12 percent power with low level in one steam generator. A dis-
cussion of the sasety significance.of the events. had they occurred at Full
ipower 1s g1ven in the response to Quest1on 8. .



e o

. 'Please provide me with copies of all memoranda and internal studies that
ana]yz: this event. -

Resgonse
There are two efforts underway with respect to analysis of the Salem events.
I am enclesing as Attachment 3, the Sazlem Restart Evaluation Report

- prepared by the NRC staff. This report documents the bases for a restart
decision. Additionally, an MRC Task Force was established to review and

“‘evaluate the generic impiications of ‘the Salem events. A report will be
forthcoming in the near future. Attachment 4 is & listing of additional
internz]l documents which may relate to the events in question. We will

- provide you with copies as you request. :



" Question 3

‘Before restart, ue'wou]d ask that you provide an assessment of whether NRC has

reason to believe that either an operator during the incident or management

“action during or prior to the event acted inappropriately.

Response
FAn_NRC fact-finding task force was at the Salem site on'March_Z-G;,1983, and

‘they conducted a review of the circumstances surrounding the February 22 and 25
events. The results of this review were published as NUREG-0977, dated March
1983. This and other NRC and PSE&G efforts revealed significant deficiencies
which contributed to the inoperability of the reactor trip breakers. These
deficiencies involved (1) failure to adequately investigate previous failures to
identify and correct conditions adverse to quality; - (2) failure to correctly
include the breakers on the Master Equipment List (MEL); (3) failure to properly
implement procurement procedures;- (4) failure to properly.implement, control

and distribute the MEL which contributed to inadequate quality assurance review
of procurement and maintenance; (5) failure to identify and control safety

"related components; and (6) failure to implement surveillance testing requirements.

PSE&G efforts to correct these deficiences are addressed in the Salem Restart
Safety Evaluation Report. In .addition, the licensee fa11ed to promptly report
as requ1red, certa1n events to the NRC. )

- On February 22, the’ reactor tr1p breakers fa1]ed to open automat1ca1?y upon

demand, apparent]y because of the deficiencies described in Item II.of the-enclosed’
Notice of Violation. The licensee failed to recognize, prior to restart of the
reactor on February 23, that the reactor trip breakers had failed to open
automatically on February 22.. As a result, the reactor was operated for:three

.additional days during which time the reactor protectmon system cou]d not be

consndered operab]e

: The Comm1551on has conc]uded that these contr1butors to the events of February 22
- and.25 are the result of insufficient management involvement in- establishing

a:safety perspect1ve, in requiring ‘'attention to detail, and in ensurina procedural:
adherence. - -Furthermore, the Commission has determined that these contributors to
the.events:of February 22 and 25 are as significant as the events themselves. Accord-

~ingly, the NRC has pronosed imposition of civil penalties in the amount of $850,000. -

With respect to'operator actions,‘the NRC staff review has determined that the
operators responses to both events were, sat1sfactory however the post tr1p

rev1ew was 1nadequate




Inthis -event, manual shut-down was achieved some twenty-four

‘automatic controls and back-up failed; are there incidents of
30 seconds would not have provided for adequate public health

Questipn 4
iy

'

seconds after
this kind where
and safety?

Response

Manual shutdown of the reactor in 30 seconds following any anticipated transient
will provide adequate protection for-public health and safety. A more extensive
discussion of the limiting anticipated transient with delayed reactor trip or
failure of reactor trip is given in response to Question 8 below.

It should be:noted that backup'to automatic controls is a manual shutdown.
Since the plant was manually shut. down, the:backup did not fail.



Quesiion 5 _ . ' _ .
Iam informed that this type of event was calculated in the Reactor Safety

Study (WASH 1400) as having an extermely low probability. ~ What does the NRC
currentlv calculate the probability of this type of event? How was it that

the probability of occurrencé was repeated in a three day time period at Szlem I?
Resoonse : , o

In WASH-1400 a pressurized water reactor des1gned by Westinghouse was analyzed.
The median probability of SCRAM failure was estimated at 3.6 x 10-° per demand
with an upper bound of 1 x 10-%. The frequency of ATWS is the product of the
frequency of anticipated transients requiring scram and the probability of

scram failure on demand. With approximately 10 scram demands per year the median
estimated ATWS frequency would be 3.6 x 10-%/year with an upper bound of approx-
imately 1 x 10-3. However, only a fraction of ATWS events would result in reac-
tor core damage. For Westinghouse designed reactors, most are expected to be
relatively mild and controllable, as was the case at Salem, a plant of Westing-
house design.” In addition it should be noted that the Salem event involved a
failure to automatically -scram, but manual scram worked as designed.

The NRC staff has been using an estimated scram failure probability of 3 x 10-5
per demand for value impact analyses being done as part of the ATWS rulemaking
- activities. Cons1derat1on of the Salem event would increase this estimate by
about a factor of two. While this approach makes it appear that all reactors’
have the same 1ikelihood of failure to scram upon demand, this is an over-
simplification. There are substantial uncertainties in these calculations,

‘and experience indicates the potential of a wider range of probability from

- plant to plant than might be inferred by the estimation of uncertainties in
probability studies. This could be due to variances in design and opera-
tional factors (e.g., maintenance procedures and operations qua1ﬁcy assurance
wh1ch are 1mportant to the re11ab111ty of the reactor protection systen)

- The stafl is aware of scram fa11ure precursors whwch have occurred at a2 rate

- of -about. 1'% 10-% per demand. -This is reasonably consistent with the Salem
event. - However, the Salem event raises the concern that the medizn scram

failure probab1]1ty may be higher than the value currently used in.the generic
ATWS rulemaking value impact analyses. In ]1ght of th1s event we are reassess-'
ing the ATWS rule proposals and technical bases.

vThe”incident'on February 22, 1983 was very unusual in that the operator manually
scrammed the reactor within a few seconds of the automatic trip signal. A
quick review of the incident on February 23, 1983 by the licensee led them to
the erroneous conclusion that the reactor had scrammed automatically. Thus,
the plant was restarted-on the premise that the reactor protection system was
completely functional, and no repairs were made. After the February 25, 1983
incident, a close examination of the plant computer records from the February 22
“event showed that the automatic scram did not result in automatic opening of ‘
the reactor trip breakers. Although the sequence of events on the computer
printout shows that the automatic signal was received first, additionz] eval-
uztion was necessary to identify that the trip breakers-in fact responded to

the manually initiated signal. .




iestigns ©

What sequence of events would have followed the failure.of a manual SCRAM,

both within anc outside the plant gate?

a.

‘Response

Onsite Actions:

In accordance with Salem emergency operating procedures, the actions to be
taken by plant operators in the event that the plant fails to automatically

- trip (scram) on demand, and the manual scram also fails, follow below:

‘wf.%-: 'open the:reactor trip breakers'manua11y by depressing either of the

"open" push buttons Tocated. in the control room, for both reactor trip
breakers. N '

" == trip the turbine by using the trip handle on the control room console.

(A turbine trip also provides a signal to the reactor protection system
to.trip the reactor trip breakers. ) -

-~ manually 1n1t1ate a safety 1n3ect1on from the contro1 room.

- 'open the reactor tr1p breakers manua1]y by. depressnng the push button

phys1ca]1y 10cated on ewther reactor trip breaker

cmm manua]]y erwp both rod dr1ve motor- generator (MC) sets at their local

control panel; these can be tripped by opening either the power supply
-breaker to the MG set -or the-output breaker from the MG set. On either
:_Case e1ectr1ca] power to -the. contro1 rods is removed and scram occurs.

’Both the MG set breakers and the reactor tr1p breakers are ]ocated ina

“'switch gear room two floors below the control room. It should take about

1 minute to. go. from the control room to the switch gear room. .In addition

“to:the procedura] steps ‘in:place at the time of the event, there is the

-ability to oeenerg1ze the control rod drive MG set power supplies from the
= control® room.: Revised:procedures since the -event also include this addi-
'f“t1ona1 step ' IR o : T

" These act1ons are taken in- sequence and are progresswve steps to accomp]1sh

"the function of either inserting the -control rods into the core by gravity,

~ reducing rector power or 1n3ect1ng boron in h]gh concentratwon to shut
’ down the reactor :

"fOffs1te Act1ons

-In the event that a scram signal existed and ne1ther an automatic nor a .

manual scram occurred’ (1nd1cat1ng a failure of the reactor protection
system) PSE&G's Emergency Response Plan calls for declaration of an Alert
Condition. The purpose for declaring this condition is to ensure that
emergency personnel are read11y available, in the event plant conditions
degrade. This condition requires not1F1cat1on of Federal, State and local
agencies, activation of site support centers and call-out of designated
emergency response personnel.



Question 7

}

What other backup system would have been évai]ab]e if the manual SCRAM would

have been ineffective and/or incomplete?

-‘Response.

The other backup system and/or operator action available in the event of a
manual scram failure are delineated in response "a" to Question 6.

......




_( '_‘
Question 8 -

At the time of the event, the reactor was reported to be operating at

12% of its rated power. Of what consequence and severity would the failure

of the automatic system have been had the plant been operating at near or

full power? Specifically, what other problems besides core endangerment might

have occurred? What differences would have been relevant in operator reaction time?

Response

Before answering your specific questions it is important to note that in
“themselves, the Salem ATWS events of February 22 and 25, 1983 were not serious
threats to public health and safety. The primary reasons were that the reactor
was at low power in both events and the operators alertly scrammed it manually
without depending on the automatic scram. However, the events are important
in that they are indicators or early warnings of more serious ATWS accidents
that could occur. The Salem events would have been more severe if (1) they
. had -occurred when the reactor was at full power; (2) the initiating event had
been more severe but within the range of anticipated events for this station;
and (3) there were either human errors or additional equipment failures.

For the four-loop West1nghouse PWR design, of which Salem is typical, there
- have been many previous analyses of severe ATWS accidents in connection with
~the ATWS rulemaking (Unresolved Safety Issue A-9). We will rely on these
analyses performed for the composite four-loop Westinghouse PWR cesign in
.answering your specific quest1ons

'To beg1nAw1th, assume that the reactor were operating at full power soon after
startup following a refueling (in the case of Salem 1 in February, the reactor

was ascending to full power after a refueling outage). If the reactor weré to then
experience a -complete loss of main feedwater (this would be comparable to

" the event on February 22, which involved the loss of the one feedwater train

" that was operating) and 1f the automatic reactor scram fails entirely (this

© - was the case at Salem), then the automatic turbine trip would also fail (as it

did at Salem). Loss of feedwater under these conditions results in a large

mismatch between the heat generation and the heat removal rates for the reactor
.coolant system because the secondary system can no longer remove all the heat
generated in the reactor core. If the operator manually scrams the reactor

within 30 seconds (as was the case at Sa1en) there would be no appreciable
 heatup or pressur1zat1on of the primary system and no serious threat to public safety

If uhe manua] scram were de]ayed then there would be an increase in reactor coolant
temperature and a decrease in coolant density, producing a surge of coolant

to the pressurizer which increases the pressurizer level and the system
pressure. The pressurizer relief and safety valves would open to limit

pressure buildup. . -Steam generator inventory would decrease, as the result of
boiloff with no replenishment by feedwater flow, and further reduce heat
“transfer from the primary to the secondary system. Operator actions to cause
reactor scram within about 1 to 1-1/4 minutes after loss of feedwater would keep
the system pressure near the normal operating pressure and there would

be no damage to the reactor. If a manual scram were delayed slightly more, but
accomplished within about 1 and 1/2 minutes, Service Level C (about 3200 psi)
would not be exceeded and it would be expected that emergency



éo%e_go@]ing could be established. After that time, scram would do little %o

reduce the peak pressure, but it would assist reactor recovery. Ffor the

typical four—]oqp Westinghouse plant, a peak pressure of- 3650 psi is estimated
17 there 1s no 'manual scram. For COﬂd1.1OWS specific to the Salem plant,
ese1nghou<e recently calculated that the peak pressure is only 3200 psi.
Pressures above Service Level C increzse the likelihood of permanent deformation

of valves needed to actuate emergency core cooling needed for recovery of the
plant. : T ‘

Some ‘key assumptions in this severe accident were as follows: (1) a moderator
temperature coefficient is minus 8 x 10-° AK/K°F, & value that is not exceeded
e5% of the time, (2) no credit for turbine trip, and (3) credit for the normal
capacity of the pressurizer power operated relief valves (i.e., they are assumed
to be unblocked). If the turbine were to be tripped by the operators (in ac-
cordance with procedures at Salem) at 30 seconds into the event, the maximum
system pressure would decrease about 850 psi even if there were no manual scram.
The result would be a peak pressure of about 2700 psi, well within the capability
to establish emergency boration and core cooling. There should be 1ittle or no

fuel damage in this case._ This is the most ]1ke1y event if there were to be a
complete loss of scram capab1]1ty (both manual and automatic).

If both power operated relief valves (PORV) were blocked, there would be an
increase of about 300 psi in the maximum- pressure of 3650 psi for the severe
loss of feedwater ATWS with no turbine trip. If the turbine is tripped, the
blockage of both PORVs would increase the peak pressure from.2700 psi to

2950 psi. Blockage of only one PORV (as was the case at Salem on February 25)
'would increase the pressure about half as much as blockage of both PORVs.

1f only one of the two normal feedwater trains were lost, a complete failure
to scram.from full power with no operator action should result in a mild pres-
sure transient and no fuel damage (Westinghouse calculates a peak pressure of
2330 psaa for-Salem). '

If aux111ary feedwater is initiated by the qperator ear11er than the 60 seconds - - .~

assumed in the severe ATWS analysis described above, there would be little
decrease in the peak pressure (AFW from two of two tra1ns is equivalent to
about 8% of full power). Verification of initiation is called for in the
Salem procedures E - e 1 » S

-De51gn changes are benng cons1dered in connection with an NRC ru]emak1ng that

~ would reduce the 1ikelihood of ATWS events in the Westinghouse design by the
decreasing the reliance on the manual scram addressed by your guestions. They
involve the diversification of the present breaker design for interrupting
power to the control rods. Such a change, in the case of the Salem event, wou]d

have eliminated the need for manual scram.

The ru]emaknng also considers practical changes that should reduce. the
consequences of ATWS events in the Westinghouse design. These are the prov1s1on
of diverse, automatic initiation of both turbine trip and auxiliary feedwater. It
can be seen Trom the discussion above that the automatic turbine trip removes
the need for the operator to manually trip 1n the first two minutes of an
extreme ATWS event to avoid exceeding Service Level C (about 3200 psi).




--"The We,stmghouse ana1ysws for Salem is attached (Attachment 5). Except for
small differences in the pressure values due to the design details for that
plant, the Westinghouse analysis generally agrees with the staff description
provided above (which derived from earlier generic analyses by Westinghouse).
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“Duestion S : -

fre there other initiating events (i.e., besides low steam generator water
level) in which ‘operators would have had less time to respond?

Response

The most limiting anticipated transient combined with delayed reactor trip or
failure of reactor trip is the loss of feedwater transient which leads to low

sieam generator water level. .This transient is discussed 1n the answer to .
Question 8.

1
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Dues

The'Pre?imﬁnar;.Notifﬁcation of Event or Occurrence notes that an alert was
"helatedly declared.”" What was the cause and effecti of this delay? Given the
relative urban proximity of the plant, of what consequence would this delay
-have been? -

Response

F011ow1ng the manual reactor trip on February 25, 1883, the operators' atten-
tion was first devoted to placing the p1cnt in a stable condition, which was
achieved within & few minutes. At this point in time, there was uncertainty in

the minds of the opera ators as to whether the reactor tr1p alarm was a valid signal.

Personne] from the Instrumentat1on and Contro] (1&C) Department were ‘dispatched to
examine the annunc1ators _instrumentation, and protection system’ c1rcu1try
The shift supervisors wa1ted until they were sure that there had been. g
failure of the automatic reactor trip system to function properly, as deter-
mined Dy”the 1&C testing, before declaring an Alert and making the associated
notification. This .delay in classifying the event.as an Alert-had no con-
sequences for ‘the surrounding population. Per the-Station Emergency Procedures
and Federal.Regulations, there are-four classes of emergency action levels
(EAL). These are:: -Unusual Event, Alert, Site Area Emergency, and General
Emergency. The rationale for the notification associated with Unusual Event
- and-Alert.classifications is to provide-early and prompt. notification of minor
-events which could lead to more serious -consequences given.potential operator
error-or equipment failure, or which might be indicative of more serious con-
ditions-which are not-yet- fu]]y realized.- A gradation 'is provided to assure
“fuller response preparations for more serious ‘indicators. Events fnvolving
more serious’plant degradation would include other control room indications of
~ ‘reactor and plant parameters or radiation levels that should have enabled the
=%foperators to prompt1y classify the event in accordance with the predeterm1ned.
EALs appropr1ate for the situation.’ These wou]d a]so requ1re proper a
-'DOLifTCctTOD upon . rec1ass1f1cat1on ' '

-.1he fa1]ure of the reactor tr]p breakers represented an actua] ~substantial
degr adat1on of the 1eve1 of _safety of the plant in that an 1mportant safety
_ system had. failed to operate as designed. By def1n1t1on, this event is ¢las-
“sified as an Alert even ‘though the reactor was in a stable, safe condition.
"By definition, for an event classified at this level it is unlikely that an.
offsite hazard would evolve and a necessary prerequisite for such classifica-
.tion is a determination that the.situation can be corrected and contro11ed by
the p1ant staff. :

However ‘as- a- precaut1onary step for A]ert type events advisory level notifi-
“cations to the emergency response organizations of Federa1 State, and local

authorities are made. Thus, the only offsite effect of the delay in classify-
ing this event as an Alert was a delay in making such offsite advisory level .
notifications.

12




Ggestioh 11 '
Please detail the history of resolution of the unresolved safety issue of

Anticipated Transient Without SCRAM and state the significance of this event
in its eventual resolution?

Response

The possibility of & transient with the inability of the reactor protection sys-
tem to function was.-first raised in the late 1960s. The reactor manufacturers
per'orned studies and submitted them to the Atomic Energy Commission, Reguiatory

taff. in 1970-1971. The Regulatory Staff issued WASH-1270, "Technical Report
on. Anticipated Transients Without Scram for Water-Cooled Power Reactors” in
September 1973, that contained a Licensing Position on ATWS.

The- reactor manufacturers felt that the costs to implement the Licensing Posi-
tion were too expensive for what was conswdered to be a very low probability
event. . The AEC-Staff and then the NRC Staff continued to evaluate the proba-
bility and consequences of ATWS with more studies supplied by the reactor manu-
facturers and by the Electric Power Research Institute (EPRI). In 1978-1%80,

a four volume Technical Report, NUREG-0460, "Anticipated Transients Without
Scram For Light Water Reactors," was published with recommendations for resolu-
tion of ATWS. ' T '

A proposed rule was presented to the Commission in October 1980 (SECY-80-409)
to have each applicant perform an evaluation of their plant with respect to
‘prevention and mitigation from ATWS.. A Utility Group of 20 electric utilities
was formed in the summer of 1880, because they felt that the NRC requirements
would be prohibitively expensive. The Utility Group submitted & proposed rule
on September 16, 13980 (PRM-50-29) to install certain hardware on plqnts by
_ vendor type as a reso]ut1on to this issue. _

- At about th1s same time Comm1ss1oner (and later Chairman) Joseph Hendrie was

- searching for a new approach to resolve the, .Jogjam between the NRC staff and

the industry. A plan to develop and 1mp1ement a program for reliability as-
surance, plus prescribe certain hardware fixes, was presented to the Commission
on July 16, 1981. The Commission voted unanimous]y to publish the "Hendrie"
rule and the "Staff Rule" (based on SECY-80-409) for public comment in the
Federal Reglster and to include the Utility Rule as a third alternative.

- Thirty-nine public comments were received, with the majority of the comments
recommencwng no rule or preferring the Ut]lwty Rule.

The NRC Staff presented a revised-plan in SECY-82-275 to the Commission on July 13,
1982 to resolve ATWS by forming a Task Force and Steering Group. The proposed
Task Force recommendations were presented to the ACRS on October 22, 1982 and to
the Committee to Review Generic Requirements on November 3, 1982 and again on
January 26, 1983. At the time of the Salem 1 incident the new proposed rule

was zbout 95 percent complete. Currently, the rule is being eva]uated in light

of the Salem event to determine whether any changes are warranted,

|-
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‘Quest1on12' | ‘ : | , | .

The report of th1s event indicates really two separate events; was the restart
of the plant after the first event adequately and.properly Just1f1ed7

Response

-In retrospect, 1t is clear that restart after the February 22 event was not
adequate]y nor properly Just1f1ed ' , :

The February 22 event, the first event, involved several problems including

the- deenerg1zat1on of a 4-KV bus, a loss of control power and- indication for

the operating main feed pump, loss of a reactor:coolant pump, and normal -

lighting. As a result of these factors, control over ‘the steam generator

feedwater system was lost. The contro] room supervisor apparently recognized

~.the situation and ordered a manual reactor trip at about the same time that

the reactor protection system called for a ‘trip. Based on interviews with

- plant operators, it was not apparent to the operators that the reactor had
‘failed. to trip upon receipt of a Tow-low steam generator water level s1gna1
Based on available information it appears that the operators preoccupation
with the numerous. other alarms in the control room and a problem with the
manual scram 'switch may explain why they failed to notice the automatic trip -

~ failure. The manual reactor trip was in. fact 1nserted 3 6 seconds after the
reactor protect1on system cal]ed for a tr1p

A post event review of the February 22 event was conducted by p]ant staff in

an attempt to determine what “had.occurred and. to resolve  any equipment problems -
detected. The sequence of events (SOE) computer printout was the best evidence

< available which could have revealed that the reactor trip breakers had failed

"to open.when the reactor protection system called for a reactor trip. The SOE
printout was examined by plant staff members but no attempt was made to sort

- out the precise’ t1m1ng of each recorded event and therefore, it was apparent]y
not recognized that the reactor trip breakers had failed to open from the

- Tow-Tow- steam generator water level signal, a reactor protection system (RPS)

signal.  The individuals reviewing the event concentrated on the other problems

identified above. Specifically, the information provided.by the plant computer -

"'““;vaas apparently used only:to ver1fy the sequence of events and not the t1me :

- intervals between events. . Later in-the afternoon of February.23, the - _
- Assistant General Manager of the station, convinced that the: prob]ems of the
_ prev1ous day were. understood and corrected gave approval to restart the p1ant

In retrospect 1t is apparent that the post tr1p rev1ew of the February 22 event

- ~was not conducted in sufficient detail to disclose the malfuntion incurred by

the reactor trip breakers since the information (i.e., the computer SOE printout)
was available and if properly reviewed, would have revealed that the reactor

- trip system had malfunctioned. . This prob]em apparently occured becaused the

_ ex1st1ng procedures for post- tr1p review did not explicitly require anyone

“to exam1ne, eva]uate or interpret- the t1m1ng of events

14




g'uestwn 13 -- | ‘ _ .

What c1rcumstances explain how the undervoltage trip breakers which are

considered "Safety Grade Components" could have been m1s]abe1ed during
recent maintenance? : :

—Resgonse

The mislabelling, or incorrect classifications, of the maintenance activity
as "non safety-related" was due to personnel error coupled-with .inadequate -
administrative reviews.  In this case, the classifier, by instruction, should:
have contacted the’ Engxneerlng Department for the classification; he did not.
‘As a result, there is a need to better understand the management controls

"~ that” al]owed this situation to develop. As can be seen in the staff's Restart

“Evaluation Report this spec1f1c item was cons1dered 1n resolving the Management
Issues. ‘ A

“This issue demonstrates the’ need to examine more carefuily the management contro]
- systems (procedures, audits, etc.) associated with ma1ntenance act1v1t1es
-for other. than the reactor tr1p breakers

15




- Question 14 @ o ®

'how 1% it possible that company officials were unaware of a 1974 safety circular

from the vendor explaining special maintenance procedures?

Response

" The licensee has indicated that they were unaware of the existence of the
. vendor's (Westinghouse) 1974 technical service bulletins that provided

preventive maintenance recommendations for the reactor-trip circuit breakers.

There were no administrative‘requirements to ensure proper distribution and adherence
to vendor technical bulletins. Therefore, even if Salem had received the circular,

“they might not have followed it.

f westinghouse‘hés eétabTishedﬁan<interdivisiona] task force to review current

methods for distribution of technical information within the Corporation and
methods for distribution of this information to utilities. Additionally,
Westinghouse recently has provided (after the February 25 event) the Salem

. Station with all technical information for equipment supplied for Salem. Ap-
" parently, communication problems exist between the Nuclear Serv1ces D1v1s1on

and other: West1nghouse d1v1s1ons

F1na]1y, 1t shou]d be noted that Sa1em had in the1r possess1on vendor manuaTs for

. breakers which recommended a preventive maintenance program. -The recommended

maintenance was never implemented,. however from the t1me the breakers were
1nsta11ed 1n ]976 unt11 January 1983 ‘ - ' -

16



- Questiqn 15

—_——

)

What remédia? steps can the Commission outline that would prevent present and
future notices from vendors going unimplemented?

_Response

The NRC has established a Task Force to review and evaluate the broader impli-
cations of the Salem event. The report from this task force is forthcoming.

‘The issue of vendor notifications to nuclear utility customers is being

addressed.
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. ' ATTACHMENT 1

DRAFT ABNORMAL OCCURRENCE
Reactor Trip Breakers Failed To Open On RPS Trip Signal

Date and Place:

On February 25, 1983, Public Service Electric and Gas Company reported an
event at Unit 1 of -the Salem Nuclear Generating Station, a Westinghouse
designed, pressurized water nuclear power plant located in Salem County,
New Jersey.

Nature and Probable Consequences:

At 12:21 am on February 25, 1983, a Tow-low water level condition in

one of the four steam generators initiated a reactor trip signal in the
Reactor Protection System (RPS). The reactor was at 12% rated thermal
power at the time preparatory to power escalation after a recently completed
refueling outage. Upon receipt of a valid reactor trip signal, the reactor
trip circuit breakers which supply power to the reactor control rods '
failed to open (opening of either circuit breaker would have caused the
reactor to trip). About 25 seconds ‘later, operators manually initiated a
reactor trip from the Control Room. The reactor trip circuit breakers
opened as a result of the manual trip signal and this resulted in insertion
of all ‘control rods and shutdown of the reactor. Following the manual
trip, the plant was stabilized in the hot standby condition. A1l other
systems functioned as designed. Later that morning when the cause of the
failure had been determined by the licensee, the plant was placed in cold
shutdown at the request of the NRC. : -

- Investigation of this incident on February 26, 1983 by the NRC revealed
that-a similar failure occurred on February 22, 1983, at Salem Unit 1.-
At 9:55 pm on February 22, with the reactor at 20% power, operators )
were attempting to transfer the 4160 volt group electrical busses from.
the station power transformers to the auxiliary power transformers, a-
routine evolution during power escalation. During the transfer attempt,
one of the 4160 busses deenergized resulting in the loss of one reactor
coolant pump and power for the operating main feed pump control and
indication. At 9:56 pm, a low-Tow level condition occurred in one
steam generator (due to the loss of the main feed pump), initiating a
reactor trip signal. Due to the abnormal conditions created by the loss
of the 4160 volt bus and in anticipation of joss of steam generator water
Tevels, the operator was directed at about the same time to manually
initiate a reactor trip. It was understood by plant personnel and was
reported to the NRC that the automatic reactor trip signal due to the
low-low water level in one steam generator had, in fact, caused the
reactor to trip. On February 26, 1983, as a result of NRC queries, the
sequence of events computer printout for February 22 was again reviewed
and it revealed that the reactor trip breakers actually opened in response
to the operator's manual trip signal. Consequently, it is now evident
that on February 22 (as on February 25)~the two reactor trip breakers



failed to open upon receipt of an automatic trip signal from the reactor
protection system.

Since the operators initiated a manual reactor trip shortly after receipt
of the automatic trip signals on both February 22-and February 25, no
adverse consequences occurred and the reactor was in a safe condition.

Cause or Causes:

On February 25, approximately 2 hours after the event, the cause of the
failure to trip was determined by licensee instrumentation technicians to
be failure of the undervoltage (UV) trip mechanism associated with each
of the two reactor trip circuit breakers to function as designed. The UV
trip mechanism consists of a relay and attached mechanical latches; upon
" receipt of a trip signal from the Reactor Protection System (RPS) the UV
coil is deenergized and the mechanical latches cause the trip breaker to
open.  Opening of either circuit breaker causes a reactor trip. (A
manual trip signal operates both the UV trip relay and a separate shunt
trip relay within each breaker. The shunt trip relay is energized upon a

manual trip signal. Either relay is designed to cause the circuit breakers

to trip; and in the February 22 and 25 events, it was the shunt trip
relay which actually caused the reactor trip breakers to open.) The
failure of the UV trip mechanism was determined by the licensee and the
vendor, Westinghouse, to be excessive friction on a mechanical latch
Tever in the UV trip mechanism. The cause of the excessive friction is
still under investigation. The circuit breakers are Westinghouse Type
DB-50. '

.Previous failures of a reactor trip breaker have occurred. Following a
DB-50 reactor trip circuit breaker malfunction at the H. B. Robinson
Nuclear Power Station in 1973, Westinghouse issued Technical Bulletin
NSD-TB-74-1 in January 1974 recommending certain periodic maintenance
- measures, including lubrication, to improve the reliability of DB-50

.. breakers. In February 1974, Westinghouse issued a Tetter (NSD DATA

" LETTER 74-2) which, among other things, specified that a dry or near dry
molybdenum disulfide lubricant should be used in the UV trip mechanism.

- . It appears that no preventative maintenance was conducted on the Salem:
Unit- 1 DB-50 circuit breakers until January 1983. Additionally, the
~Jubrication recommendations of the Westinghouse 1974 Technical Bulletin
‘and Data Letter were not implemented during the January 1983 maintenance,
since personnel performing the maintenance (including a Westinghouse
service representative) were not aware of this information.

There have been two previous events at Salem Unit 2 involving a failure
of one reactor trip circuit breaker to trip. On January 6, 1983, a
reactor trip occurred due to a low-low water level condition in one
steam generator and only one reactor trip breaker operated. The second
trip breaker finally opened 25 minutes later, although the reactor had
already tripped from opening of the other reactor trip circuit breaker.
The failure of this trip breaker was concluded by the Ticensee to be due
to dirt and corrosion interfering with proper operation of the UV trip
mechanism. As a result of this event,“maintenance was conducted on all




Unit 1 reactor trip circuit breakers in January 1983, under the supervision
of the circuit breaker vendor, Westinghouse. A1l breakers were satisfact-
orily tested after maintenance. Licensee Event Report (LER) 83-001/03L
dated January 27, 1983, provides further details of the January 6 event.

On August 20, 1982, during surveillance testing of the Reactor Trip
System on Salem Unit 2, one reactor trip breaker would not trip. The
cause of the breaker malfunction was concluded by the licensee to be
failure of the UV relay coil. The affected coil was replaced, and the
breaker was satisfactorily tested. LER 82-072/03L, dated September 8,
1982, provides further details of the August 2 event

Actions Taken To Prevent Recurrence

Because of the generic implications of this issue, the NRC issued IE
Bulletin No. 83-01 on February 25, 1983 to all pressurized water nuclear
power plants to inform them of this event. For all pressurized water
reactors having DB type reactor trip circuit breakers using UV trip
attachments, certain actions were required. These actions included
prompt surveillance testing of the breakers, ensuring that preventive
maintenance programs on the breakers include the recommended Westinghouse
program, and reviewing with operators procedures to be followed in the
event of a failure of the reactor to trip on receipt of an automatic trip
signal.

With respect to Salem, the NRC staff met with the licensee at the site on
February 26 and in Bethesda on February 28. The licensee has proposed
certain actions with respect to these breakers including implementing
quality assurance requirements, augmenting surveillance test requirements,
developing a maintenance program, incorporating the Westinghouse recommen-—

_dations, and revising procedures to require the operator to employ a-
manual trip whenever an automatic trip signal is received. The NRC is

. reviewing these actions to determine whether they are sufficient to correct
~the deficiencies.

~An NRC task force has been assigned to review and eva]uate the 1mp11cat1ons
of this event. A Region I task force was assigned to co]]ect facts and .
data on-site to provide the bases for the generic review. Additional
~corrective actions may be required at Salem and at other power reactors as a
result of the task force review.
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3/8/83 draft of Sa1em Restart Action Plan, prepared by NRC Regwon 1
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,3/8/83'Memo, Haynes to Heltemes, re Possible Abnormal. Occurrence -
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In Aightrof the recent failures of the rezctor irip brezkoWe 10 - 3o
eutemetie axiv function &t the Sslem plant, the purpuse of this study {s B
‘g reaizstucaliy precict the consequentes of a2 7z2ilure o :*wp Tor =

"Yimiting plant transients while the plant §s 2t full reactor power, The
-trensients analyzed, specifically for the Salem p]ant are. s partial

loss of steam generator majn feedwater flow'due to the trfp of 2 single
main feedwater pump and also a complete 1oss of main Teedwater Tlow due

~ tp the loss of both m2in feedwater pumps. The latter, Jess prodable, -
event i5 that presented in the Salem plant FSAR, As stzted previously, T
the purpose of this study {5 to repiistically predict the response of

the plant to these events and, as sucb, the plaat systems are assumed to~
function normally with the sole exception being the comman made failure
of the reactor breskers-to automatically funition as was expsrienced an
February 22 and 25, 1963. It should be noted that the Spurious steam
_generator level trip generated on 2/25/83 was'as a vesult of nprmal
expacted feedwater control system difficulties experienced at low {11%}
_power levels. 1t also should be. noted that the loss of 2 feedwater pump
on 2/22/83 was due to 4 normal nanuev&ring of &n electirical bus while
‘configuring the plant in preparstion for 2 power escalation. Both of
these -events are not nomally expected at full power and thus ong should -
consider more credible pyents such &¢ & feedwster heater dropout rathor
than the more Umiting and nu:h 1ess Trequent fe°dnater pURp
maifunctions. : , ,

' The sgudy ccnsidurs a uhifuy seccad operauor response »ime Sor 8 nanuai
“reactor trip following the automatic protection system demand eignal, a
simutation of the actual response time of the February 25, 1883 event. -

“The study also considers ‘2 more conservative gperztor response of five~

- minutes in order to det Erfine ‘he sensigivity of the piant response to P
g cporagcr act1an. ‘,ai . : _ i _ o o

D:SCRIPTIOH DF TRARSILH' EF“ECTS

Generic stvaies (HCAP §330- Hestangnause nnt1c1pa»ed Transzeats Hzthcut L E
C TriptAnglysis) of fallure to trip events previously sibmitted 1o tbe RC f;i* B
have Jdentified the limiting Tull power events to he wmalfunttiions - A
. affecting stesm genérator main feedwater flow. " The reduction in main o
- .eedwater Tlow affects the overall h2ast removal capsbility of the steam
_generators and, &% & result of the mismatch between ihe primary side R
heat genera»1on and the secon dary side hzai removal produces a. heatup of';j‘
‘ tnn primgiy system coolant. If the reactor is tripped prompily, the
xi1iary feedwater system provides sufficient heat removal capab1}ity o
to remove decsy heat. However 1T Teedwzter flow to the steam generators’
is reduced or terminated without subszgvent reactow trip the secondery -
system will ke unable to remove 211 of the hedt thet $2 §Eﬁérated {n the
core., This hest buildup in the primary system s 3 functign of the
E“OUﬂu af the feedwsater reduction and 1s Indiczted by rising reastdr
oiang System temperature and pressure, and by incrzesing pressurizer
water level due to the. {nsurge of the expanding reactor coclant. Weter
level in the steam genarators drops as the remaining iaventory in the
¢steam generstors 1s boiled of ¥ due (o ingdequate spply of fezdwater,
Khen the steam generator water tevel fails 4o the point where ihe steam |
- generator tubs bundle is uncovered and primary Lo seCondury hest N
transfer 15 reduced rcecgor cooiaﬂ' sys e prassure and temoera ture

r o ’ >
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ase 2t 2 grester rate, zrﬂs gredter rate of tem PEYITUTE &N

yre increzse is maintags 22 the pre surizsr fi1ls gmrletely 2nd
1S‘C55Lhcrgnd through ng pressurizer relfef anc 290y valves,

ivity feedback, due to 1ihse high priméry system temperzivre, reduces

power. - As a resunt the system presure begins te decresss 2nd &
space 13 in formed {n the pressurfzer. '

The limiting cr1ter1a for the DDStu?ated trznsients 435 th2t resctor
.coolant pressure be maintained sufficientiy delow the pressure
correzpending to the ASMD Code Service Level C (Emergency) stress

- Umits, For the reactor coo1ant SySuEN. the correspa“dir' Qre sure {s

.3200 pswa.
| CONTROL RD’JH 1ND 1&710&3 ARD HITIQATIM ACTIO#S -

v'kltrouch the reactsr is prevented from tripping ou;ama.zcaliy by ;he

- cofmbn mode faflure of the reactor trip breskers, there are many conirel
- room indications and alamms which are generated durirg the transient

which would serve to alert the operator that the event has taken place.

“-These fndications in addition to emergency procedures, which require ths

Cverification of 3 successful reactor trip before a1} sther actions, -

| would support the mitigation of the consequences of the transfent.

.;,For a. Tcss of normal feedwater evenu. in *dditicn to aana&} precess
controt &larms {pump trip. temperature, pressure; Tevel and Tidw

: ;',¢aeviaz$on slarms_ for both primery and Se’DWdBTY systEmS), thd fﬁ"”*fﬂﬁ
1.‘fAjaudib]e alarms would be generated: - e TR

.

"i;Tabies ] and 2 show the time sequences’ for thﬂse 373”35'

L As Daru of “the procedures the ‘operator {5 required to exercise fo]loanng ,

: Steam/feeduater flow ni smatch and Tow 1ev=1 (eacb Susaﬁ ganeratar}
- Overtewperziure Delta-T turbine runback - R
- Gvertemperature Delta-T reactor trip. danand ff" TagEL
lverpower Datta=T turbine runback : :
Overpower Delta-T reactor trip demand ™ :
- Wi gh pressurizer pressure’ resctor »rip dEmand
‘High pressurizer level reatior trip demand
‘Stesm generztor Tow-low level reactor trip dorand

Low steam pressure safety 1nJECuiOW {4n cnfncfde&ce Riuh RIQh flou)
“low reactor coolant Ioop fsow rﬁacLor Lrwp demand | - T

any vesctor trip demand, the vperator {8 requived to first verify the

'Ai‘succes sful accaﬂp?mshment of thé reactor teip by observing rod position -

jndicators, rod bottoa Jights, neutron flux, or reacter trip brﬂﬁk&t
position Indications.” The following actions are avasisdle to. the .

:“operagnr'1n tne na1n congrcl TOOT ﬂf aﬁ uns uc,essfu} r*ac:ar Lf?p occurS'

};

[ 2

*

2
-3
’.4"

5

r

‘Hanua\ contro}. rad insert1on.‘

'fﬁanuas raactar trip fwiah subsequent autabatzc Lurbnne arﬁg} -

Kenual turbine trip

Hanus) turbine runback (200”/m1n.) o 'f"- ‘

Manual safety {njection
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Outsice 55 obvious benefit of an immediste rezctor irip, the turbine
trip or turdbine runbeck 2ction §s the most imporiant, S, & rRetior irip
‘¢cznnet be obtained menuzlly, to terminase the steam flow demand from the
steem genergiprs 10 preserve steam generztor {nventory. Stesm pressuvs
¢nd hence primary system temperature will be controlled by means of ihe
steam dutp control system, steam generator relief a'}'{/{}" szfut ty valves.,
Dther means outeide the main CDHLPDT room are avaitable:

_tocal 1anua? trxp of any r°&ctcr tr1p bresker ' L .

2. Locel menual trip of the rod control system hotcr-geaera;cr 52t§
- 3. lLocel manya) t.ip of the turb1n )

TRARNSIENTS SIFULATIOH

ﬁ

i

i
A

| ,Ana?yser were performed Lo s.nu1ate both 2 partial awd cszpiete 1ees of =
- wiin Tesdwater. These analyses are nased upoh previgus models =
consistent with previous submittale te the HRC by Wesiinghouse on ATHS §§§
{85-TA-2182, T. K. Anderson to Dr. S. Hsnaver, 12/30/7¢) but also are =
wmoditied to more accurately model the Sstem Plant. ==

}

?h# £ 1§cwiqg conditiors #erE'assuﬁed for both ana?jseé:

- 1. Indtial uor&a1 full power »per=t1gn at b°g1ﬂ11na of core 1ife. Thiz

L corTesp Jnds to the curreat condition of the Sxlem Plént and 1= also
the 1imitt ing condition since the mocerator temperstury e sefficient
15 3t its least pe gatwve veive. A value of -8 pCﬁ/ r wﬁ}zﬁ i

‘Vrs1d for 9:e of sre 1ife, was ¢ssum :

ﬂ 2{v b:»h the res;ur zer re1je‘ and SGfet* wagyps re FEfise w.
_ ‘unML€95;. ‘Thére zre two velief and hree_safct/ yaives. . -
Pressurizer reatars &nd spray. a}so function autcnati;:}}y;'w_4. R

- 3. The automatic: turn1ne runback on either Overtempersture sr O?erpawer o
© - . De1te-Tsignals is operable. The rurback setpaiat {§ 3% below the o
~trip setpoint, The turbime runback vperates on & 30 second cycle.”
Turbine Toad is first reduced 5% {n }.5 seconds. If at the end of
the 30 secands the runback signal sti1l exists, the load {s furiher.
~ reduced another 5% and so on. The Toad reduction has a mitigating

- +-effect on the trans1ent and he]ps reduce peak prinagy svstem
'l‘nressure.- : . , .

- .4, The rod contro? system is assumed to be in the manuai nade
x k;consistent:ufuh setual prectice. Avtomatic acticn of the rod

- control system would cause rod {nsertion when primary tempnrature
'infrtnSPs and vou]d b= :bss conser%ative. .

5. The steam dump control system §s avaflable. The Cap:tity of the
- steam dump {s 50% of nominal steam fio¥ &t full power.. -

8§, Auxiliary feedwater f1ow (1760 ops) begins at 10 seconds fo}}ginng
- receipt of the lcw-low steem generztor level signal, Tnis response
time is based upon actual test date from the Salem Plant.

7. Operzipr action is5 assumed 10 initiate 2 successful manual trip.
Turbing. trip is fnitieted via the reactor trip breaker cpening.

- ,,,’,, *
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8. . for »,he ccr:“"'iete 10.,5 c‘feedwater transient, the noig 2ed=ster 3
4 pumps 2re asccmed TO co&3tdown to zero fiow in five sTPonds. for £
-, the Yess of a single pump, one pump i3 &ssumed 10 caastaswn %0 zers e
"Tlow in five seconds; ho»exer, the res'\:'smng pump has rated flow £
cepecity of 70% of nominal ful) power feedwster flow. Therefore, g

the second pump (the Sajem Plant has w0 pumps) wWill {RCresse {3

fiow to 705 fiow. ' The rv,pcnse tims far the second pump 15 20
Seconds.-. v_ . _ _ | , ~

A AS

9, homina? cent*q? cnd protection Systea S“tpOTHtC were a*sum=d.

‘,;"TFAPSILRT RE SULTS | ;" : _' .

-

'_'3,"';0 s vf & Hain rééuSﬁter Pugp

;ﬁhefsequenCE,of events for both & 30 second end 300 sec ond'dcicy'af_
manuz} reactor ‘r1p are shown in Yable 1. The transient primery.
. pressure catculations are stown 1n Figure 1. The Tow-Tow steem
. ‘Generster level setpoint is reached at 99 seconds; auxiliary
- . feedwater is automatically 1n1t.=tad Ten seconds Iuter, suxiié ny
feedwater heg1ns 1o be delivered te the steam geqerator$4 :

30 Second Be?ay

‘For the case where there is on]y a 30 second d=1ay. there are. no
“T " subsequent reactor . trip signals generzied.. There is no large h=a»up
" of the reactor coolant becauss the stess gererator tube bundle does
o pot uncover. Thus there 1s always adeguate secondery side heat :
“ . removel, ‘The peak pressure of 2286 psia which occurs at 30 seconds,
7 s only s?ight]y above the pressu"e ag thCh +the resurwz=r sprays L
oare a tu*ted. FR S _ :

-

L -

'j>For tbis transient. the reactOr coolant system 1nteg‘7ty is not
“i:chaiienced.,bﬂﬂ S L . P

fS'Minute De?ay

- For the case where operator action is dsluyed 360 se“onds (5 i
e miputes), the reacior coolant cystnm temperature increases, reaching
- the Overpawer Delta-T setpoint Tor turbine runback -at 190 seconds.
S This $ignal is maintained and thus turbine power continues to- reduce
" 8% every 30 seconds until the turbine load 15 at 75%. At this
o poiht the sum of the main feodwater Fiow from one pump pius 'thg
_;ff*['aux311any feedwater flow is equal to the turbine steam flow, -
.. Therefore, Ssteam generator level does ot continue’ decreasiag and
~ stabilizes.  The operutor {nitiated resctor end turbine trip at 399
- seconds occups after the steam and feedeater flow heve matthed. The
. peak primery system pressure of 2330 psia at 267 seconds occurs. _
“before the steem and feed flow are matched.  This pressure iz below

the relief valve setpoint (2350 psfa). The pressurizér sprays,
comdined with the effect of reduced turbineg Yoad prevent any '

- significant overpressurizeticn, Again, reactor coolant pressure
SLEYS be\ow service Leval C ?sEItS of 3200 psia.

’ Vl.‘-’
gy
2
=
%
CE
CE:
LT
=
B
. e
e



'-2.; ’Los’_s of A11-¥ain F;eedv-.er = - | ‘

The sequence of events for ihis transient

e q‘-_-;~“1r'151‘]-r"‘r,'ri“','

gre presented {n Teble 2.
, Tﬁe trensient pressure calculations ere depicted 4p Fégure Z.
The Yow-low stezm generzzor Jeve) setpeint is reaches s ’ 3 Seconds:
10 seconds later,. auxaliury -eedaater is delivered to th cteam

generators.

- 30 Se\.or:d De'tav B T

An automstic turbin* runbacx Gue %5 &n Overpcwer DDTL:-T is

initiated at 43 seconds and turbine Yosd s reduced 5. The

- pressurizer velief valves open and maintain pressure 2t the setpmm

value (2350} until the ope*‘ator trips the piznt a2t 63 seconds. -

.1 Steam dump s initiated end reduces the primary temperaivre to the LE

" no lozd Va}ue of 547°F. For this transient the resctor coslant - -
w:sys»=m presrure is w21l be]ow 3200 ps1a.v R |

‘7 ” f)5 %1nute aﬂlav

T YR

e

g

~ As'in the prbv.our case, the reatup of the pr.matj caolant caused A
“turbine runhack infti&ted by an Overpower BeltaeT sigmal, The .
_turbine Ioad is redaced ‘tmce in 52 increments until the jozd is 8%
- of nomina) lead. ‘Steam pressure staris to drop due (v Ins poi) off.
. of water in the Steam generators, gersrating & low stesm pres=nre '
_ alarm. Af this time primary pressuf‘e sterts to increase end there
7.+ s an insyrge into the pressurizer, Causing both pressumzer high
teve) and pressure trip alearms to be sctusted. The steam gererzior
- tube ‘*unr'ie begins o uncover, causirg ¢ lercer rate of ingresse in
eprimary pressure &nd temperatire. The preszurizer fiil:s and the -
- pegk pressure reached is 348) psia. hau3ea‘ power has decressed 3%
" 'this point 1o about 307 of nominal due to the megative moderator o
e o temperature resctivity feedback. As the relief rate of water .
S othrough the relief and safety valves increases, the primary systes
pressure starts Lo decrease and the safety and r»?zef vaives close
- 2bout 3D seconds after the time of pesk prassure.-. The op=ratcr__ :
»r?ps tbe rsccﬁor maﬁda}ly at 334 setcnds.. ‘ : :

. COMELUS m»eo

o)

o

vk in
L ’

“The resu? s”presente” here aeﬁans*rqte that for tbs Toss of onhe ms
“feedesier pump, there are 3t lesst six mijor alerms {n ad4ditisn o
“others gemzrataed o slert the dperator o the fact thet & =slfunciion
h#s occured. Further=sre, even for the svent with & {ive Sinute delay
in reactor trip eutometic turdbine runback reduces stesm f'lo«z o metch
the cspsbiiity of the auxiliary feedwater., For this event theve {5 no
threet of over v&iy A

: pressurization {n thsat tba wressuri e* reiief
setpa‘nt is ot & «en rescheg, )

o
'm




. Compiete loss of .Hain'Fetdwa.‘ ', ' ‘ '
. T Y . - )

or the complete Yoss of .eedvaten oparctcr action consistent wWith the
sction time taken at the piant on the February 25, 7833 event {¢ _
sufficient to prevent overpressurization of the reacter coolant system.
.Peak primary -system pressure results only in pressurizer relief velve
. actuation without the actuation of pf"ESSUT"IZET safety valves. .
Furvhennora there are 3 major alarms which are actuated-{n adéition to

. the stesm generated 70*-1°w Tevel a1arm to alert the operater to take
,_act1on.v L : L A

1

[

- Es dzscus,.ed earﬁer, 1t ‘Is 2 :aajor reduction in primw to se...ondary

- heat transfer capability which causes the primary Sys;em b=s;ap and. .

T.opres ure {ncrease. A turbine trip reduces the amouni of steex flow end
- the rate 2t which the level in the steam generator drops. If the:

. turdbipe {3 trippad before there is 3 significant Toss of steam generator
"inventony, the tubes will pot uncover snd the primary sysiem will not
overpressurize. Based upon the results discusszed {n the previaus ,
- section, operator action to trip the turbine 2% or before gnre ¢g one and
‘& half minutes following the Tow-Tow Jevel trip &nd alarm would prevent

- 'overpressuriza ion of the reactor coolan. 3% es»beyaad 3200 psia.

It shoufd be noted tha; the core nuc?ea narac.eris~,c3'(a wogerstor o

. reactivity coefficient of -8 pem/*F) used are no represangative of the -
v actvalt.core design. for.the Salem Plant. PrEV1ous ATES enaiyses have ,
= shown the pnak pressure to be 2 strong function of the ccef‘icifnt ané -

there {g & 160 nsi reduction for every 1 pom decreaze {n the
!;,uoeﬁxicient.' The Salem core {s des{gmad to oparate such that by the ‘

time the plant reached full power {t weuld have z coefficient of 10,8
©opem/TFierie,5 pom less then the coefficient in the study, This =
epefficient. wou Ud be reduced even further.by spproximately 2 pow/” F per .
o0 owonth of ops*agioﬁ (see Figure 3). The 10.5 pew coefficient resulits i -
. . & peak’ pressure for the 1imiting case of five ﬁin ite operator acsfoﬁ of
. 3241 pr'ts (2 250 psia reduction from 3491 ps-za; which {5 within the
“ealeuiations) bend o6f the ASME Stress Levet C 1imit.- Therefore, the .
,case rﬁyresen»ed in Figare 2 ubdzd not ex cepd the sctaptance crstaras. 1;7'**

:In conc?usion, th{s ctud hat dEmcnstrated hs abz?w;y of ;re Se{cm :
o atlear plant to w1tns;and the effects of postu ?a;ed oress Tesdwet
© - malfunctichs without reactor trip st full power with an artificy a??y 1j
-~ long delay for operator action.  The results show ac ceptzb?e r95psws¢?
<. whi¢h 3% within calculationz) urtertainties of the ASHE S¢ress Level §
1 mits. Tnese results are further sffected by the fow probzbility of
.. these events occuring at full power in 2ddition 10 the expectad. ~
‘incrt;'inc}y heneficial ruclear charesteristics of the pisnt sver core.
life. R - R S
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turbine toad reduced 55 . == cyse .
Turbine Toad reduced 5% - R~ - B
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Sequence of Events

- Lomplete Loss. of Fain Fsadwater

Event

Loss of mein fecdwater pumps {alarm)

' Low-Jow SG level setpoibi.{‘1ar§);

. 111ary feenwa er gignal generation =

‘Q?b'n runback setpoint (a2larm) '
turbine Toad reduced 5%

0P ¥ trip setpoint {alarm}

~ Auxiliary feedwater begins

Pressurizer relfef valves open

Cpérator trips reactar/%urbine

‘ Tu?éine 1oad reducéd 5 L

;TlHigh préessurizer level trip setpoint (alerm)

" low stezm pressure SI (alarm) |

High pressurizer pressure setpoint {alarm)

. SB tubes begin to uncover; |

i stesn Flow drupg , .

pressurizer safety va?Ves open

- Prgs,ur1ger Fills

' Pegk pressure i
_Pressurivef safety valves close
: PreqsurzLer relief vaives close
Low RC fiow seupaint {alarm)
Operator trxps_reactor/turbine.

Time

1

4 zlarms

(1) 30 second delay before manual trip
(2) 309 second delay before manual trip
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trip

®
i

- O'
i

14r R
- T - E
- Ey E

333 £

Zg?maé -?f

rﬁbr‘fq .%3

iy

i

_fm]

AR
Ty

g

g

)
Iy

B
\
]

i

g

»
l|‘
i

L)
i

e
[

iR

{2)
1L
o

i

m-

w
>
)

i

ORI

A1

}

R

e

o

T

57

g

5
134 {3491 psiz}

gl

o
1

ANV R A AR U et



ST ARG

L @zhl.klxmﬁiﬁ il s aJdJL'hL'.’mdl.k.&xﬂddu il T R

R e K P PR

L]
N
- ™
. ° v
53 LA
72 !
)
1
i) '
\: . ; i3
v 3 ' . . f')'
" . o .
" 4‘ .
9 ‘
13 ' e
"} g
;"‘ T : 9
L ) '
¥ X 5 K
3 .
I . .
. ot : }
PS L. "
A o ‘ :
‘. ' ' prl
. f W ' ‘j ; [ “*
"o N T St
- ~ ‘-‘- . C
. ' 11} .r.-
oy e B S .
a o : ‘ ‘
r -t : L L
, . . i .
“ o i ) : «
[ U . ! ) {|, .
C 4 . [ & i= : i . 1
. i) et W
, U
vi . il 3
o "o
Pl ' .
’ ‘¢ ‘
. ped
| o A 2
. a ] , e
| : ;
e | )
ub ‘
or 3
l‘\ ' B ) ’ \ e ' . .
; . N DRSNS SR 3 rmems bt g
. . ' i o Ly
, b ! i ;
- L) o < “r > o o
A . < y (¥ (%}
i H ORI S
o -a e D} . *
1o "“.l Bl l_|__!?’| "}\‘_‘ 1 v, l [L-‘n RYYLE RN eyahix (v g . . .
. A 7 ' . :
)



Yoy
SNy

oy

3>
-
-t
<
(1]

]
P |
ST
3\
rh
!-' -
r
ne
-
T

\

At AN 3
ot

AT
et
‘o,

1
.

re Trip

YiessiM e hﬁ ta)

; | =3
:\ -l{§.
L : '
‘& g0 ' R 0
<o 5 100 0 300 R LU 3%
Time (sec)
.+ 300 Secunds Delay Bafere Trip

3600

™

.= ) 3200

200 F..

it

1

AT

Prni&uf!tur_FrusSUfe {pyla}
e

‘ .
U
1

f

v
RO
W

2200

. "a T I‘Il !"'

RN

o 109 o5 G 100 sgs Cepg
' Tige is28)

'y
[}
[

'm;fn; i

B :éoo-

Hosiralig

—



,.f”-'node",ator' 1'cimq>era7l_u}-e'-cu_effh:!ent tpew/?F)

ok

FIGURE 3

N

MODERATOR TEMPTRATURE COEFFICIENT DURING

AT HFP, ARD, EQUILIBRIUM XENON CONDIT
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