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APPENDIX D

RECORDS MAINTAINED IN THE PDR _UNDER THE ABOVE REQUEST NUMBER

Undated
Undated
Undated
Undated
Undated
4/30/86

5/13/86

5/18/86

5/21/86

11/26/86

6/10/87

1/29/87

8/14/87

Purpose of Seminar, (27 pages)

Enclosure C, Regulatory Analysis. (22 pages)
Enclosure C, Backfit Analysis. (14 pages)
Enclosure E, Draft Congressiomal Letter. (2 pages)
Enclosure F, Draft Public Announcement. (3 pages)

Memo for Speis from Bernero, subject: Request for

Prioritization of Generic Safety Issue - NPSH For ECCS Pumps.

(1 page)

Memo for 211 NRR Employees from Marold Denton, subject:
NRR Office letter No. 39, Revision 3 - NRR Procedures for
Contro) and Review of Generic Requirements. (9 pages)

Memo for Hur1o‘ and Beck jord from Jordan, subject: Loss
of Decay Heat Removal Functiom at Fressurized Water
Reactors With Partially Drained Reactor Coolant Systems,
(80 pages)

Memo for Speis from Bernero, subje t: Prioritization of
Generic Issue - Yalve Interlocks tc Prevent Vesse)
Drainage During Shutdown Cooling. (24 pages)

Region Office Policy Guide No. 0501, Revision 1. (22
pages)

Memo for Beckjord from Murley, subject: Resolution of
Generic Safety Issue 93 "Steam Binding of Auxiliary
Feedwater Pumps®. (3 pages)

Memo for those on attached list from Jordan, subject:
Long-Range CRGR Agends. (15 pages)

Memo for Beckjord from Murley, subject: Resolution of
Generic Safety Issue 93, “Steam Binding of Auxiliary
Feedwater Pumps*. (2 pages)



NUMBER DATE
1 12/01/886
2 08/08/88
3 07,22/86

& 06/23/88

§ 06/20/86
6 06/05/86
7 05/21/88
8 04/30/88
9 04/14/88

Re: FOIA-

APPENDIX E
RECORDS TOTALLY WITHHELD

57714

DESCRIPTION & EXEMPTION

Martin Malsch to Raymond Fraley
re Licensee's Power to "Invoke"
the Backfit Rule (8 pp.)

Martin Malsch to Raymond Fraley
re Application of the Backfit
Rule to the Resolution of

USI A-17 (Systems Interaction)
(4 pp.)

William Parler to Chairman Zech
and Commissioners Roberts,
Asselstine and Bernthal re
Application of the Backfit Rule
to Proposed Amendments

tg Part 55 (Operator Licensing)
(5 pp.)

Martin Malsch to Commission re
Application of the Backfit Rule
to Proposed Amendments to

Part 50 Requirements on

Communications Procedures (3 pp.)

Martin Malsch to Commission re
Application of Backfit Rule's
Compliance exception to
Commission's Response to Guard
(4 pp.)

Martin Malsch to Chairman

Palladino re Application

of the Backfit rule to Rules

?g Record-Keeping and Reporting
PP.)

Martin Malsch to Commission
re Proposed Backfit Analysis
for Proposed Part 20 Revision
(S pp.)

Martin Malsch to Commission re
Application of Backfit Rule to
Ogtion 2 For Response to Guard
(3 pp.)

Martin Malsch to Chairman
Palladino re Application of the
Backfit Rule to the Proposed
Insider Rules (8 pp.)

Ex.
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roPENDIX
RECORDS TOTALLY WITHMELD
NUMBER DATE DESCRIPTION & EXEMPTION
10 02/04/88 Herzel Plaine to Chairman Ex.5

Palladino re Backfit Analysis
for the LEU/HEU Rule (SECY-88-17
and SECY-85-284) (7 pp.)

11 01/23/88 Martin Malsch to Commissioner Ex.5
Asselstine re Application of
the Backfit Rule to Relaxation
of Requirements (4 pp.)

12 12/11/85 Martin Malsch to Commission Ex.5
re Application of Backfit Rule
to Part 20 Revision (SECY-85-147)
(3 pp.)
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GAIL MCGREEVY HARMON TELEPHONE
ELLYN R WEISS (202) 328-3%00
DIANE CURRAN

DEAN R TOUSLEY

ANDREAC FERSTER

October 20, 1987

Fitecuy AOUT NS GRNAY iom
B ACT REQUEST
r /-0
Division of Rules and Records A- ,7. 7/¢

Office of Administration 4‘3 /O~ 3 -
U.8. Nuclear Regulatory Commission
Washington, D.C. 20555

RE: Freedom of Intornation Act Reguest

Dear Sir/Madam,

Pursuant to the federal Freedom of Information Act, I hereby
request the following on behalf of the Union of Concerned
Scientists:

1. All cost-benefit or value-impact analyses done since
September, 1985 in connection with the consideration by NRC
staff of generic or site-specific backfits,

2, Any 2nd all lists, compilations or other identifications
of potential generic or site-specific backfits under consid-
eration by the NRC staff at any time since September, 1985,

3. Any and all memoranda or other documents since September
1985, from the Committee to Review Generic Reguirements
("CRGR") containing requests or direction to the NRC staff
to perform, modify or reconsider value-impact or cost-
benefit analysvs regarding any potential generic or site-
specific backfit.

4. Any and all documents containing guidance, criteria or
examples used by the NRC in deciding which generic or site-
specific backfits are appropriate for cost-benefit analyses
under the backfit rule and which are not so appropriate.

\t\"*‘m > 948
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Please call me if you have any questions regarding this
request.

Very truly yours,

@(A N EU%/'V‘\
Ellyn R( Weiss

HARMON & WEISS

2001 S Street, N.W.

Suite 430
washington, D.C., 20009

General Counsel
Union of Concerned Scientists
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PEMORANDUM FOP: Thomas £. Myrley, Director
Office of Nuclear Reactor Regulation

Eric S, Beckjord, Director
Office of Nuclear Regulatory Research

FROM: Edward Jordan, Director
Office for Analysis and Evaluation
of Operationa) Data

SUBJECT: LOSS OF DECAY HEAT REMOVAL FUNCTION AT PRESSURIZED WATER
REACTORS WITH PARTIALLY DRAINED REACTOR COOLANT SYSTEMS

Introduction

On Apri) 10, 1987 with the resctor coolant system partially drained, the
resfdual heat removal (RHR) pumps at Diable Canyon 2 were tripped due to
vortexing/cavitation. As a result, the plant lost fts ability to remove decay
heat for 85 minutes. During that 85 minute period, the reactor coolant system
(RCS) hezted up and bulk boiling was present in the RCS. The loss of the deca
heat removal (DHR) function which occurred at Diable Canyon 2 1s one of 37 suc
events that have been reported to have occurred at U.S$ PiRs over the last 10
years, Table 1 presents a chronology of these 37 events. These events have
the potential for leading to more serfous events. Table 2 presents a chronology
of (RC and industry actions in the area of DHR system losses,

This memorandum presents a composite set of NRC and fndustry recommended
remedial actions (Enclosure 1) which are based upon the 1385 AEOD case stud{
report C503 dealing with decay heat .moval prodlems for PWR operation, analysis
of events subsequent to the case study, and related industry recommendations
including INPO SOER B85-4, INPO SER 79-84, and NSAC.S52.

In 1ts transmitta) letter of the case study to the Director, ONRR, AEOD
recommended that the recommendations contained within the report be considered
in the resolution of Unresolved Safety lIssue A-45, 1In a2 response the Director,
ONPR belfeved that the AEOD recommendations were not directly applicable to the
resolution of A-45, but instead planned to include them in the resolution of
Generic Issue Mo, 99 “KCS/RMR Suc*ion Line Interlocks.® This fssue was speci-
fically concerned with loss of the RHR system during ccld shutdown or refusling.
61-99 was subsequently modified to evaluate these {ssues.

Loss of DHR during shutdown 15 clearly not 2 new 1ssve. However, the continued
occurrence of loss of DHR events, the apparent lack of effectiveness of 1{censee
corrective action in response to past NRC and industry actfons, re-assessment
of the estimated risk of such events, and the dependence of the risk estimates
on human performance, all indicate that prompt regulatory action 1s now needed
to minimize the loss of DHR durin? periods with g putull{ drained-primary

~- svstem and to help assure fts rapid recovery showld 1t be lost.

(8752 50094 ¥R) 8¢
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Discussion

U.S. PwWR experience Mas shown that 1oss of DHR events have been occurring at a
rate of approximately one every 3 to 4 reactor years, and in particular there
have been 7 loss of DHR events in the last 2 years when the RCS was in & drained-
down condition. Human errors were the root causes of most of those events.

Plants may be wbgocud to relatively high risks when they undergo partially
drained (mid-loop) operations. It is standard procedure for PWRs to drain-down
the RCS during shutdown to a'low for steas generator maintenance, fnspection,
and tube plugging, and/or roactor coolant pump seal inspection/maintenance.
Factors which contribute to the accident risk during such operations are:

1. The containment is ‘ikely not to be isolated (the equipment hatch is often
open).

2.  Plant design may dictate a very narrow band of allowable RCS levels during
drained-down operations (e.g., at Diable Canyon 2 the range of acceptable
RCS levels was only a few inches = the constraints being the elevation of

the steam generator nozzle and the suction head required by the RMR P ump
to prevent air binding.)

3. RCS Veve) seasurement during drained-down operations frequently depends
upon jury-rigged equipment which s unanalyzed and prone to errors which
Ray exceed the required contro) band (e.g., at Disblo Canyon the leve)
Reasurement error was on the same order &5 the range of acceptable
operation - possibility 3 to 12 inches).

4. Generally, procedures for operation during modes 3. 4, and § are of an ad
hoc nature, scant or even nonexistent. Similarly, procadures for recovery
from a loss of DHR are not necessarily well thought out. 1n addition,
operators may not be trained in recovery from a loss of DHR. During shut-
down op..etions, operators may not be fully aware of what equipment 1s out
of service vs. what alternative equipment 1s availadle for ricovery fros
4 loss of DMR. Operators are not necessarily aware of time available for
recovery from 1oss of DHR events. For example, at Diablo Canyon 2 operators
thought that 1f the DHR function was lost the ReS heatup rate would be
1°F/minute. Mowever the RCS heat P rate was 2. 7°f /ainute. Therefore,
the optrators were not expecting bulk boiling to begin as soon as it did.

5. Plants say not have ddequate instrumentation available to determine RCS
temperature in the reactor during a loss of DMR event. For example,
Diable Canyon 2 had disconnected the core thermocowples prior to the loss
of DHR event in anticipation of head removal,

In January 1983, the Electric Power Research Institute's (ERPI) Muclear Safety
Analysis Center (NSAC) published a raport on RMR experience at U.S. PwRs
(NSAC-52). NSAC-52 provided data on loss of DHR events, as well as recommenda-
tions to industry to fmprove the situation, Stafilarly, numerous industry reports
(e ?.. INPO SERs 17-86, 79-84, INPO SOER 85-4) have been written providing infor-
mation on loss of DHR events, Including recommendations for fmproving the
situation. Nonetheless, in recent Years, we have been unable to detect a signi-
ficant industry-wide improvement 1n DHR loss experiences.
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In July 1984 EPRI's Nuclear Safety Analysis Center pub)ished NSAC-84, a PRA
which addressed operation at Zion 1 and 2 during shutdown. That PRA utilized
eraintenance and operation records and contro) room logbook inforsation to
estimate equipment availabilities and recovery times. To our knowledge, it
was the first comprehensive PRA to address operations at U.S. PwRs during
sodes 4, 5, 4nd 6. That study shows that the Yikelihood of a core damage event
in non-power modes is comparable to that during power operation.

NSAC-84 notes that, 10 days after shutdown, if the plant is in a drained-down
(@id-loop) condition, fuel damage® can occur 4 hours after losing the DHR func-
tion. Assuming the same decay heat curve, we conclude that 1f a loss of DHR
were to occur during drained-down operations at Zion 4 days after shutdown,
fuel damage could occur within about 80 minutes. (NSAC-84 data indicates that,
for some maintenance ovtages, drain-down of the RCS to #id-loop operation was
reached within 4 days from time of shutdown).

Recent experience at other U.S. PwRs has shown that there have been many loss
of DHR events during drained-down conditions which were caused by leve)l measure-
ment errors. Many of these events lasted more than 80 minutes. There have also
been many similar shorter duration events which resulted in the infitiation of
bulk bofling (see Table 1),

Review of plant operations during modes 4, 5, and 6 have shown that the key to
prevention, mitigation and recovery from loss of the DMR function depend strongly
on operators and their ability to perform certain tasks. Because of the nron?
dependency upon human performance, and the large error bands inherent in quanti-
fying human relfability, the results of risk assessments for operations (estimated
to be in the nn?c of L to 5 x 10-%/RY) 1n modes 4, 5, and 6 are subject to

large uncertainties. This s noted 1n both CS03 and NSAC-84.

While there may have been over a “undred loss of DHR function events that have
been successfully mitigated in the past 10 years at U.§. PWRs, tie potentia)
for a serious event is apparent particularly during drained-down conditions.
The frequency of such events continues to be severa) per year even after exten-
sive NRC and industry communications; the estimated probability is in the

range of 10-% co'e damage/RY and there s no assurar » that containment would
be avaiiable; and often the operator, being the key elesent in loss of DHR funce
tion events, {s not provided with adequate information (instrumentation), or
we 1l thought out procedures, and training.

The cost-tenefit anilysis for the implementation of remedial actions shows that
improvements can be made at modest cost and that the cost/benefit ratio
Justifies action (Enclosure 2). The total cost range from $13 million to a

savings of $321 million. The benefits from averted doses range from 59,000
person-rem to 177,000 person-rems.

¥NSAT-B4 assimes that Tue) damage occurs when the RCS bdoils off to the
sid-plane of the core.




Conclusion

Adequate justification exists for an appropriate generic communication requiring
prompt corrective action to minimize the loss of zHR during periods when the RCS
is partially drained. We trust that the composite 1ist of recommended remedia)
action and the .ost-benefit analysis will assist you in preparation of the
generic communication.

AEOD is ready to assist your offices in the preparation and implementation of
the generic comnunication.
Signdl Sonad Bp

L0 i

Edward Jordan, Director
Office for Analysis and Evaluation
of Operationa) Data

Enclosure: As stated
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Table )

Chronology of 37 loss of DHR Events Attributed to [radequate RCS Leve)

Cocket Plant
344 Trojan
334 -Beaver Valley 1
=366 Millstone 2
272 Salen 1
KEL) -Beave  valley 1
34 Trojan
369 * McGuire
339 North Arna 2
338 North Anna 1
369 “ McGuire 1
339 North Anna 2
280 Surry 1
- 328 Sequoyah 2
370 - McGuire 2
344 Trogan
316 OC Cook 2
368~ ANO-2
295 lion 1
339 North Anna 2
§ e
: Quoya
296 2ion 2
361 San Onofre 2
382 Waterferd 3
* 327 Sequoyah 1
323 Diable Canyon 2

Dat

————

$/21/1-
3/25/718
3/25/78
4/17/78
9/4/78+
3/4/79
6/30/79
1/17/80*
4/8/80-
4/11/80
3/5/81-
6/26/8)
3/2/82
$/20/82-
$/20/82
$/20/82
7/30/82
10/19/82°
10/20/82°
4/5/83
5/3/83-
$/17/83
8/6/83
12/31/83
1/9/84
S/4/84
5/21/84
8/29/84
9/14/84
10/16/84~
4/22/85
10/9/85%
12/14/8%
3/26/86
7/14/86
1/28/87
4/10/87

Quration

55 min,
10 min,
10 min,
Unknown
60 ain.
Unknown
34 ain.
Unknown
35 ain.
70 min.
54 min.
75 min,
50 ain.
8 win.

26 min.
60 min.
46 min.
36 min,
33 ain.
Unknown
Unknown
Unknown
77 min.
43 min,
62 min.
40 min.
25 ein.
35 min.
45 ain.

120 ain.

81 win.
43 ain.
75 win,
49 min.

221 win,

90 min.
85 min.

Heatup

Unknown
Unknown
Unknown
Unknown
145 = 175°%
150 - 208°F
Unknown
Unknown
0
101 - 108°F
102 - 168°F
140 - 150°F
105 - 130°F
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
103 - 195°F
Unknown
Unknown
105 - 201°F
Unknown
140 - 205°F
110 - 147%F
Unknown
140 - 175%F
<1%F
~15°
114 - 210°F
138 - 175°%F
95 - 115%
100 « 220°F



Table 2
Chronclogy of NRC and Industry Actions

A - Chronology of NRC Actions

UST A-45 (circa - 1980) or‘?inﬂly focused on all phases of shutdown for
PWRs ang BWRs - redirected in 1986, no longer concerned with modes 4, §,
and 6.

1€8 80-12/1E IN 80-20 requested )icensees to review Davis-Besse 2% hour
loss of DHR (4/19/80), and to analyze their own plant's procedures, focusing
on redundancy, administrative controls, and technica) specifications.

Generic Letter 6/11/80 - Requested licensees to review St. lucie's upper
head voiding event, amend technica) specifications regarding DHR capability.

1€ IN 81-09 discussed Beaver Valley's loss of RMR (drain-down - Tygon).

NUREG/CR 4005 (Parameter, Inc., 6/85) closeout of 1€ Bulletin 80-12 - Stated
that the fssue of UHR operabflity was closed out at 75X of affected facili~
ties (did not address operation during drained-down conditions, Tygon etec.).

AEOD Case Study C503 (12/85) - Addressed loss of DR, included 32 events
during drained-down conditions (1976-1984). Indicated that the situation
fs not improving. Five major recommendations were sade, including:
reliable leve) measurement, operator aids, improved procedures for DHR
operations, improved procedures/training for recovery from loss of DHR
events, improved technical specifications.

In response to (503, NRR noted it would include the recommendations of C503
in GI-99 (interlocks). To resolve this fssue, Brookthaven Natioma! Lab is

to extrapolate the Zion DHR PRA (NSAC-84) to other PWRs and assess the
effect of implementing C503's recommendations. A preliminary report s

due in June, 1987. Preliminary results indicate that core selt frequency
due to shutdown may be as high as 5.4 x 10-%/Ry (which is three times higher
than NSAC-84's result). Brookhaven's preliminary results indicate that
implementing C503's recommendations may reduce the core melt frequency to
about AT that value.

1€ IN 86-101 12/86 "Loss of DHR due to Loss of Fluid Levels in RCS*
discussed events at SONGS 2 (3/86), 2ion 2 (12/8%), Soquo{ah 1 (10/85),
and Catawba 1 (4/85). Referenced AEOD Case Study €503, IE IN 81-09,
NSAC-52.

AEOD is presently contacting « foraign country for inforsation on improved
level measurement equipment. IRS report #659 (8/86) indicates that a
foreign country is testing improved level gauges based on “"different
physical principles.*




Table 2 (Contined)

8 - Chronology of Industry Actions

NSAC-52 "Residua) Heat Remova) Experience and Safety Analysis, Pressurized
water Reactors,” Janvary 1, 1983.  NSAC-52 reported on 96 loss of RHR events
that occurred at US PwWRs from 1977-1981. It conc)uded that procedures are the
key to RHR system performance. The report provided pany suggestions for fmprov-
ing RHR operations. The suggestions addressed procedures and adeinistrative
controls relating to: maintenance and evolution planning; monftoring of reactor
vesse) level during partially drained operations; control over plant status,
safntenance decisions, and outage coordination. In adJdition NSAC-52 suggested
fmprovements in human engineering and hardware, including: contro) room indica-
tion; audible alares for low RHR flow; redundant independent RCS leve! indica-
ting systems; improved instrumentation; and improved data collection for
shutdown operations

INPO SER 79-84 "Loss of Shutdown Cooling Due To Inaccurate Level Indication" -
November 1984. The SER discussed numerous events in which the DMR function was
lost due to inaccurate RCS leve)l indication and air-binding of the RNR pumps
The SER noted the need for accurate RCS leve) indication and discussed methods
for improving RCS leval contro). The SER provided comments on the problems
associated with using tygon tubing. It also dis:ussed air entrainment and
vortexing, and it noted that methods for recovery from loss of DHR cooling
should be included in operator training and procedures.

NSAC-84 "Zion Nuclear Plant Residua) Meat Remova) PRA,® July 1985. The report
presented a PRA for Zion during modes 4, 5, and 6. It indicated that there
were large uncertainties in the estimates of risk for shutdown operations. It
concluded that modes 4, 5 6 may present significant risk relative to operating
sodes 1, 2, and 3. Core melt frequency for shutdown operations was estimated
at 1.8 x 10-%/ny.

INPO SOER 85-4 "Loss of Degradation of Residua) Heat Removal Capability in PwRs *
August, 1985. The SOER noted that probabilistic risk studies had fdentified
loss of RHR as a significant contributor to the potential for core damage.
Other areas addressed in the SOER were automatic suction valve closures and
Toss of RHR pusps. The report stated that analyses had shown that under
dadverse conditions with a partially drained reactor it s possible to uncover
the core within 15 to 30 sinutes after loss of DHR due to boiling of f the RCS.
The SOER noted that controlling RCS leve! in the “required narrow range is a
difficult evolution.® It referred to INPO SERs 60-83, and 79-84 which point out
the need for reliable RCS leve) information. The SOER stated that the use of
certain procedures, operational controls, training and hardware could have
prevented many of the referenced loss of RHR events. Specific recommendations
addressed training, operating procedures and energency procedures relating to
drained-down operations.

INPO SER 17-86 “"Loss of Shutdown Cooling Flow,* May 1986. The SER discussed
errors inherent in the tygon tube manometer System that was used for RCS leve!)




Tabie 2 (Continved)

8 - Chronology of Industry Action

measurement.  gas budbbles in the tubing, lack of

the routing of the tygon tub!ng. and the lack
potential for vortaxing. The SER

procedural controls regarding
of operator awareness of the
3150 presentes potential corrective actions.



Attridbuted to

Recent Loss of
Occurre

Date

7/14/86
10/16/84
1/28/87
4/10/87
4/22/85
3/26/86
8/29/84

Table 3
R

Quration

221 minutes
120 minutes
90 minutes
85 minutes
81 minutes
49 minytes

S minutes

Boiloff initiated

Yes
No
No
Yes
No
Yes
Yes



ENCLOSURE 1
Recommended Remedia) Action for Reducing Risk from DHR Operations

(Based Upon NRT and Industry ources)

(1)  Licensees should maintain containment integrity to
practicadble during periods of highest DHR risk
and drain-down operations).

It is recognized that the containment equipment hatch must be open to a)low
sajor inspections or repairs during maintenance and refueling outages. Never-
the-less licensees should take actions to minimize the risk to the public by:
delaying the time of opening the equipment hatch followi shutdown, and feprov-
ing the procedures and training to minimize the time required to re-estad)ish
containment integrity during a loss of DMR event. For example, task analyses to
integrate equipment hatch opening with the maintenance and refueling operations
should be performed. Measures to permit reclosing of the equipment hatch during
outages should be developed based on the task analysis.

the maxisum extent

..-JQCf"Slﬂio $hy ‘

It should be recognized that operadility of the containment purge valves is
relied upon during shutdown operations. We also note that during an accident
inoperable containment purge valves could compromise containment intagrity,
Therefore the task analyses should address the containment purge vilves and any
other valve whose operation is needed to re-estab)ish containment integrity
during periods of highest DHR risk,

This item reflects the staff risk analyses based on NSAC-84 and BAL's on going
work in support of GI-99. The risk analyses contained in Enclosure 2 focused

staff attention on the importance and benefit of containment Integrity during
shutdown operations.

(2) Licensees should improve planning, coordination
trafning during shutdown to ensure the availa

NRC CS503, INPO SOER 85-4, NSAC-52, INPO SER 79-84 aN recognized the importance
of this issue and contained recommendations, suggestions and observations to this
effect.

We believe that significant improvesents in DHR systes avall oflity and
reliability can be achieved by focusing on human factors aspects of plant shut-
down. Emphasis should be placed on detailed planning of test, surveillance
and maintenance activities, and the equipment or systes fnteractions which have
frequently caused loss-of-DHR events.

In addition, plant practices regarding the procedures and training of
personnel for performance of normal (non-emergency) operations during shutdown
should be evaluated. For example: a)) operations and saintenance staff
(Vicensed and mn-licensed) should receive training to assure that they become
sensitized to the risks associated with plant shutdown. Emphasis should be
placed upon understanding the risks and high vulnerability associated with
times of high decay heat rate, drain and fi)) operations, disabling redundant
safety equipment, etc.
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(3)  Licensees should have a re)‘atle method of measuring and eonitori
re_ctor vessel Veval during shutdown moges of o?oraﬂeuu corresponding
technical specification requirements or operability.

WRC C503, NSAC-52, INPO SER 79-84, INPO SOFR 85-4 and INPO SER 'J-86 aN)
addressed the importance of reliadle leve) instrumentation.

Common industry practice using unanalyzed makeshift devizes such as tygon tube
sight gages to monitor RCS leve) during plant shutdown should be sodi '»d or
discontinued. Reliadle, redundant level indication should be require. during
sodes 4, 5, and 6 to ensure mnmm{ of trondin? data, and to warn operators
in advance of unacceptadly low RCS level. In addit on, plant procedures should
be modified to assure that the frequency of RCS Teve) monitoring s commensurate
with plant status (e.g., as noted in section 4.1 of €503, one plant could have
sonitored vessel level as infrequently as once every 16 hours, whereas fue)
uncovery could occur only & few hours after a loss of DHR). As a ainimum, each
plant's safety review committee should review the instrumentation and procedures
used for RCS leve! measurement during modes 4, 5, and 6 to ensure that a high
Tevel of reliability s achieved.

(4)  Licensees should perfors a task analysis of DHR operation.

NSAC-52 recognized the need for improvements in human on?inuring. Performance
of & task analysis per se 15 a specific AEOD recommendat on,

We recognize that all DHR losses cannot be totally eliminated by good planning,
@ood procedures, well-trained personnel, etc. We belfeve that 1f al) licensees
would perfors human factors analyses of their plant's DMR operations, (Including
norsal and abnorsa) conditions) and ®odify their plant practices and san/machine
interfaces accordingly, the risks from DHR losses would be significantly reduced.
A model to use for such human factors analyses fs one used by NRR (Ref. 1).
Reference 1 requires Yicensees to perfora specific task analyses, and to inte-
grate instrumentation, alares and annunciators into norsal and ehergency proce-
dures for transients and accidents occurring during power operation. Licensees
shoild be required to perform similar reviews for shutdown operations, with
enphasis on detection and mitigation of loss-of-DMR events.

The operators should be provided with {nformation outlining the tise margins
tvailable for recovery from postulated loss-of-DHR events s 2 function of
Lize from reactor trip for a representative set of DHR loss transients (such
a Fi?un 4 of (502, parametric curves of uncovery tiee vs. shutdown time).
Examples of such transients are: primary system filled at saxinmm DHR system
Lemperature prisary system drafned to ainimum leve) and open to the atmosphere;
RCS at refueling tesperature, etc. Information on time ur,im available would
assist operators in recognizing the potential seriousness of the event, and
assist them in choosing appropriate methods for restoring the DHR function.

'U.S. Nuclear latory Commissfon, "Clarification of THl Action Plan
Requirements ,® I1.F.2 Instrumentation for Detection of Inadequate Core
Cooling, (NUREG 0737), November 1980,



(5) Autoclosure fnterlocks should minimize loss-of-DHR events.

NSAC-52 and NRC C503 Doth address interlocks.

1n order to prevent inadvertent DMR suction/isolation valve closures (during
OMR systes operation) 1t fs recommended that NRR consider either requiring the
removal of the avtoclosure interlocks 4o .he DMR suction/isolation valves, or
requiring resoval of power to the OWR suction/isolation valves when valve
sotion is not required. Prior to implementing this recosmendation, 1t fs
necessary to ensure that there s adequate relief Capacity to prevent over-
pressurization of the DHR systes.

(6)
s/sten

Plant technical specifications should be modified to ensure that the DMR
s ava ¢ ouring mode 4 3 e early stages o "

While INPO SER 17-86 acknowledged shortcomings in plant technica) specifications,
sodification of the technical specifications was recommended in AEOD C503. Even
though NRE's generic letter of 1980 on DHR addressec DR system redundancy, plant
technical specifications do not require DHR redundancy throughout periods when
it s most needed (mode 4 and the early stages of mode 5). fince test, mainte-
nance, and other shutdown activities can be initiated dur’sy these perfods 1t fs
apparent that as a result, a DHR loss could occur at a tise when the risk is

highest,

We recommend ‘hat NRR address the DHR system operating requirements and that
plant technical specifications be modified to:

e Ensure a1) plants have proper shutdown mode definitions (as discussed in
sections 4.3 and 5.3 of C503); and

i Ensure that both trafns of the DMR system are operadle during periods of
high decay heat 10ad, 1.e.; mode 4 and the early stages of mode 5.
(The 1980 rmric letter permits one train to be fnoperadle during
this time

Since the loss-of-DHR experience has not greatly fmproved following the
fssuance of NSAC-52 and NRR's generic letter, we believe that technica)
specification modifications are necessary to ensure adequate redundancy.

(7) Licensees should analyze the hydraulics associated with drained-down
operations.

Leve)l measurement errors observed at Diadblo Canyon 2 (Apri) 1967), p. liminary
information from the AlT assigned to Diablo Canyon, INPO SER 79-84, and SER
17-86 which reported on problems resulting from 9as entrainment in tygon
seasurement equipment etc, a1l indicate that this fssue should be addressed.

Large errors in BCS Teve) measurements have been obsarved during drained-down
operations because of afr or as entrainment which resulted from draining or
venting operations, RNR pusp vortexing, etc. At sany plants the elevations of
the steam generator nozzles, pressurizer surge 1ine, reactor hot Tegs, and
reactor coolant pump discharge are such that the there is little sargin for
measuresent errer prior to gas entrainment/vortexing. The Diable Canyon



Ticensee ran tests which indicated gas estrainment caused erratic level
Beasurements. We recommend that licensees perfore a detailed hyeraulic enalyses
of their plants' drain-down configuration to assure that the RCS leve! measuring
equipment remaing accurate, and operators are aware of the range allowable R(S
Tevels which will assure reliadble operation of the RMR pumps .



ENCLOSURE 2

Cost-Benefit Analysis for Pro osed NRC Generic Communication
Loss of Decay Heat Pemova unction in

1. Introduction

This analysis provides an estimate of the costs and benefits associated with
isplesenting plant and procedural modifications intended to reduce the likelihood
of loss of the DHR function in modes 4,5, and € at U.S. PWRs. The analysis was
performsed based on the NRC's value fmpact methodology and it employed data which
was extrapolated from the most corprehensive probabilistic risk assessment
presently available for pressurized water reactors during shuidown (NSAC-84 July
1985). NSAC-84 presented the results of work that was performed by Pickard,
Lowe and Garrick to quantify core melt frequency for the 2ion nuclear plants
during modes 4, 5 and 6. It reviewed operating experience at Zion 1 and 2
during shutdown. It utilized detailed plant and maintenance logbuok records to
estimate availability and performance of Systeas and subsystems during modes 4,
S, and 6.

Preliminary results from an NRC contractor working on this {ssue (Brookhaven
Nationa) Laboratory), and AEOD's review of recent operating experience indicate
that the core meli frequencies appearing in NSAC-84 may be overly optimistic
and the value of DMR system fmprovements recosmended by AEOD may be signifi-
cantly greater than the values listed in this cost-benefit analysis,

I1. Analysis

Benefit - averted dose:

Based upon NSAC-84:

Core melt frequency due to operations during shutdown:
' 1.8 x 10-%/RY

Installing a "perfect alare systes" to guarantee the operators are aware
of loss of cooling would halve the core damage frequency to .9 x 10-%

The benefit of such a system is quantified as fo)lows:

The equipment hatch s assumed open 1/2 of the time while the plant {s
shut down. The release is either a category 2 or 3 release.

4.8 x 10° person rem/accident .
°F 5.4 x 10* person rel/accidont} avg. = 5.1 x 10

Averted Dose = (.9 x 10-%) x (.5) x 5.1 x 10® = 23 person-rem
Y
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Alternatively, per Generic Issye 99's prioritization in NUREG-0933, the core

eelt from a loss of RHR system would proceed as T, MLU of the Oconee RSSMAP
danalysis. The releases would be as follows:

Category Probabilitz Dose (person-rem)

3 .S 0
5 .0073 0¢
7 . 03
o8

5
Averted Dose = .9 x 10-5 x . § x § 4 x 10% = 24.3 person r
RY

PWR population (present plus future plants)
¥ 55 reactors 1785 RY
B&W 10 reactors 298 RY
CE 15 reactors 485 RY

B0 reactors 2568 RY
Total Averted Dose = 23 person ream

x 2568 RY = 59,000 person-rem
RY averted

Cost:

NRC Labor: from NUREG-0933 Tesolution of Generic Issue-99 (Interlocks)
For W only: 8 man-wks = $38,000

Assume CE & BAW require similar efforts 2 x $38,000 =

$76,000
Total cost for interlocks $114,000

Assume a similar effort is needed for leve) measurement $114. 000

but that issue is more complex, and plant specific inspections will be
necessary. Each plant will need to be inspected, procedures reviewed, etc.

Assume 300 hrs/plant x 80 plants x $50/hr = $1.2 M

Total NRC labor cost = $1.4 M




EMCLOSURE 2

Cost:

Industry labor and hardware: from NUREG-0933 Resolution of Generic Issue-99
(Interlocks)

NUREG 0933 estimated resolution of fnterlocks
At ¥ plants the cost would be $47,200/plant (including hardware,
licensing, review, technical specifications, etc).

Assume this cost would exist at al) PwRs
80 plants x 47,200/plant = $3.8 M

Assume other hardware would also be used - "perfect alarm," leve)
instrumentation, improved planning, procedures etc. - assume
these items cost 2 x as Buch as the interlocks

(add $7.6 M)

Tota) industry cost and hardware labor = $11. 4

Benefit: Onsite property damage cost avoidance

= $2 x 10%core-melt x .9 x 10-8 core melt
=Ry — X 2,568 RY

= - $46 M ; however the present worth
assuming 15 yrs avg and 5% discount rate is
23

- $23 ¥

Benefit: Cost reduction from having shorter outages due to better planning and
avoidance of non core-melt loss of OHR events

Shorten outages due to better Planning - estimate 3 hours/RY

Avoidance of non core-melt loss of DHR events - frequency of non core-
melt losses of DHR 1s one every 4 RY - assume such losses cause GOu
average a 4-hour delay (extension of outage for a more severe event
which includes inves.igation of the causes of fnopu.ability and the
effort required to assure that adejuate corrective action is taken) -
the net delay = 1/4 x 4 = 1 hr/RY,

Total = 4 hrg x = $500,000 replacement ..o .
kY power cost
per 24-hoyr
day
= -$213 M
present worth (15 yr. avg & 5X discount rate)
= <3107 M

Onsite dose and Onsite dose avoidance are neglected.
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Uncertainties

1 . BNL has reviewed NSAC-84 and has added one or more accident
scenarios and has reexamined the models used for NSAC B84,

BNL has found that the core melt frequency presented in NSAC 84 s
low by a factor a 3. If BNL s correct then the benefit from averted
dose should be 3 times that listed in this analysis,

69 gcrson-roa y 177,000 person-rea total
Y

2 . Time available for successfu) operator actions to recover from loss
of DHR.

NSAC-84 data indicates drain-down during maintenance outages were
completed in 4 days or less from time of rod insertion. The decay
heat after 4 days is such that the drained-down system could heatwp
and boiloff to the fue) mid-plane (criteria uvsed for core damage in
NSAC-84) in under 80 minutes! However, the loss of conling event
trees assume operator recovery in 1-8 hours with mean error rates of
1x10-* to 2x10-%. These rates appear to be overly optimistic for
actions which allow as iittle as 80 minutes for recovery frem a high
stress situation especially if the operators have no procedures, no
training and inadequate information regarding the status of equipment
availability... Recent experience has shown that there have been many
severe loss of DHR events during drained-down operation which lasted
more than 80 minutes and there have been many shorter duration events
which resulted in the initiation of boiloff. For example:

Plant Date Duration
*Waterford 3 7/14/86 221 min
North anna 2 10/16/84 120 min
Sequoyah 1 1/28/87 90 ain
*Diablo Canyon 2 4/10/87 8% amin
Catawba 1 4/22/85 81 ain
*San Onofre 2 3/26/86 49 ain
*ANO-2 8/29/84 35 min

3 . NSAC-84 assumes that operator recovery faprcves with shift change,
f.e., if there is a shift change, discovery/recovery from the
casualty is assured. This assumption does not agree with recent
DHR loss event experience; e.9., on 3/26/86 SOMGS 2 had a loss of
OHR event which was exacerbated by the shift cthange.

*Denotes initiation of boiloff.
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- s -
111. Summary
Cost Benefit
NRC labor: $1.4 M
Industry labor + equipment: $11.4 M 0ffsite doses: 59,000*
Sum: $12.8 M person-rea
averted
Property “$23 M (could be as high
Damage: (could be as high as as 177,000 person-
* $69 M) rem averted)
Replacement = $107 M
Cost: (could be as
high as
- $321 M)
Total Cost Total Benefit

= $321 to $13 aidlion $59 - 177 million



