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APPENDIX A

OFFICE OF INSPECTION AND ENFORCEMENT BULLETINS

Following the accident at Three Mile Island Power Plant, Unit 7, on
March 28, 1979, the NRC Office of Inspection & Enforcement (I&F) i1ssuved
three bulletins to licensees of operating power plants which required certain
actions ‘v be taken, based on reactor type:
IE Bulletin 79-05 (4/01/79) - Babcock & Wilcox reactors
IE Bulletin 79-06 (4/11/79) - All licensees of pressurized water reactors

IE Bulletin 79-08 (4/14/79) - All licensees of boiling water reactors

These bulletins were subsequently supplemented to provide new information,
to clarify the bulletins, and/or to request other information or actions.

These supplemental bulletins were:

IE Bulletin 79-05A - 4/05/79

IE Bulletin 79-058 - 4/21/79

IE Bulletin 79-05C & 79-06C - 7/26/79

IE Bulletin 79-06A - 4/14/79

IE Bulletin 79-06A, Revision No. 1 - 4/18/79
IE Bulletin 79-068 - 4/14/79

Copies of these bulletins follow.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, 0.C. 20535

IE Bulletin No.
Date: April 1,
Page 1 of 3

-

NUCLEAR INCIDENT AT THREE MILE ISLAND
Description of Circumstances:

On March 28, 1379 the Three Mile Island Nuclear Power Plant, Unit 2
experienced core damage which resulted from a series of events which

were initiated by a loss of feedwater transient. Several aspects of the
incident may have EeneraI applicability in addition to apparent generic
applicability at operating Babcock and Wilcox reactors. This bulletin

is provided to inform you of the nuclear incident and to request certain
actions.
Actions To Be Taken By Licensees:

(Although the specific causes have not been determined for individual
sequences in the Three Mile Island event, some of the following may have
contributeg).

For Babcock and Wilcox pressurized water reactor facilities with an
operating license:

1. Review the description (Enclosure 1) of the initiating events and
subsequent course of the incident. Also review the evaluation Dy
the NRC staff of a postulated severe feedwater transient related
to Babcock and Wilcox PWRs as described in Enclosure 2.

These reviews should be directed at assessing the adegquacy of your
reactor systems to safely sustain cocldown transients such as
these.

2. Review any transients of a similar nature wn*'h have occurred at
your facility and determine whether any sxgn ificant deviations frem
expected performance occurred. If any significant deviations are
found, provide the details and an ana]vs1s of the significance and
any corrective actions taken. This materi ial may ve identified by
reference if previously submitted to the NRC.

DUPLICATE DOCUMENT

Entire document previously
entered into system under:

110227

No. of pages:




Enclosure 2 -

Niagara Mchawk Power Corporation
ATTN: Mr. G. K. Rhode

Vice President

System Project Management
300 Erie Boulevard, West
Syracuse, New York 13202

Pennsylvania Power & Light Company
ATTN: Mr. Norman W. Curtis
Vice President

Engineering and Construction (N-4)

2 North Ninth Street
Allentown, Pennsylvania 18101

Philadelphia Electric Company
ATTN: Mr. V. S. Boyer
Vice President
Engineering and Research
2301 Market Street
Philadelphia, Pennsylvania 18101

Public Service Electric & Gas Company
ATTN: Mr. T. J. Martin

Vice President

Engineering and Construction
80 Park Place
Newark, New Jersey 07101

Public Service Company of New Hampshire
ATTN: Mr. W. C. Tallman
President
1000 E1m Street
Manchester, New Hampshire 03105

Rochester Gas & Electric Corporaticn
ATTN: Mr. J. E. Arthur
Chief Engineer
89 East Avenue
Rochester, New York 14649

Metropolitan Edison Company
ATTN: Mr. J. G. Herbein
Vice President - Generation
P. 0. Box 542
Reading, Pennsylvania 19640
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Docket

Docket

Docket

Docket

Docket

Docket

Docket

No. 50-410
Nos. 50-387
50-388
Nos. 50-352
50-353
Nos. 50-354
50-355
50-311
Nos. 50-443
50-444
No. £N-485
Nos. 50-28¢%
50-329
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{E Bulletin No. 79-06 April 11, 1979
Page 4 of 4

a. Verification, by test or inspection per technical specificaiions,
of the operability of redundant safety-related systems prior
to the removal of any safety-related system from service,

b. Verification of the operability of all safety-related systems
when they are returned to service following maintenance or
testing.

¢c. Explicit notification of involved reactor operating personnel
whenever a safety-related system is removed from and returned
to service.

11. Review your prompt reporting procedures for NRC notification to
assure very early notification of serious events.

For all pressurized water power reactor facilities with an operating
license except Babcock and Wilcox reactors, respond to [tems 1-11 within
14 days of the receipt of this Bulletin.

Reports should be submitted to the Director of the appropriate NRC
Regional Office and a copy should be forwarded to the NRC Office of
Inspection and Enforcement, Division of Reactor Operations Inspection,
Washington, D.C. 20555.

For all other power roactors with an operating license or construction
permit, this Bulletin is for information purposes and no written response
is required.

Approved by GAO, B180225 (R0072); clearance expires 7/31/80. Approval

was given under a blanket clearance specifically for identified generic
problems.
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U.S. NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION ANXD ENFORCEMENT

April 14, 1978
IE Bulietin No. 79-08

EVENTS RELEVANT TO BCILING WATER POWER REACTORS IDENTIFIED DURING
THREE MILE ISLAND INCIDENT

Description of Circumstances:

On march 28, 1979 the Three Mile Island Nuclear Power Plant, Unit 2
experienced core damage which resulted from a series of events which
were initiated by @ loss of feedwater transient, Several aspects of
the incident may have g-ner31 applicability to operating boiling
water reactors. This bulletin requests certain actions of licensees
of operating boiling water reactors.

Actions to be taken by Licensees:

For all Boiling water reactor facilities with an operating 1icense
complete the actions specified below:

1. Review the description of circumstances described in Enclosure 1
of IE Bulletin 78-05 and the preliminary chronolo’ y of the TM]-2
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-05a.

a. This review should be directed toward understanding: (1) the
extreme seriousness and consequences Of the simultaneous blocking
of both trains of a safety system at the Three Mile Island
Unit 2 plant and other actions taken during the early phases
of the accident; (2) the apparent operational errors which
led to the eventua) core damage; and (3) the necessity to
systematically analyze plant conditions and parameters and
take appropriate corrective action.

b. Operational persornel should be instructed to (1) nct
override automatic action of engineered safety features
unless continued operation of engineered safety features
will result in unsafe plant conditions (see Section Sa
of this bulletin); and (2) not make operstional decisions
based solely on a single plant parameter indication when
one or more confirmatory indications are available.

DUPLICATE DOCUMENT

Entire document previously
entered into system under:

wo )94 ;My

No. of pages:




IE Bulletin No. 79-08 -4 - Rpril 14, 1979

11. Propose changes, as required, to thcse technical specifications
which must be modified as a resul: of your implementing the
ftems above.

For all boiling water reactor facilities with an operating license,
respond to Items 1-10 within 10 days of the receipt of this Bulletin.
gss::nd to item 11 (Technical Specifization Change proposals) in

ys.

Reports should be submitted to the Director of the approprizte NRC
Regional Office and a copy should be forwarded to the NRC Offire of
Inspection and Enforcement, Division of Reactor Operations Inspection,
Washington, D.C. 20555.

For all other power reactors with an operating license or construction
permit, this Bulletin is for informalion purposes and no written response
is required.

Approved by GAD, B180225 (ROC72); clearance expires 7/31/80. Aporoval
was given under a blanket clearance specifically for {denti®iel generic
problems.
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UNITED STATES
NUCLEAR REGULATORY COMMISSIO
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, DC 20553

APRIL 5, 1979
S8ulletin 79-05

=]
m

NUCLEAR INCIDENT AT THREE MILE ISLAND - SUPPLEMENT

Description of Circumstances:

Preliminary information received by the NRC sinca issuance of IE

Bulletin 73-05 on April 1, 1879 has identified six potential human,
design and mechanical failures which resuitec in the core damage and
radiation releases at the Three Mile Isiand Unit 2 nuclear plant. The
fnformation and actions in this supolement :’art‘y and extend the original
Bulletin and transmit re“nf’af/ chronoiogy of the TMI accident

through the first 16 hours (Enclosure 1).

1. At the time of the initiating event, loss of feedwater, both of the

auxiliary feedwater trains were valved out of service.

2. The pressurizer electromatic relief valve, which cpened during
the initial oressure surge, failed to close when the pressure
decreased below the actuation level

3. Following rapid depressurization of the pressurizer, the pressurizer
level indication may have led to erronecus inferences of high
leve! in the reactor coclant system. The pressurizer level indication
apparently led the operators to prematurely terminate high pressure
injection flow, even though substantial voids existed in the reactor
colant system

4, Because the containment does not isolate on high pressure injection

(HPI) initiation, the highly radijactive water from the relief
valve discharge »as pumped out of the containment by the automati
initiation of a transfer pump. This water entered the radicactive
waste treatment system in the QUX»I‘irj butlding ~rere some of it
overflowed %o t1 e floor. CQutgassing from this water and discharge
through the auxiliary buildi ng ventilation system and filters was
the principal source of the offsite release of radicactive noble
gases.

S.  Subsequently, the high pressure injection system was intermittently
operated attempting to control ar.mar/ coolant inventory losses
through the electromatic relief valve, apparently Dased c¢n
pressurizer Jevel indication.
noncondensible voids elsewhe ol
this led to a further reducti DUPLICATE DOCUMENT

Entire document prGVlOley
entered into system under:

Z?Qﬂz;éf%@

No. of pages:



TIME

t = 7.5 hours

t =3 -9 hours

t = 10 hour

t = 13.5 hours

t = 13,5 - 16 hours

t = 16 hours

Thereafier

Now (4/4)

EVENT

Operator opens electromatic relief valve to
depressurize RCS to attempt initiation of
RHR at 400 psi

RCS pressure decreases to about 500 psi
Core Flood Tanks partially discharge

28 psig containment pressure spike, containment
sprays initiated and stopped arter 500 gal. of
NaOH injected (about 2 minutes of cperation)

Electromatic relief valve closed to repressurize
RCS, collapse voids, and start RC pump

RCS pressure increased from 650 psi to 2300 psi

RC pump in Loop A started, hot leg temperature
decreases to 560 degiees F, and cold leg
temperature increases to 400 degrees F.
indicating flow through steam generator

S/G "A" steaming to condenser
Condenser vacuum re-established

RCS cooled to about 280 degrees F.,
1000 psi

High radiation in containment

All core thermocouples less than 460
degrees F.

Using pressurizer vent valve with small
makeup flow

STow cooldown

R8 pressure necative



UNITED STATES

NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, DC 20555
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EXTRACT OF B&W COMMUNICATION - RECEIVED BY NRC

4/20/79
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

July 26, 1979
IE Bulletin Nos. 79-05C & 79-06C
NUCLEAR INCIDENT AT THREE MILE ISLAND - SUPPLEMENT

Description of Circumstances:

Information has become available to the NRC, subsequent to the issuvance of
IE Bulletins 79-05, 79-05A, 79-058, 79-06, 79-06A, 79-06A (Revison 1)

aqd 79-068, which requires modification to the "Action To Be Taker By
Licensees” portion of IE Bulletins 79-05A, 79-06A and 79-06R “~r all
pressurized water reactors (PWRs).

Item 4.c of bulletin 79-05A required all holders of operating licenses for
Babcock & Wilcox designed PWRs to revise their operating procedures to specify
that, in the event c¢¥ high pressure injection (HP1) initiation with reactor
coolant pumps (RCPs) operating, at least one RCP per loop would remain operating.
Similar requirements, applicable to reactors designed by other PWR vendors, were
contained in Item 7.c of Bulletin 79-06A (for Westinghouse designed plants) and
in Item 6.c of Bulletin 79-068 (for Combustion Engineering designed plants).

Prior to the incident at Three Mile Island Unit 2 (TMI 2), Westinghouse and

its licensees generally adopted the position that the operator should promptly
trip all operating RCPs in the loss of coolant accident (LOCA) situation. This
Westinghouse position, has led to a series of meetings between the NRC staff and
Westinghouse, as well as with other PWR vendors, to discuss this issue. In
addition, more detailed analyses concerning this matter were requested by the
HRC. Recent preliminary calculations performed by Babcock & Wilcox, Westing-
house and Combustion Engineering indicate that, for a certain spectrum of
small breaks in the reactor coolant system, continued operation of the RCPs can
increase the mass lost through the break and prolong or aggravate the uncover-
ing of the reactor core.

The damage to the reactor core at TMI 2 followed tripping of the last operating
RCP, when two phase fluid was “eing pumped through the reactor coolant cystem.
It is our current understanding that all three of the nuclear steam system
suppliers for PWRs now agree that an acceptable action under LOCA symptoms

is to trip all operating RCPs immediately, before significant voiding in the
reactor coolant system occurs.

Action To Be Taken By Licensees:
In order to alleviate the concern over delayed tripping of the RCPs after a

LOCA, 211 holders of operating licenses for PWR facilities shall take the
following actions:

A-60




IE Bulletin Nos. 79-05C & 79-06C July 26, 1979
Page 2 of 3

Short-Term Actions

1. In the interim, until the design change required by the long-term

action of this Bulletin has been incorporated, institute the following
actions at your facilities:

A. Upon reactor trip and initiation of HPI caused by low reactor
coolant system pressure, immediately trip all operating RCPs.

B. Provide two licensed operators in the control room at all times
during operation to accomplish this action and other immediate
and followup actions required during such an occurence. For
facilities with dual control rooms, a total of three licensed
operators in the dual control room at all times meets the require-
ments of this Bulletin.

2. Perform and submit a report of LOCA analyses for your plants for a
range of small break sizes and a range of time lapses between reactor
trip and pump trip. For each pair of values of the parameters, deter-
mine the peak cladding temperature (PCT) which results. The range
of values for each paramater must be wide enough to assure that the

maximum PCT or, if appropriate, the region containing PCTs greater than
2200 degrees F is identified.

3. Based on the analyses done under Item 2 above, develop new guidelines
for operator action, for both LOCA «nd non-LOCA transients, that take
into account the impact of RCP trip requirements. For Babcock &
Wilcox designed reactors, such guidelines should include appropriate
requirements to fill the steam generators to a higher level, following
RCP trip, to promote natural circulation flow.

4. Revise emergency procedures and train all licensed reactor operators

and senior reactor operators based on the guidlines developed under
Item 3 above.

5. Provide analyses and develop quidelines and procedures related to in-
adequate core cooling (as discussed in Section 2.1.9 of NUREG-0578,
"TMI 2 Lessons Learned Task Force Status Report and Short-Term Recom-
mendations") and define the conditions under which a restart of the
RCPs should be attempted.

Long-Term Action

1. Propose and submit a design which wil' assure automatic tripping of
the operating RCPs under all circumstances in which this action may
be needed.
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IE Bulletin Nos. 79-05C & 79-06C July 26, 1979
Page 3 of 3
Scheduie
The schedule for the short-term actions of this Bulletin is:
Item 1: Effective upon receipt of this Bulletin,
item 2: Within 30 days of receipt of this Bulletin,
Item 3: Within 30 days of receipt of this Bulletin,
Item 4: Within 45 days of receipt of this Bullet’n,

Item 5: October 31, 1979 (as noted in Table B-2 of NUREG-0578,
under Item 3).

A schedule for the long-term action required by this Bulletin should be
developed and submitted within 30 days of receipt of this Bulletin,

Reports should be submitted to the Director of the appropriate NRC Regional
Office with copies forwarded to the Director, Office of Inspection and
Enforcement and the Director, Office of Nuclear Reactor Regulation, Washingtor,
D. C. 20555.

Approved by GAO (R0072): clearance expires 7/31/80. Approval was given under
a blanket clearance specifically for generic problems.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

[IE Bulletin No. 79-06A
Date: April 14, 1979

Page 1 of 5

REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING
THE THREE MILE ISLAND INCIDENT

Description of Circumstances:

IE Bulletin 79-06 identified actions to be taken by the lic
pressurized water power reactors (except Babcock & k*‘cd rea
result of the Three Mile Island Unit 2 incident. This Bulleti
the actions of Bulletin 79-06 for reactors ueS‘;neu bj Westingho
the response to this bulletin will eliminate the need to respond to
Bulletin 79-06.

Actions to be taken by Licensees:

For all westinghouse pressur*’ed water reactor facilities with an operating
license (the actions specified below replace those identified in IE
Bulletin 79-06 on an item by item basis):

5 Review the description of circumstances described in Enclosure 1 of
IE Bulletin 79-05 and the preliminary cnron0303« 3’ the
3/28/79 accident included in Enclosure 1 to IE Bulletin 79- VSA.

a. This review should be directed toward understanding: (1) the
extreme seriousne.s and consequences of the simultaneous
blocking of both auxiliary feedwater trains at the Three Mile
Island Unit 2 plant and other actions taken during the early
phases of the accident; (2) the apparent operational errors
which led to the eventual core damage; (3) that the potential
exists, under certain accident or transient conditions, to
have 2 water level in the pressurizer simultaneously with the
reactor vessel not full of water; and (4) the necessity to
systematically analyze plant conditions and parameters and
take appropriate corrective action.

b. Operational personnel should be instructed tc: (T) not override
artomatic action of engineered safety ‘oaturos unness corb1nueﬂ
operation of engineered safety features will result
plant conditions (see Se
decisions based solely o

when one or more confirma SUPLICATE DOCUMENT

,f prcxiou€1V

Fntire docume

eﬂtercu into
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[E Bulletin No. 79-06A
Date: April 14, 1979
Page 2 of 5

¢. All licensed operators and plant management and supervisors
with operational responsibilities shall participate in this
review and such participation shall be documented in plant
records.

Review the actions required by your operating procedures for coping
with transients and accidents, with particular attention to:

a. Recognition of the possibility of forming voids in the primary
coolant system large enough to compromise the core cooling
capability, especially natural circulation capability.

b. Operator action required to prevent the formation of such
voids.

c. Operator action required to enhance cere cooling in the event
such voids are formed. (e.g., remote venting)

For your facilities that use pressurizer water level coincident
pressurizer pressure for automatic initiation of safety injection
into the reactor coolant system, trip the low pressurizer leve!
setpoint bistables such that, when the pressurizer pressure reaches
the low setpcint, safety injection would be initiated regardless of
the pressurizer level. In addition, instruct operators to manually
initiate safety injection when the pressurizer pressure indication
reaches the actuation setpoint whether or not the level indication
has dropped to the actuation setpoint.

Review the containment isolation initiation design and procedures,
and prepare and implement all changes necessary to permit contain-
ment isolation whether manual or automatic, of all lines whose
isolation does not degrade needed safety features or cooling capa-
bility, upon automatic initiation of safety injection.

For facilities for which the auxiliary feedwater system is not
automatically initiated, prepare and implement irmediately proce-
dures which require the stationing of an individual (with no other
assigned concurrent duties and in direct and continuous communica-
tion with the control room) to promptly initiate adequate auxiliary
feedwater to the steam generator(s) for those transients or acci-
dents the consequences of which can be limited by such action.

A-64



IE Bulletin No. 79-06A
(Revision No. 1)

Date: April 18, 1979
Page 2 of 2

“3. For your facilities that use pressurizer water level
coincident with pressurizer pressure for automatic initia-
tion of safety injection into the reactor coolant system,
trip the low pressurizer level setpoint bistables such that,
when the pressurizer pressure reaches the low setpoint,
safety injection weculd be initiated regardiess of the pres-
surizer level. The pressurizer level bistables may be
returned to their normal operating positions during the
pressurizer pressure channel functional surveillance tests.
In addition, instruct operators to manually initiate safety
injection when the pressurizer pressure indication reaches
the actuation setpoint whether or not the level indication
has dropped to the actuation setpoint.”

Item 13 of the actions to be taken, as stated in the original bulletin,
was:

“13. Propose changes, as required, to those technical
specifications which must be modified as a result ¢f your
implementing the above items."

Long term resolutions of some of these required actions may require
design changes. Therefore, Item 13 of actions to be taken should
be revised as follows:

“13. Propose changes, as reaquired, to those technical
specifications which must be modified as a result of your
implementing the above itsms and identify design changes
necessary in order to effact long term resolutions of these
items."

For all light water reactor facilities designed by Westinghouse with an
operating license, respond to Items 1-12 within 10 days of the receipt
of this Bulletin. Respond to Item 13 (Technical Specification Change
proposals and identification of design changes in 30 days.)

The other requirements of IE Bulletin 79-06A remain in effect.
Approved by GAO, B180225 (R0072); clearance expires 7-31-80. Approval

was given under a blanket clearance specifically for identified ger 2ric
problems.

A-69



UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20835

IE Bulletin No. 79-068
Date: April 14, 1379
Page 1 of §

REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING
THE THREE MILE ISLAND INCIDENT

Description of Circumstances:

IE Bulletin 79-06 identified actions to be taken by the licensees of all
pressurized water power reactors (except Bahcock & Wilcox reactors) as a
result of the Three Mile Island Unit 2 incident. This Bulletin clarifies
the actions of Bulletin 79-06 for reactors designed by Combustion
Engineering, and the response to this bulletin will eliminate the need

to respond to Bulletin 79-06.

Actions to be taken by Licensees:

For all Combustion Engineering pressurized water reactor facilities
with an operating license (the actions specified below replace those
identified in IE Bulletin 73-06 cn an item by item basis):

Review the description of circumstances described in Enclosure 1
of IE Bulletin 79-05 and the preliminary chronology cf the TMI-2
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-05A.

a. This review should be directed toward understanding: (1) the
extreme seriousness and consequences of the simul taneous
blocking of both auxiliary feedwater trains at the Three Mile
Island Unit 2 plant and other actions taken during ths early
phases of the accident; (2) the apparent operational errors
which led to the eventual core damage; (3) that the potential
exists, under certain accident or transient conditions, to
have a water level in the pressurizer simultaneously w1th the
reactor vessel not full of water; and (4) the necessity to
systematically analyze plant conditions and parameters and
take appropriate corrective action.

b. Operational perscnnel should be instructed to: (1) not override
automatic action of engineered safety features unless continued
cperation of engineered safety features w111 result in unsafe
plant conditions (see Sec
decisions based solely on
when one or more confirma
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1.0
1.1

INTRODUCTION
Statement of Problem

This paper considers the sensitivity of B&W plants to feedwater transients,
and the role that this sensitivity might play as a precursor or
contributor to TMI-2 type of accident. We examine the sequence of events
that accompanies typical B&W feedwater transients and the role that

control and safety equipment plays. We identify some design and analysis
deficiencies of this class of plant and note some possible remedial

measures

There are several design differences that distinguish a B&W plant in its

response to feedwater transients:

a. The mass of liquid in tie secondary side of the steam generator is less
than that for other PWRs. More importantly, the B&W design operates as
a superheat boiler. Thus, the steam generator tubes are uncovered for a
major portion of their length in steady operation. In this mode,
changes in feed flow are quickly manifested as changes in heat
transfer from the primary system. In this manner, absent prompt
and remedial action by the control system (and in some cases a

safety system), the steam generator will dry out.

b. The integrated control system {s more complex than other designs and

has a greater burden placed on it in terms of fast response.
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Cc. The B&W design does not have reactor trips generated from the secondary
side of the plant (for example, low steam generator level). Thus the
steam generator level may drop somewhat on afeedwater transient before
the reactor trips, on high pressure. (At this point, following reactor

trip, the control system may overcompensate and cool to an excessive

degree, with wide swings in pressure, pressurizer level, and

temperature.)

In consideration of these design differences, we are concerned that a
transient with a delayed or total failure of auxiliary feedwater may progress
into a steam generator dryout condition. Once the steam generator sub-
stantially dries out, the reactor system will heat up. The potential

for voids in the primary system increases. The reactor pressure may

go up to the point where the PORV 1ifts. Eventually, if natural
circulation is not restored or if auxiliary feedwater is not made
effective, then core cooling will be dependent on initiation (manually)
of the high pressure injection (HPI) system of ECCS. It is this degraded
sequence which is the subject of this paper.

Meeting on April 24, 1979

We met with BAW and four utilities (Duke Power, SMUD, Toledo Edison, and A"
and L) on April 24, 1979 te discuss several matters related to core
coolability. We discussed the arrival rate of challenging transients,

the role of the control system 1n responding to these transients,

the analyses that exist on these transients, the mitigating equipment

for plant transients, and finally we asked the utilities to propose

B-5



1-3

remedial measures that might tend to make AFW more reliable such that

core coolability is not so dependent on EZCS for anticipated transients.

Defense in Depth

During normal operation the reactor is cooled by the main feedwater
system. This system is fairly reliable; if this were not so, the
plants would not be able to produce reliable electric power. In the
event of disruption of this normal cooling source, each PWR is provided
with an auxiliary feedwater system. These systems Jdiffer in redundancy
(some are redundant, and some are not), actuation (some are manual,

and some are automatic), and 1n coupling with control systems (some
failure modes of the B&W control function may inhibit AFW). Provided
that AFW does come on, the reactor is expected to be cooled, by natural
circulation if necessary. Representative tests in the natural
circulation mode have been run on PWRs in the past. If AFW is not
supplied, or if i1t is supplied too late and the natural circulation
path {s inhibited by voids and gases, then the system will boil off
intermittently until either the HPI is initiated manually or later
automatically (perhaps). If HPI is initiated, this system could operate
in the inventory mode (since there is no LOCA) and balance losses
through relief and safety valves. This mode of core cooling needs to
be confirmed by further analyses (Section 3).

On the face of it there are thus three main systems *hat could remove heat
from the core: main feedwater system; auxiliary feedwater, and HPI.
The AFW and HPI are discussed further in Chapters 2 and 3
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1.4 Conclusions
The question we address in this paper is whether there is reasonable
assurance of protection of the public hea:u: anu sarety
in continued aneratinn nf RAW nlants nendina imnpovements
related to feedwater transients such as: (1) further analyses and
tests on transient performance; (2) a failure modes and effects analysis
on the Integrated Control System; (3) system design changes based on the
results of these first items; (4) design and installation of additional
reactor trip circuits for faults originating in the secondary side of
the system; and (5) operator training, including stationing of a full-
time dedicated operator assigned to take any needed prompt manual actions.
We have considered three alternatives (and they are documented in further
detail in Chapter 4):
1. Issue further builetins to obtain more knowledge abcut
the four items listed above, and implement design and
procedurai changes on a schedule consistent with the arrival
of and evaluation of information.
2. Specify needed design and procedural changes now, and
place continued operation as being contingent on
implementation within a specified period of time.
3. Require plant shutdown until satisfactory answers to the items

1-4 are provided and evaluated.

These a}ternativts have been eva]pg}ed solely on the hasis of safety:
considerations; i.2., whether there {s adequate assurance that the
facilities can be operated without endangering the health and safety
of the public. We considered the following questions:
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Do challenging transients arrive at a frequency high enough

to be of concern?

Our answer is yes (Section 2.3.1)

Does the ICS perform satisfactorily?

B&W has stated and we agree, that "we are not satisfied

with the relfability of the integrated control system".

The failure rmodes and effects have not been systematically
analyzed (Section 2.3.5).

The ICS may initiate a feedwater transient (on the order of
10-15% of all events in the past).

The ICS controls AFW in some plants (Section 2.2.5) and could
contribute to loss of AFW.

Even when the ICS works well there may be, in response to a
feedwater transient, wide swings in reactor pressure,

pressurizer level, and average reactor coolant temperature.

Is the system response to loss-of-feedwater transient well known?

Again, we split our answer in several parts:

Detafled analyses on loss or delay of AFW, with or without
PORV operation, of the system response haye not yet been

made avaflable to us (Section 3.1).

For very small breaks (e.g., stuck-open PORV) the role of HPI
in maintaining core cooling s not well analyzed (Section 3.2)
The heat removal jath by natural circulation is not well
understood, especially when it is aggravated by void

formation (Section 3.3).
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4. Are the plant mitigating systems (AFW, ECCS) generally reliable?
Our answer is that in most plants these systems are reliable; 1.e.,
state of the art (Section 2.4.2). An exception is the AFW systems
which are active at Oconee, which have only one pump per unit. Some
other old B&W plants have lesser single failure vulnerabilities.

On the basis of the foregoing it appears that Alternative 1 should
not be selected. There is too much unknown about the two items (ICS,
plant transient response) to await the several months necessary to

generate and evaluate the information.

Thus the choices are whether to shut down the plants now (for one
or more months) or whether remedial measures exist or can be generated

shortly so that interim operation poses no undue risk.

We asked the industry to propose remedial measures, and - have received
little to date. We note that Duke Power is considering some AFW

redundancy measures (Section 2.3.3). Remedial measures could include
improved operator manning, partial power or other changes to increase the
thermal margin of reactor operations to reduce the boil-off rate of the
steam generator and subsequent core heatup rate); increased testing of AFW;
or, in the case of Oconee, perhaps full-time operatiem -of one AFY;

removal of AFW from ICS control, if possible, and placement on a separate
and independent control system of high reliability; escalated delivery

of analyses.—However, we believe that our role 1s to dfagnose the

ailment (this we have done); it is up to the uvtilities to propose
the treatmant,

B-9



1-7

We conclude that we do not now have reasonable assyrance that these B&W
plants can continue to operate without undue risk. We believe that
these plants should he shutdown now, and that the following information

is necessary before restart can be permitted.

In the short-term, we must take all reasonable steps to reduce the like-
11hood of occurrence of transients at B&W plants and to improve standing
instructions, training and emergency procedures available to plant
operators. This can be accomplished by:
a. Reviewing and upgrading, as appropriate, auxiliary feed
reliability and performance (timeliness);
b. Reviewing results of FMEA analysis of ICS and taking actions,
as to reduce its 1ikelihood of initiating or exacerbating
transients;
c¢. Hard wiring anticipatory scram based on FW transients;
d. Reviewing detailed analyses of plant response to transients
to effects of HPI injection, and return to natural circulation
cooling and
e. Reviewing new and augmented standing instructions and emergency
procedures for plant operators developed as a result of a-d
above, and training plant operators and the new and augmented
instructions and procedures including the stationing of a full-
time dedicated operator to take appropriate prompt manual

actions.
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In the long-term, we must either reduce the sensitivity of thc response of
BAW plants to transients by design changes, or substantially upgrade

the ‘nstrumentation and controls available to the plant operator

and substantially upgrade plant operator education training and

experience.
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2.2

2. AUXILIARY FEEDWATER REQUIREMENTS

Overview

The auxiliary feedwater system (AFW) requirements are related to
its performance and reliability. In this context, reliability
measures the probability that the system will function when called
upon, whereas performance measures the adequacy of the amount,
rate, and timeliness of the water actually supplied to the steam

generators.

Both the performance and the reliability of installed AFW systems
vary from plant to plant. The principal differences are related
to (1) differences in plant parameters, (2) differences in system
configurations, and (3) differences in regulatory requirements
over the years. The characteristics of AFW in the operating B&W
plants are given in Table 2.1. The AFW is not in the B&W scope of

supply, so the different plants have quite different AFW configurations,

as is evident from the table.

Performance

The performance requirements of an AFW are derived from its design
basis and the assumptions made. Loss of main feedwater (LOFW) is
the initiating event. The steam generator inventory decreases at

a rate determined by the heat input rate, the heat removal rate
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April 25, 1979

TABLE 2.1 AFW SYSTEMS
OCUMEE CRYSTAL RIVER RANCHO SECO DAVIS BESSE ARKANSAS
Auto FM Isolation Signal Hone Steam Line Fallure Matrix. MSL Fallure-Logic: SIM & e Mun Control Steam line break
Closes FW block valve at Isolates main FW System (JE) inst. & contro)
P<600 psig. (Includes AFW from faulted S6 at | Stw P-FW P»170 psi (SLBIC) fsolates
valves.) Alsa MSIV's. P<435 Psig Steam Generator Low Level both steam genera-
(Isolates faulted steam Loss of all RCP's (Power tors' main FW &
generator only.) Monitor) MSIV's at <600 psig
(4) Low Su- Generator Pressure in elther SG. Does
(600 not 1solate emergency
(1) or (2 or (4" fsolates main EFW. (SLBIC 1s IE)
fW to both S56's, closes MSIV's
(4) Also aligas both AFM BPs to the
good SG. (1) or (2) or (3) or (4)
staris both AFW PPs
Auxillary Feedwater System {s selsmically
designed. Valves are
Class 1E; most Instr.
is not IE.
T Pumps: Type/No. /Stralners (Emargency Located near grade Teve! Located at CSY in Does not start on SFAS. *ERERGENCY™ TV on
F pumps ) in intermediate bl Missile Enclosure centrifugal/2/suct fon this plant
Located lmm&.tmc category 1), centrifugal/2/No strainers centrifugal/2/none
ll‘. 2 floors Ceantrifugal/2/No
;ntrl,:gall
Drive: Type - steam T-wotor driven T-wator driven (800 1P} turbines (Terry/ T-Yurbine (Terry)
I-steam driven I-motor & turbine Woodward) 1-Motor (Normal .
tanden supply not Class IE,
Can be put on Class
e . E-15m
Supply/Exhaust Maln Steam/  Motor:Class 1E wotors-Class |E wain steam/ maln s atmos-
Almosphere Main steam elther SG steam from MSL/ alwosphere phere
(210 min.) Atmosphere

z::rm MSIV/Atmos -
e




Orlentation of Pumps (SelT HorTzontal WorTzontal Possibly “Yes-thru minl- ﬂu

vi-9

Veating?) Yes {lou point not self-venting. recirc \ne horizontal (yes) horizontal/yes
in system Elevation same as low point in sys-
bottom of condenser tem)
Capacity VO8O gpm at 1 Y4d §ym &3 @ 3000 ft. motor BAD GPM 02700ft. 1050 GPN 92500 ft. =
1065 psia ;;m.- B840 GPM (250 GPM of this is
" r
Shutoff Head 1465 psia motor: 3400 ft. steam: . rpm o . rpm
Suctfon Sources/Sefsaic VY Upper l" !ﬂ’g & tVass 3, %.g storage (1) €57/Wo Tauto YFER ’ll tST/Ne
Category Yank/ 831} tank - Seismic Cat. 1 to SW on low suction P- 2) SN pp disch./
Vil (2) hotwell/No-These suction Canal-Mon-seismic (5 min.) Class 1E, redundant Yes
{3) Other Units'valves int*lked with vac. Reservolir-Non-selsaic fastr.) fuction pressure
Tanks/ brkr. valve position i Oumtor/lo switch (common-Non
Vil {3) makeup from fossil units’ 3) Fire Water System/Mo 1E) Remote Manual
(2) hmlllu,d-ln /Mo () min) : " Last: SMW pump discharges/Yes MOV's (requires
only seconds to
;m 0 switch-Class 1€
5 m:r valves)
from emer
gency power-|\
r site)
uctfon from (W intake
iocncd in Aux. Bldg.
Turbine Diiven Pumps 3_& psig _»}3 psig >217 pslg (tested >60 psia (Psat for ZBD*FY >270 psig
Operable at What Range Y24 Qp at Zl:l psig)
f Steam Pressures :
rips VY Dver- Oversgeed/Motor trips on “HManuaY (Vocal or remote) 05T, Low Suction P, Low TurbTne-05T
speed closed suction valve. Bus unloading Steam Inlet P at >25 sec., Motor-None
{2) Low iy~ Overcurrent Overcurrent: Inst 20004, Manual
draulic Pressure 0ST 4450 RPN, 960 for
(shaft driven 6.15 sec, 640 for 6.43,
. -~ - 4!# 320 9{1‘ .39
Tnstrumentation R pp disch. Drive turbine SV position Dn-of f Vights for motor Each pump: Discharge P Bischarge P each
P& Flow, S& Motor on-off lights drive Speed indication pump
level, SG Flow in SU FW line Mmeters
Pressure Ao Ler Steam Supply valve posi-

tion




" Normal Uineup

Eicﬂoa n‘l;:s l!TT:Joc}hn alves [lcl;
rom aly eat -
B P e

valves N.0.

(check valves

prevent back-

FEV™s ¥ Bypasies W7
frRATcbind- sucito

An each pump's discharge.
One pump feeds one SG.

‘m
CST Two serfes MOV's closed (MOV's-Class 1E)

losed. Cross-tie
valves open.

Auto Initiation

SL-9

flow)

Loss of both maln Loss of both main W
FWl pumps (detected pumps (as Indicated
by di header by low control oll
pressure <150 rl. pressure) AFW does
or F¥ pump turbine not stirt from ECCS
stop valve position)initiation. Motor
EFY does not start Driven pump-no auto
on ECCS. start

Toss of both TW pomps  Stm & FW Rupture Control

s:lso 19 on each pump System (see description under

sch. ) These switches
reset but
to run. (Single fafl.
roof) All RCP's off

Auto FN Isclation) Does not

s continue start on SFAS.

Power monitor-current, volts,

phase-same as RPS)

Turbine only starts on ECCS

fuitiation

Fallure Mode on [oss

of Alr/Power

Toss of alr switches FCV's Tock Ta posi-

14" main header/ tion Reservoir for

Yalves & solenoids 3 cycles/Emergency
red by batteries buses

Yurbine: (1) SIBTC

sln Auto FN Isel.)
2) Loss of FW
sensed by governor
latch on main FW
rﬂ and “auxiliary”

low disch.P
(thru 1CS) (3) loss
of 211 RCP's (breaker
position) Motor: No
auto start.

Trass T WV Bypasses  WNo alr-OP. Valves AW "s

FCY on SFAS.
FCY Fails Open/FCY
Falls to 50%

fail as is - but all are
powered by 1E

TES Tontrol Level: RCF/No Sensed J0%/250" 0% /- 318" Not T3 Kuto zssentia
RCP from breaker . ievel contro) system 120"
positions from redundeat, Class IE
L) 2
Procedure/Practice Same/Same Same/Sane Same /Same Licensee . Tnstall

ievel set/oint controller
to rellieve operator of this
duty. 35" unless there is
a_loca/Same

alr op. valves
As-1s  (a)] valves
are MOV's)

{50z op. r;m)

Control RCS
Temperature/Same




SurveilTance Test Hethod Cluo manual {Yose discharge WOV's and Close FCV § x-tle from C. . From CST to drafn thru Reclrc to

91-8

sup‘.z block recirc from/to CST thru, Pump from CST to cond. thwough normal recirc line (250 condenser or C(ST.
1":7 Ire mini-flow Ine. Valves do test line. Valves do mot gpm). No valve Injection valves
§ nts;:sollga automatically realign automatically on SFAS. realignment necessary. a::“t closed.
clm do not reald v roter pens
automatically on SP the manual valve.
Steam Generator: Distance B25"/5a0" 362" 628~/ 590"3B2" B2EY/603 /WY 625/608¥/ 388" 628 /5% /3w
between tube sheets/AFW
° t . Operator Steam Vine fallure matrix ~ WMaln steam Vine Tallure Stm & PV Rupture SIBIC (See Auto
action from fsolates all FW from S6 logic. (<435 psig Isolates Control System (see ¥ Isolation)
contro; if P<600 psig S:, Does not fsolate AFW. description under Does not isolate
. room. Auto W 1so).) £,

Compiled by Brent Clayton and
Art Oxfurth x2774}
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and the primary-to-secondary heat transfer. The steam generator
inventory as a function of time, and the time to steam generator

dryout, depend on these rates and on the initiai inventory.

Initial Inventory

We have had little discussion on whether it is practical to increase
the time to steam generator d-,u .. “v increasing during normal
operation the amount of fluid in the secondary side of the steam
generator. As presentiy operated the collapsed water level at

full power is quite low. The potential problems of increasing

this inventory have not been discussed with NRC.

The scram decreases the heat input. Present B&W designs scram on
primary system high pressure for LOFW transients. This typically
occurs 8-10 seconds after LOFW. Alternatively, an anticipatory
scram signal could be derived from one or more secondary system
parameters (e.g., steam generator water level, turbine stop valve
closure). This would initiate a scram ~6 seconds sooner than the
present design, increasing the time to reach steam generator
dryout by 1 minute or more. NRC Bulletin No. 79-058 requires B&W
plants to provide for NRC approval a design review and schedule

for implementation of a safety grade automatic anticipatory reactor
scram for loss of feedwater, turbine trip, or significant reduction

in steam generator level.
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The realignm:nt of primary pressure scram and relfef-valve setpoints
mandated in Bulletin 79-058 also have the effect of decreasing the
scram delay and delaying dryout. The i;crnnnnt, whose value has

not been calculated, is smaller than would be provided by the
anticipatory scram. However, the setpoint changes have already
been implemented on the plants whereas the anticipatory scram will
be added in the future.

Time to Steam Generator Dryout

Table 2.1 gives the time to dryout of the steam generators of the
operating B&W plants - about one-half minute at full power.
Westinghouse steam generators have 2-3 times as much water in the
secondary side of the steam generators, proportionately, as B&W

plants; CE plants have 3-4 times as much as B&W plants.

However, these plants (W & CE) have anticipatory scram which
extend the dryout times to many minutes.

After the scram, the heat input decreases rapidly and the water in
the steam generator secondary boils off noro’sIOwly. Calculations
for LOFW give B&W dryout times of 1-2 minutes for present BAW
designs, depending on the course of the event. It is this fast
dryout compared to other PWRs that makes BAW plants unique. The
factor of 2-4 larger inventory and the anticipatory scram in

non-B&W plants give calculated dryout times of many minutes. Thus
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the timing requirements for AFW delivery are substantially more
stringent for B&W plants than for others. This increases the
importance of timely manual initiation of AFY in B&W plants compared
to the others. Moreover, there is less time to rectify operating

or maintenance errors and get the AFW operational if it doesn't
start initially.

AFW Delivery Rate
Table 2.1 shows the differences in AFW flow rate for the different

plants. The actual flow will depend on the number of pumps running,
the pressure in the steam generator against which they have to

pump, and the action of control devices. These last are flow
control valves in the AFW lines or throttle valves in the steam

lines to the turbines on steamdriven pumps.

On all B&W operating plants but Davis-Besse, AFW flow is controlled
automatically by values recefving a signal from the integrated
control system. The controlled variable is water level, as shown
in Table 2.1. A low level setpoint (2-3 feet above the tubesheet)
is used when the reactor coolant recircu’.tion pumps (RCP) are
operating. This is swi*ched automs.ically to a high level setpoint
(21-26 feet) to enhance natural circulation when the RCP are not
operating.
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On Davis-Besse, a separate, safety grade, control system controls

pump speed (via steam throttle valves) to maintain a level 10 feet

above the tubesheet. For the "raised steam generator" configura-

tion in this plant, the 10-feet level is sufficient to maintain

natural circulation.

After a LOFW and scram, the steam-water mixture normally present

in these once-through steam generators collapses to a liquid level

typically 3 ft or lower. The level then decreases, and later

increases as AFW comes on.

Long-Term Considerations - HPI

Recent operating data obtained informally from Oconee show the

following:

Unit 1 Unit 2
Automatic Initiation
of HPI 1 1
Manual initiation
of Kb. 16 9

Thus HPI was initiated at a frequency of about two times per
reactor-year. Not all of these initiations were for LOFW events,
but some were. Manual initiations were said to have been
accomplished in order to maintain pressurizer level. Evidently
the primary system shrinkage after a successfully controlled

transient involves HPI action.
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This raises questions about the role and requirements for HPI.
Rather than just being part of the ECCS, which was put in to
control small breaks. it is used routinely for frequent anticipated
transfents. Its failure modes and the consequences of its failure
should therefore be analyzed in that context in addition to reviews

conducted in the LOCA context.

Reliability
Numerical criteria for AFW reliability do not exist, and estimates
of the relfability actually achieved are also not available. The

following discussions are therefore qualitative only.

Challenge Rate

Estimates by B&W and others give about two per reactor-year as the
rate of LOFW events. B&W states that the rate, for all PWRs and
for B&W plants, decreases to ~1.5 per reactor-year after an initial

period of operation. We have no reason to doubt these values.

The HPI inftiation rate reported in Section 2.2.5 above is also
about 2 per reactor-year.

For a LOFW event, either AFW or HPI must function to protect the

core. (There are some other alternatives, such as restoring main
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feedwater flow, but they do not significantly change the picture).

The rate of accidents (full damage) would therefore be:

A(BC)
where .A = challenge rate
8 = failure probability of AFW
C = failure probability of HPI

Hence, "failure" means insufficient functioning to cool the core,
and involves consideration of performance, timing, and reliability.
Given A=2 per reactor-year, the product BC must be adequately low;

numerical guidance is not currently available.

2:3:.2 Source of Water

Table 2.1 shows the sources of water available to the AFW. Each
plant has multiple sources, but in some older plants they are not
seismic Category 1. Abundant gquantities of water are available from

these sources.

&3 Pump redundancy

A1l plants except Oconee have redundant AFW pumps. All plants
except Oconee and Davis-Besse have diverse prime movers - steam

and electric.
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Oconee has one steam-driven pump per unit. The three pumps for

the three units can be interconnected through normally closed

valves (remote manual control); two pumps are stated to be sufficient
in capacity for all these units. The potential redundancy in this
arrangement has not so far been exploited. Davis-Besse has two
identical steam-driven AFW pumps.
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Valves and Piping

Table 2.1 does not 1ist the valve arrangement. In general, separate
valves are provided to control AFW to the two steam generators.

We have not yet evaluated whether a single failure - control,

valve or pipe break - could inhibit all AFW; this was not a require-
ment when these old plants were licensed. [n some plants, common

pipes and relief valves exist whose failure could inhibit all AFW.

Controls

In a1l plants except Davis-Besse, the Integrated Control System
actuates the AFW flow control valves. On some plants, these
control valves can be bypassed (remote manual control) to allow

AFW flow in the event of control svstem failure.

B&W was unable to state whether failures in the Integrated Control
System could initiate a LOFW event and also inhibit AFW via the
flow control values. We have asked B&W to analyze this gquestion
promptly. If this common-mode failure can occur, ana we see no
reason why it is impossible, then the combined frequency AB (see
Section 2.3.1) could be high because, for these events, B = 1.
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Conclusions regarding AFW

Performance

AFW performance in operating B&W piants appears marginal, in that
dryout we 1d occur rapidly (1-2 min) unless AFW is initfated at
its design time of 40 seconds after a LOFW.

Reliability

AFW reliability in operating B&W plants varies widely among different
designs. The older plants are not in conformance with SRP 10.4.9,
for example, by requiring redundancy, diversity, and single failure

criterion, etc. Improvements are needed in some plants.

Dependence on HPI

Successful recovery for most LOFW events appears to require HPI
even if AFW functions as desired. This requirement to use HPI for
an anticipated transient, and its failure modes and consequences

of failure, should be analyzed in this context of use as inventory

control.
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3.0 TRANSIENT ANALYSIS

General

In general, the loss of feedwater transient analyses performed
and reported in the Final Safety Analysis Reports for BAW reactors
considered the event to be a loss of main feedwater only. A

loss of ail (i.e., main and auxiliary) feedwater has not been
considered in the course of a usual case review. This is
consistent with current and past practices because it was believed
that a total loss of all feedwater could only occur after multiple
and unlikely equipment failures. Operator error to lock-out a
system had not been considered. Single failures were generally
considered to be a loss of i redundant component to establish

minimum system performance req:.irements.

An evaluation of a feedwater transient was performed for Three
Mile Island Unit 2 as reported in the SAP and the results are
typical for all B&W plants. However, feedwater transient analyses
that take the lessons learned from TMI-2 have not yet been
provided.

During a LOFW transient, the loss of main feedwater reduces the

capability to dissipate heat-flow from the primary to secondary
system. The primary system heats up, the power operated relief
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valve is actuated, and the reactor trips on overpressure in the
primary system. [There are safety valves installed on the
pressurizer to limit the pressure excursion to code design
limits.] The emergency feedwater system refills the steam
generator and dissipatas the decay heat. The reactor core
remains covered, no fuel damage occurs and calculated offsite
radiological doses are well within the guidelines of 10 CFR 100.
The actual analysis presented in the SAR spans a time period of
about one minute. In this time, it indicates that core power
and primary sytem pressure are moving in a safe direction

relative to fuel damage and system overpressure.

The SAR analysis that was performed did not include delay of AFW
or failure of the power operated relief valve to reclose when the
pressure decreased further. Further long term cooling aspects
were not addressed. However, the Standard Review Plan (SRP
15.2.7) indicates that there should ve no Toss of function for
any barrier other than the fuel cladding for such a feedwater
transient, even when accompanied by a single failure.

The analyses of situations involving a release of reactor coolant
from the system through a failure of a relief valve were based
on small break ECCS studies and not as a consequence of an operational

transient.
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Small Break Analysis

The models that are used for small breaks analysis are usually
Appendix K type with the emphasis on conservatism; e.g., loss-of-
offsite power, minimum core cooling and no short term operator
actions. More realistic studies of the reactor plant dynamic
response are needed to ensure proper tracking and understanding

of the event being analyzed.

The blowdown codes used by B&W are CRAFT and TRAP. CRAFT has
been approved by the NRC for ECCS analysis of large and small
breaks in the primary system. TRAP is a modified version of
CRAFT with a detailed secondary model and a simplified primary
model and is used for steam and feedwater line break analysis.

TRAF is currently under review by the NRC.

The transient codes used by B&W are NATURAL, CADD and POWER
TRAIN. CADD has been approved by the NRC for ATWS analysis.
NATURAL, which would be used for natural circulation calculations,
has not been submitted and POWER TRAIN is under review.

In response to staff requests, the Duke Power Company (Oconee
Nuclear Station, Units 1, 2 and 3) provided (April 21, 1979) the
results of an evaluation of small break events in conjunction

with the loss of emergencv feedwater flow for 20 minutes.
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Operator actions are assumed to initiate HP1 and restore emergency
feedwater flow to the steam generators. The analyses indicate,

in the licensee's opinion, acceptable results. The core uncovery
is not predicted to occur and therefore adequate core cooling

was available. The analyses covered various small break sizes

of 0.07 ft2; 0.02 ft2 and 0.01 ft2.

At a meeting held on April 24, 1979 the staff indicated its need
for additional information for its review concerning the analyses;
e.g., the ability of a HPI to provide adequate core cooling
without short term operation of the AfW, break locations such as
in the pressurizer should be considered; the analyses should
extend into the long term cooling mode, and the systems effects

of a stuck-open relief valve need to be discussed.

At this meeting the B&W representatives stated that further
smal]l break analyses had been performed that covered some of the
staff's concerns. B&W agreed to provide the results of such
analyses to the staff in two weexs. The analyses would include
sensitivity studies on the delay of AFW, one and two HPI pumps

in operation, and long term cooling capability.

Table 3.1, obtained from B&W, states those analyses done or a

process that is relevant to transient analyses.
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JABLE 3.1
CRAFT-II ANALYSES

PORV stuck open; 2 HPI; RC pumps
on + autofeed

PORV stuck open; 1 HPI; RC pumps
on + auxiliary feed

PORV stuck open; 200 gpm: RC pumps
on + auxiliary feed

TMI-II actual transient best
estimate prediction

.07, .02, + .01 Small breaks; no
RC pumps, no auxiliary feedwater
no 20 min.; 2 HPI

Zero break with manual actuation
of 2 HPI @ 20 min.; no RC pumps

mall break in steam space of
pressurizer 1.05 in2. PORV
break treated as normal small
break; no RC pumps; auxiliary
feedwater, 1 HPI

Note: Additionally all analyses
previously submitted in support

of our FAC evaluation model. These

make use of the three forms of
natural circulation described.

STATUS
Done

Done
Done

1/2 done

we have it to
one hour we will
finish it to
core uncovery

Done

Reconfirm
old analysis

Done

Done

RESULTS
0K

oK

Melt

Melt

0K

0K

CK
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CADDS SENSITIVITY STUDIES

STATUS RESULTS
1. TMI-2 incident benchmark (~6 min.) Done
2. Best Estimate Model Studies Done
AFW Actuation delay (40 sec.; Done
120 sec + delay)
+ Reactor trip coincident with To de
LDFW/turbine trip
+ Studies supporting changes Done

racommended in high RC
pressure trip setpoint
and PORV setpoint.
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Natural Circulation Cooling in a B&W Plant

For most B&W plants, the safety analyses are carried out in time
only long enough to indicate that pertinent parameters relative
to core damage or overpressurization are proceeding in a safe
direction. Analyses are seldom pursuad out in time to evaluate
operator actions, inactions, or error in judgment, or the course
of natural circulation cooling in the event of a loss-of-offsite
power. The concerns on natural circulation cooling have been

raised by the ACRS and C. Michelson, a consultant to the ACRS.

A report entitled, "DECAY HEAT REMOVAL DURING A VERY SMALL BREAK LOCA

FOR A B&W 205-FUEL-ASSEMBLY PWR," by C. Michelson (January 1978)

has recently been provided to the staff. In this report Mr. Michelson
described concerns regarding small breaks (~ .5 ft? range) and

the ability of the plant's heat removal systems to remove adequate
decay heat to prevent system repressurization in the event of a
loss-of-natural circulation or break isolation by operator

action. He has also discussed concerns on slug or two-phase

flow through a PORV. This report is presently being reviewed by

the staff and B&W. The staff is pursuing with B&W and the

owners of B&W plants those aspects of concern raised in this

report.
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Studies by B&W indicate that natural circulation should not be
significantly affected due to the formation of steam spaces in
the upper portions of the hot leg piping and upper plenum of the

reactor vessel.

B&W has conducted tasts to determine the amount of natural
circulation. The tests are normally done during startup testing
from an initial power level of about 20-25%. The reactor is
scrammed, the RCPs are tripped, the emergncy diesel generator
comes on, the steam and motor driven AFW pumps start, the ICS
raises OTSG level to the 50% value, and the plant is verified to

be operating on natural circulation, without any operator action.

These tests have been conducted at Davis-Besse and Oconee.
Also, Arkansas-1 suffered 1 loss of offsite power from 100% on
7/25/75 and natural circulation was established, without any
operator action. We were not provided with these data. TMI-2
also had two (2) unscheduled events in their startup testing

program which resulted in natural circulation.

The staff requested as much deiai) and description as possible

on all the natural circulation tests and events. B&W has agreed
to provide the requested information to the staff including
verification of its computer code to calculate natural circulation

cooling. Such studies will include recent TMI-2 results.
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whije the staff believes that natural circulation cooling is
effective, further evaluation of the B&W analyses and test
information will be necessary to confirm the adequacy of this

cooling mode.
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4.0 ALTERNATIVES

4.1

4.2

We have briefly considered the pro-and-con of three altematives

related to the safety of continued operation of the B&W plants. They

are

listed below.

Further Bulletins

Ero
Y.

<.
3.

Con

1.

- 9

3.

4.

Bulletin process is simple for NRC, and has not proved a burden
to industry (according to industry)

Temporary improvements can be implemented quickly.

We need more information of FMEA of ICS and plant transient
behavior in order to make an informed decision; the bulletin is a

fast and effect‘ve way to obtain information.

Multiple bulletins on some subject poses potential for overloading
operator.

Technical merits of revised designs not subject to usual thorough
scrutiny of staff and applicant.

Needed information may take 1-2 months; delay in decision-making
is nnt the most cautious thing to do.

Plant responses to bulletins are varied in substance.

Immediate Remedial Measures

Pro

| B

Faster implementation of needed safety measures reduces the likeli-

hood of another TMI in the interim.
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1. May not be enough time or adequate information for careful staff
consideration,

4.3 Plant Shutdown

ro
1. Conservative course of action.

2. Gives time for staff and industry to work in more orderly fashicn.

Con
1

. Difficult to enumerate the restart criteria.






APPENDIX C

ORDERS ON BABCOCK & WILCOX COMPANY PLANTS

After a series of discussions between the NRC staff and licensees of
operating Babcock & Wilcox-designed plants, the licensees agreed to shut
down these plants and keep them shut down until the actions identified in an
April 25, 1979 status report to the Commission could be completed. This
agreement was confirmed by a Commission Order to each licensee. The Orders
contained both short-term and long-term modifications to be made by the
licensees. Copies of the Orders are contained in this appendix. They are as
follows:

Arkansas | - 5/17/79
Crystal River 3 - 5/16/79
Davis-Besse 1 - 5/16/79
Oconee - 5/07/79
Rancho Seco - 5/07/79
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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of

)
)
ARKANSAS POWER & LIGHT COMPANY ) Docket No. 50-313
)
)

ARKANSAS NUCLEAR ONE, UNIT 1

The Arkansas Power & Light Company (the licensee or AP&L) is the holder
of Facility Operating License No. DPR-51 which authorizes “he operation
of the nuclear power reactor known as the Arkansas Nuclear Onme, Unit 1
(the facility or ANO-1), at steady state power levels not in excess of
2568 megawatts thermal (rated power). The facility is a Babcock &
Wilcox (BsW) designed pressurized water reactor (PWR) located at the

licensee's site in Pope County, Arkansas.

II.
In the course of its evaluation to date of the accident at the Three
Mile Island Unit No. 2 facility, which utilizes a B&W designed PWR, the
Nuclear Requlatory Commission staff has ascertained that BsW designed
reactors appear to be unusually sensitive to certain off-normal transient
conditions originating in the secondary system. The features of the
BsW design that contribute to this sensitivity are: (1) design of the

steam generators to oper-ce with relatively small liquid volumes in th2
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secondary side; (2) the lack of direct initiation of reactor trip upon
the occurrence of off-normal conditions in the feedwater system; (3) re-
liance on an integrated control system (ICS) to automatically regulate
feedwater flow; (4) actuation before reactor trip of a pilot-operated
relief valve on the primary system pressurizer (which, if the valve
sticks open, can aggravate the event); and (5) a low steam generator
elevation (relative to the reactor vessel) which provides a smaller

driving head for natural circulation.

Because of thes: features, BsW designed reactors place more reliance on
the reliability and performance characteristics of the auxiliary feed-
water system, the integrated control system, and the emergency core cool-
ing system (ECCS) performance to recover from frequent anticipated
transients, such as loss of cffsite power and loss of normal feedwater,
than do other PWR decigns. This, in turn, places a large burden on the
plant operators in the event of oft-normal system behavior during such

anticipated transients.

As a result of a preliminary review of the Three Mile Island Unit No. 2
accident chronology, the NRC staff initially identified several human
errors that occurred during the accident and contributed significantly
to its severity. All holders of operating licenses were subsequently
instructed to take a number of immediate actions to avoid repetition

of these errors, in accordance with bulletins issued by the Commission's
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Office of Inspection and Enforcement (IE). In addition, the NRC staff

began an immediate reevaluation of the design features of B&W reactors

to determine whether additional safety corrections or improvements were
necessary with respect to these reactors. This evaluation involved

numerous meetings with B&W and certain of the affected licensees.

The evaluation identified design features as discussed above which indi-
cated that BsW designed reactors are unusually sensitive to certain off-
normal transient conditions originating in the secondary system. As a
result, an additionil bulletin was issued by IE which instructed holders
of operating licenses for B&W designed reactors to take further actions,
including immediate changes to decrease the reactor high pressure trip
point and increase the pressurizer pilot-operated relief valve setting.
Also, as a result of this evaluation, the NRC staff identified certain
other safety concerns that warranted additional short-term design and
procedural changes at operating facilities having B&W designed reactors.
These were identified as items (a) through (e) on page 1-7 of the Office
of Nuclear Reactor Regulation Status Report to the Commission of April 25,
1979.

After a series of discussions between the NRC staff and the licensee
concerning possible design modifications and changes in operating pro-
cedures, the licensee agreed in a letter dated May 11, 1979, to perform.

promptly the following actions:
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(a)

(b)

(c)

(@)

(e)

Upgrade of the timeliness and reliability of the Emergency
Feedwater (EFW) system by performing the items specified

in Enclosure 1 of the licensee's May 11, 1979, letter. Changes
in design will be submitted to the NRC staff for review.

Develop and implement operating procedures for initiating
and controlling EFW independent of In‘2grated Control
System (ICS) control.

Implement a hard-wired control-grade reactor trip that would
be actuated on loss of main feedwater and/or on turbine trip.

Complete analyses for potential small breaks and develop and
implement operating instructions to define operator action.

At least one Licensed Operator who has had Three Mile Island
Unit No. 2 (™I-2) training on the B&W simulator will be assigned
to the control room (one each shift).

In its letter the licensee also stated that ANO-1 was currently shut

down and would remain shut down until (a) through (e) above are completed.

In addition to these modifications to be implemented promptly, the licensee

has alsc proposed to carry out certain additional long-term modifications

to further enhance the capability and reliability of the reactor to respond

to various transient events. These are:

1)

2)

3)

The items in Enclosure 2 of the licensee's letter of May 11, 1979,
will be implemented during the next outage (following completion
of the design change engineering) to cold shutdown conditions
which is of sufficient length to accommodate the change, but no
later than the next refueling outage. Further, the licensee

will provide a schedule for impl :menting any other modifications

identified as necessary as a result of the licensee's reviews shown

on Enclosure 1 of the licensee's letter. The design changes will
be submitted to the NRC staff for review.

The failure modes and effects analysis (FPMEA) of the ICS is
underway with high priority by B&W and will be submitted as soon
as practicable.

The hard-wired trips addressed in Item (c) above will be

upgraded to safety grade. This design change will be submitted
to the NRC staff for review.
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4) The licensee will continue operator training and drilling
of response procedures as a part of an ongoing program to
assure the high state of readiness and safe operation at
ANO-1.

The Commission has concluded that the prompt actions set forth as (a)
through (e) above are necessary to provide added reliability to the
reactor system to respond safely to feedwater transients and should

be confirmed by a Commission order.

The Commission finds that operation of ANO-1 should nct be resumed
until the actions described in paragraphs (a) through (e) above have

been satisfactorily completed.

For the foregoing reasons, the Commission has found that the public
health, safety and interest require that this Order be effective
immediately.

I11.
Copies of the following documents are available for inspection at the
Commission's Public Document Room at 1717 H Street, N. W., Washington,
D. C. 20555, and are being placed in the Commission's local public

document room at Arkansas Polytechnic College, Russellville, Arkansas:

(1) Office of Nuclear Reactor Regulation Status Report on

Feedwater Transients in B&W Plants, April 25, 1979.
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(2) Letter from William Cavanaugh III (APsL) to Harold M.aton
(NRR) dated May 11, 1979.

Iv.

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended,
and the Commission's Rules and Regulations in 10 CFR Parts 2 and 50,

IT IS HEREBY ORDERED THAT:

(1) The licensee shall take the following actions with respect to ANO-1:

(a) Upgrade of the timeliness and reliability of the EFW systenm
by performing the items specified in Enclosure 1 of the
licensee's letter of May 11, 1979. Provide changes in design
for NRC review.

(b) Develop and implement operating procedures for initiating
and controlling EFW independent of Integrated Control
System control.

(¢) Implement 2 h=i.i-wired control-grade reactor trip that would
be actuated on .nee z£f =:. feedwater and/or on turbine trip.

(d) Complete analyses for potential small breaks and develop
and implement operating instructions to define operator
action.

(e) Assign at least one Licensed Operator who has had ™I-2
training on the B&W simulator to the control room (one
each shift).

(2) The licensee shall maintain ANO-1 in 2 shutdown condition until
items (a) through (e) in paragraph (1) above are satisfactorily
completed. Satisfactory completion will require confirmation
by the Director, Office of Nuclear Reactor Regulation, that the
actions specified have been taken, the specified analyse . are
acceptable, and the specified implementing procedures are

appropriate.
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(3) The licensee shall as promptly as practicable also accomplish
the luig- Lym modifications set forth in Section II of this
Order.

V.
Within twenty (20) days of the date of this Order, the licensee or any
person whose interest may be affected by this Order may request a
hearing with respect to this Order. Any such request shall not stay
the immediate effectiveness of this Order.

THE NUC REGULATORY COMMISSION

<
uel J.

Secretary qf the Commission

Dated at Washington, D. C.
:his,-,Eday of May 1979.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
In the Matter of
FLORIDA PWER CORPORATION, ET AL Docket No. 50-302

Crystal River Unit No. 3
Nuclear Generating Plant

CRDER
I.

Florida Power Corporation (FFC or the licensee) and eleven other co-owners are
the holders of Facility Operating License No. DPR-72 which authorizes the
operation of the nuclear power reactor known as Crystal River Unit No. 3 Nuclear
Generating Plant (the facility or Crystal River Unit 3), at steady state power
levels not in excess of 2452 megawatts thermal (rated power). The facility

is a Babcock & Wilcox (B&W) designed pressurized waer reactor (PWR) located at
the licensees' site in Citrus County, Florida.

II.

In the course of its evaluation to date of the accident at the Three Mile Island
Unit No. 2 facility, which utilizes a B&W designed PWR, the Nuclear Regulatory
Commission staff has ascertained that B&W designed reactors appear to be unusually
sensitive to certain off-normal transient conditions originating in the secondary
system. The features of the BeW design that contribute to this sensitivity are:
(1) design of the sceam generators to operate with relatively small liquid volumes
in the secondary side; (2) the lack of direct initiation of reactor trip upon the

c-9



g

asccurrence of off-normal conditions in the feedwater system; (3) reliance
on an integrated control system (ICS) te automatically regulate feedwater
£low: (4) actuation before reacter trip of a pilot-operated relief valve

on the primary system pressurizer (which, if the valve sticks cpen, can
aggravate the event); and (5) a low steam ganerator elevatica (relative to
the reactsr vessel) whi~h provides a smaller driving head for natural circu-

lation.

Because of these features, B4W designed reactors place more reliance on the
reliability and performance characteristics of the auxiliary feedwater system,
the inteyrated control system, and the emergency core cooling system (ECCS)
performance to recover from frecuent anticipated transients, such as loss cf
offsite power and loss of normal feedwater, than do other PWR designs. This,
in turn, places a large burden on the plant operators in the event of off-

normal system behavior during such anticipated transients.

As a result of a creliminary review of the Three Mile Island Unit No. 2 accident
chronology, the NRC staff initially identified several human errors that occurred
during the accident and contributed significantly to its severity. All holcers

of operating licenses were subsequently instructed to take a number of immediate
acticns to avoid repetition of these errors, in accordance with bulletins

issued by the Commission's Office of Inspection and Enforcement (IE). In addition,

the NRC staff began an immediate reevaluation of the design features of B&W
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reactors to determine whether addizional safety corractions or improvements
were necessary with respect to these reactors. This evaluation involved

numerous meetings with 3&W and certain of the affected licensees.

The evaluation identified design features as discussed above which indicated
that BgW designed reactors are unusually sensitive to certain off-normal
transient conditions originmating in the secondary system. As a rasult, an
additional bulletin was issued oy IE which instructed holders of cperating
licenses for 3&W designed reactsrs %o take further actions, including immediate
chances to decrease the reactor high pressure trip point and increase the
pressurizer pilot—operated relief valve setting. Also, as a result of this
evaluation, the NRC staff identifiad certain other safety cocncerns that
warranted additicnal short-term design and procedural changes at operating
facilities having BsW designed reactors. These were identified 2s i(tems (a)
through (e) on page 1-7 of the C0ffice of Nuclear Reactor Regulation Status Report

to the Commission of April 25, 1979.

After a series of discussions between the NRC staff and the licensee concerning
oossible design modifications and changes in operating rricedures, the licensee

agreed in a letter cated May 1, 1979, to pertform promptly the following actions:



Upgrade the timeliness and reliability of delivery
from the Emergency Feedwater System by carrying out
actions as identified in Enclosure 1 of the licensee's

letter of May 1, 1979.

Develop and implement operating procedures for initiating

and controlling emergency feedwater independent of Inte—

grated Control 3System control.

Implement a hard-wired control-grade reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

Complete analyses for potential small breaks and develop and

implement operating instructions to define operator action.

(e) All licensed reactor operators and senior reactor operators will

have completed the Three Mile Island Unit No. 2 (TMI-2) simulator
training at BaW.

In its letter the licensee alsc stated that the facility is shut down and

would remain shut down until (a) through (e) above are completed.

In addition to these modifications to be implemented promptly, the licensee
has also proposed to carry out certain additional long—term modifications to
further enhance the capability and reliability of the reactor to respuid to

various transient events, These are:
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- The licensee will make modifications to provide verification
in the control room - % emergency feedwater flow to each steam

generator.

~ The licensee will submit a failure mode and effects analysis of
the Integrated Control System to the NRC staff as socn as prac-
ticable. The licensee stated that this analysis is now underway

with high priority by BaW.

- The reactor trip following loss of main feedwater and/or trip of the
turbine to be installed promptly pursuant to this Order will
thereafter be upgraded so that the components are safety grade.

The licensee will submit this design to the NRC staff for review.

- The licensee will continue reactor operator training and drilling

of response procedures to assure a high state of preparedness.

The Commission has concluded that the prompt actions set forth as (a) through
(e) above are necessary to provide added reliability to the reactor system to

responC safely to feedwater transients and should be confirmed by a Commission

order.

The Comeission finds that operation of the facility should not be resumed until

the actions described in paragraphs (a) though (e) above have been satisfactorily
completed.
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For the forejoing reasons, the Commission has found that the purlic
health, safety and interest require that this Order be effesctive

immediately.

III.
Copies of the following documents are available for inspection at the
Commission's Public Document Room at 1717 H Street, N.W., Washington.
D.C. 20555, and are being placed in the Commission's local public
document room in the Crystal River Public Library, Crystal River, Florida,
32629:

(1) Office of NMuclear Reactor Regulation Status Report on
Feedwater Transients in Bsw Plants, April 25, 1979.

(2) Letter from B. L. Griffin (FPC) to Harcld Denton (NRR) dated May 1,
1979.

Iv.

Accordingly, pursuant to the Atomic Energy Act of 1354, as amended, and the
Commission's Rules and Requlations in 10 CFR Parts 2 and 50, IT IS HEREBY

ORDERED TEHAT:

(1) The licensee shall take the following actions with respect to Crystal
River Unit 3:
(a) Upgrade the timeliness and reliability of delivery from the
Emergency Feedwater System by carrying out actions as identified

in Bnclosure 1 of the licensee's letter of May 1, 1579,
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(b) Develep and implement cperating procecures for initiating
and centrolling emergency feedwater independent of Inte—

grated Control System control.

(c¢) Implement a hard-wired control-grace reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

(d) Complete analyses for potential small breaks and develop and

implement operating instructions to define operator action.

() All licensed reactor operators and senior reactor operators

will have completed the ™I-2 simulator training at B&w.

(2) The licensee shall maintain Crys:gl Riser Unit 3 in a shutdown
condition (the facility was shut down on April 23, 1979) until items
(a) throuwch (e) in paragraph (1) above are satisfactorily completed.
Satisfactory completion will require confirmaticn by the Director,
Office of Nuclear Reactor Regulation, that the actions specified have
been taken, the specified analyses are acceptable, and the specified

implementing procedures are appropriate.

(3) The licensee shall as promptly as practicable also accomplish the long-

term modifications set forth in Section II of this Order.
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v.
Within twenty (20) days of the date of this Order, the licensees or any
person whose interest may be affected by this Order may request a
hearing with respect to this Order. Any such request shall not stay

the immediate effectiveness of this Order.

FOR THE NUCLEAR REGULATORY COMMISSION

Dated at wWashingten, D.C.
this [‘l_‘ day of May 1979.



UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of

THE TOLEDO EDISON COMPANY AND
THE CLEVELAND ELECTRIC ILLUMINATING
COMPANY

Docket No. 50-346

Davis-Besse Nuclear Power Station,
Unit No. 1

T S - S’ S St St

ORDER

1.

The Toledo Edison Company (TECO) and The Cleveland Electric Illuminating
Company (the licensees), are holders of Facility Operating License No.
NPF-3 which authorizes the operation of the nuclear power reactor known
as Davis-Besse Nuclear Power Station, Unit No. 1 (the facility or Davis-
Besse 1), at steady state power levels not in excess of 2772 megawatts
thermal (rated power). The facility is a Babcock & Wilcox (BsW) designed
pressurized water reactor (PWR) located at the licensees' site in Ottawa

County, Ohio.

) §
In the course of its evaluation to date of the accident at the Three
Mile Island Unit No. 2 facility, which utilizes a BsW designed PWR,

the Muclear Regulatory Commission staff has ascertained that B&W designed
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reactors appear to be unusually sensitive to certain off-normal transient
conditions originating in the secondary system. The features of the B&W
design that contribute to this sensitivity are: (1) design of the steam
generators to operate with relatively small liquid volumes in the second-
ary side; (2) the lack of direct initiation of reactor trip upon the occur-
rence of off-normal conditions in the feedwater system; (3) reliance on
an integrated control system (ICS) to automatically regulate feedwater
flow; (4) actuation before reactor trip of a pilot-operated relief valve
on the primary system pressurizer (which, if the valve sticks open, can
aggravate the event); and (5) a low steam generator elevation (relative
to the reactor vessel) which provides a smaller driving head for natural

circulation.*

Because of these features, B&W designed reactors place more reliance on
the rcllability and performance characteristics of the auxiliary feed-
water system, the ICS, and the emergency core cooling system (ECCS) per-
formance to recover from frequent anticipated transients, such as loss
of offsite power and loss of normal feedwater, than do other PWR designs.
This, in turn, places a large burden on the plant operators in the event

of off-normal system behavior during such anticipated transients.

*It is noted that although features nunbers 3 and 5 do not apply to
NDavis-Besse 1 to the same extent as they apply to other currently
licensed B&W designed reactors, the other features are fully appli-
cable.
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As a result of a preliminary review of the Three Mile Island Unit No.

2 accident chronology, the NRC staff initially identified several human
errors that occurred during the accident and contributed significantly
to its secverity. All holders of operating licenses were subsequently
instructed to take a number of immediate actions to avoid repetition

of these errors, in accordance with bulletins issued by the Commission's
Office of Inspection and Enforcement (IE). In addition, the NRC staff
began an irmediate reevaluation of the design features of B&W reactors
to determine whether additional safety corrections or improvements

were necessary with respect to these reactors. This evaluation involved

numerous meetings with Bs&W and certain of the affected licensees.

The evaluation identified design features as discussed above which
indicated that B&W designed reactors are unusually sensitive to certain
off-normal transient conditions originating in the secondary system.

As a result, an additional bulletin was issued by IE which instructed
holders of operating licenses for B&W reactors to take further actions,
including immediate changes to decrease the reactor high pressure trip
point and increase the pressurizer pilot-operated reliet valve setting.
Also, as a result of this evaluation, the NRC staff identified certain
other safety concerns that warranted additional short-term design and

procedural changes at operating facilities having BsW designed reactors.
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These were identified as items (a) through (e) on page 1-7 of the Office

of Nuclear Reactor Regulation Status Report to the Commission of
April 25, 1979.

After a series of discussions between the NRC staff and the licensees

concerning possible design modifications and changes in operating pro-

cedures, the licensees agreed in letters dated April 27 and May 4, 1979,

to implement promptly the following actions:

(a)

(b)

Review all aspects of the safety grade auxiliary feedwater
system to further upgrade components for added reliability
and performance. Present modifications will include the
addition of dynamic braking on the auxiliary feedpump

turbine speed changer and provision of means for control

room verification of the auxiliary feedwater flow to the

steam generators. This means of verification will be provided
for one steam generator prior to startup from the present
maintenance outage and for the other steam generator as soon
as vendor-supplied equipment is available (estimated date is
June 1, 1979). 1In addition, the licensees will review and verify

the ¢ jequacy of the auxiliary feedwater system capacity.
Revise operating procedures as necessary to eliminate

the option of using the Integrated Control System as 2 backup

means for controlling auxiliary feedwater flow.
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(@)

(e)

(£)

(9)
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Implement a hard-wired control-grade reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

Complete analyses for potential smail breaks and develop and

implement operating instructions to define operator action.

All licensed reactor operators and senior reactor operators
will have completed the Three Mile Island Unit No. 2 simulator
training at BsW.

Submit a reevaluation of the TECO analysis of the need for

automatic or administrative control of steam generator level setpoints
during auxiliary feedwater system operation, previously submitted

by TECO letter of December 22, 1978, in Light of the Three

Mile Island Unit No. 2 incident.

Submit a review of the previous TECO evaluation of the
September 24, 1977 event involving equipment problems and depress~

urization of the primary system at Davis-Besse 1 in light of the
Three Mile Island Unit No. 2 incident.

In its letters the licensees also stated that the zctions listed in (a) through

(g) above would, except as noted in item (a), be completed prior to startup from

the current maintenance outage.
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In addition to these modifications to be implemented promptly, the licensees
have also proposed to carry out certain additional long-term modifications
to further enhance the capability and reliability of the reactor to re-

spond to various transient events. These are:

- The licensees will continue to review performance of the auxiliary feed-

water system for assurance of reliability and performance.

- The licensees will submit a failure mode and effects analysis of the
ICS to the NRC staff as soon as practicable. The licensees stated
that this analysis is now underway with high priority by
BeW.

- The reactor trip following loss of main feedwater and/or trip
of the turbine to be installed promptly pursuant to this Order
will thereafter be upgraded so that the components are safety
grade. The licensees will submit this design to the NRC staff

for review.

- Continued attention will be given to transient analysis and

procedures ror management of small breaks.

- The licensees will continue reactor operator training and drilling

of response procedures to assure a high state of preparedness.
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The Commission has concluded that the prompt actions set forth as (a)
through (g) above are necessary to rrovide added reliability to the
reactor system to vespond safely to feedwater transients and should be

confirmed by a Commission order.

The Commission finds that operation of Davis-Besse 1 should not be re-
sumed until the actions described in paragraphs (a) through (g) above,
with the exception as noted in item (a), have been satisfactorily completed.

For the foregoing reasons, the Commission has found that the public
health, safety and interest require that this Order be effective immedi-

ately.

I1I.
Copies of the following documents are available for inspection at the
Commission's Public Document Room at 1717 H Street, N.W., Washington,
D.C. 20555, and are being placed in the Commission's local public
document room in the Ida Rupp Public Library, 310 Madison Street,
Port Clinton, Ohio 43452:

(1) Office of Nuclear Reactur Regulation Status Report on
Feedwater Transients in BsW Plants, April 25, 1979.

C-23



7590-01
-l

(2) Letters from Lowell E. Roe (TECO) to Harold Denton (NRR) dated
April 27 and May 4, 1979.

Iv.

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, and

the Commission's Rules and Regulations in 10 CFR Parts 2 and S50, IT IS

HEREBY ORDERED THAT:

The licensees shall take the following actions with respect to Davis-

Besse 1:

(a)

(®)

Review all aspects of the safety grade auxiliary feedwater

/stem to further upgrade components for added reliability

and performance. Present modifications will include the
addition of dynamic braking on the auxiliary feedpump turbine
speed changer and provision of means for control room veri-
fication of the auxiliary feedwater flow to the steam generators.
This means of verification will be provided .r one steam
generator prior to startup from the present maintenance outage
and for the other steam generator as soon as vendor-supplied
equipment is available (estimated date is June 1, 1979).

In addition, the licensees will review and verify the adequacy of
the auxiliary feedwater system capacity.
Revise operating procedures as necessary to eliminate the option
of using the Integrated Control System as a backup means

for controlling the auxiliary feedwater system.
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(¢) Implement a hard-wired control-grade reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

(d) Complete analyses for potential small breaks and develop
and implement operating instructions to define operator

action.

(e) All licensed reactor operators and senior reactor operators
will have completed the Three Mile Island Unit No. 2 simulator
training at B&W.

(f) Submit a reevaluation of the TECO analysis of the need for
automatic or administrative control of steam generator level
setpoints during auxiliary feedwater system operation previously
submitted by TECO letter dated December 22, 1978, in light of the
Three Mile Island No. 2 incident.

(g) Submit a review of the previous TECO evaluation of the September 24,
1977 event involving equipment problems ana depressurization of the
primary system at Davis-Besse 1 in light of the Three Mile Island
Unit No. 2 incident.

The licensees shall maintain Davis-Besse 1 in a shutdown condition until
items (a) through (g) in paragraph (1), except as noted in item (a), above
are satisfactorily completed. Satisfactory completion will require confir-
mation by the Director, Office of Nuclear Reactor Regulation, that the
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actions specified have been taken, the specified aralyses
are acceptable, and the specified implementing procedures are
appropriate.

(3) The licensees shall as promptly as practicable also accomplish

the long-term modifications set forth in Section II of this Order.

V.
Within twenty (20) days of the date of this Order, the licensees or any
person whose interest may be affected by this Order may request a hearing
with respect to this Order. Any such request shall not stay the immediate

effectiveness of this Order.

THE NUC REGULATORY COMMISSION

<<
[ Samuel J. apflk

Secretary of the Commission

Dated a& washington, D.C.,
this Jpth day of May 1979.
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WITED STATES CF AMERICA

NUCIZAR REGULATORY COMMISSICON

In the Matter of 3 Jockets Nos. 50-26%

) 80=27
SUXE POWER COMPANY , ané 50-287
Sccnee Nuclear Station, Units Nos. 1, <

anrd 3
ORCER

e

™ e DJuke Scwer Comzany (the ligensee), is the helder of Facility Cperating
Licenses Ngcs. -PR-38, CPR-47 and DOPR-33 Whi.ch authorize the cgeraticn
s€ =he nuclear —ower reactors «iown as Jconee Nuclear Station,

Units Nos. 1, 2 and 3 (the facilities, or Uccnee 1, 2 and 3), 3t 3teady
state ower levels not in excess of 1562 megawat:is hermal (rated ower)
Sor each mnit. The facilities are 3abcock 5 Wilcox [36W) designed
sressurized water reactors (PWR's) located at the licensee's site in

Jconee County, Scuth Carslina.

o8

T~ =m2 zourse of iss evaluaticn o dace cf tThe accident at the Thrse Mile
tsland Uniz No. 2 facility, wnich utiliczes 2 3&W Jdesigned PWR, the Nuclear
Fegulatory Commission stafl has ascertained tnat 3&W designed reactors
acoear =0 -e unusually sensitive %o cerzain cif-ncrmal cransient con=-
diziens originating in the secondary system. The fsatures ol the 3&W
design that contribute = this sensitivity are: (1) the design of

Team jenerators to operate with relatively small liquid volumes in the
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sacondary side; (2) the lack of direct initiation of reactor trip upon

ne oczurrence 2f off-normal condicions in the feecwater system; (3) re=
.iance on an intagratad control system (ICS) = automatically regulate
feedwater flow; (&) cuation before reactor =ris of a silot-cperated
relief valve on the crinmary system Sressurizer (Which, if the valve
STi3XS cDen, can aggravate the event); ané (3] 3 low steam generator

slevaticn (relative =0 the reactor vessel) wnich grovides a smaller

iriving neaé for natural circulation.

lecause of tnesa features, 3&W designed reactors place more reliance on
the reliabilizy and performance characteristics 3£ the auxiliary feecsater

tem, zhe ICS, and the emergency core cocling system (SCCS) serformance
to racaover from frecuent anticizated transients, such as loss of ofisite
xwer and loss of normal feedwater, than do cother PWR designs. This, in
curn, places a large surden on =he zlant operatsrs in the avent of

:3f-normal systam bSenavior during such anticizarted cransients

A5 a resul: 2f a preliminary review of the Three Mile Island Unit
9. 2 accident caronclogy, the NRC staff inictially identiiied several
suman errors that occurred during the accident and contributed
sizaificancly =0 its severity. All nolders of crerating licenses

~2re sussecuently instructed To take a numcer of immediate actlons
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=< avoid regetition cof these errors, in accorcance with wwuiletins
issued by tne Commission's Office cf Inspection ané tnforcement
(I8). In addition, the NRC staff ocegan an immediate reevaluaticn
of t=he design features of 3&W reactors to determine wnether
dditional safery corrections or inprovements were necessary with
raggect tC these reactors. Thais evaluation involved numerous

meetings with ssw and cerzain cf tne affected licensees.

Tre evaluation identified design features as discussed above whicn
indicated that 3&n designed reactors are unusually sensitive to
cer-aia off-ncrzal :ransient conditions originating in the secondary
system. As a resul:, an additional bulletin was issued by IE wnich
irstructeé holders of cocerating licenses for 3&w designed reactcrs
=¢c take further actions, including immediate chances to decraase
th2 reactor hign pressure trip point and increase the pressurizer
slict=operaced relief valve setting. Also, as a result of this
evaliation, the NPC staff identifiec certain other safety concerns
ssac warranted adéiticnal snert-term design and precedural changes
at ocerating facilities having 3&W designed reactors. These were
identifieg as it (a) tnrough (e) on sage l-7 of the Office of
Nuclear Reactor Regulation Status Report to the Comuissicn on

April 25, 1979.
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Afser a series of Ziscussions between tne NRC staff and tne licensee
soncerning possizie design modificaticns and changes 1n operating
orocedures, tne licensee agreed in letters cated April 25, 26, and

may 4, 1979 to serform promptly the following acticns:

(a} Install automatic starting of the interccnnected emerzency
feegwater system 30 that all three pumps will recelve a start
signal from any affected unit, and test tie system for stabil-
izy. The emergency feecwater pump discnarge flow will De
nnectad to tne interconnection neaders sucn tnat 2acn or
all emerzency fsedwater purss can supply water to any unic.
Uneil tnese modifications and tests are completed, operating
perscnnel nave oeen stationed at each emergency feedwater
purp witn a direct communication link to tnat unit's control

n adéicicn, the following grocedural cnanges, put

into effecs on April 25, 1979 to ennance tne reliacility ot

tne emerzency Ssedwater system, will remain in Zorce:

(1) The cischarges ¢f tnese pumps have oeen tied to-
getner oty alignment of manual valves such that

each ané all of the surps can supply emergency

feedwater =¢ any Occnee Unit reguiring it.




e

(2) Administrative controls nave oeer 2stas.isned so
that in tne event cf loss of ootn rain feecwater tutms
on an affected unit, tnat unit's emerzenc. feedwater
pute will start automatically, sacksd ur ov remc:te
ranual stars from the oontreol room. If the pums fails
tC start autcmatically, tne operazor staticned 3t that
Pue will start the pum: locallv, and nas zeen zrained
€C 90 s0. In addition, the >ther two availacle amer-
3¢ .y Zeedwater DuTPS will De startec remetely from
their unit's control room or locally if reguired t¢ zro-
vide two more redundant sourdes cI Zeedwater ¢ =n

atfecsed unit.

§ %%
r= .
LR

(3) Emergency fsecwater flow =¢ <ie stzam seneras

(8]

Se assurec oy the Ontrol room czerator wno ~as sesn

trained to maintain tne necessars lavel,

Develcr anc irplement ogerating srocecuras S3r imisias ne

and controlling amergency feedwater indecencent cf

Integrated Control System ccntrol.

S : . N . :
Jdp.ement & harc-wirec oontrol-grade raactsr <fig ¢Cn

~
“
o |
(20
O
"

i088 ¢f main Seedware
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(o))
—

Complete anaivses for potential small Sreaks and develcp
and implement operating instructicns to define operator

tion.

(e) All licensel reactor operators and senior reactor
operators will have completed the ™I-2 simulator

trainingc at B&W.

(&) Station in the control roc.a an additional full-
time Senicr Reactor Operator (SRO) (or previously
licensed 3RO) with Three Mile Island training for
each cperating unit %o assist with guidance and

possible manual action in case of transients until

items (a) through (e) are completec.

In i=s letters the licensee also stated that (1) Oconee 3 would be shut
down on April 28, 1979, and remain shutdown until fa) throuch (e)

ahove are completed (the facility was shut down on April 28, 1379 as
stated); (2) a seconé Oconee unit would de shut down on May 12, 1573,
if itens (a) through (e) have nct been previously accomplished and
remain shut down until items (a) through (e) have Deen completed; and,
(3) a third Oconee unit would de shut down on May 13, 1979, if items
‘a) through (e) have not Deen previously accomplisned angd will rema:in

shut dewn until completion cf items (a) through (e).
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In addition to these modifications to be .mplemented crampzly, th
licensee has also proposed %o carry cut certain ad
term actions to increase the cazability and reliability of the

reactors to respond to various transient events. These are:

- The licensee will install two mector driven pumps for
each Ocoree unit, as more sarticularly descril as
Part III of a letter from W.O. Parker %o the NRC of
April 25, 1879, to provide greater assurance of amer-
gency feedwater supply. The licensee wil. submit this

tem concest and analysis to the NRC staff Ior review.

-

- The licensee will suomitc a failure mode and effects analysis
of the Integratad Control Systam to the NRC staff as socon as
practicable. The licensee states that this analysis is now

underway with high grioricy by BaW.

- The reactor trip on loss of the main feedwater and/or =rip of
the turbine o Se installed promptly pursuant to this Crder wi
thereafter De upcraded so that the components are safety grade,

The licensee will submit this design %o the NRC staff for review.

- The licensee will continue reactor operatsr training and
drilling of response procedures to assure a hizh state of

preparedness.
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The Commission has concluded tha: the prompt actions set for:h as
(a) through (e) above are necessary to provide added reliability to
the reactor system to respond safely to feedwater transients and
snould pe confirmed by a Commission crder. The immediate pro-
Sedural changes to assure redundant sources of auxiliary feedwater
that were put into effect on April 25 at the two operating Oconee
Jnits, as described in paragraph (a) above, and the immediate
acditions to the operating staff, as described in paragrapn (£)
acove, provide the bases for continued safe cperation of those
facilities during the interim period until May 12 and May 19,
1879, respectively. The Commission f£inds, however, that cgeration
of all units should not be resumed or continued on an indefinite
Sasis until actions described in paragragns (a) througn (e) above

nave been satisfactorily completed.

for the foregoing reasons, the Commission has found tnat the puplic
neal:in, safety and interest reguire that tnis Order oce effective

izmediately.

111.
Copies of tne following documents are availacle fcor inspecticn at
the Ccemmission's Public Document Room at 1717 H Street, N.W.,
wasnington, D.C, 20355, and are 2eing placed in tnhe Commissicn's
local zublic document room at the Oconee County Lisrary, 201 South

szring, walnalla, Scuth Carclina 29631:

C-34
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(1) Office of Nuclear Reactor Regulation Status Report on

Feedwater Transients in 3&W Plants, April 25, 1979.

(2) Letter from W. S. Lee (Duke Power Company) to Hdarocld Denton

(NRR) , dated April 25, 1979.

(3) Two letters from W. O. Parker, Jr. (Duxke Power Ccmpany) to

darold Denton (NRR)., dated April 25, 1979.

(§) Letter from w. H. Owens (Duke Power Company) to Roger J.

Mattson (NRR), dated April 25, 1979.

(5) Letter from W. S. Lee (Duke Power Company) to Harcla Denton

(NRR) , dated April 26, 1979.

(6) Letter from W. O. Parker, Jr. (Duke Power Ccrpany) to

James P. O'Reilly (IE), dated May 4, 1979.

v.
accordingly, pursuant to the Atcomic Energy Act cf 1954, as amended, and
the Commissicn's Rules and Requlations in 10 CFR Parts 2 and 30, IT IS

tlEREBY ORDERED THAT:

(1) The licensee shall take the following actions with respect

to Oconee 1, 2 and 3:

(a) Install automatic starting of the interconnected emergency

feecwater system so that all three pumps will receive a start
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signal from any affected unit, anc test the system for
stacility. The emergency feedwater pumr discnarge flow
will e connected to the interconnectiocn headers such that
eacn or all of the emergency feedwater pumps can supply
water to any unit. Until these mocdifications and tests are
completed, operating perscnnel will oe staticited at each
emergency feedwater pump witn a direct communication link
to that unit's control room. In addition, the following
procedural cnanges, put into effect on April 25, 1979

tC ennance the reliability of the emergency feecdwater

system, will remain in force:

The discharges of these pumps have been tied to-
gether oy alignment of manual valves such that
eacn and all of the pumps can suprly emergency

feedwater to any Oconee Unit reguiring it.

Acministrative controls have oeen estaolished so
that in the event of loss of toth main feedwater pumps
on an affected unit, that unit's emergency feedwater

pume will start automatically, sacked up oy remote

manual start from the contrcl room. IS the pump fails

tO start automatically, the cperator stationed at tnat

pure will start the pump locally, and nas oeen trained




B)

(¢)

(d)

(e)

@0 do so. In addition, the other two available emer-
gency feedwater pumps will be started remctely from
their unit's control room or locally if required to pro-

vide two more sources of feedwater to the affected uni-s.

(3) Zmergency feedwater flow %o the steam generators will
De assured by the control room operator who has been

trained to maintain the necessary level.

Develop and implement orerating procedures for initiating
and controlling emergency feedwater indepencent of

Integrated Control System control.

Implement a hard-wired control-grade reactor trip on

loss of main feedwater and/or turbine trip.

Complete analyses for potential small treaks and develop
anc implement operating instructions to define operator

action.

All licensed reactor operators and senior reactor operatcrs
assigned to the Oconee control rooms will have completed the

™I-2 simulator training at Baw.
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(£) Station in the control room an additicnal full-time
Senior Reactor Cperator (SRO) (or previously licensed
SRO) with Three Mile Island training for each operating
unit to assist with guidance and possible manual actions

until items (a) through (e) are completed.

{2) The licensee shall maintain Oconee 3 in a shut down condition
(the facility was shut down on April 28, 1979) until items (a) throuch
(e) in paragraph (1) above are satisfactorily completed and such com-
pletion has been confirmed by the Director, Nffice of Nuclear Reactor

Regulation.

(3) The licensee shall shut down a second cf the three Oconee units
on May 12, 1979, unless items (a) through (e) in paragraph
(1) above have been satisfactorily completed and the completion
has been confirrad by the Director, Office of Nuclear Reactor
Regulation, before that date. In the event the second unit is
shut down on May 12, 1979, it will remain shutdown until items
(a) through (e) in paragraph (1) above are satisfactorily com-
pleted and such completion has been confirmed by the Director,

Office of Nuclear Reactor Regulation.
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(4) The licensee shall shut down the third of the taree Oconee units
on May 15, 1979, unless items (a) through (e) in paragraph (l)
above have been satisfactorily completed and the completion nas
been confirmed by the Director, Office of Nuclear Reactor Regula-
tion, cefore that date. In the event the third unit is shut down
on May 19, 1979, it shall remain shut down until it (a) through
(@) in paragraph (1) above are satisfactorily completed anc such
completion has been confirmeg by the Tirector, Office of Nuclear

Reactor Regulation.

(3) The licensee shall as prorptly as gracticacle also accom=
glish the long-term modifications set forth in Section II of

this Order.

Satisfactory conpleticn of items (a) through (e) in garagrapn (1) and
in paragragns (2) tarough (4) aocove will require confirmation by the
Oirector, Office of Nuclear Reactor Regulation, that the actions
specifiec nave 2een taken, the specifiea analyses are acceptable,

and the specified implementing procedures are appropriate.

V.
Wwithin twenty (20) days of the date of this Order, the licensee

or any person wnose interest may bDe affected oy this Orcer may
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fecuest a hearing witnh respect toO this Order. Any such regquest snall

ot stay the immediate effectiveness ¢of this Order,

FOR THE NUCLEAR RSGULAICOPY COMMISSION

Dated at Washington, DC
this 7{ day of 1979,
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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of

)
)
SACRAMENTO MUNICIPAL UTILITY DISTRICT ) Docket No. 50-312
)
)

Rancho Seco Nuclear Generating Station

ORDER

the holder of Facility Operating License No. DPR-54 which authorizes

the operation of the nuclear power reactor known as the Rancho Seco
Nuclear Generating Station (the facility or Rancho Seco), at steady
state power levels not in excess of 2772 megawatts thermal (rated power).
The facility is a Babcock & Wilcox (Ba&W) designed pressurized water
reactor (PWR) located at the licensee's site in Sacramentc County,

lifornia.

II.
In the course of its evaluation to date of the accident at the Three Mile
Island Unit No. 2 facility, which utilizes a B&W designed PWR, the
Nuclear Regrlatory Commission staff has ascertained that B&W designed
reactors appear to be unusually sensitive to certain off-normal transient
concitions originating in the secondary system. The features of the B&W
design that contribute to this sensitivity are: (1) design of the steam

generators to operate with relatively small liguid volumes in the secondarv
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side; (2) the lack of direct initiation of reactor trip upon the occurrence
of off-normal conditions in the feedwater system; (3) reliance on an
integrated control system (ICS) to automatically regulate feedwater flow;
(4) actuation before reactor trip of a pilot-operated relief valve on the
primary system pressurizer (which, if the valve sticks open, can aggravate
the event); and (5) & low steam generator elevation (relative to the

reactor vessel) which provides a smaller driving head for natural circu-

lation.

Bocause of these features, BsW designed reactors place more reliance on

the reliability and performance characteristics of the auxiliary feedwater
system, the integroted control system, and the emergency core cooling system
(2CCS) performance to recover from frequent anticipated transients, such as
loss of offsite power and loss of normal feedwater, than do other PWR Zasigns.

This, in turn, places a large burden on the plant operators in the event of

off-normal system behavior during such anticipated transients.

As a result of a preliminary review of the Three Mile Island Unit No. 2 ac-
cident chronology, the NRC staff initially identified several human errors
that occurred during the accident and contributed significantly to its severity
All holders of operating licenses were subsequently instructed to take a number
of immediate actions to avoid repetition of these errors, in accordance with
bulletins issued by the Commission's Office of Inspection and Enforcement (IE).

In addition, the NRC staff began an immediate reevaluation of the desian fea-
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rures of B&W reactors to determine whether additional safety corrections or
improvements were necessary with respect to these reactors. This evaluation

involved numerous meetings with B&W and certain of the affected licensees.

The evaluation identified design features as discussed above which indicated
tnat 3&W designed reactors are unusually sensitive to certain off-normal
sransient conditions originating in the secondary system. As a result, an
aiéitional bulletin was issued by IE which instructed holders of operating
licenses for B3&W designed reactors to take further actions, including
immediate changes to decrease the reactor high pressure trip point and
increase the pressurizer pilot-operated relief valve setting. Also, as a
result of this evaluation, the NRC staff identified certain other safety
cuncerns that warranted additional short-term design and procedural
chances at operating facilities having B&W designed reactors. These

were identified as items (a) through (e) on page 1-7 of the Office of
.ic.ear Reactor Regulation Status Report to the Commission of April 25,

3 :-09
- -

After a series of discussions between the NRC staff and the licensee
concerning possible design modifications and changes in operating procedures,
wne licensee agreed in a letter dated April 27, 1979, to perform promptly

the following actions:
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(a) Upgrade the timeliness and reliabflity of delivery
from the Auxiliary Feedwater System by carrying out
actions as identified in Enclosure 1 of the licensee's

letter of April 27, 1979.

(b) Develop and implement operating procedures for initiating
and controlling auxiliary feedwater independent ¢f Integrated

Control System control.

(c) Implement a hard-wired control-grade reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

(d) Complete analyses for potential small breaks and develop and

implement operating instructions to define operator action.

(e) Provide for one Senior Licensed Operator assigned to the
control room who has had Three Mile Island Unit No. 2 (TMI-2)

training on the S:iW simulator.

In its letter the licensee also stated that Rancho Seco would be shut down
on April 28, 1979 and would remain shut down until (a) throush (e) above

are completed (The facility was shut down on April 28, 1979 as stated).

In addition to these modifications to be implemented promptly, the licensee
nas also proposed to carry out certain additional lomg-term modifications
to further enhance the capability and reliability of the reactor to

responé to various transient events. These are:
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- The licensee will provide to the NRC staff a proposed schedule for
implementation of identified design modifications which specifically
relate to items 1 through 9 of Enclosure 1 to the licensee's

letter of April 27, 1979, and would significantly improve safety.

- The licensee will submit a failure mode and effects analysis of
the Integrated Control System to the NRC ctaff as soon as practicable.
The licensee stated that this analysis is now underway with high

oriority by B&W.

- The reactor trip following loss of main feedwater and/or
trip of the turbine to be installed promptly pursuant to this
Order will thereafter be upgraded so that the components are safety

grade. The licensee will submit this design to the NRC staff

for reviaw,

13

= The licensee will continue operator training and have a minimur
2f two licensed operatcrs per shift with ™I-2 simulator training
at &w by June 1, 1979. Thereafter, at least one licensed operator
with ™I-2 simulator training at B&W will be assigned to the
control room. All training of licensed personnel will be

completed by June 28, 1979.

The Commission has concluded that the prompt actions set forth as (a)
throuch (e) above are necessary to provide added reliability to the
reactor svsten to respond safely to feedwater transients and should be

confirmed by a Commission order.
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The Commission finds that operation of Rancho Secc should not be
resuned until the actions described in paragraphs (a) through (e)

above have been satisfactorily completed.

For the foregoing reasons, the Commission has found that the public
health, safety and interest reGuire that this Order be effective

immediately.

I1I.
Copies of the following documents are available for inspection at the
Cormission's Public Document Room at 1717 H Street, N.W., Washington,
D.C. 20555, and are being placed in the Commission's local public
document room in the Business and Municipal Department, Sacramento

City - County Library, 828 I Street, Sacramento, California 95814:

(1) Office of Nuclear Reactor Regulation Status Report on

Feedwater Transients in B&W Plants, April 25, 1979.

(2) Letter from J. J. Mattimce (SMUD) to Harold Denton (NRR)

dated April 27, 1979.
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Accordingly, pursuant to the Atomic Energy Act of 1954, as amended,

and the Commission's Rules and Regulations in 10 CFR Parts 2 and

50, IT IS HEREBY ORDERED THAT:

(1) 1ne licensee shall take the following actions with respect

to Rancho Seco:

(a)

(b)

(¢)

(d)

(e)

Upgrade the timeliness and reliability of delive:y
from the Auxiliary Feedwater System by carrying out
actions as identified in Enclosure 1 of the licensee's

letter of April 27, 1979.

Develop and implement operating procedures for initiating
and controlling auxiliary feedwater independent of Integrated

Control System control.

Implement a hard-wired control-grade reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

Complete analyses for potential small breaks and develop and

implement operating instructions to define operator action.

Provide for one Senior Licensed Operator assigned to the
control room who has had Three Mile Island Unit No. 2 (TMI-2)

training on the B&W simulator.
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(3)
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The licensee shall maintain Rancho Secc in a shutdown condition
(the facility was shut down on April 28, 1979, until items (a)
through (e) in paragraph (1) above are satisiactorily completed.
Satisfactory completion will require confirmation by the Director,
Office of Nuclear Reactor Regulation, that the actions specified
have been taken, the specified analyses are acceptable, and the

specified implementing procedures are appropr iate.

The licensee shall as promptly as practicable also accompl ish
the long-term modifications set forth in Section II of this

Order.

V.

within twenzy (20) days of the date of this Order, the licensee or any

person whose interest may be affected by this Order may request a

hearing with respect to this Order. Any such request shall not stay

the immediate effectiveness of this Order.

Datec

this

..sﬂscuumy COMMISSION

F\l}/;‘ﬂz NUCLEAR |

00| s
mulﬁ. c’\‘:&tmm
Secretary of }zhe ission

ar, Washington, D.C.
7& day of May 1979.
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WPENDIX D

LETTERS LIFTING ORDERS

The licensees of the five operating reactors submitted responses to
the confirmatory orders (see Appendix C) indicating actions taken to
implement short-term modifications. Following review and evaluation of
the responses, it was determined that the licensees had satisfactorily
completed the short-term requirements. Subsequently, the NRC issued
letters lifting the Orders with respect to short-term modifications. The
letters were as follows:

Arkansas |1 - 5/31/79
Davis-Besse | - 7/06/79
Crystal River 3 - 7/06/79
Oconee - 5/18/79
Oconee, Supplement 1 - 10/10/79
Rancho Seco - K/271179

A copy of each follows in this appendix.



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHING TON, D. C. 20855

May 31, 1979

’0.-’

Docket No.: 50-313

Mr. William Cavanaugh, III
Vice President, Generation

and Constructicn
Arkansas Power & Light Company
P. 0. Box 551
Little Rock, Arkansas 72203

Dear Mr. Cavanaugh:

By Order of May 17, 1974, the Commission confirmed your undertaking a series
of actions, both fmmediate and long term, to increase the capability and
reliability of Arkansas Nuclear One, Unit No. 1 (ANO-1) to respond to various
transient events. In addition, the Order confirmed that ANO-1 was shutdown
and would not be restarted until the following actions had been accomplished:

(a) Upgrade of the timeliness and reliability of the Emergency
Feedwater System (EFW) by performing the items specified in
Enclosure | of the licensee's letter of May 11, 1979. Pro-
vide chanqges in design for NRC review.

(b) Develop and implement operating procedures for initiating
and controlling EFY independent of [ntegrated Control System (ICS)
control,

(c) Implement a hard-wired control-grade reactor trip that would
be actuated on loss of main feedwater and/or on turbine trip.

(d) Complete analyses for potential small breaks and develop
and implement operating instructions to define operator
action.

(e) Assign at least one Licensed Operator who has had Three Mile
Island, Unit No. 2 training on the Babcock & Wilcox sinulator
to the control rcom (one each shift).



Arkansas Power & Light Company -2-

By submitta! of May 17, 1979, as supplemented by letters dated May /1,

22, 23, 24 and 29, 1979, you have documented the actions taken in rasponse
to the May 1/ Order. [ have reviewed this submittal, and am satisficd tnat,
with respect to ANO-1, you have satisfactorily completed the actions pre-
scribed in items (a) through (e) of paragraph (1) cf Section IV of the Order,
the specified modifications and analyses are acceptable, and the spacified
implementing procedures are appropriate. The bases for these conclusions are
set forth in the enclosed Safety Evaluation.

As noted on page 5 of the Safety Evaluation you will be required to conduct
a test during power operation to demonstrate operator capability tou assume
manual control of the EFW system independent of ICS. In addition, we have
discussed the need for monitoring core exit temperature with your staff and
they have agreed to provide a minimum of sixteen thermocouple indications

of core exit temperature in the control room prior to startup. Also, your
staff has agreed to provide an additional sixteen thermocouple indications of
core exit temperature in the control room by October 31, 1979.

Appropriate Technical Specifications for Limiting Conditions for Upuration
and for surveillance requirements should be developed as soon as practicable
and provided to the staff within seven days with regard to the desiyn and
procedural changes which have been completed in compliance with the provisions
of the May 17, 1979 Commission Order. The revised Technical Specifications
should caver:

(1) Changes to the EFW System;

(2) Plant alignment changes made to ensure control of the EFW
independnt of the ICS;

(3) Addition of the Anticipatory Reactor Trip; and

(4) EFW capacity.
We note that by letter dated April 24, 1979, you have submitted proposed Technical
Specifications for changes in setpoints for high pressure reactor trip and pilot
operated reiief valve actuation.
Also by letter dated May 16, 1979 you have submitted proposed changas to the
Technical Specifications which define limiting conditions of operation upon loss
of EFY equipment.
Within 30 days of receipt of this letter, you should provide us with your schedule

for completion of the long-term modifications described in Section (I of the May 17
Qrder.
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Arkansas Power & Light Company -3-

My finding of satisfactory compliance with the requirements of items (a)
through (e) of paragraph (1) of Section IV of the Order will permit
resumption of operation in accordance with the terms of the Commission's
Order; it in no way affects your duty to continue in effect all of the
above provisions of the Order pending your submission and approval by the

Commission of the Technical Specification changes necessary for each of
the required modifications.

Sincerely,

Sorn ol LA

Harold R. Denton, Director
Office of Nuclear Reactor
Regulation

Enclosure:

Notice of Authorization
to Resume Operation

Safety Evaluation

¢ w/enclosure:

See next page
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Arkansas Power & Light Company

cc w/enclosure(s):
Phillip K. Lyon, Esq.
House, Holms & Jewell
1550 Tower Building
Little Rock, Arkansas 72201
Mr. David C. Trimble

Manager, Licensing

Arkansas Power & Light Company
P. 0. Box 551

Little Rock, Arkansas 72203
Mr. James P. Q'Hanlon
General Manager
Arkansas Nuclear One
P. 0. Box 608
Russellville, Arkansas 72801

Mr. William Johnson

U. S. Nuclear Regulatory Commission
P. 0. Box 2090
Russellville, Arkansas 72801

Mr. Robert B. Borsum

Babcock & Wilcox

Nuclear Power Generation Division
Suite 420, 7735 01d Georgetown Road
Bethesda, Maryland 20014

Troy B. Conner, Jr., Esq.
Conner, Moore & Corber

1747 Pennsylvania Avenue, N.W.
Washington, D.C. 20006

Arkansas Polytechnic College
Russellville, Arkansas 7280

Honorabie Ermil Grant
Acting Cointy Judge of Pope County
Pope Count, Courthouse

Russellville, Arkansas 72801

Director, Technical Assessment
Division
Office of Radiation Programs
(AW-459)
U. S. Environmental Protection Agency
Crystal Mall #2
Arlington, Virginia 20460
U. S. Environmental Protection Agency
Region VI Office
ATTN: EIS COORDINATOR
1201 EIm Street
First International Building
Dallas, Texas 75270

Director, Bureau of Environmental
Health Services
4815 West Markham Street

Little Rock, Arkansas 72201
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UNITED STATES NUCLEAR REGULATORY COMMISSION
ARKANSAS POWER & LIGHT COMPANY
DOCKET NO. 50-313
NOTICE OF AUTHORIZATION TO RESUME OPERATION

The United States Nuclear Regulatory Commission issued an Order on
May 17, 1979 (44 FR 29937, May 23, 1979), to Arkansas Power & Light Company
(the licenseez), holder of Facility Operating License No. DPR-51 for Arkansas
Nuclear COne, Unit No. 1 (ANO-1), confirming that the licensee accomplish a
series of actions, both immediate and long term, to ‘ncrease the capability and
reliability of AND-1 to respond to various transient events. In addition, the
Order confirmed that the licensee would maintain ANO-1 in a shutdown condition
until the following actions had been satisfactorilv completed:
(a) Upgrade of the timeliness and reliability of the Emergency Feedwater
(EFW) System by performing the items specified in Enclosure ) of the
licensee's letter of May 11, 1979, Provide changes in design for

NEC review,

(b) Develop and implement operating procedures for initiating and controlling
EFW independent of Integrated Control System control.

(c) Implement a hard-wired control-grade reactor trip that would be
actuated on loss of main feedwater and/or on turbine trip.

(d) Complete analyses for potential small breaks and develop and implement
operating instructions to define operator action,

(e) Assign at least one Licensed Operator who has had Three Mile Island
Unit No, 2 training on the Babcock & Wilcox simulator to the control
room (one each shift).
By submittal of May 17, 1979, as supplemented by letters dated May 21 and 22, 1979,
the licensee has documented the actions taken in response to the May 17, Order,
Notice is hereby given that the Director of Nuclear Reactor Regulation (the Director)
has reviewed this submittal and has concluded that the licensee has satisfactorily
.completed the actions prescribed in items (a) through (e) of paragraph (1) of

Section IV of the Order, that the specified modifications and analyses are



7590-01

acceptable and the specified implementing procedures are appropriate.
Accordingly, by letter dated May 31, ¥/3 the Director has authorized the
licensee to resume operation of ANO-1, The bases for the Director's conclusions
are more fully set forth in a Safety Evaluation dated May 31, 1979.
Copies of (1) the licensee's letters dated May 17, 21 and 22, 1979, (2) the

Director's letter dated May 31, 1979, and (3) the Safety Evaluation dated
May 31, 1979are available for inspection at the Commission's Public Document Room
at 1717 H Street, N. W., Washington, D. C. 20555, and are being placed in the
Commission's local public document room at the Arkansas Polytechnic College,
Russellville, Arkansas. A copy of items (2) and (3) may be obtained upon
request addressed to the U, S. Nuclear Regulatory Commission, Washington, D. C.
20555, Attention: Director, Division of Operating Reactors.

FOR THE NUCLEAR REGULATORY COMMISSION

Cad A2

Robert W. Reid, Chief
Operating Reactors Branch #4
Division of Operating Reactors

Dated at Bethesda, Maryland
this3istday of May 1979,



» % UNITED STATES
5 by, P " ‘3 NUCLEAR REGULATORY COMMISSION
- N S : WASHINGTON, D. C 20655
°....-* EVALUATION OF LICENSEE'S COMPLIANCE
WITH THE NRC ORDER DATED MAY 17, 1979
ARKANSAS POWER & LIGHT CUNFI#V
~ARKANGAS NUCLEAR ONE ONIT T
e 2
INTRODUCT ION

By order dated May 17, 1979, (the order) the Arkansas Power & Light Company (AP&L or
the licensee) was directed by the NRC to take certain actions with respect to Arkansas
Nuclear One, Unit 1. Prior to this order and as a result of a preliminary review of
the Three Mile Island Unit No. 2 accident, the NRC staff initially identified several
human errors that contributed significantly to the severity of the event. All holders
of operating licenses were subsequently instructed to take a number of immediate
actions to avoid repetition of these errors, in accordance with bulletins issued by
the Commission's Office of Inspection and Enforcement (IE). Subsequently, an addi-
tional bulletin was issued by IE which instructed holders of operating licenses for
B&W designed reactors to take further actions, including immediate changes to decrease
the reactor high pressure trip point and increase the pressurizer power-operated
relief valve (PORV) setting.

The NRC staff identified certain other safety concerns that warranted additional
short-term design and procedural changes at operating facilities having B&W designed
reactors. Those were identified as items (a) through (e) in page 1-7 of the Office of
Nuclear Reactor Regulation Status Report to the Commission on April 25, 1979. After a
series of discussions between the NRC staff and the licensee concerning possible
design modifications and changes in operating procedures, the licensee agreed in a
letter dated May 11, 1979 to perform promptly certain actions. The Commission found
that operation of the plant should not be resumed or continued on an indefinite basis
untii actions described in paragraphs (a) through (e) of paragraph (1) of Section IV
of the order were satisfactorily completed.

Our evaluation of the licensee's compliance with items (a) through (e) of parigraph (1)
of Section IV of the order is given below. In performing this evaluation we iave
utilized additional information provided by the licensee on May 11, 16, 17, 21, 22,

23, 24, and 29, 1979 and numerous discussions with the licensee's staff. Confirmation
of design and procedure changes was made by members of the NRC staff at the ANO-1

site. An audit of the ANO-1 reactor operators was also performed by the NRC staff to
assure that the design and procedure changes were understood and were being correctly
implemented by the operators.

EVALUATION
[tem a

It was ordered that the licensee take the following action;
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"Upgrade of the timelinvss and reliability of the EFW system by performing the
items specified in Enclosure 1 of the licensee's letter of May 11, 1979."

The ANO-1 design has one turbine-driven emergency feedwater (EFW) pump that is automa-
tically actuated and controlled independent of offsite power, and one motor-driven EFW
pump that must be manually transferred to a vital AC bus if offsite power is lost. By
reference above to Enclosure (1) of the licensee's letter of May 11, 1979, it was
ordered that the licensee,;

"1. Review procedures, revise as necessary and conduct training to ensure timely
and proper starting of motor driven emergency feedwater (EFW) pump from an
engineered safeguards bus upon loss of offsite power. Conduct a test of the
manual startup of the motor driven EFW pump from a vital AC power supply.”

Tests were conducted by the licensee and witnessed by a member of the NRC staff. The
test described in Item 1 above was conducted four times. During the conduct of the
first test to transfer to a vital AC power supply, a breakdown in communication be-
tween the two operators r.rforming the test resulted in a skipped step in the test
procedure. A second test was then successfully performed in less than five minutes.
However, the NRC staff subsequently required that the licensee repeat the test a third
time, using the actual procedure available in the control room instead of the test
procedure. This control room procedure was reviewed and modified at our request prior
to the third test which was conducted subsequent to the addition of automatic start
circuitry described in Part 6. The results of this third test were incomplete due to
a feature built into the new automatic start design of the motor-operated EFW pump
which required an additional manual switching operation not previously included in the
emergency procedure. The procedure was again revised and the fourth test conducted
satisfactorily within five minutes. Subsequently, the design of the automatic start
circuitry was modified so as to not require this additional manual switching operation,
and the procedure was changed accordingly. Members of the NRC staff on site have
verified that the control room operators are properly trained to carry out this
revised procedure. The licensee has also agreed to have two operators stationed in
the control room at all times until the electric driven EFW pump is permanently
connected to vital power. Since the time frame of five minutes is weli within the
allowable delay of 20 minutes indicated by the generic B&W analyses discussed in

Item (d), we conclude that the licensee has complied with the requirement for
demonstrating manual startup of the motor-driven EFW pump from a vital AC power
supply.

It was also ordered that;

"2. To assure that EFW be aligned in a timely manner to inject on all EFW demand
events when in the surveillance test mode, procedures will be implemented
and training conducted to provide an operator at the necessary valves in
communication with the control room during the surveillance mode to carry
out the valve alignment changes upon EFW demand events."

The ANO-1 staff has revised OP 1106.06 "Emergency Feedwater Pump Operation."
Supplements I and II provide procedures for conducting the Electric and Steam Driven



Emergency Feedwater Pump surveillance test, respectively. The NRC staff has reviewed
these procedures which require in part; "Operator shall remain in area for duration of
test in communication with the control room to align system in the event of an EFW
demand." The NRC staff has also determined that training of operators in use of this
procedure has been conducted and is adequate. Subject to confirmation by a member of
the NRC staff that noise levels in this area during plant operation are conducive to
c:nmun;cations with the control room, we conclude that the licensee has complied with
the order

It was also ordered that the licensee;

"3. Write and implement procedures for the manual initiation and control of the
EFW System following failure of the Integrated Control System."

The licensee has revised OP 1106.06 (Emergency Feedwater Pump Operation) and this
procedure has been reviewed Ly the NRC staff. This procedure provides operator guid-
ance concerning manual initiation and control of “he EFW System following failure of
the Integrated Control System.

The procedures were reviewed by the NRC staff to assure that feedwater from both the
motor-driven pump and the steam-driven pump would be available in a timely manner.

The procedures provide for verification of pump start, either automatic or manual. If
offsita power is not available to the motor-driven pump, EP 1202.05 (Degraded Power)
provides operator guidance to provide diesel generator power for this pump. If manual
intervention to control cooldown rate is required, procedures provide for initiation
and control of emergency feedwater flow through the bypass valves. These procedures
would be implemented by the operator in the event of failure of the Intagrated Control
System. Specific procedural steps provide for:

- Startup of the electric driven EFW pump (including procedures to provide power
supply from the diesel generator, if normal offsite power is not available).

- Startup of the steam driven EFW pump by opening the steam supply valves.
. Closing the ICS-controlled EFW valves (using the control room handswitch).

- Opening, and modulating as necessary, the emergency feedwater bypass valves to
control EFW to the steam generator (using their control room handswitches).

> Verifying system operation by observation of EFW flow, EFW pump discharge pressure,
steam generator pressure, and steam generator level.

We have reviewed these revised procedures for manual initiation and control of the EFW
system and conclude that there is sufficient guidance to the operator to perform these
actions to control and maintain level in the steam generators to specified values.

In addition, the NRC staff required that a test be conducted to demonstrate the

capability to provide and control emergency flow to the steam generators. The
licensee has committed to perform a test at low power operation (10-15%) during power
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ascension. The primary objective of the test will be to further verify the capability
to manually control steam generator level independent of ICS. A member of the NRC
staff at the ANO-1 site will witness the test and will verify acceptance prior to
proceding to full power operation. Subject to the successful completion of this test,
we conclude that the licensee has complied with this portion of the order.

It was also ordered that;

"4, The EFW pumps will be verified operable in accordance with the ANO-1 Technical
Specifications and Surveillance Procedures."

The ANO-1 Technical Specifications provide for EFW surveillance and limiting condi-
tions of operation. Consistent with the cover letter for this evaluation, the NRC
staff will receive from the licensee within seven days revised proposed Technical
Specifications with regard to design and procedural changes.

It was also ordered that the licensee;

"S., Review and revise, as necessary, the procedures and conduct training for
providing alternate sourres of water to the suction of the EFW pumps."

The means available to alert the operator to perform the manual transfer of EFW from
the condensate storage tank (CST) to the service water system consists of an alarm in
the control room which annunciates on low EFW pump suction pressure. The licensee has
an additional annunciation in the control room on low level in the condensate storage
tank. This new feature allows direct contrnl room annunciation that is redundant to
the existing low suction pressure switch annunciation. The NRC staff reviewed procedure
0P 1106.06 "Emergency FW Pump Operation” and requested revision of the guidance to the
operator for providing alternate sources of water to tne suction of the EFW pumps.

The revision has been made to provide additional guidance to the operater for alternate
means of verifying low level in the condensate storage tank. The NRC staff at the

site has verified that the control room operators are properly trained to carry out
these procedures. We conclude that the licensee has complied with the requirements to
review and revise procedures and has conducted cperations personnel training for
providing alternate sources of water,

It was also ordered that;

“6. In the event emergency feedwater is necessary and offsite power is available,
an auto start signal will be provided to the motor driven emergency feedwater
pump. "

The licensee has installed an automatic start of the motor-operated EFW pump on loss
of all RC pumps or loss of both main feedwater pumps. Relay contacts associated with
existing relays within the integrated control system cabinet, additional relays and
contacts, and wiring are arranged in the final actuation control circuitry for the
motor-driven emergency feedwater pump such that, if offsite power is available, the
motor is provided a signal to start automatically. Further, manual capability to
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initiate and/or override this automatic circuitry is inciuded in the design. In
addition, annunciation within the control room has been provided whenever this pump is
started by the automatic circuitry.

Based on our review of this aspect of the design, we conclude that it is in accordance
with the order.

[t was also ordered that;

“7. Procedures will be developed and implemented and training conducted to
provide guidance for timely operator verification of any automatic initia-
tion of EFW."

The licensee has revised procedure OP 1106.06 (Emergency Feedwater Pump Operaticn) to
provide specific operator guidance as to the methods for confirming automatic initia-
tion of EFW. This includes:

- Verification that pump discharge pressure is greater than 0TSG pressure.

- Verification of feedwater flow (on the flow indicator installed pursuant to
Part 9, below).

. Observation of steam generator levels.

Emergency procedures for plant transients requiring initiation of emergency feedwater
(such as loss of normal feedwater or loss of reactor coolant flow) require the operator
to verify the initiation of emergency feedwater. Additionally, the operator is required
to observe alternate instrumentation channels to provide further assurance. The NRC
staff has confirmed that control room operators are properly trained to carry out

these procedures.

It was also ordered that;

“8. Verification that Technical Specification requirements for EFW capacity are
in accordance with the accident analysis will be conducted.”

The licensee has stated that a minimum flow of 550 gpm is required to support the
accident analyses. Low power testing will substantiate the availability of at least
this flow capacity by each EFW train (see Part 3). Consistent with the cover letter
to this evaluation, we will require submittal of a Technical Specification change
concerning EFW capacity. This change will be a limiting condition of reactor opera-
tion in the event the minimum allowable value assumed in the accident analysis is not
met, ard will provide for periodic surveillance.

It was also ordered that;

"9, Modifications will be made to provide verification in the control room of
EFW flow to each steam generator."
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To verify that emergency feedwater is peing pumped to the steam generators, the licensee
is providing two orificc plates and differential pressure sensing equipment. These

flow devices will be installed on each of the EFW injection flow paths downstream of

the crossover line, so that flow to each steam generator will be measured. The output
of the differential pressure transmitter will be displayed in the control room,
indicated in gallons-per-minute.

A verification test will be performed to assure performance of this design modifi-
cation. This will be performed as part of the test described in Part (3) in this

report. The test procedure has been reviewed by the NRC staff and verified as
acceptable.

It was also ordered that the licensee;

"10. Provide a means of notification to the control room that the EFW system has

auto started. This notification can be provided from a temporary modifica-
tion or a dedicated operator."

As described in Part 7, above, the control room operator can determine the initiation
of emergency feed by observation of pump discharge pressure (as comparea to steam
generator pressure), emergency feed flow, and steam generator level. In addition,
annunciation has been provided in the control room whenever either pump is automa-

tically startea. Based on our review of this design, we conclude that it is in
accordance with the order.

I[tem b

It was ordered that the licensee;

“Develop and implement operating procedures for initiating and controlling EFW
independent of Integrated Control System (ICS) control."

Several components in each EFW train are provided with an automatic initiation signal.
Four components in one train are one steam-driven pump controller, one motor-operated
valve located at the discharge of this pump, and two motor-operated valves associated
with the steam supply for this turbine-driven pump. Two components for the other EFW
train are the motor-driven pump and one motor-operated valve at the pump discharge.
Although the automatic actuation signal is provided by common circuitry within the
integrated control system cabinet, provisions exist to manually control these com-
ponents from the control room. This manual provision provides overriding control of
the automatic signal (from the Integrated Control System cabinet). We conclude that
manual means exist in the design whereby the operator can initiate and contro! emer

gency feedwater following failure of the Integrated Contrel System automatic initia-
tion circuitry.

We have reviewed the revised procedures for the emergency feedwater system to assure
that there is sufficient guidance to the operator to actuate the system if the autcmatic
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initiation failed and to control the steam generator level to specified valuss. The
review of the procedures focused on whether the operator was directed to observe the
proper instruments and whether the operator was given specific values of parameters,
such as steam generator level, to maintain by operating controls. The review also
determined that the operator should confirm the validity of the instrument readings of
wertain key parameters such as steam generator level. The necessary modifications to
the procedures to satisfy these determinations were presented to the licensee, and the
NRC staff has verified that the modifications have been incorporated in the procedures.
(See further discussion of these procedures and test requirements in Part 3 of [tem

a).

The NRC staff at the ANO-1 site walked through the emergency feedwater procedures with
ANO-1 operators to evaluate whether the procedures were functionally adequate. In
addition, the NRC staff audited a sample of ANO-1 operators to determine if they were
familiar with the revised procedures and could implement them correctly. B8ased on the
NRC staff audit, we conclude that the revised procedures and operator training are
satisfactory.

Item c
The order requires that the licensee;

“Implement a hard-wired control-grade reactor trip that would be actuated on loss
of main feedwater and/or on turbine trip."

The Arkansas Nuclear One Unit 1 original design did not have a direct reactor trip
from a malfunction in tha secondary system (loss of main feedwats nd/or turbine
trip). To obtain an earlier reactor trip (rather than delaying trip until an
operator took action or until a primary system parameter exceeded s trip setpoint),
the licensee committed to install a hardwired control grade reactcr trip on the loss
of all main feedwater and/or on turbine trip (letter from William Cavanaugh [II (AP&L)
to H. Denton (NRC) dated May 11, 1979).

The purpose of this anticipatory trip is to minimize the potential for opening of the
power-operated relief valve (PORV) and/or the safety valves on the pressurizer. The
licensee has indicated that this new circuitry meets this objective by providing a
reactor trip during the incipient stage of the related transients (turbinz trip and/or
loss of main feedwater).

AP&L has added control grade circuitry to ANO-1 which is designed to provide an automa-
tic reactor trip when either the main turbine trips or both of the two main feedwater
pumps trip. The main turbine trip is sensed by a normally de-energized auxiliary
relay associated with the main turbine Electro-Hydraulic master trip circuitry. The
power for this circuitry is provided from a Class 1E 125 volt direct current bus by
way of a 125 volt distribution panel. A contact from this auxiliary relay is arranged
into a 118 volt alternating current circuit containing a normally de-energized relay.
This alternating current relay is physically located within the Integrated Control
System cabinet and is provided power from the associated Integrated Control System
power supply. A contact from this alternating current relay is arranged into a
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normally energized 24 volt direct current circuit containing two additional relays.
This 24 volt power supply is derived within the [ntegrated Control System cabinet. To
open each of the breakers and trip the reactor, two associated direct current relays
provide four contact closures to energize two direct current shunt coils (two contact
closures per shunt trip coil and one shunt trip coil for each of the two reactor trip
alternating current circuit breakers). Power is provided to the shunt trip coils from
Class 1E 125 volt direct current buses.

The main feedwater pump trip is sensed by two normally de-energized auxiliary relays
associated with the main feedwater pumps master trip circuitry (one relay associated
with each of the two main feedwater pumps). The remaining circuitry associated with
this trip is identical to that described above for the turbine trip including power
supplies, with the exception that two corresponding relays and contacts are provided.
Also, the two associated contacts (these contacts are arranged in parallel) within the
24 volt direct current circuit are in series with the associated turbine trip contact.

Provisions have been included to automatically bypass and re-instate these additional
trips at low power to allow a normal startup and shutdown. Operator verification of
the bypass removal is required procedurally during power escalation. The NRC staff at
the ANO-1 site audited a sample of ANO-1 operators and concluded that they were familar
with the functions of these trips and associated procedural requirements.

The licensee has analyzed this additional circuitry with respect to its independence
from the existing reactor trip system. The licensee has stated that the shunt coil is
part of the existing AC reactor trip breaker. However, it is separate and operates
independently from the 120 volt altarnating current undervoltage trip coil of the
associated breaker. The reactor trip safety-grade signal de-energizes the 120 volt
alternating current undervoltage coil to produce a trip of the associated alternating
current breaker.

Based on our review of the implementation of the trip circuitry with respect to its
independence from the existing trip circuitry, we conclude that this addition wiil not
degrade the existing reactor protection system design. The licensee has installed and
completed checkout of the trip circuitry.

The licensea has committed to perform a monthly periodic test on the added circuitry
to demonstrate its ability to open the AC circuit breakers (tripping the AC breakers
via the shunt trip circuit). Additicnally, tha licensee has committed to perform a
more complete test of this additional circuitry whenever the reactor is brought to a
hot shutdown condition as the result of a normal outage or reactor trip (but not more
frequently than once per 31 days). We conclude that there is reasonabla assurance
that the additional circuitry will perform its function. Accordingly, on the basis of
the above, we conclude that this additional circuitey is in accordance with the
requiraments of item (c) of the order.



Item d

This item in the order requires the licensee to:

“Complete analyses for potential small breaks and implement operating instruc-
tions to define operator action.”

By letter from William Cavanaugh III (AP&L) to H. Denton (NRC) dated May 11, 1979, the
licensee committed to providing the analyses and operating procedures of this requirement.

Babcock and Wilcox, the reactor vendor for the ANO-1 plant, submitted an analysis
entitled, "Evaluation of Transient Behavior and Small Reactor Coolant System Breaks in
the 177 Fuel Assembly Plant” and supplements to these analyses (References 1 through
6). The major parameters used in this generic study, with the exception of emergency
feedwater flow, conservatively bound the ANO-1 plant. An additional analysis assuming
a bounding value for emergency feedwater flow was subsequently submitted (Reference
£). In a letter dated May 16, and 22, 1979, AP&L has referenced these analyses as
appropriate for ANO-1. The staff evaluation of the B&W generic study has been com-
pleted and the results of the evaluation will be issued as a NUREG report in June 1979.

A principal finding of our generic review is a reconfirmation that Loss-of-Coolant
Accident (LOCA) analyses of breaks at the lower end of the small break spectrum
(smaller than 0.04 sg. ft.) demonstrate that a combination of heat removal by the
steam generators, high pressure in’action system and operator action ensure adequate
core cooling. The emergency feedwater system used to remove heat through the steam
generators has been modified to enhance its reliability as discussed in item (a). The
high pressure injection system is capable of providing emergency core cooling even at
the safety valve pressure setpoint. Reactor core uncovery is not predicted for these
events. The calculated peak cladding temperature was less than 800°F, well below the
10 CFR 50.46 requirement of 2200°F. The ability to remove heat via the steam gener-
ators has always been recognized to be an important consideration when analyzing very
small breaks. Sensitivity analyses were performed with acceptable results assuming
permanent loss of all feedwater (with operator initiation of the high pressure in-
jection system at 20 minutes) and loss of feedwater for only the first 20 minutes of
the accident. These results are appropriate for ANO-1 considering the ability to
manually start the EFW pumps within 20 minutes as discussed under item (a) and (b) of
this evaluation, assuming failure of automatic EFW actuation.

Another aspect of the studies was the assessment of recent design changes on the lift
frequency of pressurizer safety and relief valves. The design changes included change
in the setpoint of the pressurizer power-operated relief valve (PORV) from 2255 psi to
2450 psi, change in the high pressure reactor trip setpoint from 2355 psi to 2300 psi
and the installation of anticipatory reactor trips on turbine trip and on loss of
feedwater. In the past, during turbine trip and loss of feedwater transients the PORV
was lifted. With the new design these transients do not result in lifting of this
valve. However, lifting of both PORV and safety valves might occur in case of rod
withdrawal and inadvertant boron dilution transients, using the normally conservative
assumptions found in the Chapter 15 safety analysis. The above design changes did not
effect the 1ift freguency of the valves for these Charter 15 safety analyses.



Based on our review of the small break analyses presented by B8&w, the staff has deter-
mined that a loss of all main feedwater with (a) an isolated PORV, but safety valves
opening and closing as designed, or (b) a stuck open PORV consequentially does not
result in core uncovery, provided either EFW or 2 - | pumps are initiated within 20
minutes. Based on the acceptable consequences calculated for small break LOCAs and
loss of all main feedwater events and the expected reliability of the EFW and high
pressure injection systems, we conclude that the licensee has complied with the ana
lysis portion of paragraph (1)(d) of the Order.

To support longer term operation of the facility, requirements will be devc:loped for
additional and more detailed analyses of loss of feedwater and other antici ated
transients. More detailed analysis of small break LOCA events are also needed for
this purpose. Accordingly, the licensee will be required to provide the analyses
discussed in Sections 8.4.1 and 8.4.2 of the recent NRC Staff Report of the Generic
Assessment of Feedwater Transients in Pressurized Water Reactors Designed by the
Babcock and Wilcox Company (NUREG 0560). Further details on these analyses and their
applicability to other PWRs and BWRs will be specified by the staff in the near fu-
ture. In addition, to assist the staff in developing more detailed guidance on design
requirements of relief and safety valve reliability during anticipated transients, as
discussed in Section 8.4.6 of the NUREG report, the licensee will be reguired to
provide analyses of the mechanical reliability of the pressurizer relief and safety
valves of the ANO-1 facility.

The B&W analyses show that some operator action, both immediate and followup, is
required under certain circumstances for a small break accident. Immediate operator
action is defined as those acticns committed to memory by the operators which are
n--essary to take as soon as the problem is diagnosed. Tc perform followup actions,
operators must consult and follow instructions in written and approved procedures.
These procedures must always be readily available in the control room “or the opera-
tors use. Guidelines were developed by B&W to assist the operating B&w faci'ities to
develop emergency procedures for the small break accident.

The Operating Guidelines for Small Breaks were issued by B&W on May 5, 1979 and rev
iewed by the NRC staff. Revisions recommended by the staff were incorporated in the
guidelines. In response to these guidelines, the licensee made substantial revisions
to EP 1202.06 (Loss of Reactor Coolant/RC Pressure), EP1202.14 (Loss of Reactor Coolant
Flow=RCP Trip), EP 1202.26 (Loss of Steam Generator Feed), EP 1202.23 (Steam Generator
Tube Rupture), and EP 1202.05 (Degraded Power). These emergency procedures define the
required operator action in response to a spectrum of break sizes for a loss-of-coolant
accident in conjunction with various equipment availability and failures.

The procedure dealing with loss-of-reactor coolant (EP 1202.06) is divided into three
sections. The first deals with a rupture well in excess of the capability of the high
pressure injection pumps (a large break in which the system depressurizes to the point
of low pressure injection). An automatic reactor trip is assumec. The second section
of this procedure assumes the small break is within the capacity of the high pressure
injection system and the reactor may not automatically tri,. The third section assumes
reactor coolant system leakage within the capacity of a single makeup pump and no
automatic reactor trip. A separate procedure (EP 1202.23) provides guidance to the
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operator in the event of a steam generator tube rupture. In all cases dealing with a
small break, the operator actions are aimed at achieving a safe cold shutdown in
accordance with the normal cooldown procedure.

As indicated above, cther procedures provide guidance to the operators for dealing
with small breaks in the event of a degraded condition (such as a loss-of-feedwater
and/or loss of reactor coolant pumps). These procedures are EP 1202.05, EP 1202.14,
and EP1202.26. If all feedwater is lost, a heat removal path is established from the
high pressure injection system through the break and the pressurizer power-operated
relief valve or the safety valves. O(nce feedwater is reestablished, the steam genera-
tors can be used as a heat sink. [f the reactor coolant pumps are not available, the
operator is directed to establish and verify natural circulation. Additional guidance
is provided if natural circulation is not immediately achieved. If normal power to
the motor-driven emergency feed pump is lost, guidance is provided to the operator to
power this pump from the diesel generator.

For all cases in which high pressure injection is manually or automatically initiated,
the operators are specifically instructed to maintain maximum HPI flow unless two
criteria are met. These criteria are:

P LPI has been operating for greater than 20 minutes with flow rates in excess
of 2650 gpm per train, or greater than 3100 gpm with one train operating.

L All hot and cold leg temperatures are at Teast 50 degrees below the saturation
temperature for the existing RCS pressure. If the 50 degrees subcooling cannot
be maintained after HPI cutoff, the HPI shall be reactuated.

The requirement to determine and maintain 50°F subcooling has been incorporated in all
other procedures in which HPI has been manually or automatically initiated. These
procedures include, Steam Supply System Rupture, Steam Generator Tube Rupture, Loss of
Reactor Coolant Flow and Loss of Steam Generator Feedwater. Each of these procedures,
in addition to the Loss of Reactor Coolant procedure, provide additional instrul.ions
to the operators in the event of faulty or misleading indications. A subsequent
action statement directs the operators to check alternate instrumentation channels to
confirm the key parameter readings. The ANO-1 staff have made revisions to all of
these emergency procedures to inc, ..e this requirement. Also, the licensee has pro-
vided for computer readcut of 16 thermocouple indications of core exit temperatures
available to the operator in the control room. The licensee further committed to
installation of an additional 16 thermocouplies to be available before October 31,
1979. The staff has reviewed the additional information to be gained with regard to
providing additional verification of reactor coolant system temperature and finds the
modifications acceptable.

The Loss of Reactor Coolant procedure was reviewed by the NRC staff to determine its
conformance with the B&W guidelines. Comments generated as a result of this review
were incorporated in a further revision to the procedure. A member of the NRC staff



walked through this emergency procedure in the ANC-1 control room. The procedure -as
judged to provide adequate guidance to the operators to cope with a small break loss
of coolant accident. The instrumentation necessary to diagnose the break, the indica-
tions and controls required by the action statements, and the administrative controls
which prevent unacceptable 1imits from being exceeded are readily available to the
operators. We conclude that the operators should be able to use this procedure to
bring the plant to a safe shutdown conditios in the event of a small break accident.

An audit of nine of the 27 licensed operators and senior operators was conducted by
the NRC staff to determine the operators' understanding of the small break accident,
including huw they are required to diagnose and respond to it. The ANO-1 staff has
conducted special training sessions for the operators on the concept of and use of
emergency procedure 1202.06. The operators were found to have sufficient knowledge of
the small break phenomenon and the general regquirements of the emergency procedure.
Each licensed individual will also receive additional training on the approved pro-
cedure prior to power operation.

The audit of the operators also included questioning about the TMI-2 incident and the
resulting design changes made at ANO-1. The discussions covered the initiating events
of the incident, the response of the plant to the simultaneous loss of feedwater and
smal) break LOCA (PORV stuck open), and the operational actions that were taken during
the course of the incident. We found their level of understanding sufficient to be
able to respond to a similar situation if it happened at ANO-1. We also concluded
that they have adequate knowledge of subcooling and saturated conditions and are able
to recognize each condition in the primary coolant system by various methods. The
emergency feedwater system was also discussed during the audit tc determine the opera-
tors' ability to assure proper starting and operation of the system during normal
conditions, as well as during adverse conditions such as loss of offsite power or loss
of normal feedwater. The long term operation of the system was examined to evaluate
the operaters' ability to use available manual controls and water supplies. The level
of understanding was found to be sufficient to assure proper short and long term
emergency feedwater flow tc the steam generators.

The licensed operators and senior operators have received training concerning the
TMI-2 accident, small break LOCA recognition, design modifications, and procedure
changes. To determine the effectiveness of this training program a written exam was
administered to all licensed personnel by the licensee. Individuals scoring less than
90 percent on the exam will receive additional training and will not assume licensed
duties until a score of at least 9Q percent is attained on an equivalent, but dif-
ferent exam. Arkansas Power and Light also contracted with B&W and NUS Corporation to
conduct audits to determine the effectiveness of the training program. The HRC staff
also conducted audits which were judged satisfactory with some deficiencies noted to
the ANO-1 staff. The ANO-1 staff will use the results of these audits and any generic
weaknes: 3s discovered on the written exams in their developmeni of future training and
requalification programs. The NRC staff will review all results and records as part
of the normal inspection function of the ANO-1 regualification program. we conclude
that there is adequate assurance that the operators at ANO-1 have and will continue to
receive a sufficient level of training concerning the TMI-2 accident.
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Based on the foregoing evaluation, we conclude that the licensee has complied with the
requirements of item (d) of Paragraph (1) of the order.

[tem e
The order required that;

"At least one Licensed Operator who has had TMI-2 training on the B&W simulator
will be assigned to the control room (one each shift)."

The licensee has confirmed that all reactor operators and senior opei itors have com-
pleted the TMI-2 simulator training at BAW as required by the Order. This training
consisted of a class discussion of the TMI-2 event and a demonstration of the event on
the simula.or as it occurred and how it should have been controlied. The class dis-
cussion was adout one hour long and the remainder of the four hour session was
conducted on the simulator. The TMI-2 event, including operationai errors, was
demo’.strated to each operator. The event was again initiated and the operators were
given "hands-on" experience in successfully regaining control of the plant by several
methods. Other transients which resulted in depressurization and saturation condi-
tions were presented to the operators in which they maneuvered the plant to a stable,
subcooled condition,

CONCLUSION

we conclude that the actions described above fulfill the requirements of our Order of
May 17, 1979 in regard to Paragraph (1) of Section IV. The licensee having met the
requirements of Paragraph (1) may restart ANO-1 as provided by Paragraph 2.

Paragraph 3 of Section IV of the Order remains in force until the long term modifica-
tions set forth in Section II of the Order are completed and approved by the NRC.

Dated: May 31, 1979
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Mr. Lowell E. Roe

Vice President, Facilities Development
Toledo Edison Company

tdison Plaza

300 Madison Avenue

Toledo, Ohio 43652

vear Mr. Roe:

By Order of May 16, 1979, the Commission confirmed your undertaking a series
of actions, both immediate and long-term, to increase the capab111ty and
reliability of the Davis-Besse Nuclear Power Station, Unit No. 1 to respond
to various transient events. In addition, the Order confirmed that you would
maintain the plant in a shutdown conditicn until the fellowing actions had
been satisfactorily completed:

(a) Review all aspects of the safety grade auxiliary feedwater system
to further upgrade components for added reliability and performance.
Present modifications will include the addition of dynamic braking con
the auxiliary feedpump turbine speed changer and provision of means
for control room verification of the auxiliary feedwater flow to the
steam gererators. This means of verificction will be provided for
one steam generator prior to startup from the present maintenance
outage and for the other steam generator as soon as vendor-supplied
equipment is available (estimated date is June 1, 1979). In addition,
the licensees will review and verify the adequacy of the auxiliary
feedwater system capacity.

(b) Revise operating procedures as necessary to eliminate the option of
using the Integrated Control System as a backup means for controlling
auxiliary feedwater flow.

(c) Implement a hard-wired control-grade reactor trip that would be actuated
on loss of main feedwater and/or turbine trip.

(d) Complete analyses for potential small breaks and develop and implement
operating instructions to define operator action.

(e) A1l licensed reactor operators and senior reactor operators will have
completed the Three Mile Island Unit No. 2 simulator training at B&W.

D-22



m

x

Q

m
'

n
'

fr. Lowell

(f) Submit a reevaluation of the TECO analysis of the need for automatic
or administrative control of steam generator level setpoints during
auxiliary feedwater system operation, previously submitted by TECO
letter of December 22, 1978, in light of the Three Mile Island Unit
No. 2 incident.

(g) Submit a review of the previous TECO evaluation of the September 24,
1977 event involving equipment problems and depressurization of the
primary system at Davis-Besse 1 in light of the Three Mile Island
Unit No. 2 incident,

By your letters dated April 27 and May 4, 1979 and supplemented by sixteen
letters dated May 11, 18, 19, 22(2), 23(2), 26(2), 29 and June 15(2), 18,
21, 23 and 25, 1979, you have documented the actions taken in response to
the May 16 Order. We have reviewed this submittal, and are satisfied that,
with respect to Davis-Besse, Unit 1, you have satisfactorily completed the
actions prescribed in items (a) through (g) of paragraph (1) of Section IV
of the Order, the specified analyses are acceptable, and the specified
implementing procedures are appropriate. The bases for these conclusions
are set forth in the enclosed Safety Evaluation.

Appropriate Technical Specifications for Limiting Conditions for Operation
and for surveillance requirements should be developed as soon as practicable
and provided to the staff within seven days with regard to the design and
procedural changes which have been completed in compliance with the provisions
of the May 16, 1979 Commission Order. The revised Technical Specifications
should cover:

(1) Addition of flow rate indication for the auxiliary feedwater system;
(2) Addition of the anticipatory reactor trips; and

(3) Changes in set points for high pressure reactor trip and PORV
actuation.

Within 30 days of receipt of this letter, you should provide us with your
schedule for completion of the long-term modifications described in Section
II of the May 16 Order.

My finding of satisfactory compliance with the requirements of items (a)

through (g) of paragraph (1) of Section IV of the Order will permit resumption
of operation in accordance with the terms of the Commission's Order; it in

D-23



Mr. Lowell E. Roe -

(9%
1

no way affects your duty to continue in effect .~ L/ the above provisions
of the Order pending your submission and approval by the Commission of the
Technical Specification changes necessary for each of the required

modifications.
Sincerel:, é :
Harold R. Denton, Director
Office of Nuclear Reactor Reaulation
Enclosures:
1. Safety Evaluation
2. Notice
cc w/encls:

See next page
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Toledo Edison Company

cc w/enclosure(s):

Mr. Donald H. Hauser, Esq.

The Cleveland Electric
I11uminating Company

P. 0. Box 5000

Cleveland, Ohio 44101

Gerald Charnoff, Esq.

Shaw, Pittman, Potts
and Trowbridage

1800 M Street, N.W.

Washington, D.C. 20036

Leslie Henry, Esq.

Fuller, Seney, Henry and Hodge
300 Madison Avenue

Toledo, Ohio 43604

Mr. Robert B. Borsum

Babcock & Wilcox

Nuclear Power Generation Division
Suite 420, 7735 01d Georgetown Road
Bethesda, Maryland 20014

Ida Rupp Public Library
310 Madison Street
Port Clinton,0Ohio 43452
President, Board of County

Commissioners of Ottawa County
Port Clinton, Ohio 43452

Attorney General
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30 East Broad Street
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Harold Kahn, Staff Scientist
Power Siting Commission

361 East Broad Street
Columbus, Ohio 43216
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July 6, 1979

EVALUATION OF LICENSEE'S COMPLIANCE

WITH THE NRC ORDER DATED MAY 16, 1979

TOLEDO EDISON COMPANY AND
THE CLEVELAND ELECTRIC ILLUMINATING COMPANY

DAVIS-BESSE NUCLEAR POWER STATION, UNIT No. |

DOCKET NO. 50-346

INTRODUCTION

By Order dated May 16, 1979, (the Order) the Toledo Edison Company and the
Cleveland Electric Illuminating Company (TECO or the licensee) were directed
by the NRC to take certain actions with respect to Davis-Besse Nuclear Power
Station, Unit 1 (DB-1). Prior to this Order and as a result of a preliminary
review of the Three Mile Island, Unit No. 2 (TMI-2) accident, the NRC staff
initially identified several human errors that contributed significantly to
the severity of the event. All holders of operating licenses were subsequently
instructed to take a number of immediate actions to avoid repetition of these
errors, in accordance with bulletins issued by the Commission's Office of
Inspection and Enforcement (IE). Subsequently, an additional bulletin was
issued by IE which instructed holders of operating licenses for Babcock &
Wilcox (B&W) designed reactors to take further actions, including immediate
changes to decrease the reactor high pressure trip point and increase the

pressurizer power-operated relief valve (PORV) setting.*

*[IE Bulletins Nos. 79-05 (April 1, 1979), 79-05A (April 5, 1979), and
79-05B (April 21, 1979) apply to all B&W facilities. ]
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The NRC staff identified certain other safety concerns that warranted addi-
tional short-term design and procedural changes at operating facilities having
B&W designed reactors. Those were identified as items (a) through (e) on

page 1-7 of the "Office of Nuclear Reactor Regulation Status Report to the
Commission" dated April 25, 1979. After a series of discussions between the
NRC staff and the licensee concerning possible design modifications and
changes in operating procedures, the licensee agreed, in letters dated

April 27, 1979 and May 4, 1973, to perforimn promptly certain actions. The
Commission found that operation of the plant should not be resumed until the

actions described in Items (a) through (g) of paragraph (1) of Section IV of

the Order are satisfactorily completed.

Qur evaluation of the licensee's compiiance with items (a) through (g) of
paragraph (1) of Section IV of the Order is given below. In performing this
evaluation we have utilized additional information provided by the licensee in
letters dated May 11, 18, 19, 22 (2), 23 (2), 26 (2), 29 and June 15 (2), 18,
21, 23 and 25, 1979 and numerous discussions with the licensee's staff.
Confirmation of design and procedural changes was made by members of the NRC
staff at the DB-1 site. An audit of the training and performance of the D8-1
reactor operators was also performed by the NRC staff to assure that the
design and procedural changes were understood and were being correctly

implemented by the operators.
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EVALUATION

It was ordered that the licensee take the following action:

“"Review all aspects of the safety grade auxiliary feedwater system to
further upgrade components for added reliability and performance. Present
modifications will include the addition of dynamic braking on the auxiliary
feedpump turbine speed changer and provision of means for control room
verification of the aux. iary feedwater flow to the steam generators.

This means of verification will be provided for one steam generator prior
to startup from the present maintenance outage and for the other steam
generator as soon as vendor-supplied equipment is available (estimated

date is June 1, 1979). In addition, the . ‘censees will review and verify

the adequacy of the auxiliary feedwater system capacity."

The auxiliary feedwater (AFW) system at DB-1 consists of two safety-grade AFW
pumps capable of being actuated and controlled by safety-grade signals that
ensure the availability of feedwater to at least one steam generator, under

the assumed conditions of a single failure. In addition, the capability to
manually actuate and control AFW is available in the control room. The sources
of water include two condensate storage tanks (CST), the service water system
and the fire protection system. The CSTs provide the normal supply (non-safety-

grade) and the service water system is used as a backup safety-grade supply.
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A low level in either CST is alarmed to the operator and a continuous level
is displayed inside the control room. Low pressure switches on the AFW pump
suction provide safety-grade signals to automatically shift suction for the
pump from the CSTs to the backup service water supply. Additionally, the
operator could also manually transfer the AFW suction to the fire water

storage tank (FWST) in the fire protection system.

Both steam-driven auxiliary feedwater pump turbines at DB-1 are provided with
a governor used for variable pump speed control. The governor is equipped
with a small DC motor which changes the speed setpoint on the turbine contro)
valve, thereby controlling steam flow which regulates the turbine and pump
speed. This DC motor receives "raise-and-lower" pulses from the ,afety-grade
steam generator level control system or the manual control switches (located
in the control room), which change the turbine speed as required. Pulse
length is automatically increased the further steam generator level deviates
from its setpoint. These changes in pump speed alter the AFW flow and thus

control the water level in the steam generators.

A "dynamic brake" feature has been added, which consists of a resistor and
electrical contacts in parallel with the windings of the DC motor. When the
control pulse is terminated, the braking resistor is placed in parallel with
the motor windings, causing rapid dissipation of the energy associated with
the motor momentum (thus reducing the amount of motor coast). This, in turn,
reduces the amount of pump speed overshoot, thereby allowing fewer speed

changes to match the AFW flow rate to the steaming rate of the steam generators.
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The licensee has also added flow rate indication for both steam generator AFW
inlet lines. Each inlet line has a pipe-mounted ultrasonic flow transducer
and signal conditioner. These are located in the auxiliary building and are
accessible during normal plant operations. The signal conditicners provide
outputs both locally and in the control room on the AFW pump section of the
main control console. Each device is designed to provide fiow rate indication
to each steam generator from 0 to 1000 gpm. The systems are powered from

120 VAC, 60 Hz buses which are fed by redundant non-Class IE station inverters.
Functional testing of the installed auxiliary feedwater flow rate indication
is to be conductad in conjunction with the functional testing of the dynamic
braking modification of AFW pump turbine controls. The staff concludes that
the dynamic brake and AFW flow rate indicaticn modifications are acceptable

contingent upon successful testing prior to restart.

We have reviewed the piping and inctrumentation diagrams and have determined
that no active failure of a mechanical component, such as a pump or valve,
would preclude obtaining the required AFW flow rate. The licensee has pre-
viously performed tests of the manual and automatic level control system. The
test results showed that the control system functioned as designed to control
steam generator level. Verification of acceptable flow capacity for each of
the two AFW pumps was based upon recorded steam generator level changes
following a previous reactor trip. These data showea that each pump exceeded
the design flow rate of 800 gpm at a steam generator pressure of 1050 psig.
(The 800 gpm is the flow rate delivered to the steam generators and does not

include the approximately 250 gpm recirculation flow rate.)
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Additional information submitted by the licensee (letter from Lowell E. Roe
(TECO) to Mr. Robert W. Reid (NRC) dated May 23, 1979) shows that a total
minimum flow, to one or both steam generators, of 550 gpm is required to
support the accident analyses. Based on these data and analyses, and the
agreement by the licensee to perform checkout testing of the dynamic braking
and flow rate indication modifications prior to restart, we conclude that
adequate assurance exists that the AFW system will deliver the required flow

rate upon demand.

8y letter (Lowell E. Roe (TECO) %o Mr. Robert W. Reid (NRC) dated May 23,
1979), the licensee provided results of a review of the operating history of
the AFW system at DB-1. The largest number of failures* occurred during the
initial cperating and debugging phase of the facility. Fourteen (14) of the
seventeen (17) reported failures occurred prior to January, 1978. Subseguent
to implementing system design changes as a result of several of these failures,
the systems failure rate has been reduced and its reliability enhanced. There
were 3 failures of AFW system components from January 1978 to May 1979.

(There were a total of 65 actuations of the AFW system in this time period.)
Three different components in the AFW system were involved in these three
failures: (1) the speed control circuit for #1 AFW pump turbine, (2) a fauity
limit switch on an AFW discharge valve, and (3) two sticky AFW pump turbine

steam supply valves. In each case, the licensee performed corrective actions.

*TFor the purpose of demonstrating improvement in the performance of the AFW
system, the licensee has defined a failure of the AFW system to oe any event

for which at least one train of the AFW system is not delivering design flow
to a steam generator. ]
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A later letter (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated June 29,
1979) addressed a series of pressure switch failures which were discovered on
May 21, 1979, and which affected both AFW trains. An evaluation of these
failures by the licensee concluded that both trains would have automatically
actuated if required, but that one train would no: have shifted automatically
to the service water supply. The NRC staff has discussed these failures with
TECO and has iequesied that an improved surveillance program for these
pressure switches be initiated to determine the cause of the failures and the
optimum calibration interval. The licensee has agreed to an increased
frequency of switch calibration. In addition, the licensee has made
procedural changes, requested by the staff, to instruct the operator to
manually shift to the alternate supply of water for the AFW pumps, when the
CST level drops to three feet (if automatic switchover has not occurred).
This procedure provides greater assurance that, even with ~ lures of this
nature, the AFW system is available during the longer term. More recently
(July 5, 1979), the NRC staff was verbally informed by TECO (Mr. G. Novak) of
a valve malfunction which took place in an AFW system pump discharge line on
July 4, 1979. The cause of the valve failure (failed closed) was apparently
due to an electrical malfunction. TECO stated that they would request the

. tor vendor to examine the failed motor to determine the cause of the mal-
function. The IE site inspector has been requested to follow this evaluation
and to determine the need for further study and corrective action if necessary.
The licensee has noted that manual capability (local handwheel) to open the
valve existed at the time of the failure and that the redundant AFW train was

available.
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With regard to the operating history of the AFW system, the staff concludes
that the licensee has increased the reliability of the AFW system by iﬁple-
menting appropriate corrective actions and design modifications. With regard
to the more recent pressure switch and valve failures, the staff concludes
that adequate assurance exists that the causes of the failures a~e being
pursued by the licensee in a timely manner, and that the IE site inspector

will follow the need for further corrective action.

In addition, the licensee has revised the administrative procedure pertaining
to valve alignment and control. These revisions to AD 1839.02 ("Operation and
Control of Locked Valves") provide further assurance that mispositioning ct

AFW system valves would be detectea.

Based on the above evaluation, the NRC staff concludes that the licensee has

complied with the requirement of Item (a) of the Order.

[tem (5)

It was also ordered that the licensee:

“Revise operating procedures as necessary tc eliminate the option of
using the Integrated Control Systum as a backup means for controlling

auxiliary feedwater flow."
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As indicated in Item (a), the DB-1 AFW system has been designed as a safety
grade system and, as such, is separate from the integrated conirol system
(ICS); however, the licensee has indicated tiat the AFW system is capable of
being switched to the ICS mode for a backup means of control. As currently
designed, the AFW system has tnree operational modes ¢f controlling flow:

"ICS control", "auto-essential" and "manuai.” We requested that the licensee
consider a more positive means to assure the continued separapility 7 the .C3
control position of the mode selector switches. The licensee ay~rel (letter
from Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) cated June 13, 1373) to
install a mechanical stop on these switches to further deter use of the ICS
control position. The IE site inspector has verified the installation of this

mechanical stop.

The licensee hzs revised SP 1106.06 (“Auxiliary Feedwater Systam’'), whicn
describes procedures for AFW system cperation. This procedure spacificaily
prohibits the use of the ICS contrel position cn the mode selector switches.
Procedural steps for placing the AFW system in service for plant startup
require the operator to place the AFW mode selector switches in the auto-
assential positicn. We have reviewed the revised procedure for AFW switch
oparation and conclude there is sufficient guidance to prevent use of the AFW

system in the ICS mode of control.

Other plant procedures tha made raference to the IC5 control nod2 of 4FW have

bean revised by the licensee to no longer authorize that mode of control. The
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staff has reviewed those procedures and conciudes that those revisions are
adequate. In addition, the NRC staff audit confirmed that the contro! room

operators are aware that ICS control of AFW is prohibited.

Based on the above evaluation, we conclude that the licensee has complied with

the requirements of Item (b) of the Order.

Itemgc}

The Order requires that the licensee:

“Implement a hard-wired control-grade reactor trip that would - actuated

on loss of main feedwater and/or turbine trip."

The DB-1 original design Jid not have a direct reactor trip ‘rom a malfunction
in the secondary system (loss of main feedwater and/or turbine trip). To
obtain an earlier reactor trip (rather than delaying the trip until an operator
took cction or until a primary system parameter exceeded its trip setpoint),

the licensee committed to install a hard-wired, control-grade reactor trip on
the loss of all main feedwater and/or on turbine trip (letter from Lowell E. Roe
(TECO) to H. Denton (NRC) dated April 27, 1979). The purpose of this antici-
patory t ' is to minimize the potentiai for opening of the power-operated

relief . 2 (PORV) and/or the safety valves on the pressurizer. This new
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circuitry meets this objective by providing a reactor trip during the
incipient stage of the related transients (turbine trip and/or loss of main

feedwater).

TECO has added control-grade circuitry to DB-1 which is designed to provide an
automatic reactor trip when either the main turbine trips or there is a reverse
differential pressure of 177 psid across both of the two main feedwater check
valves (one check valve is located in the main feedwater discharge piping
associated with each steam generator). The main turbine trip is sensed by a
normally deenergized auxiliary relay associated with the m7in turbine generator
master trio bus. The power for this bus is provided from a 24 volt OC source,
which in turn is provided power (through rectifier circuitry) from a non-Class 1E
inverter supplied 120 volt AC distribution panel. A contact from the above
auxiliary relay is arranged into a 120 volt AC circuit containing four normally
deenergized relays. Power for this 120 volt circuit is provided from a Class 1E
inverter supplied distribution panel. The design for these four relays and
appropriate associated circuitry conform to Class 1E requirements, including
physical independence and provisions for testing. Each of these four relays
provide one contact which is arranged in series with one of the four Class IE
undervoltage coils associated with one of the four AC reactor trip circuit
breakers (one undervoltage coil associated with each AC reactor trip circuit
breaker). When these relays are energized, power to the associated Class 1E

undervoltage coils is interrupted so as to produce the desired reactor trip.
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As indicated above, differential pressure switches across check valves, located
in the main feedwater pump discharge piping, actuate upon sensing a reverse
differential pressure across these check vaives. Two contacts from these
differential pressure switches are arranged into a 125 veolt DC circuit, which
is provided power from a Class 1E 125 volt distribution panel. This circuit
contains two associated DC relays. Two contacts (one contact per relay)
associated with these relays are arranged in series. This series contact
arrangement is provided in parallel with the contact associated with the main
turbine generator master trip bus. The remaining circuitry associated with
this trip is identical and common (shared) to that described above for the

turbine trip (including power supply identification).

Provisions have been included in the design to manually bypass and to reinstate
the reactor trip feature associated with the main turbine generator trip. 7o
supplement this feature, the design includes an annunciator which actuates
whenever this reactor trip is bypassed and the reactor power level is above 15
nercent. Access to this bypass switch will require a key which is under
suitable administrative contro)l. Operator verification of the bypass removal
is required by procedure during power escalaticn. The NRC staff nas reviewed
these procedures and concludes that sufficient aaministrative control exists.
No bypass features are included in the design for the reactor trip feature
associated with the loss of main feedwater circuitry. During normal startup
or shutdown, an electric auxiliary pump is used when the steam driven main

feedwater pumps are not availaple.
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The licensee has analyzed this additional circuitry with respect to its
independence from the existing reactor trip system and to assure that the
design and operation of this additional circuitry will neither degrade the
reliability of the existing reactor protection system nor create any new
adverse safety system interactions. Based on our review of the implementation
of the added trip circuitry, with respect to its independence from the existing
trip circuitry, we conclude that this addition will not degracde the existing
reactor protection system design. In addition, the licensee has satisfactorily

completed testing of this trip circuitry.

The licensee has committed to perform a monthly periodic test of the addec
circuitry to demonstrate its ability to open the AC reactor trip circuit
breakers (tripping of the AC reactor trip circuit breikers via the unger-
voltage trip circuit). We conclude that there is reasonable assurance that

the additional circuitry will perform its intended function.

Based on the above evaluation, we conclude that the licensee nas complied with

the requirements of Item (c) of the Order.

Item(d)

This Item in the Order requires the licensee to:
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"Complete analyses for potential small breaks and develop and implement

operating instructiors to define operator action.”

By letter, (Lowell E. Roe (TECO) tc H. Denton (NRC) dated April 27, 1979), the
licensee agreed to provide the analyses and operating procedures of this

reguirement.

B&W, the reactor vendor for the DB-1 plant, submitted generic analyses for B&w
plants entitled, "Evaluation of Transient Behavior and Small Reactor Coolant
Systems Breaks in the 177 Fuel Assembly Plant," and supplements to these
analyses (References 1 through 5). Additional information specific to DB-1
was transmitted in References 6 to 8. The transmittal under Reference 6
contains Volume III for the B&W generic study covering raised-loop plants.
Reference 7 provides additional analytical rasults specific to DB-1 with
appropriate auxiliary feedwater flow rates. Reference 8 provides additional
analytical results for the loss of all main feedwater flow accident with loss
of all AFW. This latter analysis demonstrates that capabiiity exists at

0B-1 which the operator could use in the unlikely event of a loss of

main feedwater and a loss of both safety grade AFW trains. This capability
consists of using the combined functions the makeup pumps,* the electric
startup auxiliary feedwater pump and the PORV to achieve depressurization
(only if necessary). We requested that the availability of this option be
incorporated in procedures at DB-1. The NRC staff will review these procedural

changes prior to startup.

*At DB-1, the makeup pumps are separate from the HPI pumps.
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By letter, (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 22,
1979), TECO referenced the analyses as appropriate for 0B-i. The staff
evaluation of the B&W generic study has been completed and the results of the
evaluation will ve issued as a NUREG report in July 1979. A principal finding
of our review of the DB-1 submittals and the generic study is a reconfirmation
that loss-of-coolant accident (LOCA) analyses of breaks at the lower end of
the small breaks spectrum (smaller than 0.04 ft.z) demonstrate that a
combination of heat removal by the steam generators, high pressure injection
(HPI) system and through the break ensure adequate core cooling. The AFW
system used to remove heat through the steam gererators has been modified to

enhance its reliability as discussed in Item (a).

Uncovering of the reactor core is not predicted for breaks at this end of the
small break spectrum with these features available, therefore, cladding
temperatures do not rise significantly above pre-reactor trip temperatures
(less than 800°F), and remain well within the 10 CFR 50.46 limit of 2200°F.
The ability to remcve heat via the steam generators has always been recognized
to be an important consideration when analyzing very small breaks. The
licensee demonstrated that permanent loss of main feedwater and loss of AFW
for the first 20 minutes of a small LOCA will not result in uncovering the
reactor core. However, when AFW is delayed beyond this time, a positive
reliance on AFW actuation exists as a result of the relatively low (1600 psig)

HPI system shutoff head for DB-1. “hus permanent loss of both main and auxiliary
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feedwater could result in uncovering the core and fue! damate for the facility
because of the unavailability of the high pressure injectio pumps. Makeup
pump and startup feedwater pump actuation, as discussed in the analysis of
Reference 8 for the loss of feedwater accident with permanent loss of AFW, are
corsidered potentially capable of maintaining the vessel mixture above the
core for a small break, but this scenario was not confirmed in the small break
analyses. The licensee's position is that such analyses are unwarranted in
Tight of the safety-grade design of the AFW system. Since the addicicnal heat
removal and coolant makeup capability does exist at DB-1, we requested that
the procedures identify the availability of this option. Implementation of
this procedural change will be verified by the staff prior to restart. 'while
the staff recognizes that the AFW system is safety-grade, we alsc note that
the licensee has agreed to continue to review performance of the AFW system
for assurance of reliability and performance. Consistent with this long-term
agreement, we will require that the licensee modify the plant to provide the
greater degree of diversity offered by a 100% capacity motor-operated AFW

pump, or an alternative acceptable to the staff.

Another aspect of the analytical studies conducted was an assessment of the
effect of recent design changes on the 1ift frequency of pressurizer safety
and relief valves. The design changes included: (1) a change in the setpoint
of the PORV from 2255 psig to 2400 psig, (2) a change in the high pressure
reactor trip setpcint from 2355 psig to 2300 psig, and (3) the installiation of
anticipatory reactor trips cn turbine trip and/or loss of main feedwater. In

the past, during turbine trip and loss of feedwater transients, the PCRV was
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lifted. With the new design, these transients do not result in lifting of
this valve. However, lifting of both PORV and safety valves might occur in
the cases of rod withdrawal or inadvertant beron dilution transients, using
the normally conservative assumptions presented in Chapter 15 of the Final
Safety Analysis Report (FSAR). The above design changes did not affect the

1ift frequency of the valves for these Chapter 15 safety anaiyses.

Based on our review of the analyses presented by B&W, the staff has cetermined
that a loss of all main feedwater with (1) an isolated PORV (closed block
valve), but safety valves cpening and closing as designed, or {2) a stuck open
PORV consequentially does not result in uncovering the reactor core, prcviced
AFW pumps are initiated within 20 minutes. It is also concluded, that in the
event of a loss of all AFW fur either case, covering of the core would be
sustained to long-term cocling by operator actions described in the analysis
of Reference 8. These actions consist of starting at least one of the two
makeup pumps, starting the startup feedwater pump, and opening the PORV (enly

if needed).

Based on the consequences calculated for small break LOCAs and loss of all
main feedwater events, and taking into account the expected reliability of the
AFW and HPI systems for DB-1, we conclude that the licensee has complied with

the analyses portion of Item (d) of the Order.

To support long-term operation of the facility, requirements will be developed

for additiona)l and more detailed analyses of loss cof feedwater and other
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anticipated transients. More detailed analyses of small break LOCA events are
also needed for this purpose. Accordingly, the licensee will be required to
provide the analyses discussed in Sections 8.4.1 and 8.4.2 of the recent NRC
"Staff Report of the Generic Assessment of Feedwater Transients in Pressurized
ﬂater Reactors Designed by the Babcock and Wilcox Company" (NUREG 0560).
Further details on these analyses and their applicability to other PWRs and
BWRs will be specified by the staff in the near future. In addition, to
assist the staff in developing more detailed guidance on design requirements
of relief and safety valve reliability during anticipated transients, as
discussed in Section 8.4.6 of NUREG 0560, the licensee will be required to
provide analyses of the 1ift frequency and the mechanical reliability of the

pressurizer relief and safety valves of the DB-1 facility.

The B&W analyses show that some cperator actions, both immediate and followup,
are required under certain circumstances for a small break accident. Immediate
operator actions are defined as those actions, committed to memory by the
operators, which must be carried out as soon 4as the probiem is diagnosed.
Followup actions reguire operators to consult and follow steps in written and
approved procedures. These procedures must always be readily available in the
control room for the operators' use. Guidelines were developed by B&W to
assist the operating BAW facilities to develop emergency procedures for the

small break accident.
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The "Operating Guidelines for Small Breaks" were issued by B&W on May 5, 1979
and reviewed by the NRC staff. Revisions recommended by the staff were in-
corporated in the guidelines.* In addition, by letter, the licensee submitted
supplemental guidelines (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC)
dated May 22, 1979). In response to these guidelines, the licensee made
substantial revisions to EP 1202.06 ("Loss of Reactor Coolant and Reactor
Coolant Pressure"), EP 1202.14 ("Loss of Reactor Coolant Flow/RCP Trip"), and
EP 1202.26 ("Loss of Steam Generator Feed"). These emergency procedures
define the required operator action in respense to a spectrum of accidents

including a LOCA in conjunction with various equipment availability and

failures.

The procedure dealing with loss of reactor coolant (EP 1202.06) is divided
into three sections. The first section deals with small reactor coolant
system leaks within the capacity of the makeup pumps and assumes the reactor
does not automatically trip. The second section assumes a small break within
the capacity of the HPI system and a situation where the SFAS** and reactor
trips may or may not automatically occur. This section incorporates the 2&w

small break guidance and provides for operator actions in the event other

“*TTletter from J. Taylor (B&W) to Z. Rosztoczy (NRC) dated May 16, 1979]

**[The safety features actuation system (SFAS) monitors variables to detect loss
of reactor coolant system boundary integrity. Upon detection of “out-of-limit"
conditions of these variables, the system initiates various actions, depending
upon the location and severity of the "out-of-limit" conditions measured.

These actions can include: initiation of emergency core cocling (ECC), which
consists of high pressure injection (HPI) and low pressure injection (LPI);
containment vessel cooling and isplation; containment vessel spray systems;
and startir; o/ the emergency diesel generators.]
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systems (such as reactor cooilant pumps) do not operate as expected. The third
section of this procedure deals with a pipe rupture weil in excess of the
capability of the makeup and/or HPI pumps (a large break in which the system
depressurizes to the point of low pressure injection). Automatic reacter trip
and SFAS actuation are assumed. In all cases dealing with a small break, the
onerator actions are aimed at achieving a safe cold shutdown in acccrdance

with the normal cooldown procedure.

As indicated atove, procedures provide guidance to the operators for dealing

with smal) breaks in the event of a degraded condition (such 3as loss of reacter
coolant pumps). [f the reactor coolant pumps are incperablie, the operator is
directed to establish and verify natural circulaticn. Procedura! steps to
restore reactor coolant pump cperation, once a pump becomes availaple, are
provided. In the event natural circulation cannot be es%ablished and 3 reactor
coolant pump cannot be restarted and plant pressure reaches 2300 psig, the
operator is provided procedural steps to relieve the heat energy via the PORV.
(Additional relief capacity is provided via the coce safety valvas if the PORV

is inoperatle).

In the event that normal feedwater is lost to the steam generators, auxiliary
feedwater is automatically initiated via the safety-grade AFW system. =2? 1202. 26
provides operator guidance in this event. With SFAS actuation, steam generator
level is automatically maintained at 96 inches on the startup range to assure

adequate heat removal during the small break event.
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For all cases in which HPI is manually or automatically initiated, the operators
are specifically instructed to maintain maximum HPI flow unless one of the two

following criteria is met:

(1) Low pressure injection has been operating for greater than 20 aminutes

with flow rates in excess of 1000 gallons per minute per train, or

(2) A1l hot and cold leg temperatures are at least 50 degrees below the
saturation temperature for the existing reactor coolant system
precsure. If the 50 degrees subcooling cannot be maintained after
high pressure injection cutoff, the high pressure injection :hall be

reactuated.

This requirement to determine and maintain SQ°F subccoling nas been incerporatad
into EP 1202.06 ("loss of Reactor Ccolant and Reacter Coo'ant Pressura’) and

EP 1202.24 ("Steam Supply System Rupture”). The procedurss also provide
instructions to the coerators to check alternate instrumentation channels to
confirm key parameter readings, such as ths degree of subcooling. Accordingly,
the use of core exit thermocouples as alternate temperature indicators is
addressed in the procedures. Under degraded cooling conditions (such as a
LOCA), the pressure-temperature limits considered in the Technical 3pecifica-

tions are not applicable to the ensuing depressurization and ccoldown pecause

these limits were developad for normal and upset operatinc
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Mixing of the hot core exit water with the cold HPI water (or makeup water)
will provide sufficiently warm vessel temperatures to preclude any significant
thermal shock effects to the vessel. Subsequent restoration of AFW would
depressurize the reactor coolant system to below 600 psig where pressure
vessel integrity is assured for any reasonable thermal transients that might
subsequently occur. BA&W has agreed to provide a detailed thermal-mechanical
generic report on the behavior of vessel materials for those extreme

conditions.

The "Loss of Reactor Coolant and Reactor Coolant Pressure” procedure was
reviewed by the NRC staff to determine its conformance with the BaW guidelines.
Comments generated as a result of this review were incorporated in a furtner
revision to the procedure. A member of the NRC staff walked through this
emergency procedure in the Davis-Besse control room. The procedure was judged
to provide adequate guidance to the operators to cope with a small break LOCA.
The instrumentation necessary to diagnose the break, the indications and
controls required by the action statements, and the administrative controls
which prevent unacceptable limits from being exceeded are readily available to
the operators. We conclude that the operators should be able to use this
procedure to bring the plant to a safe shutdown condition in the event of a

small break accident.

An audit of 9 of the 25 licensed reactor operators and senior reactor operators
was conducted by the NRC staff to determine the operators’' understanding of
the small break accident, including how they are required to diagnose and

respond to it. The 08-1 staff has conducted special training sessions for the
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operators on the concept of and use of Emergency Procedure 1202.06. The
operators were found to have sufficient knowledge of the small break pheno-
menon and the general requirements of the emergency procedure, although some
deficiences were identified which were primarily due to the operators' lack of
familiarity with the recently revised procedure. All operators will receive
additional training on EP 1202.06 and a facility administered audit prior to

assuming licensed duties during power .peration.

The audit of the operators also included questioning about the TMI-2 accigent
and the resulting design changes made at DB-1. The discussions covered the
initiating events of the incident, the response of the plant to the simul-
taneous loss of feedwater and sma'l break LOCA (PORV stuck open), and operator
actions that were taken during the course of the incident. In addition,
similarities and differences between the TMI-2 accident and the 0B-1 incident
of September 24, 1377 were discussed. We found their level of understanding
suffirjent to be able to respond to a similar situation if it happened at
DB-1. We also conclude that they have adequate kno "edge of subcooling and
saturated conditions and are able to recognize each condition in the primary
coolant system by several methods. The AFW system was also discussed during
the audit to determine the operators' ability to assure proper starting and
operation of the system during normal conditions, as well as during adverse
conditions such as loss of offsite power or loss of main feedwater. The
long-term operation of the system was examined to evaluate the operators’
ability to use available manual controls and water supplies. The level of
understanding was found to be sufficient to assure proper short- and long-term

AFW flow to the steam generators.
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The licensed reactor operators and senior reactor operators have received
training concerning the TMI-2 accident, small break LOCA recognition, design
modifications, and procedure changes. The training included formalized class-
room sessions and on-shift review of training material and emergency procedure
changes. To determine the effectiveness of this training program, a written
exam was administrated to all licensed personnel by the licensee. The exam
was reviewed and found acceptable by a member of the NRC staff. Individuais
scoring less than 90 percent on the exam will receive additional trainirng and
will not assume licensed duties until a score of at least %0 percent is attained
¢n an equivalent, but different exam. The NRC staff concducted audits to
evaluate the effectiveness of the training program. The results were judged
satisfactory with some deficiencies noted to the [8-1 staff, The DB-1 staff
will use the results of these audits as w.:] as any generic weaknesses
discovered on the written exams in their development of future training ana
requalification programs. The NRC staff will review all results and records
as part of the normal inspection function of the [B-1 requalification program.
We conclude that there is adequate assurance that the operators at DB-1 have,
and will continue to receive, a sufficient level of training concerning the

TMI-2 accident.

Based on the above evaluation, we conclude that the licensee has complied with

the requirements of Item (d) of the Order.
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The Order requires that:

"A11 licensed reactor operators and senior reactor operators will have

completed the Three Mile Island Unit No. 2 simulator training at B&W."

The licensee has confirmed that all reactor operators and senior reactor
operators have completed the TMI-2 simulator training at BiW as required by
the Order. This training consisted of a class discussion of the TMI-2 event
and a demonstration of the event on the simulator and how it should have peen
controlled. The class discussion was about one hour long and the remainder of
the four hour session was conducted on the simulator. The TMI-2 event,
including operational errors, was demonstrated to each operator. The event
was again initiated and the operators were given "hands-on" experience in
successfully regaining control of the plant by several methods. Other transients,
which resulted in depressurization and saturation conditions, were presented
to the operators, in which they maneuvered the plant to a stable, subconled

condition.

The licensee has submitted copies of procedures that were revised as a result
of this Order and actions the licensee has taken to preclude the occurrence of
an incident similar te that which cccurred at MI-2.* The procedures reviewed

by the staff include:

*TAs noted on page 16 of this Safety Evaluation, additional and more detailed
analyses of loss-of-feedwater transients and other anticipated transients will
be done, which could affect these procedures in the long-term. ]
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EP
EP
EP
EP
EP

EP
EP
EP
EP

AP
AP
AP
AP
SP

SP

1202.01
1202.02
1202.03
1202.04
1202.06

1202. 14
1202. 22
1202.24
1202.26
1203.04

1203.02
3003.41-.44
3003.49-.50
3003.57-.54
3003.59-.60
1105.16

1106.06

ST 5071.01

Special Order No. 20

Load Rejection

Station Blackout

RCS Overpressure Anticipatory Manual Trip

Reactor-Turbine Trip

Loss of Reactor Coolant and Reacter Coolant
Pressure

Loss of RC Flow/RCP Trip

High Condenser Pressure

Steam Supply System Rupture

Loss of Steam Generator Feed

Depressurization of the RCS with Safety Grade
Equipment

Loss of All AC Power

High Pressure Injection High Flow Alarm

Low Pressure Injection High Flow Alarm

High Prassure Injection Low Flow Alarm

Low Pressure Injection Low Flow Alarm

Steam and Feedwater Rupture Control System
Operating Procedure

Auxiliary Feedwater System

Auxiliary Feedwater System Monthly Test

Additional Guidance for Checking Critical

Parameters for Emergency Procedures

The licensee's revised precedures provide additional guidance for the operators

when coping with emergency plant conditions. where appropriate, operators are

D-50



-27-

directed to recheck certain critical plant parameters. Operators are also
directed to check alternate instrument channels to confirm re.dings and reduce

the possibility of reliance on faulty or misleading indications.

NRC staff comments on the licensee's procedures have been incorporated into

the revised documents. These revisions have been reviewed by the staff and
determined to be acceptable. The staff walked through the following procedures
with the control room operators: EP 1202.06 ("Loss of Reactor Coolant and
Reactor Coolant Pressure"), EP 1202.14 (“"Loss of RC Flow/ RCP Trip"), EP 1202.26
("Loss of Steam Generator Feed"), and SP 1106.06 ("Auxiliary Feedwater System").
Based on this walk through and interviews with the operators, (see the discussion
of the NRC staff audit of operators under Item (d)), we conclude that the
procedures are functionally adequate and the operator training on their use is

satisfactory.

Based on the above evaluation, we conclude that the licensee is in compliance

with Item (e) of the Order.

Item (f

The Order requires that the licensee:
"Submit a reevaluation of the TECO analysis of the need for automatic or
administrative control of steam generator level setpoints during auxiliary

feedwater system operation, previously submitted by TECO letter of December 22,
1978, in light of the Three Mile Island No. 2 incident."

D-51



-28-

By letter, (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 19,
1979), the licensee provided additional discussion of the steam generator dual
level setpoint. The need for this feature is to reduce the potential for loss
of pressurizer level indication as a result of overcooling of the primary
system for non-LOCA events. The results of a natural circulation test conducted
at DB-1 and BAW analyses demonstrate that DB-1 can be operated at a low steam
generator lev:l (35 inches on the ctartup range instrumentation). The high
level setpoint (96 inches indicated on the startup range instrumentation) is
required since previous small break analyses assumed that auxiliary feedwater
was controlled to a steam generator level of 96 inches. Pending incorporation
of permanent design modifications to provide the automatic dual setpoint steam
generator level control, emergency procedures instruct the operator to manually
control the steam generator level at 35 inches for all events requiring AFW
unless an SFAS level 2* signal occurs. When the SFAS level 2 signal occurs,
the operator is instructed to control the steam generator level at 96 inches
by placing the AFW mode selector switch in the auto essential position. This
manual provision required no previous change to the design of the AFW contro)
system. The future circuitry modification, to automatically control to 35
inches, will be reviewed by the staff during the long term. TECO has cited
Reference 9 to demonstrate that no unreviewed safety issues or detrimental
accident consequences would result if the operator failed to manually control
the steam generator level at 35 inches. The staff reviewed the information
contained in this reference and concluded that additional information was
required to verify that the effects of manuaily controlling the steam generator
Tevel at 35 inches is adequate for the DB-1 FSAR Chapter 15 transient and
*[SFAS Tevel 2 - An SFAS level 2 signal is developed when reactor coolant

ystem pressure drops to 1600 psig or containment vessel pressure increases

co 4 psig. ]
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accident analyses, and the more recent B&W small break analyses (Reference 1).
By letter, (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated June 15,
1979), the licensee stated that the control of the steam generator level at 35
inches has no adverse effect on the DB-1 FSAR analyses, since the peak reactor
temperature and pressure following the most severe transients (loss of feedwater,
feedwater line breaks, loss of offsite power) occur prior to initiation of the
AFW. The results of natural circulation testing conducted at DB-1 support the
effectiveness of the 35 inch s. am generator control level to maintain natural
circulation and remove decay heat for: (1) transients that result in loss of
forced circulation (loss of offsite power) and (2) for small breaks (less than
0.01 ft.z) that depressurize siow enough that it is possible to manually
control the steam generator level prior to actuation of the SFAS level 2

signal. For small breaks lafger than 0.01 fr.2

, reduction of the reactor
coolant system pressure to SFAS level 2 occurs prior to the steam generator
level decreasing to 96 inches. With the steam generator level controlled at
35 inches, the effectiveness of natural circulation is such that there is no
smal] break size that will result in repressurization of the primary system
without an SFAS level 2 actuation. The staff has reviewed the information
provided by TECO in the referenced documents and concludes that dual level
setpoints, with manual control of the steam generator level at 35 inches, are

acceptable. Also, the NRC staff has verified that this manual control

capability has been previously demonstrated.

The licensee has submitted revised procedures, which the staff has reviewed,

that provide requirements for steam generator level control. These procedures
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include: EP 1202.06 ("Loss of Reactor Coolant and Reactor Coolant Pressure"),
EP 1202.14 ("Loss of RC Flow/RCP Trip") and EP 1202.26 (“Loss of Steam Generator
Feed"). The NRC staff has verified that these procedures instruct the operator
to confirm that the AFW mode selector switches are in the auto-essential
position and maintaining steam generator level at 96 inches on the startup

range indication in the event SFAS level 2 condition is present.

If a SFAS level 2 condition is not present and an AFW system demand event
occurs, steam generator levels will automatically control at 96 inches (since
the AFW mode selector switches are in the auto-essential position). The
operator is directed to take manual control of steam generator level and
maintain level at 35 inches on the startup range indication. If an SFAS

Level 2 condition subsequently develops, the operator must return the AFW mode
selector switches to the auto-essential position to allow automatic level
control at 96 inches. Therefore, the emergency procedures are written to
permit manual control of steam generator level after an automatic initiation

of AFW only if an SFAS level 2 condition is not present.

If a SFAS level 2 condition is present (or develops), the operator is directed
to Teave (or return) the AFW mode selector switches in the auto-essential
position. In addition, a warning plate has been instalied adjacent to the

mode selector switch for each AFW train, reminding the operator of the
requirement to maintain the switch in the auto-essential position mode if an
SFAS level 2 condition is present. The NRC staff has verified the installation

of this warning plate. Also, during the audit the NRC staff confirmed that
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the control room operators are aware of the requirements outlined in the

revised procedures and understand the purpose of the warning plate.

Based on the above evaluatiori, we conclude that the licensee has complied with

the requirements of Item (f) of the Order.

Item (g)

The Order requires that the licensee:

"Submit a review of the previous TECO evaluation of the September 24,
1977 event involving equipment problems and depressurization of the
primary system at Davis-Besse 1 in light of the Three Mile Island Unit

No. 2 incident."

Bv letter (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 18,
1979), the licensee submitted additional discussion of the September 24,6 1977

event.

This event was similar in several important areas to the TMI-2 accident. The
initiating malfunction was a loss of main feedwater (the same as TMI-2);
however, the ensuing trainsient was much less severe than TMI-2 for several
significant reasons. The following discussion compares The DB-1 event to the
accident at TMI-2. The bases for this comparison are the six human, design
and mechanical failures described in IE Bulletin 79-05A (April 5, 1979) which

resulted in core damage and radiation releases at the TMI-2 nuclear plant.
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At the time of the initiating event, loss of feedwater, (at TMI-2) both of

the auxiliary feedwater trains were valved out of service.

The DB-1 loss of reedwater (LOFW) event initiated both trains of AFW.
However, only one train fed its associated steam generator (5G) due to
a malfunction of a turbine governor which kept one of the two AFW pump

turbines at a speed insufficient to pump water into its associated SG.

As a result of the DB-1 event, the modifications that have been made
include: (1) the AFW pump turbine governors were modified to prevent
binding malfunctions; (2) springs were installed in the AFW governor to
prevent closure o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>