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ABSTRACT

|

The report contains the results of the NRC Staff's evaluation of shutdown and !
low-power operations at U.S consercial nuclear power plants. The report t

describes studies conducted by the staff in the following areas: operating
experience re'EM 1 to 'hutdown and low-power operations, probabilistic risk -

assessment of d) 4ti.'rwe i nd low-power conditions and utility programs f or |
~

planning anc!c.citvcitr,4 activities during periods the plant is shutdown. The
report also do(Lket'' evaluations of a number of technical issues regarding- i-

shutdown and lov4ppver operations performed by the staff, including the
,

principal fitaitrgs-nod conclusions. Potential new regulatory requirements are
discussed, as won' As potential changes in NRC programs. >
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'

1 BACKGROUND AND INTRODUCTION

Over the past several years, the NRC staff has become more concerned about the

safety of operations during shutdown. The Diablo Canyon event of April 10,
1987, highlighted the fact that the operation of a pressurized-water reactor
(PUR) with a reduced 1 W .ory in the reactor coolant system was a particularly

,

sensitive-condition. From NRC's review of the event, the staff issued Generic
Letter 88-17 on October 17, 1988. The letter requested thh, licensees address
numerous generic deficiencies to improve safety during operation at reduced
inventory. 'More recently, the incident investigation team's report of the loss
of ac power at the Vogtle plant (NUREG-1410) emphasized the need for risk
management-of shutdown-operations. Furthermore, discussions with foreign
regulatory organizations (i.e., French and Swedish authorities) about their
evaluations regarding shutdown risk have confirmed previous NRC staff findings
that the core-damage: frequency for shutdown operation can be a fairly substan-
tial fraction of the total core-damage frequency. .Because of these concerns
regarding operational safety during shutdown, the staff began a careful,
detailed evaluation of safety during shutdown and low-power operations.

On July.12, 1990, the staff briefed the Advisory Committee on Reactor Safeguards
(ACRS) on its draft plan for a broad evaluation of risks during shutdown and
low-power operation. On OctoDer 22, 1990,.the staff issued the plan in the
for- of _ a memorandum from James M. Taylor, to-the Commissioners, " Staff Plan

j for Evaluating Safety. Risks During Shutdown and Low Power Operations." The
staff. briefed the ACRS onLthe status of the evaluation on June 5 and 6, 1991,
and on June 19, 1991, the staff discussed the status of the evaluation in a
public meeting with the Commission. On September 9, 1991, the staff issued a
Commissie paper (SECY-91-283)'which reported progress to date on the evaluation-
and proviced a'detr.iled plan for addressing each of the technical issues

L

.. identified.

'1.1 Scope e,f the Staff Evaluation-

.In the staff's evaluation, " shutdown and low-power operation" encompasses
-operation.when the reactor _is in a subcritical state or is in transition

|
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.

between subcriticality and power operation up to 5 percent of rated power. The

evaluation addresses only conditions for which there is fuel in the reactor

vessel (RV). The evaluatinr. adaresses all aspects of the nuclear steam supply
system (NS55), the containment, and all systems that support operation of the
NSSS and containment. However, the evaluation does not address events

involving fuel handling outside of the containment, fuel storage in the f uel
storage building, and events not involving the previously identified systems.

1.2 Organization
--

The Office of Nuclear Reactor Regulation (NRR) has the lead responsihility - ,

for conducting the evaluation. However, other Headquarters offices, such as
the Office of Nuclear Regulatory Research (RES), the Office for Analysis and
Evaluation of Operational Data (AEOD), and regional offices have contributed
strong support. A group of senior managers representing these offices serve as
the steering committee for the evaluation. This group met periodically to be
briefed on the progress of the evaluation and to provide guidanre. Members of

the steering committee included William Russell, Associate Director for
Inspection and Technical Assessment, NRR; Ashok Thadani, Director, Division of
Systems Technology, NRR; Brian Sheron, Director, Olvision of Systems Research,
RES (later replaced by Warren Minners, Director, Division of Safety issue
Resolution); Samuel Collins, Directcr, Division of Reactor Projects, Region IV; -

and Thomas Novak, Director, Division of Safety Programs, AE00.

1.3 Summary of the Evaluation

In its original plan, the staff divided work necessary to complete the evalua-
tion into the tollowing six major elements containing a number of interrelated
tasks to be completed over 18 months. The major program elements included:

1. Review and evaluatt event experience and event studies.
II. Study shutdown operations and activities.

Ill. Conduct probabilistic risk assessment (PRA) activities and engineering
studies.

1-2
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.IV. -integrate technical results to understand risk.
Y, -Evaluate guidance and requirements at fecting risk management.
VI. Recommend new regulatory requirements as necessary.

Consistent with this program plan, the staff and its contractors have completed
the-following studies which, as indicated, are fully discussed later in this
reports-

* Systematically reviewed operating experience, inclMing reviewing reports
of events at foreign and domestic operating reactoct, and documented the
findings in- the AEOD engineering evaluation (Chapter 2);

* With assistance.from the Science Applications international Curporation
(SAIC), analyzed a spectrum of events at operating reactors using the
accident sequence precursor (ASP) methodology (Chapter 2);

* Visited 11' plant sites to broaden staff understanding of shutdown opera-
tions, including outage planning, outage management, and startup and;

-shutdown activities-(Chapter 3);

*- Reviewed,1 evaluated, and documented the few existing domestic and foreign-
PRAs that address. shutdown conditions.(Chapter 4);

''
-

L -Conpleted and documented a coarse Level 1 PRA of shutdown and low-power
' operating modes for a PWR and a BWR through RES contractors at Brookhaven'

p ; National Laboratnry and Sandia-National Laboratory (Chapter 4);
{-
!.
| ' .With technical-assistance from the Idaho National. Engineering Laboratory

'(INEL), completed and documented several thermal-hydraulic studies-that
i address the consequences of an extended loss of residual heat removal

(Chpater 6);

|'
~'

With technical assistance from Science Applications International*

Corporation-(SAIC), compiled existing regulatory requirements for shutdown
. operation and important safety-related equipment (Chapter 5);

1-3
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* - Coordinated _a meeting with OECD/NEA (Organization for Economic Cooperation

and Development / Nuclear Energy Agency) specialists to exchange information-

on current-_ regulatory approaches to the shutdown issues in member countries,
.

including drafting a discussion paper on the various approaches (Chapter
5); and

1

'' Met periodically with the Nuclear Management and Resources Council (NUMARC)
to keep the industry informed of NRC activities and to stay abreast of the
-industry's continuing initiatives. '

To integrate its findings from these studies and to define important technical
issues, the staff met for three days with contractors from several national
laboratories who had been working on the shutdown and low-power evaluation or

'had special-expertise in the issue. During this meeting, held April 30 through
-May 2,'1991, the= staff _ identified five issues _that are especially important for;

shutdow and a number of' additional topics that warrant further evaluation.
--These issues are

* outage planning and control
"'i stress on personnel and programs

* _ training _and' procedures
'- 1 technical specifications
* PWR safety-during midloop operation

f.

-Topics identified for further_ evaluation _ included:

* loss of residual heat removal-capability
~ * - containment capability-

* - rapid-boron. dilution
-- *

'

. fire protection-
'' instrumentation-
* ECCS recirculation capability

-

' ' -effect of PWR upper internals
* .-onsite emergency pl_anning
* fuel handling and heavy loads

1-4

- ., . . . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _



. - .. .. _ . . . _ . . _ . _ . _ . . _ . _ _ _ __ __ _ _ _ _ _ _ _ . - _ _ . . - . _ _ _ . _

;

P

'' potential for draining the BWR reactor vessel
* reporting requirements for shutdown events

,

* need to. strengthen inspection program

.

The staff proposed an evaluatinn plan for each of the issues and topics and
documented the plans in.a Commission paper issued September 9, 1991 (SECY-
91-283). The-evaluations have now been complete and the results form the basis

for the staff's technical findings and conclusions provided in Chapter 6, and
recommended actions-as provided in Chapters 6, 7, and 8 of this report. ;

;

,

4

4

--
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2 ASSESSMENT OF OPERATING EXPERIENCE

2.1 Retrospective Review of Events at Operatino Reactors
,

The staff reviewed operating experience reports to ensure that its evaluation
encompassed the range of events encountered during shutdown and low-power
operation. -The staff reviewed licensee event reports (LERs), previous studies
performed by the' 0ffice for Analysis and Evaluation of Operational Data (AE0D),
and various inspection reports to determine the types of events that take
place during refueling, cold and hot shutdown, and low-power operation.

The staff reviewed events that occurred at foreign nuclear power plents using
information found in the foreign events file mair.tained for AE00 at the Oak
Ridge National Laboratory. The AE0D compilation included-the types of events
that applied to U.S. nuclear plants and those not found in a review of U.S.
experience..

In performing this review, the staff found that the more significant events
for pressurized-water reactors.(PWRs)-were the loss of residual heat removal,

-potential-pressurization, and boron dilution events. The more important events
for boiling-water reactors (BWRs) were (1) the loss of coolant, (2) the loss of
cooling, and (3) poter.tial pressurization. Generally, the majority of important

.

events involved. human error--administrative, other personnel, and procedural
errors. In: December 1990, the staff documenteo this review in the AE0D special

L report, " Review of-Operating Events-Occurring During Hot and Cold Shutdown and

Refueling" which is summarized below. _In addition, the staff selected 10
,

- event:; from' the AEOD review for further assessment as precursors to potential
severe core-damage accidents. This assessment is discussed in Section 2.2.

I
The AE00 special report encompassed events that had occurred primarily between
January 1, 1988, and. July 1,.1990. An initial database was created which
included 348 events' gathered primarily from the Sequence Coding and Search

System (SCSS) and significant events that occurred before or af ter the target

:

2-1
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. period. Of the 348 events, approximately 30 percent were considered more
-significant and were explicitly discussed in the AE00 report.

Tha-events were evaluated by plant type (i.e., PWR or BWR) and six major event-
categories: loss'of shutdown cooling, loss of electrical power, containment
integrity problems, loss of reactor coolant, flooding-and spills, and overpres-
surization of the reactor coolant system; for PWRs, boron problems were also
included._ :Less frequently occurring events, such as fires, were covered
briefly.-

The.results of the AE00 study are discussed in Sections 2.1.1 through 2.1.7.
Insights from the study are given in Section 2.1.8.

2.1.1.. Loss-_of Shutdown Cooling

The loss of shutdown: cooling is one of the more serious event types and can be
initiated by the loss of flow in the residual heat removal (RHR) system or by
loss of an intermediate or ultimate heat sink. Events involving loss of

.

cooling that occur shortly af ter plant shutdown will quickly lead to bulk

ji _ boil _ing and eventual- fuel uncovery if. cooling is not restored.

The evaluation-included 13 PWR and'Il BWR events involving loss of shutdown

|i | cooling;--these are listed in Tables 2,1 and 2.2.
l

l.

L - More_than'60 percent of tho'PWR events arose from human error--administrative,

other personnel, or procedural. Equipment problems accounted for 16 percent of-

|
the events. The types of . incidents. that caused the events ranged from the RHR
pump'becoming air bound, to loss of power to the RHR pump, to the malfunction

L of the level Indication in~ the control room. _

!

L These events resulted in temperature rises ranging from 15 _to 190* (on the

-Fahrenheit' scale).-

~

- For the BWR events, approximately 60 percent were caused by human. error--
l-administrative, other personnel, or procedura .

,

I
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2.1.2 Loss of Reactor Coolant Inventory'

The chance' that reactor -coo,' int will be Inst from the reactor vessel can

"actually increase during shuto0wn modes because large, low-pressure systems, ,

such as'RHR,-are connected to the raactor coolant system. The safety signifi-
cance of.such loss is that it could lead to voiding in the core

-

- a r. ventual exposure _of the core.
.

The evaluation included 22 avents involving loss of reactor coolant, The
plants and dates of the eve _nts are listed in Tables 2.3 and 2.4:

The PWR events had various causes, such as opening of the RHR pump suction

relief. valve power-operated relief valve (PORV) and block valves opening
simultaneous 1y'during PORY testing, and loss of pressure in the reactor cavity

iseal ring allowing drainage from the cavity. These events accounted for losses'

| :of reactor _ coolant inventory of up to 67,000 gallons,
u ,

'Many of'the BWR events-included in the evaluation were caused by valve lineup

p errors and resulted in-decreased icvels of up to 72 inches.
p
|

| 0.f;the 10 PWR events reported in the AE00 evaluation, 6 were caused by human
errors,and 4 were caused by equipment problems. Of the 12 BWR events-included

L in' the evaluation,10 were caused by human errors and only 2 were caused by

i~ -equipment failure.

-2.1.3. Breach of Containment-Integrity

A: breach of contai_nment integrity in itself may not be of-great safety signifi-

L cance, but this event, coupled with other postulated events, could substan--
- tially| increase _ the severity of the initial event. Also, a breach of contain-

ment integrity in conjunction with. fuel . failure could cause the release of'

radioactive material. Eight events involving breach of containment were

included in the AEOD evaluation.-All were due to human error.

..

.;
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2,1.4 Loss of Electrical Power

The safety significance of the loss of electrical power depends on the part
of the plant affected. The loss could range from complete loss of offsite
power to the loss of a de or an instrument bus; loss of electrical power
generally leads to other events, such as loss of shutdown cooling.

The events included in tt OD evaluation are listed in Table 2.5.

Of the 11 PWR events 60D, 5 sere caused by human errors, 5 were

ca : sed by maintenance, m H re. Of the original 45 events found
in the AE00 study, appros wen aused by human error and

approximately 20 percent were aent problems. The BWR statistics

were just the opposite: only 20 ,,ercent c' -he events were caused by human

errors and 50 percent were caused by equipment problems.

2.1.5 Overpressurization of Reactor Coolant System

Both PWR and BWR overpressurization events have occurred during s|.atdown

conditions. Such events are precursors to exceeding the reactor vessel brittle
fracture limits or the American Society of Mechanical Engineers Boiler and

Pressure Vessel Code (ASME Code) limits. The reactor coolant system (RCS)

generally overpressurizes in one of three ways: operation with the RCS

completely full and experiencing pressure control problems, occurrences of
inadvertent safety injection, or pressurization of systems attached to the RCS.

Too few of these events were included in the AE00 evaluation to inoicate a
trend regarding the cause of the events. However, the original database

included 24 PWR pressurization events, and 66 percent of these events had been
caused by human errors. Only three BWR events were in the original database.

2.1.6 Flooding and Spills

The safety significance of flooding or spills depends on the equipment affected
by the spills. The AE0D evaluation included 3 of the 29 PWR events in the

2-4
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: Table 2.1 Table 2.2--

LEvents involving PWR Loss of Events involvin9 BWR Loss of
Shutdown Cooling Shutdown Cooling

Plant Event Date Plant Event Date

Millstone 2 12/09/81 Brunswick 1&2 04/17/81 :

Salem 1 03/16/82 Susquehanna 1 03/21/84
Catawba-1 04/22/85- Fermi 2 03/18/88
Zion-2 12/14/85 FitzPatrick 10/21/88
Crystal River 3 02/02/86 Susquehanna 1 01/07/89

'Oconee 3 12/16/87 -River Bend 06/13/89

Arkansas 1_ 10/26/88 Pilgrim 12/09/89
McGuire 1 11/23/88 - Duane Arnold 01/09/90
Arkansas 1 12/19/88 FitzPatrick -01/20/90.

Braidwood 2 .01/23/89 Susequehanna 1 02/03/9,0_
Salem 1 05/20/89
Arkansas 1 12/06/89
Votgle 1 03/20/90

Table'2.3 Table 2_.4

Events Involving PWR; Loss of Events involving BWR Loss of

1 Reactor Coolant- Reactor Coolant

Plant _ -Event Date Plant Event Date

Haddam Neck- 08/21/84 Grand Gulf 04/03/83

B- Farley 2' 10/27/87- LaSalle 1_ 09/14/83

Surry 1 05/17/88 LaSalle 2 03/08/84

h .Sequoyah 1- 05/23/88 Washington Nuc ?= 08/23/84

$ -San 10nofre 2 06/22/88- -Susquehanna 2 04/27/85

Byron |1.- -09/19/88_. Hatch 2 05/10/85

|- Coo k .2 02/16/89 Peach Bottom 2 09/24/85

0 = Indian' Point 2 03/25/89 Fermi.2 03/13/87---

: Palisades 11/21/89 Washington Nuc 2 05/01/88

Bra idwood._1 - 12/01/89 -Pilgrim 12/03/88e

!- Vermoi.t Yankee 03/09/89
i. imeri c k 04/07/89o-
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Table 2.5

Events Involving Loss of Electrical Power

PWR Event Date Description of Event

' Turkey Point 3 05/77/85 Loss of offsite power
fort Calhoun 03/21/87 Loss of all at offsite power

.McGuire 1 09/16/87 Loss of offsite power
Harris 10/11/87 Loss of power to safety buses

- Wolf Creek ,10/15/87 Loss of 125-volt de source
Crystal River 3 10/16/87 Loss of power to one of two. vital buses
Indian-Point 2 11/05/87 Loss of power to the 880-V ac bus-

Braidwood 2 01/31/88 Instrument bus deenergized

JMillstone 2 02/04/88 Loss of power to vital 4160-V ac-train
Yankee Rowe 11/16/8B Loss of power to two emergency 480-V buses

. Fort Calhoun 02/26/90 Loss of power to 4160 safety buses

BWR-

Pilgrim- 11/12/87 Loss of offsite power
~Nine Nile-2 12/_26/88- Loss of offsite power _

Millstoneel 04/29/89 - Loss of normal-power

Washington Nuc-21 05/14/89 Loss of offsite power.
~ River Bend 03/25/89 Division II loss of power-

Limerick: 03/30/90 ~ Loss of power-to power. supply uninterruptedly
.

,

+

.

L
:

t
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; original database. Of'the or_iginal 29 PWR events, more than 50 percent were
caused by human errors; 14 percent were caused by equipment problems. There
were only-7 BWR flooding or spill events in the original database and the-
majority were ' caused by human errors.

2.1.7 -Inadvertent R'eactivity Addition

Both'PWR and BWR plants.had experienced inadvertent criticalities, some of

which resulted-in reactor scrams. The AE00 evaluation indicated that inadvertent
reactivity addition in pWRs was caused primarily by dilution while the plant

,

was shut down.' Also boron dilution without the operator's knowledge was
identified as a'potentially severe event. In BWRs, inadvertent reactivity
addition was most often caused by human error (the operator selected the wrong

control) and-feedwater-transients.

The events included in the evaluation are listed in Table 2.6.

2.l.8 -Insights From the Review of Events

-The original database of shutdown events included events and a majority of the
events had occurred-since 1985. AE0D used experience and engineering judgment

in selecting which of the 348 events were-the more significant. Those signi-

ficant-events were then categorized to help AE00 determining the cause and;

j idertify any trending.
1

L' - - _

|: Two major, observations became. apparent in the evaluation whether using the
U or.iginal database of 348 or.the-narrowed database of_30 more'significant events.

) The first observation is that a greater percentage of the events were caused by-
human errors than by equipment problems. The=second observation is that the
events did not reveal new unanalyzed issues but instead appeared to represent

Lan. accumulation of errors or equipment failures or a combination of the two.-

|'

|-
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Table 2.6

Events involving Inadvertent Reactivity Addition >

1 vent Date- Description of_ EventPWR E

Surry 2 -04/14-23/89 Boron concentration decreased by leak in RCP

standpipe makeup valve

Turkey Po' int 3&( 05/28-6/03/87 Unable to borate Unit 3 VCT* because of
nitrogen gas binding of all boric acid
transfer pumps ,

-Arkansas.2 05/04/88 Gas binding of the charging pumps from
inadvertent emptying of the VCT*

Foreign reactor. 1990 Boron dilution from a cut steam generator
tube that had not been plugged

BWR--

Mi11 stone-1 11/12/76 Withdrawal of the wrong control rod'and a
suspected high worth rod

Brownsfferry 2 02/22/84' Withdrawal of'high worth rod

LHatch!2 11/7/85 Feedwater .ransient

PeackBottom.3 03/18/86 Incorrect rod withdrawn

River Bend 07/1'4/86 Feedwater transient
II

- 0yster Creek 12/24/86 Feedwater transient

u
|-

* VCT = volume control tank
2-8
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2.2 Accident Sequence Precursor Analysis

Using the accident sequence precursor (ASP) method, the staff and its con-
tractors, Oak Ridge National Laboratory and Science Applications international
Corporation-(ORNL/SAIC), evaluated a sample of_10 shutdown events that could be ,

significant. The staff reviewed this sample to determine the conditional '

probability of core damage. that is, the probability of core damage given -that
the initiating event has already occurred, from each type of event selected
in order to help characterize the overall shutdown risk for U.S. nuclear power ;

plants. As discussed in Section 2.2.1, the 10 selected events reasonably
1 represented the reactor-population of BWRs, PWRs, and the various vendors.*

,

'

To date, the ASP program has been largely concerned with operational events
,that occurred at power or hot shutdown. Methods used in that program to
--identify operational event., considered precursors, plus the models used to *

estimate _ risk- significance, have been developed over a number of years. In

particular, the ASP core-damage models have been improved over time to reflect
insights from a ' variety of probabilistic risk assessment (PRA) studies, in
applying ASP. methods to evaluate events during cold shutdown and refueling, '

the same analytical; approach was used. However, accident sequence models +

describing failure combinations leading to core damage had to be developed,
with little; earlier work as a' basis.

This-analysis was exploratory in nature. Its. intent was to ensure that operating
experience was assessed systematically, to develop insights into (1) the types
of events that have occurred d.~ing shutdown and (2) which characteristics. of-

cthese events are important to risk, and to develop methods that could be used-
in'a continuing _ manner to analyze shutdown events. 'The staff did not-intend to-

use this. effort to make comparisons with analyses of at-power events in the ASP
program.

The~following'section describes how the 10 events-that were analyzed were

selected. Section 2.2.2_ summarizes the development of co_re-damage models and

the estimation of conditional probabilities suitable for event ranking.
Finally,:Section 2.2.3 describes the results of the analyses and overall

2-9
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Tfindings. The complete detailed analysis for each event is documented in
Appendix A.

9

2.2.1' Selecting Events for- Analysis

- The staff selected 10 events that had occurred during cold shutdown and
refueling for analysis. The staff chose these events af ter it had (1)
reviewed the AE00 evaluation of non-power events discussed in Section 2.1 #

c and (2)- performed confirmatory searches using the Sequence Coding and Search

System, a database _of licensee event report (LER) information ma h ained at,

ORNL.

Events chosen were considered representative of the types of events that could
~

< - impact shutdown risk and that could be analp ed using ASP methods. These

events. concerned loss of reactor inventory, loss of residual heat removal, and
loss of electric power. One event involved a flood that had safety system
impacts. The events chosen for analysis were considered more serious than the e

typical event observed at cold shutdown.

- Events.were also chosen so that all four reactor vendors were represented.in
thefanalysis. .This allowed the staff to explore modeling issues unique to
different plant designs'und-to develop models thet could be applied at a later -

'date to a broad set of cold-shutdown and refueling events.-4

f
~

The 10 events chosen for analysis are listed in Table 2.7. The 10 events are

sorted by date and by vendor in Table 2.8.. The 1990 loss of oc power and shut-
down cooling (SDC) at Vogtle 1 is not included in the list because it had been
evaluated previously with the ASP methodology.

2.2.2.- Analysis Approach

'

The staff analyzed-in detail each of the events listed in Table 2.7. This

; analysis included a review of'available information concerning each event and
plant to determine system lineups,' equipment out of service, water levels and

- reactor' pressure vessel (RPV) inventories, time to boil and to core uncovery,

2-10
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Table 2.7
'

~ Cold Shutdown.and Refueling Events Analyzed Using ASP Methods, by Docket /LER No.
~i

,

Conditional

Docket / Core-Damage
ILER No.- DescriptionofEvent(Date) Probability *

271/89-013 10,000 gal of reactor vessel inventory was 1.0x10-6
.

transferred to the torus at Vermont Yankee
,

when. maintenance stroked-tested the f,DC

valves in the~out-of-service loop of RHR
with the minimum flow valve already open, i

More than 45 min-required to locate and

isolate the ' leak. - (3/9/89)

285/90-006' ' Loss of offsite power (LOOP) with the 3.6x10-6

cmergency- diesel generators (EDGs) not

immediately.available at fort Calhoun,
Breaker failer relay operated to strip t

loads, but EDG design feature prevented
auto loading.: (2/26/90)

287/88-005 Loss of ac power and loss of RHR during 1.7x10-6

midloop operation with vessel-head on at .

Oconee 3. - Testing errors caused a loss of .

power.to'. feeder buses resulti.ng in loss of .

|
:SDC with no accompanying reactor temperature

| or level indi.ation. '(9/11/88)-

302/86-003 RHR: pump shaft broke during midloop 1.4x10'0-

operation at Crystal River 3. Pump had been

in: continuous operation for about 30 days. .

A tripped _ circuit breaker delayed placing .

the.second train on-line. (2/2/86) '

2-11
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Table 2.7 (Continued)

Conditional

Docket / Core-Damage

LER No. Description of Event (date) Probability *

323/87-005 Loss of RHR at Diablo Canyor. 2 while at 5.2x10-5

midloop operation. RCS inventory was lost

through a leaking valve and air entrainment
in both RHR pumps caused loss of SDC.

Boiling in core region. (4/10/87)

382/86-015 Loss of RHR during midloop operation at 2.1x10'4

Waterford 3. Complications in restoring
RHR due to steam binding and RHR pump

suction line design. Boiling in core
region. (7'14/86)

-5
387/90-005 Extended loss of RHii at Susquehanna 1. An 2.7x10

electrical fault caused isoiation of SDC
suction supply to RilR system. Alternate
residual heat removal was provided using

the suppression pool. (2/3/90)

347/88-011 Loss of reactor vessel inventory at WNP-2, 4.6x10-5

The RHR suppression pool suction and SDC

suction valves were open simultaneously,

and approximately 10,000 gal of reactor
water was transferred to the suppression

po t . (5/1/88)

456/69-016 RCS inventory loss at Braidwood 1. An 1.0x10-6

RHR suction relief valve stuck open and
drained approximately 64,000 gal of water
from the RCS before being isolated. (12/1/89)

2-12
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Table 2.7 (Continued)
.

Conditional

--' Docket / Core-Damage
'

LER No. Descriptionofevent(date) Probability *

#458/89-020 15,000 gal of service water floodeo the 1.0x10

. auxiliary' tiuilding when a freeze seal failed
at River Bend. One RHR train, normal spent
fuel pool cooling, and auxiliary and reactor

,

building lighting were' lost. (4/19/89)

*The estimated conditional probabilities are only considered usable for the
relative ranking of the 10 events. The probability values cannot be compared
with conditional probabilities calculated in the ASP program for events
occurring at power.

,

l:
i

'

L

L
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Table 2.8

Cold Shutdown and. Refueling Events Analyzed Using ASP Methods, by Vendor

Conditional +

-Docket / Core-Damage

LER No. Description of Event (Date) Probability * -

GENERAL ELECTRIC (BWR)

271/89-013 10,000 gal. of reactor vessel inventory was 1.0x10-6

transferred to the torus at Vermont Yankee.

(3/9/89)

387/90-005 Extended loss of RHR at Susquehanna 1. -2.7x10-5

:(2/3/90)'

397/88-011 Loss of reactor vessel inventory at WNP-2. 4.6x10-5

(5/1/88)

-6
2458/89-020- =15,000 gal of service water flooded the 1.0x10

-auxiliary _ building when a freeze seal failed

at River Bond.- -(4/19/89)

BABC0CK AND WILCOX (PWR)

:287/88-005'- Loss of ac power and loss of RHR during 1.7x10~0

-midloop~ operation with vessel head on-at
Oconee 3. (9/11/88)

302/86-003 RHR pump shaft broke during midloop' 1.4x10-6

operation at Crystal. River 3. (2/2/86)

2-14
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Table 2.8 (Continued)
*

>

Conditional
Docket /- Core-Damage

LER No.- Description of Event (Date) Probability *
,

' COMBUSTION' ENGINEERING (PWR)

285/90-006 Loss of offsite power (LOOP) with the 3.6x10-6
- v

emergency diesel ge'nerators (EDGs) not <

immediately available at Fort Calhoun.

(2/26/90)
,

382/86-015- Lloss of RHR during midloop operation at 2.1x10-4

-Waterford 3. (7/14/86)

WESTINGH0115E (PWR) r

-323/87-005 Loss-.of-RHR at Diablo Canyon 2 while in 5.'2x10-5

midloop operation. (4/10/87)

456/89-016 RCS: inventory loss at Braidwooo -1, 1.0xid-6

(12/1/89) -

' *The: estimated . conditional probabilities are only_ considered usable for the -
'

- relative ranking of the 10 events.- The probability values cannot be compared
.with.' conditional-probabilities calculated in the ASP-program for events
occurri.ng at power.

..

.

L||
'

.

*

L

{j -c-
|,
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vessel status, and so on. This involved review of final safety analysis
reports (FSARs), _ augmented inspection team ( AIT) reports, operating procedures,
and supplemental material in order to understand the system interactions that I

occurred during the event, the recovery actions and alternate strategies that
could be employed, arid the procedures available to the operators.

Once the event had been characterized and its effect on the plant was under-
stood, event significance was estimated based on methods used in the ASP
program. Quantification of event significance involves determining a condi-
tional probability of subsequent core damage given the failures that occurred.
(See Sectirn 2.2.3 for the current limitations in this approach.) This was
estimated by mapping failures observed during the event onto event trees that ;

depict potential paths to severe core damage, and by calculating a conditional
probability of core damage through the use of event tree branch probabilities
modified to-reflect the event. The effect of an event on event tree branches ,

was assessed by reviewing the operational event specifics against system design
information and translating the results of the review into a revised condi-
tional probability of. branch failure given the operational event,

in the quantification process, it was assumed that the failure probabilities
for systems observed to have failed during an event were equal to the like-
lihood of not_ recovering from the failure .or fault that actually occurred.

-Failure probabilities for systems observed to have degraded during an opera-
tional event were assumed equal to the conditional probability that the system

- would. fail (given that it was ob' served degraded) and the probability that it
would not be recovered within the required time period. The failure proba-
bilities associated with observed successes and with systems unchallenged

during the actual event were assumed equal to a failure probability estimated
=by the use of system success criteria and train and common-modo failure
screening probabilities with consideration of the potential for recovery. The

conditional probability estimated for each event was useful in ranking because
it provides an estimate of the measure of protection remaining against core
damage once the observed failures have taken place.
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Event tree models were developed to describe potential core-lamage sequences '

associated with each event. For the purposes of this analysis, core damage
'

was assumed to occur when RPV water level decreased to below the top of active
fuel (TAF).. Choice _of-this damage criterion allowed the use of simplified ;

calculations to estimate the time to an unacceptable end state. Core damage
was also assumed to occur if a combination of systems, as specified on the -

event tree, failed to perform at a minimum acceptable level and could not be
recovered.

The event tree model used to analyze an event was developed on the basis of
procedures that existed then. These procedures were considered the primary
source of-information available to the operators concerning the steps to be
taken te recover from the event or_to implement another strategy for cooling
the cont. Since-procedures varied greatly among plants, the event trees
developed to quantify an event were typically plant and event specific. Event

trees applicable to each analysis are described in Appendix A.

In -developing branch probability estimates for the cold-shutdown models, the
| probability of not recovering a' faulted branch before boiling or core uncovery
occured frequently had to- be estimated. Applicable time periods were often 6 to
24 hours. '

There are no operator response models (especially models out of the control

p room) and equipment repair models for these time' periods. For the' purposes of.
~

4

| this analysis,. the' probability of crew failure as a function of time for +

! non-proceduralized actions was_ developed by skewing applicable curves for
knowledge-based action in the' control room by 20 minutes to account for

grecovery time outside the control room. A_ minimum (truncated)failureproba-
bility of'1x10'# was also specified. For long-tern proceduralized actions,

-. recovery was assumed to be dominated by-equipment f ailure, and operator' failure
.was not; addressed. The_ probability of failing to repair a faulted system
before boiling or core uncovery occurred was estimated using an exponential
repair model with-the observed repair time as the median,

probability values . estimated using these' approaches are very uncertain.

2-17
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- Unfortunately,. these same probabilities significantly influence the conditional
core-damage probabilities estimated for the four more significant events and,

- therefore r those conditionet-probabilities are also uncertain,

The impact of long-term reco"ery assumptions is illustrated below. Changes in js

- conditional probabilities resulting from a factor-of-three change in the.
!non-recovery estimates are listed for the Susquehanna and Waterford events.

As can be seen, within the r age shown, the conditional probability for both
events was very strongly related to assumptions concerning long-term recovery. '

Operator response-is probably the most important issue determining the
significance of an event in-shutdown, and until it is better understood, the
relative'importance of shutdown events compared to events at power cannot be
reliably estimated.-

.

- 2,2.3" Results and findings

The conditional' core-damage probabilities estimated for each event are listed
in Table 2.7 and shown in Figure 2-1. lhe calculated probabilities are
strongly_ influenced by estimates of the likelihood of failing to recover
initially faulted systems over time' periods of 6 to 24 hours. Very little

information exists concerning such actions; hence, the _ conditional probability-
estimated ~for an event involved substantial uncertainty. Additionally, some :
conditional probabilities were strongly. influenced-by assumptions concerning
' (1) the plant staff's ability t'o implement non-proceduralized short-term
' actions,, (2) the_ actual plant status at the time of the event, and (3) the-

.

4

potential for the event to have occurred under different plant conditions.
Because of these factors, the estimated conditional probabilities are only

. considered usable-for the relative ranking of the 10_ events. The probability
- values cannot be compared with-conditional probabilities calculated in the ASP

'

program for events occurring at power.

The distribution of events as a function of conditional probability is shown
in' Table 2.9. The result for the 1990 loss of or power and SDC at Vogtle 1u

L

L is also included for completeness. The analysis performed for the Vogtle 1
|-

!

!
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event is.also provided in Appendix A. Events with conditional probabilities
below 1x10-5 are considered minor with respect to risk of core damage.

Conditiona_1 probabilities above this value are indicative of a more serious.

event. -Because of the uncertainties inherent in the analysis process, it is
not possible to distinguish the relative significance of events with similar
conditional probabilities-(factor of three).

F

y

Table 2.9
i-

' Events Ranked by_ Order of Magnitude
+

Conditional- Events ranked by conditional probability of
_ probability range _ subsequent core _ damage

.10~3 .Lossiof all AC power at _Vogtle_ (See Appendix A)

l'Of4 to 10-3 - Loss of RCS inventory and SDC during mid-loop

operation at Waterford (LER 382/86-015)

10$to10-4 Loss of RCS inventory and SDC:during mid-loop

operation at Diablo Canyon 2 (LER 323/87-005)

RHR isolation _of Susquehanna l'(LER 387/90-005)

Loss-of RPV inventory at Washington Nuclear Power 2
.,

Y (LER 397/88_011) .

107 to 10-5- 3. events.
0

;

!

6
-10 3 events

L
.

|'
t
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ACCIDENT SEQUENCE PRECURSOR STUDIES
FIGURE 2-1 .

CONDITIONAL-CORE DAMAGE PROBABILITY
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The,four events with conditional probabilities above 10-5 are

(1) Loss of Residual Heat Removal (RHR) During Mid-loop Operation at
Waterford 3 on July- 14,1986. In this event, a non-procedu alized drain
path was.not. isolated once the reactor coolant system (RCS) level was '

. reduced to midloop. Draining continued and resulted in civitation of
the cpcrating RHR pump. Restoration of shutdown cooling (SOC) took 3

hours, during which boiling occurred in the core region. Both RHR pump

suction-lines from the RCS were steam bound (most likely a result of the
suction loop seal; design at the plant). RCS inventory was restored using
one of.the low-pressure safety injection (LPSI) pumps (these art he same

as the- RHR pumps' on .this plant) taking suction from the refueling riater
storagepool(RWSP).

-Shutdown' cooling was eventually restored by using'the pump warmup lines
.

in'corjunction with repeated pump jogging--a non-proceduralized action.
The meti.od specified in the procedure to restore RHR pump suction (use a
vacuum primi _ng system to evacuate the loop seal) wou'Id not .have been

effective since hot-leg temperature exceeded 212*f.

The domin u t core-damage sequence for this event'(which includes the
'

4

-observed. failures. plus additional postulated failures, beyond the opera-
tional event, required for' core damage)' involved failure to recover RHR

-and unavailability of-the steam generators as an alternative =means of-
-removing decay. heat.

' (2) Loss of RHR-During Midloop Operation at Diablo Canyon-2 on April 10,
-1987.- RCS inventory was lost through a leaking valve. Subsequent air-

entrainmentiin the RilR pump suction-flow:resulted in a loss of SDC.
Boiling occurred in the core region. RCS inventory was recovered using
gravity feed from the refueling water' storage tank (RWST) and an RHR pump .

' was restarted. Use of gravity feed from the RWST to recover RCS inventory

was not proceduralized, but had been used earlier in the outage.
-

2-21
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The dominant core-damage sequence involved failure to provide continued |
RCS makeup with the RCS open. [

n

(3) Loss of RPV.1nventory at Washington Nuclear Plant 2 (WNP-2) on May I
_

_ t
,

'
1988. The RHR suppression pool $dction and shutdown cooling (SDC) suction

Ivalves were incorrectly cycled so that both valves were open at the same
time. Approx;uately 10,000 gailons of water drained from the RPV to the
suppression pool in less than a minute, and the 'iDC suction line isolated
on low RPV level. The control rod i ive (CRD) and condensate systems were-

,

used to recover RPV level. SDC was reestablished in 7 minutes.
|

The dominant core-damage sequence involved failure to restore RHR after j
'

the suction line was isolated and failure to implement tubstitute long-
'

term SDC s wegies (primarily suppression pool-cooling).
|

(4) y of RHR at Susquehanna 1 on February 3.1990. RPS bus D was lost

ing tests on the RPS bus breaker as a result of a short to ground in a
du distribution panel. The loss 'of RPS bus D prevented recovery of RHR, ;

which had been previously isolated for the breaker testing, for mo're than
5 hours. During this' time, another form of RHR was used._-opening
safety-relief valves (SRVs) and dumping steam to the suppression pool.

'

CRD flow was used for RPV makeup.

be domir. ant core-damage sequence was similar & that for WNP-2--f ailureo

to recover RHR and failure to. implement substit:ste long-term 500 strate-

ghs.

E - The factors th'at resulted in the higher conditional probability estimates for-
these events highlighted ma,jor issues impacting both risk and risk estimates -
for the; shutdown events analyzed in this study: operator actions to recover1

idiled equipment (Waterford), implementation of non-proceduralized recovery

i: actions (Waterford and Diablo Canyon 2), and the potential for restoring

| failed systems in.the 6- to;04-hour'timeframe (Susquehanna and WNP-2).

L Thesc factors and other analysis findings are discussed below.
| \

1
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Design and Operational Issues important to Risk During Shutdowns

Plant procedures. Procedures in use at the time of the event had a signifi- f
cant effect on the analysis of the event, since what operators knew about
alternative recovery strategies was assumed to derive primarily from the |
procedures. Ad hoc actions were postulated in some cases, but were considered ,

much less reliable than proceduralized actions. Detailed guidance was limited
in early procedures, and what did exist offered little information on how to
recognize an event or implement a correct recovery course. Some procedures did !

direct operators to substitute systems if RHR could not be recovered, but
,

information needed for _ determining when such systems would be effective (such

as the minimum time af ter shutdown before the system could adequately remove
decay heat) was not given.

,

Contemporary procedures offer much greater guidance and flexibility, both in
the_ number of substitute systems that can provide residual heat removal and in

Iinformation to help characterize on event. For exampic, Crystal River 3 now
has a procedure specifically directing the operators to use five different:

systems. for makeup water, whereas in 1986 (when the event analyzed in this-

. study occurred), the procedures listed only two such systems. The current
loss-of-RiiR procedure for Braidwood lists seven other methods to reestablish
core cooling, gives tabular guidance regarding which methods are-effective for
different operating states, and provides graphs as a function of time since !

Shutdnwn for RCS heatup, required vent paths to prevent RCS pressurization,
and required makeup flow for residual heat removal.

|

Ifeventssimilartothosethatwereanalyzedinthisreportoccurrednow, . t

l many would be considtred less significant from the standpoint of risk of ccre
,

damage because of the additional guidance and flexibility now included.in the-

L _ procedures.

:

Operator Recovery Actions. _ Differences between operator actions associated

with recognizing that an event was_in progress, detecting the cause of a . 1

problem,_ and implementing recovery actions are apparent in the descriptions of - |--

many of the- 10. events. Several events were taking- place for some time before

g
.

2-23
_

t<v''t'W" y"p"is it yins.-gndt =w e-'wyrirb--.w1>. gw ,-gey ye me.g m.,.am_--miv4-9i-gp-+ni,g-----g-w-grw_,%gemrygiew myr ng.- .,---s-4 wy- ,-.-y-pw4-grv y- ere- ww# - p M''ty'imm



_ - _ _ _ _ _ - _ _ _ _ _ ___ ___ ____ _ ___ __

a

.

!

isomeone either recognized there was a problem or was able to identify the exact
nature of the problem, for example, during the Vermont Yankee event, operators
took 15 minutes to recognize that the water level in the reactor vessel was '

decreasing and then they spent the next 30 minutes determining the source of !

the leak. Once it was found, the source of the leak was quickly isolated.

For the event at Braidwood, operators quickly concluded that an RHR suction ,

relief valve had lifted. However, 2-) hours were required to locate thL valve |

that had lif ted (it was on a non-operating train).
_

For both the Vermont Yankee and Braidwood events, SDC was not lost and a large
amount of time was available to detect and correct the problem before core i

cooling would have been affected. This was important, because it gave the
operators time to deliberately and systematically address each event. Avail-
ability of a long time period before the onset of boiling or core uncovery was j

'reflected in lower probabilities for failure to recover a faulted system or
implement actions away from the control room.

On the other hand, in the Waterford event (which happened when SDC was lost
during midloop operation), boiling in the core region occurred approximately !

45 minutes after SDC was lost. This is a short period of time to reliably
implement recovery actions out of the control room. For the loss of SDC at |
Waterford, information cancerning RHR pump restart'.(use of the vacuum priming

system to evacuate tha suction linet) was not correct for the RCS condition
(+emperature 212*f)thatexistedduringtheevent. SDC was eventually

restored by repeated pump jogging and the use of pump waimup lines to return |
some flow'to the pump suctions.

,

. Design' Features That Complicate Recovery of RHR The loss of SDC at Waterford

illustrates a design feature that-significantly affected recovery of SDC. - At<
.

Waterford, loop seals exist in both the-RHR suction and discharge lines. The

loop seals are more elevated than the RCS locps and the top of the RWSP.
During the-1986 event, SDC suction flow could not be quickly restored, apparently-
because steam was flashing in the loop seal. For that event, the procedure for

responding to loss of SDC did not adcquately address all RCS conditions that ,

t
;

.
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could be expected following a loss of SDC, nor did it provide information on j

plant features that could complicate recovery. (Although not important in the !
recovery of. the 1986 event, the loop seals would also prevent the use of [
gravity feed from the RWSP for RCS makeup.)

i

Diverse Shutdown Cooling Strategies. The availability of diverse SDC recovery
;strategies can play a significant role in reducing the significence of events

-that occur at reduced vessel inventory or _high decay heat loads. Use of a
diverse system to recover SDC would not require the recovery or repair of an '

initially f aulted system, and presumably could be implemented more quickly in '

many cases.
3

Nany of the new procedures identify diverse methods for residual heat removal.
For example, the Braidwood procedure regarding loss of RHR identifies the |

following alter _nate core cooling methods:

,

bleed and feed using excess letdown through loop drains and normal*

charging

steamingintact/non-isolatedsteamgenerators(SGs)*

bleed.andfeedusingpressurizerpower-operatedreliefvalves(PORVs)'
,

refuel cavity to fuel pool cooling*

safety-injection (SI) pump hot-leg injection ;
'

accumulator injection*

' - inventory ~ addition via the RWST
,

r

All; of these methods are not applicable at all times; however, they provide a
flexibility significantly greater than a procedure in which just one alter- I

L
. native _ method is specified in ~ addition to. recovery of the f aulted RHR system.

Factors,That Strongly influence the Significance of an Event. Analysis of
the 10 events ~ confirms the influence of.a~ number of factort on significence.

.These factors.are described below. ,

L
| (1) High Decay' Heat Load. A high decay heat load significantly reduces the 4

_.

time available for. SDC recovery before boiling or core uncovery. This,
,

''
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in turn, increases the probability of failing to recover SDC or imple-'

menting alternative cooling strategies, and may also increase the stress j
level associated with the event. The number of alternative systems that
can effectively remove decay heat is also less than at low decay heat f
loads;--that_ may further complicate recovery. !

(2) RCS Inventory. Reduced RCS inventory also reduces the time available for |

SDC recovery with a similar impact on the reliability of operator
actions. !

,

.(3) S_tatus of Reactor Vessel Head. Events that occur when the head is !

removed areitypically less significant than those that occur with the
head on, since RPV makeup cc,mbined with core region boiling will provide
residual heat removal. !

a

(4) Availability of Diverse Systems' for SDC. The availability of diverse i

systems that can provide core cooling reduces the risk essociated with a t

-loss of'SDC, since-availability of these systems does not depend on
recovery of the RHR system, as discussed above.

(5) Adequate Procedures. The importance yf procedures that give detailed
'

information'concerning response to a 1oss of RPV inventory or SDC, plus
~

-

L alternative strategies for recovery. '

-f
p i
o

.-

'

|

.

%

. -
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3 SITE VIS115 TO OBSERVE SHUTDOWfi OPERAT!0f15

Small teams of liRC personnel, each comprising from 2 to 4 technical people,
observed low-power / shutdown (LPS) operations at 11 nuclear power plant sites

during 1991. The teams' main objectives were to observe plant operations

during shutdown and learn about the policies, practices, and procedures used to
plan outage activities and conduct them safely. The teams' observations,

supplemented by data obtained from recent fiRC inspections at six other sites,
are presented in this chapter. At the 17 sites, 29 units were operating--4
C&W, 5 CE, 6 GE, and 14 W. The report of the team efforts is documented in

tiUREG-1448.

On the average, a team spent about one week at a site during an outage. During
that period, the team interviewed utility personnel at all levels and observed
activities taking place in the areas of operations, management, and engineering,
including daily meetings of the plant staff to assess progress and problems in
the outage work in progress.

3.1 Outage Programs

programs for conducting outages varied widely among the sites visited.

Susquehanna's program for conduct of outages was among the best. It included: -

(1) prudent, practical, and well-documented safe +y principles and practices;
(2) an organization dedicated to updating and improving the p. as well as

'monitoring its use; (3) strong technical input to the program ,,9m the onsite
nuclear safety review group and the corporate pRA group; (4) a controlled
program manual concurred in by line management and well known to all personnel
stationed at the site; and (5) training on the program and the program manual

for all personnel. The high quality of the program at Susquehanna was

reflected in outage activities observed by the team.

Another site that was visited had no comparable program and was pocrly prepared

and poorly organized, conditions reflected by failure to complete planned work
in pest outages, long outages, and by the team's other observations of work in

3-1
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progress. At several plants, licensees had neither documentation nor plans to
provide any. Two plants made exceptional efforts to keep outages short. At-

one of these two plants, the team noted examples of less prudent operation than
-at other plan' it visited. The other plant had a greater number of recent

'

shutdown-related events than any plant visited.

3.1.1 Safety principles

Well-founded' safety principles play a significant role in an outage program. |
Sites visited varied widely in this area. A high priority was seldom placed on
such principles, and sometimes safety was based upon individual philosophies, i

Cf ten, principles were " understood" in contrast to being clearly defined in a |

documented management directive.
,

'

some licensees emphasized safety in outage planning and during outage meetings.

They posted critical safety boundaries at key locations and identified and |

tracked critical safety equipment with as much emphasis as given to critical
path.- Some PWR licensees were particularly sensitive to midloop and reduced ]
inventory operation. One site presented the following good safety principles
in its program:

(1) Minimize time at reduced inventory.
(2): Maximize pathways for adding water'to the RCS.

_(3) Maximize' availability of important support systems.
(4): Minimize activities requiring midloop operation.

(5) tiaximize time with no fuel in the RV. ,

:
'

Some sites visited gave indepth consideration to such safety are T as
. criticality, containment, -instrument air, electric power, gravity feed 5Gs

Iavailability (in case of- RCS boiling), use of firewater, and many other areas.
Others relied upon an ad hoc approach should problems arise.

,

t
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3.1.2 Safety Practices [

}

A wide variety of safety practices was noted. Some utilities adhered to a
" train outage" concept, removing an entire train, including electrical equip-
ment, pumps, controit, and valves, from service. The other train was .

" protected, no work was allowed on it. Stated benefits were avoidance of
train swaps, minimitation of mistakes, and simp'4fication of the operuor's

'

--j ob . A " block" approach was also used in which a boundary was established and
work was allowed within that boundary as long as no water was moved. Other
utilities practiced different approaches that may allow more ficxibility, but
placed greater dependence on their personnel to avoid conflicts. Other safety

'

practices observed by the team included:-

(1) Provide sufficient equipment that no single failure of an active component
will result in loss of residual heat removal.

(2) Add one injection system or train to that required by technical specifica-
tions(TS).

(3) Provide multiple power supplies, batteries, charging pumps, and such.

(4) Always have one ECCS available.

(5) Comply with TS; these are sufficient to ensure safety. (This practice is ,

not endorsed by the staff.)
i

3.1.3 Contingency Planning

Some licensees provided in-depth preparation for backup cooling, whereas others
placed more reliance on ad hoc approaches. Backup cooling includes such

techniques as gravity feed, allowing RCS boiling in PWRs with condensation
in SGs, and use of firewater. Again, there were many variations-in both
capability and planning. Some PWR licensees planned SG availability; others

did not. Some who planned for the use of firewater and staged spool pieces
had procedures; others did not. Most PWRs had some gravity feed capability _

:
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during some aspects of sht'tdown operation; others did not. Those that did may
or may not have had good coverage in procedures. No site visited had planned

ECCS accumulator usage. All of these capabilities are potentially important
and could effectively terminate many events.

3.1.4 Outage planning

planning ranged from initiating work a few months before an outage was
scheduled, to having plans that covered the life of the plant, including
anticipated license extensions. There was evidence that good planning,

including experience, averted many outage difficulties. Conversely, poor

planning appeared to be a cause of such outage difficulties as extended
schedules and failure to complete work,

fhe following items provide additional perspective regarding planning adequacy

and effectiveness:

(1) Well-planned and tightly controlled outage plans allowed for increase in
the scope and number of unanticipated activities that seldom exceeded 10

to 20 percent. Conversely, growths of 40 percent and more than 100

percent correlated with outages that lasted longer than planned, that
were not well managed, and that sometimes resulted in a return to power
with significant work unaccomplished.

(2) Some licensees could enter an unscheduled outage and have a complete
outage plan within hours. Others had no bases and worked only on the item
causing the shutdown, in one case, a licensee entered a refueling outage
a month early but accomplished little work before the originally scheduled
start date. Another licensee entered a refueling outage a month early,
moved the completion date up, and completed the outage in the original
time allotted (a month early when compared to the original plan).

(3) In smaller, less-complicated plants, highly experienced licensee staffs
could conduct apparently well-coordinated refueling outages with only a
few months of planning. Key contributing factors appeared to be: having
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few inexperienced people, having the experience of many refueling outages,
having a good plan th:t was prepared quickly, and anticipating material
needs well in advance of preparing the plan. Some other licens'es, both

experienced and relatively inexperienced, had what were judged as
relatively poor plans, and their outages appeared to be in some disarray.
finally, some licensees with few refueling outages were able to conduct
outage:. on schedule when they had good plans.

3.1.5 Outage Duration

Safety criteria and implementation effectiveness appeared to be more important
to safety than outage duration. Ref ueling outage durations beyond roughly two

months did not appear to increase safety. Conversely, a less-prudent safety
approach may be instrumental in shortening outages. However, outage duration

was also a function of plant type, the work to be done, planning, and imple-
mentation. A short a .-age was not necessarily an outage where safety has been
reduced to shorten the outage, although shortness was an indicator that one
should look closely to see how the short schedule was achieved.

The teams observed that several licensees felt pressured te reduce outage time

further than they jadged to be prudent, i;easons given included being rated by
others on the basis of a short outage time, ard being driven toward a fuel -

critical path to shorten outage time.

Numerous approaches to plenning affected outage time, including:

(1) Do not reduce refueling outage time below a somewhat judgmental minimum
because safety might be jeopardized (Several licensees). Typica lly ,

these licensees applied safety criteria throughout the outage and these
criteria sometimes determired critical path.

(2) Define one critical path, such as the refueling floor, and normally
force everything else to fit.
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(3) Allow critical paths to float depending upon the work schedule, Safety

considerations may influence critica; path. (0ften, items 1 and 3 were
followed simultaneously. )

(4) Describe the work al.d suggest schedules to " corporate headquarters." j
Receive or negotiate an allowable outage time.

3.1.6 Outage Experience |
|

All licensees incorporated outage experience into planning and found feedback |
useful. Host provided for feedback during an outage. Some conducted team

meetings immediately after completing significant tasks; others met following
the outage. Most compiled outage reports and used these in planning the next
outage. Typical results include *

(1) Place personnel'with operations background into key positions and areas '

for planning and conducting outages.

(2) 1.ocate the outage control locations (* war room") close to the control room

(CR) to facilitate conununication.

(3) _ Use-an SRO who is- adjacent to, but not actually in, the CR to handle the
work orders,

3.2- Conduct of Outages '

Typically, outages were conducted with a licensed shift or unit supervisor who
controlled tagouts and approved each work package before initiation of day-
to-day work. The daily (and other) outage meetings also provided an

~

'

u pportunity for identifying issues. Beyond this, various approaches were used,o

ranging fronr individuals'who had their own criteria to various depths of 1

written or. unwritten guidance or criteria. ,

;

LSome licensees were protective of critical equipment and made sure everyone

-was sensitive to such issues. For example, one licensee protected the oper-

,
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able train of safety equipment by roping off the areas and by identifying the
operable train on every daily plan. Similar protected train approaches,
including identification in the daily meetings, were found at several plants.
Other techniques included providing critical plant parameters in the control
room.

!

Licensees often changed their organizations for an outage, although some
operated by incorporating shutdown features into the organization used for
power operation and made few actual organization changes. There was a general
trend to emphasize operations experience for outage positions at all levels. ;

Licensees who had emphasized such experience considered it to be very
beneficial in conducting a satisf actory outage, i

Significant variations existed among sites visited in the ratio of utility
manpower and total manpower,'and in the percentage of personnel involved in the
-previous outage. Utilities that had a high percentage of people experienced in
previous outages at that facility considered such experience to be a signifi-

,

cant benefit. Among advantages cited were familiarity with the plant, less
training, higher quality, shorter outages, and better motivated people.

,

Some licensees used task forces and "high impact teams" for critical-path
and near-critical-path tasks. These groups were composed of experienced
personnel who had performed the same function in pu.. outages.

Contractors were used to various depths by different licensees. Their.capa-
- bilities, licensee supervision, and influence on outages varied widely. Some

| . licensees worked closely with their contractors and supervised them closely.
These Itcensees appeared to get better results than those who neither care-
fully trained nor supervised their contractors. Previout contractor

L experience at the site was often stated to be an advantage and licensees often
tried to use the same contractor from outage to outage.

1 Interestingly, a large plant staff-did not translate into an effective outage,
nor did a smaller staff at a "small" plant translate into un ineffective
outage. Staff size also did not necessarily correlate with safe operating

|
|
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practices, although the team did encounter areas that were weak because they
lacked manpower. Those plants judged to have the most effective safety
programs were adequately staffed in areas directly related to safety, were well ;

organized overall, and appeared to conduct effective outages.

!All' utilities conducted periodic reviews during outages. Typically, these
involved overview and specialized meetings that were held once or twice a day.
All levels of plant personnel and all disciplines were involved. All utilities
provided computer-generated cutage schedules in several formats and updated |
some- of- these every day (or more of ten). Schedules typically covered a day, [
3 days, 7 days, and the complete outage, and further provided a breakdown !

ranging from.an overview through complete scheduling of all activities.
Critical-path scheduling was seen often. Some utilities provided prominent
' safety informatic4 on their schedules; others did not. ;

.

Most~ daily meetings-appeared well focused and to the point. Achievement
appeared to vary widely. Most expectations were routinely met at some plants, I

but at others the outage appeared to be in. disarray. *

A commonly applied test for.a satisfactory outage was meeting or bettering the
: outage schedule. Corollary tests were meeting ALARA (as low as reasonably

achievable) goals, avoiding personnel injuries, completing planned work, ~not
having .to repeat work during power operation because it was not done well

'

during the outage, and not having reportable events.

3.2.1 Operator Training _

Licenseec often conducted extensive training immediately before a scheduled *

outageia' practice iudged nect ssary by most licensees because of thei .

specialized' nature of, and the lack of everyday exposure to, LpS operation.
This'was not always.done however, and minimal training was evident at some

sites.

- Most licensees reported training for LPS operation, of ten with concentration-
immediately before an Outage so that operators would be completely _ up to date.
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Some operators and irstructors said they thought LPS operation was important,.

but that the NRC had imp % rwise by not emphasizing it more in qualifica-,

tion exams and simulator evaluetions. Others felt that strong NRC interest in
training was reflected in Generic Letter (GL) 88-17 inspections and independent
resident inspector followup. Although GL 88-17 coverage was limited, the '

informat'on has been applied to a wider range of PWR plant conditions by
licensees..

LPS operationt training was often specialized. Some licensees provided con-

centrated study in unique aspects of the outage to the operating shift expected
'to handle those aspects of the outage. Training often involved specific
i. equipment,-such as valves, RCP seals, and SG manways. Capabilities such as a
Icontrol rod handling machine mockup for a BWR,. $G plena mockups, valves, pumps,

and an EDG model for maintenance training were encountered. |

t

. As in many other areas, the quality and scope of training was varied, and
ranged from:

+

Outage training is completed before the outage. Training for power ;

operation with simulator upgrades is conducted before leaving the
outage. Special tests are addressed as are evolutions, primary 1

manway and nozzle dam work, level in(ication problems, procedures, ;

and consequences of what can happen._ procedures changes, including
,

background, are covered before crews take the watch.

to:
!

Many plant oper,ators have not had overall systems training for
several years and have had no formal outage-specific training ,

'=since the initial response to GL-88-17.
i

,

3.2.2 Stress on Personnel-

Although the teams considered stress in general, it was investigated in depth- .j

at only one plant. This licentee emphasized short outages, and operators !
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puceived their achievement as related to outage time. Four operators (of

seven interviewed in depth) said the outages were too short. Much of the
direct outage coordination was conducted from the CR, which was smaller than

many multiple-unit CRs. In many instances, such activities appeared to affect
plant operation. Further, all operators said the work load was high or very
high. Operators also said they met the schedule with dif ficulty, that they
sometimes took on more work than they could handle, that they had to cut

corners to stay on schedule and then had to make repairs later, that they wrote
procedures at the last minute in the CR. operated without some procedures, and

_

had poor procedures for shutdown; all of the seven operators interviewed said
they were poorly trained or that they had significant reservations regarding
training. There were many other similar comments. All seven operators said
stress was self-generated, and six also identified stress caused by pressure
from non-operations personnel. Four 9perators said stress was severe enough to

be a problem. These operators were working four 12-hour shif ts followed by a

break. No operator stated working hours were too long or that working hours
contributed to a problem. This plant was judged to have significant operator
stress problera that were reflected in numerous mistakes.

3.2.3 Technical Specifications

No TS were applicable during much of a refueling outage at one site as long -

as temperature measured at the RHR pump remained below 140''F or 200 F.

depending upon the ir.terpretation. (Note that this temperature is unlikely to
increase if the RHR pump is not running.) Another site had no TS on emergency
diesel generators (EDGs), batteries, and service water during shutdown operation.
No plant visited had complete TS coverage.

Most of the industry stated that TS did not fully address LPS operations.
The single exception reported that it planned outages on the basis of TS, and
this was sufficient to ensure safety. Many personnel commented that existing
TS were more appropriate to power operations than to LPS conditions.

Similarly, licensees were concerned with TS that c6used extra work, resulted
in extra dose, and sent an undesirable message to plant personnel. One example
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cited was the requirement for an operational pressurizer code safety valve i

while large openings existed in the PCS. The licensee estimated sever.1 hours ;

of work and 500 mr of dose were involved to unnecessarily install and then |
'

remove the valve.

3.3 Plant and Hardware Configurations >

The teams observed that configurations of plant systems and components used by

licensees during outages varied widely among plants visited. During the
._

visits, the teams examined configurations of equipment throughout the plants, ,

including regions outside the protected area.

The teams' observations in selected areas are presented below.
,

3.3.1 Fuel Offload ;

The fuel at some units was regularly offloaded; some may or may not be off-
'loaded. The fucl at other units would be offloaded only if there was no

reasonable alternative.
.

An of ten-cited safety advantage for offloading was flexibility available
because'no fuel was in the RV, and the bsociated decrease of mistakes leading
to a f9el cooling concern. Other considerations included: loss of fuel pool
cooling, flexibility in providing fuel cooling if systems were lost, fuel
storage volume; heatup rate upon loss of cooling,. criticality, reduced operator
stren 'due to avoidance of:such conditions as midloop operation, and the

potential to demage fuel during handling. Fuel offload had a significant
advantage in that an early midloop opere''m, snd sometimes all midloops, can |

be avoided, although notL all licensees who offloaded also avoided an early
midloop operation.

Several licensees performed an incore fuel shuffle and reported they
encountered no problems with moving fuel within the core. They said that a

complete core offload would lengthen their outages. Conversely, several

licensees (both PWRs and BWRs) routinely performed a complete core offload,
~

e
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which they said was safer and provided more flexibility. Several licensees f

reported the offload path was faster than, or at least as fast as, an incore
shuffle. Others offloaded or not on the basis of the planned outage work.
Some decisions were based upon such considerations as the configuration !

(offload appeared to be difficult in Mark 111 DWRs), fuel distortion history, i

gains achievable with no fuel in the RV, and the reliability of the fuel i

handling machine. ,

i
'

3.3.2 tiidloop Operation *
I

tiidloop operation concerns appeared to have influenced outage planning at many
sites, but not at others. The team observed licensees what j

:

(1) Do not enter midloop operation under any circumstances.

(2) Do not permit early midloop operation and defueling before installing
nozzle dams,

t

(3) Apply special midloop criteria to refueling outages, but deviate for an
unscheduled outage.

(4) Routinely enter midloop within a few days to. a week of power operation.

Some licensees required an additional operator in the control room for midloop
operation. . Another, whose hardware was particularly sensitive, required three
additional operators who had specific responsibilities in the conduct of
reduced-inventory operations; that is, operation when the reactor vessel water ,

level is lower than 3 feet below the reactor vessel flange. ;

i

,

I

|
A midloop condition exists whenever RCS water level is below the top of the*

| flow area of the hot legs at the junction with the reactor vessel,
i
|
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3.3.3 Venting in PWRs

Reactor coolant system vents were sometimes of insut/icient sizte, being smaller
than planned and smaller than required by licensee procedures, Licensee

personnel who recognized the implications were often unaware of these condi-
tions.

.

Some licensees provided an RCS vent by removing one or more safety valves from
the pressurizer. Others removed a pressurizer manway, if boiling develops,
significant backpressure can occur from friction in the surge pipe, water traps, ;

and the elevation head of the water held up in the pressurizer.

Licensee personnei usually used covers or screens to keep foreign material from
falling into pressurizof openings. Tnese were often "make shift" affairs that4

-could cause additional backpressure. The teams interviewed licensee personnel

who were often unaware of the covers or screens. ?

3.3.4 Nozzle Dams * in PWRs

,

Some PWR plants use nozzle dams and some do not. The recent trend in B&W nuclear r

steam supply system (NSSSs) has been to use them, whereas a few years ago this was {
seldom so. One licensee reported outage savings of close to a week attributable j

to the use of nozzle dams, whereas another had them but did not use them and

typically _ spent 3 to 14 days at midloop. Others indicated they might be at mid- |
loop for close to-a month without them. '

| ~0ne licensee indicated there was no analysis to cover midloop operation with
both nozzle dams and the RV head installed and such operation would not'be

_ Nozzle dams are temporary seals installed in RCS primary piping which-*

isolate componet.ts such as steam generator from reactor vessel and reactor
cavity water so that work can be done on the components.

'

L
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permitted until the analysis was completed. The teams noted the general

incompleteness of anslytes of shutdown operation, and also noted this inay in
part involve SG cooling with nozzle dams isolating some, but not all, SGs.

3.3.S Electrical Equipment

An outage typically represents times when equipment unavailability is high,
unusual electrical lineups exist, and the likelihood of an electrical
porturbation is increased by maintenance activities. The tearns identified
several events that could 1 'd to electrical component damage or loss at some
facilities, and concluded that almost all of those identified events could be
easily eliminated. The team also found that protection and control of offsite
electrical power systems varied.

Approaches to provide ac power included:

(1) Allow col, ling via a system powered t>y a non-safety, related bus with no
procedures for providing safety-related power to that bus.

(?) provide one EDG and one source of offsite power.

(3) Provide one less source of power during shutdown to allow maintenance on

one source at a time.

(4) Always ' nave three sources of power, one of which is an EDG, (The site

that advocated this did not have an EDG for about 2 weeks with fuel
offloaded, but it had a temporary diesel available.)

(5) Have both EDGs operable when in midloop operation. (One licensee stated
it did not consider it prudent to stay at midloop conditions with only one
EDG and would leave midloop operation if the EDG could not be made

operable quickly.)

(6) Allow both EDCs out of service when the fuel is offloaded.
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(7) for midloop operation, normally have two EDGs and two offsite sources and
allow no battery work, no reserve auxiliary transformer outage, no work
that affects safeguards buses, or anything that affects the RCS. Other-

wise require two off site and one on site always.

(8) Make at least three separate ac power sources available to the plant
vital buses any time two RHR pumps are required to be operable. In
practice, one of the sources has to be en EDG.

' Additional variations include switchyard restrictions, restricting work on,
or access to, vital areas such as near an operable EDG or operable electrical
equipment, infor. nation requirements, administrative procedures, and whether
variations are permitted and what level of management is necessary to approve
such variations.

EDG maintenance and associated testing are usually performed during shutdown,
although some licensees were performing this work at-power. Also observed was
removing an EDG from service via entering action statements immediately before

' shutdown.

Concerns also involved whether to have EDGs operating or operable. Potential
decreases in EDG reliability-due to grid disturbances and other perturbations,
extensive testing, and running with a small electrical load were identified as
potential problems with having EDGs operating.

Most plants had transformers and often breakers within the site's_ protected
area. Switchyards were located nearby, but usually in whole or in part outside
the protectedLarea. These_ switchyards may contain 'a few transformers, but

_

often contained.only' breakers _and. switches. They were usually fenced if outside

-the protected area, and usually had a. locked gate. Often there was a control
building within the switchyard, with attendant vehicle traffic.- This building
was seldom located adjacent to a switchyard entrance gate.

The teams did not observe any evidence of vehicle impacts within switchyards.

However, they did find such evidence on both transformers and supports-
.

-
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located within unfenced areas within site protected areas; they also found a
i. number of damaged fences, in one case, the source of safety-related offsite

power entered the turbine building roughly one foot from where heavy trucks and
trailers were sometimes parked, and was protected only by an ordinary chain-
link fence, fire hydrants at all sites were protected by a profusion of
concrete-filled pipes, but at many sites i.nportant transformers within a few
feet of the hydrants were unprotected. Switchyards were typically full of
towers and bus supports, -Some of the weakest supports were located in the
corners and typically supported ring buses--loss of which could cause a loss of

|offsite power. Yet these corner towers were often the towers most exposed to
traffic within the switchyard, and were unprotected, j

-|

Some: sites maintained CR control o"er switchyards outside the site's protected
area. Other switchyards could be entered by anyone having e key to the padlock; ;

often, a utility staff member not assigned to the nuclear facility had a key, _ ,

and sometimes someone who was not even an employee of the same utility had a |

key. Sometimes control was provided if the plant was in a sensitive condition,
such as a pWR in midloop operation, but at other sites switchyard work could
proceed witt 'ittle or no consideration of the nuclear plant status. At one

,

plant, the team found the switchyard gate open and no one monitoring traffic
at the gate. This switchyard-was in an uncontrolled area.

3.3.6 Onsite Sources of ac power ;

Onsite sources of electric power that were observed. included diesel generators,

hydro units, portable power supplies. The most conrnon source of safety-related

power was EDGs.

1

Many__ variations in EDGs and configurations were seen. Size ranged from a.

fraction of a megawatt to 8 MW. One two-unit plant-had two EDGs and routinely
. performed maintenance on.one EDG while one unit was at 100 percent power and
the other was in.a refueling outage. That site planned to add two more
diesels. In contrast, the Susquehanna two-unit plant had five EDGs._ The fifth
could be.used as a complete replacement for any c.f the other four with no

i ,

'
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difference in-CR indication and plant operation. Susquehanna also provided a

]
portable diesel for battery charging and other uses if an extended loss of all :

ac p0wer should occur. :

Roughly a third of the plants visited had the capability to resupply the EDG
starting air tanks without ac power. The dominant method was a single-
cylinder, diesel-powered compressor; but instrument air, a cross-connect with
another EDG's air supply, and changing the drive belt from the electric motor ,

to a one-cylin' der engine were also observed.

3.3.7 Containment Status

Some PWR|licd. sees closed the ( ntainments for conditions other than refueling;

jothers did_not, unless they entered a condition as described in GL 88-17. Some

did not remove their equipment.h6tches during routine refueling outages; others |

did. Some provided containment closure capability that would withstand roughly |
'the containment capability; _others could lose containment integrity at roughly

-1 psi._ Some had proven containment integrity; others did not, and may not
have attained an integral containment that meets GL 88-17 reconnnendations. i

-BWR secondary containments _ were judged unlikely to prevent an early release [
following initiation of boiling with an open RCS or during potential severe-
core-damage scenarios. -- Among the BWRs, only the Mark Ill primary containment

anpeared potentially capable of preventing an early release without hardware
modifications during such events. See Section 6;9 for a more complete

assessment of containment capability. 1.n general,-no plans were found in BWRs
'

'for containment closure or for dealing with conditions under which the
containment may:be challenged. ,

3.3.8 Containment Equipment Hatches
,

A. majority of.the equipment hatches viewed at PWR sites visited can be replaced
without electrical power. See Section 6.9.3 for a full discussion of equipment
hatch design and operation. Many licensees appeared to be failing to check for
adequate closure as addressed in GL 88-17.
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The team learned that Arknasas Nuclear One had a requirement that an equipment
.

hatch be capable of (.losure within approximately 16 minutes of a loss of RHR. f
Responsibilities were established for such actions as notification of loss of j

RHR, containment evacuation, closure operations, and verifications. Tools were !
'

kept in a closed box at the hatch and were clearly labeled "for emergency use
only." Unannounced closure exercises had been conducted. Few other sites j
visited were as well prepared. :

1
:

A common weakness was failure to check for adequate closure. GL 88-17 i

specified "no gaps," not the "four bolts" commonly observed. The four-bolt i

specification appeared to be insufficient at some plants with inside hatches
(hatches that would be forced closed by containment pressurization).

!

Oconee provided a small standby generator in case ac power was lost. This
could be immediately used to power the winches that normally reise and lower ;

!the hatch. This appeared to be an excellent approach to one of the problems
of' loss of ac power.

3.3.9 Containment Control

?
Some licensees carefully controlled containment penetrations during LPS opera-

,

_

tion. Others were concerned only with TS requirements regarding fuel movement
and reduced inventory /midloop commitments in their response to GL 88-17.-
provisions were found to bring services such as hoses and electrical wires into i

the containment via unused containment penetrations at several sites. Such {
.

Lprovisions made it easier to close the equipment and personnel hatches. 'Some'

licenseesi simply removed a blind flange and passed wires or hoses through the
opening.. Others provided a manifold arrangement that may effectively eliminate !

.

'

most_of the open oenetrations. Occasionally, a permanent connection or an

adaptation.of a penetration such as was used for containment pressurization was
~ found .for introducing temporary utilities. U-pipes t.lled with water were
.' observed in use as-a containment penetration seal. -These were judged to be of

!L11ttle use in protecting against an accident invniving significant steam
.. :

production or a core melt.o

-

o
,
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|

A number of licensees planned to initiate containment closure immediately upon ;

loss of RHR. Others were less stringent, including such possibilities as |
initiating closure if temperature exceeds 200'f. That approach is likely to f
allow boiling before containment closure, and boiling may make it impossible to .

'
continue closure operations. In one case, the licensee assumed personnel could

;

work inside the containment in a 160'F environment while accomplishing equip. ;

ment hatch closure. More detail on this topic is included in Section 6.9.4 f
" Containment Environment Consideratons for Personnel Access."

:
!

Knowledge of what must be closed and providing the r] sources to actually close i

the openings and/or penetrations under realistic conditions were often over- !

looked. Tracking operings, providing procedures, and conducting walkthroughs
,

-that accounted for-conditions reasonably expected to exist were seldom found, i

Li

3.3.10- Debris in Containment
t

Blocking a PWR containment sump with debris from outage work may prevent ,

Ieffective recirculation of reactor coolant following an accident during shut-
down. For- example, PWR emergency core cooling (ECC) sump screens were removed

during refueling outages at some sites, and at others the screens were covered i

with heavy plastic sheeting. In one plant, one screen was removed and the |

1other was 10-percent uncovered to allow a recirculation capability. In

another, one sump was open and the other was closed. Similar' conditions were
.,[seen in plants with ECC connections in the bottom of-the containments without a

sump. In one, both filters were removed to expose the pipe opening; in another, (
the filters were in' place. Actual and potential debris existed =at all of these
sites, but was' seldom considered with respect to recirculation capability :

during shutdown.

3.3.11 Temperature Instrumentation = ;

Core temperature during shutdown in PWRs was obtained by measuring water
t mperature just above the cr>e by thermocouples (T/Cs). Other temperature i

indications required an' operating RHR system for accurate indication of
meaningful R;S and core temperature over a wide span of RCS conditions.

3-19-
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!

Although this was addressed in GL 88-17. many operators were still unaware of
the potential error associated with lack of flow. Numerous pWR heatup events !

have occurred where no temperature indication was available, although the !
frequency is decreasing with implementation of GL 88-17's recommendations. 3

'However, the team often observed poor application of the temperature coverage
recommendation, principally involving not providing temperature indications for
extended periods of time, restricting the indication to reduced inventory
conditions, and failure to provide suitable alarms. Licensees who emphasized j

temperature indication generally provided temperature while the head was on the
RV with the exception of within 30 minutes to 2 hours of head movement.

-

BWR coolant temperature was obtained by measuring the RV wall temperature and '

Lassuming natural circulation in the RV. The natural circulation assur,;ption is
not valid if water level is lower than the circulation paths in the steam

;seperator. This was often unrecognized, and BWRs have encountered significant
i

heatup with no indication of increasing temperature provided to the operators. ;

i

3.3.12 Water Level Instrumentation

BWRs were equipped with multiple water level indications that were on scale
'during both power and shutdown operation. pW" were often operated with all
of the " permanent" level indications off-scale or inoperative during shutdown,

-

'

pWR licensees have added level instrumentation to cover shutdown operation in

response to GL 88-17. The observed quality in the BWRs was generally superior
to the pWRs. The-team often found multiple damaged and/or incorrectly
installed' instrument tubing inside PWR containments. Only one short tube

|

L Lsection with an incorrect slope was found in a BWR, Many personnel described
problems with maintaining accurate level indication in pWRs. No one described

th'is problem in BWRs.

BWR level systems-typically used a condensing pot to ensure that connecting
pipes ' remain full,- yet no-condensate is generat 'd during shutdown. No one

indicatpd .this could lead to level indication error, nor did anyone identify-

L this as a potential problem.

~

L
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:

PWR level indications have significantly improved in the last 3 years, All j

PWRs now indicate lewel on the control board. In-containment installations [
'

of ten (but not always) :Wed evidence of professional installation that was
lacking several years ago. Much less reliance was being placed on temporary
tubing runs. Several licensees were still working to meet GL 88-17 recom-
mendatio",.

Some PWRs were equipped with ultrasonic hot-leg and cold-leg level indications.
A few have been in operation for years, and this indication has been used in
foreign plants for some time. Most licensees appeared satisfied with
indication accuracy and reliability, although problems were reported with
equipment obtained from one vendor.

-3.3.13 RCS Pressure Indication

!' RCS pressure indications were generally wide range and not appropriete for
monitoring shutdown operation. A number of operations personnel identified ;

that the computer provided monitoring and cathode-ray tube (CRT) indications '

that had a more-sensitive-range.

3.L 14 RHR- System Status Indication

R tu-17 identified pump motor current, RHR pump noise, or RHR pump suction
pressure for monitoring.RHR operat,on in PWRs. Although many licensees have r

: followed the recommendations in GL 88-17, some responses have been minimal.

' Weaknesses observed included failure to consider sampling rate when monitoring
parameters,. failure to provide' trending information, too wide a pressure range
to permit observation of behavior, and RHR systems operating with temperature ,

off-scale low.

3.3.15- Dedicated Shutdown Annunciators

Numerous control room annunciators were typically lit during shutdown condi-
tions.; Arkansas Nuclear One had installed an annunciator board that addressed .

.
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major shutdown parameters and was making it operationtl--the only such panel f
observed. Several operators indicated that even a grouping of existing i

parameters into an easily recognized pattern would be betttr than what they :

have. ' Others said they were f6miliar with the lit annunciators and had no I

difficulty recognizing an unusual pattern. j
1
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4 PROBABILISTIC RISK ASSESSMENTS

Risks associated with shutdown and refueling conditions have not been exten-

sively studied and cre not as well understood as those associated with power
operation. There are few studies that address the full scope of understanding

about shutdown risk in PWRs and none for BWRs. The Grand Gulf and Surry shut-

down, probabilistic risk assessment (PRA) studies (currently at a preliminary
level I stage) offer a better understanding of accidents and risks a plant can
encounter during a refueling outage. However, to gain a deeper understanding ,

of the subject requires more research and study of risks associated with outage
conditions.

t

The following PRAs, including Grand Gulf, Surry, and foreign PRA studies are
summarized here to identify significant issues and-insights associated with
nuclear power plant activities during shutdown and refueling outages.

4.1 NSAC-84
;

NSAC-84 was an extension of the Zion Probabilistic Safety Study completed in

1981. Procedural event trees were developed to account for changes in plant

conditions during shutdown. Human errors-and equipment fai. lutes unrelated to i

procedures were also considered. The initiating events' included in the study |

consiste_d of. lossofRHR-cooling, loss-of-coolantaccidents(LOCAs), cold {
overpressurization(excessofcharging,over-letdown,oraninadvertentsafety
injection). A shutdown database specific to-Zion was developed from plant
records and used in quantification.

Findings-

The mean core-damage frequency-(CDF) at shutdown was_ estimated to be 1.8E-5

per reactor-year.

Examination of the top 10 core-damage sequences revealed the following:

.
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(1): Failures during reduced-inventory operation (including equipment unavail-
abili+.ie:, and ' operator errors) appear in eight sequences, totaling

'61 percent of tht. total CDF, while failure of the operator to respond
during reduce $ inventory operation appeared in five sequences, accounting

,

for 44 percent o' :he total CDF.
!

(2). Malfunctions of RHR components require some type of operator intervention,
allshutdowncore-damagescenarios(duetooverdrainingofRCS,LOCAs,
and RHR suction valve trips) are sensitiva to the operator's failure to
restore core cooling. The operator's failure to determine the proper
actions to restore shutdown cooling appeared in six sequences, accour1'ng
for 56 percent of the total'CDF.

(3)' Loss of RHR cooling (primarily pump and suction valve trips) was the
_

initiatinF Ivent in eight sequences, totaling 56 percent of the CDF,
while a LOCA-was th initir'ing event in the other two sequences,
totaling 6 percent of the CDF.

4.2, NUREG/CR-5015 (Loss-of RHR in PWRs)

NUl:EG/CR-5015 was issued in response to Generic Issun 99 concerning the loss
of RHR in.PWRs during cold sNtdown. This study used the NSAC-84 methodology

(basea on the Zion plant configmation) with several modifications which
-included the considerationof.lossof_offsitepower(LOOP)eventsusinga
Jseparate event tree.and the use of generic event frequencies from PWR
. experience- over. a _10-ye.ar period- from 1976 to 1986.

Finding:.
:

' .The mean CDF-at shutdown was estimated to be 5.2E-5 per reactor-year, with the

following breakdown by_ initiating event:

* ' loss of RHR 82%

los:, of offsite power 10%*-

* ' loss-of-coolant accident 8%

4-2
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Examination of the findings reveals the following:'

Failure of the operator to diagnnse that a loss of cooling has occurred*

and to successfully restore it accounted for 74 percent of the total
'

CDF, The two dominant core damage sequences involved a loss of RHR pump

suction due to overdraining of the RCS totaling 64 percent of the total
C0F, while two other events involving the failure to restore RHR following

~

a LOO?, acccunted for 10 percent of the total CDF.

Operator error during midloop operation accounted for 68 percent of the*

total CDF.

The findings of NUREG/CR-5015 appeared to correspond with those of NSAC-84

Operator errors dominated the risk, particularly during midloop operation.
Loss of offsite power events resulted in a relatively small contribution, 10
percent of the total CDF.-

4.3 Seabrook PRA for Shutdown Operation

.

The Seabrook PRA information was collected from a number of presentations the
licensee made to the NRC. This study supplemented the level 3 Seabrook PRA by
examining the likelihood of core damage for the plant-in standard Modes 4 (hot -

shutdown),-5 (cold shutdown), and 6 (refueling). Radiological source terms and-
-public health consequences were also consioered. The approach used to model
accident sequences was similar to that used in NSAC-84 with several enhancements
which included; fire and flood initiating events unique to plant shutdown were
quantified and considered, Lan uncer tainty analysis of the results was performed,
the PWR <xperiente database from NSAC-52 was updated and examined with insights

being incorporated into plant shutdown models, thermal-hydraulic calculations for
determining of time to core boiling and uncovery we- performed for different.

plant configurations after shutdown.
,

t

<
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Findings
i

The total shutdown CDF was 4.$C-5 per reactor-year while the total full-power
CDF from Seabrook's individual plant exsmination (IPE) was 1.1E-4 per reactor-

rear.
:

Loss of'RHR initiators. contributed 82 percent of the CDF.- About 71 percent of *

the total CDF occurred with the RCS vented and partially drained (i.e.,
midloop).- The largest contributors to'RHR failure were the hardware failure of-

.an operating RHR pump due to its long mission time, and the loss of RHR suction
due to either inadvertent closure of the RHR suction valves or low-level
cavitation when the RCS was drained (operator error events)

Although LOCAs represen L d only 18 percent of the total. CDF, they dominated

early health risks._ When the RCS was filled, the equipment _ hatch integrity was-

not required (the hatch integrity _ is required during reduced _ inventory condi--
t ions ) .- Under these conditions, a postulated LOCA would leave _the operator

-

only a- short time for restoring core cooling. The Seabrook study concluded

that it was1unlikely that the equipment hatch could be closed before the
containment was' uninhabitable. This scenario indicated the need for controls
on containment-integrity and emergency response _ procedures for LOCA events

during shutdown.; This insight might have been overlooked if the-level 2
analysis 'was not_ performed. A major tontribution to this frequency (accounts
for 8 percent) was-LOCAs from overpressure events resulting from stuck-open -
RHR relief 1 valves or ruptured.RHR pump. seals.

:4.4-. Brunswick pRA for Loss-of RHR Removal'(NSAC-83)

This study performed a giuntitative- probabilistic evaluation of the reliability _
of~ RHR equipment given a- variety of. scenarios ir. which the plant's' RHR function.- ;

_is challenged, including.following transients that resulted in reactor scrams
during'a planned shutdown and during a cold shutdown scenario over time which. -

-could. lead to-a suppression _ pool temperature exceeding 200'F (assumed core

idamage). Other functions, such as inventory control, reactivity, and contai_nment
,
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Brunswick-specific failure data were used, andcontrol, were not addressed.
generic probability values for operational errors were included as basic events
in the fault trees.

Findinis

The probability of a loss of RHR during cold shutdown was estimated to be
There were no dominant accident sequences listed.7.0E-6 per reactor-year.

On the basis of an evaluation of the methodology, models, and findings presented
in the report, the following is a list of major contributors to the loss of RHR

during shutdowi.,

loss of offsite pwer'

equipment unavailability due to maintenance*

loss of service water
RHR and RHRSW pump failures

pump suction valve failures*

common mode failure of RHR heat exchangers'

SequoyahLOCAinColdShutdown(SAICl4.5

This study addressed the probability of a core-melt accident in cold shutdown
(Mode 5) which was initiated by a postulated loss-of-coolant accident (LOCA|

Two LOCA initiating events were considered:
at the Sequoyah Nuclear Plant.
safe-shutdown earthquake and operator error (RHR-induced LOCAs were not

A total of 20 cases were analyzed with varying assumptionsconsidered).
regarding time of LOCA initiation following a shutdown, LOCA size, availability
of offsite power, and maintenance status.

Findinos

The postulated corc-melt frequency was estimated to be in the range from 7.53E-5
The major contributors to core-melt frequencyto 8.5E-7 per reactor-year.

included the following:

\
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operator-induced LOCAs'

'- ' availability of power to plant equipment
maintenauce*

operator errors during response (lack of procedures for securing equip-'*

ment, inadequate RCS monitoring equipment)

failure of an airbound RHR pump*

Rilk suction failure*

4.6 International Studies

.The staff gained significant insights from studies performed in France. These

studies focused on identifying the dominant contributors to risk from dilution
events at-shutdown and loss of RHR during midloop operation. The main PRA

,

study excluded such external events as fires, floods, earthquakes, and source
. terms. 1he French categorized this study as a level'1 PRA.

'4.7 NRC Shutdown PRA for Grand Gulf (Coarse Screening Study)

The study focused on the potential accidents that could occur at Grand Gulf
duringLlow-power operating conditions and identified those operating conditions
or accident-initiating events that required further detailed rtudy. 'This study
was considered a preliminary level 1 PRA. _The initiating events included in
the study were:--transients (loss of feedwater events, and loss-of-offsite-power

~

events), LOCAs, loss of residual heat-removal, special events.(fire and flood),
.

- and hazard events.

t

|' Findings
L

,

Overall.-the Grand Gulf study indicated the importance of anticipated operator-
recovery actions'. It is important to note that 22 percent of the potentially
high CDR sequences had 14 or more. hours for the operator to recover. Many of

.

! the' potentially high CDR sequences had at -least 2 to 2.5 hours for recovery.
|

The' findings of this coarse screening study indicated that 26 percent of the
-1163 occident sequences were categorized as having potentially high CDF.

,
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About 30 percent of the 1163 accident sequences were considered to have

potentially medium CDF.
\

A postaccident human error probability of 1 was assumed and few human actions
were given credit in recovery.

Two important initiating events were noted which can lead to core damage; they
were loss of instrument air as a unique initicting event and loss of the RHR

system.

Many potentially high and medium CDF occurred in plant operating stages from
cold shutdown to refueling with water level raised to the steamlines, and
refueling with water level raised to the steamlines.

In the potentially high CDF category, approximately 88 percent of the sequences
occurred in an open containment situation, and about 38 percent of the sequences
involved an open containment for the potentially medium CDF.

'

N,RCShutdownPRAforSurry(CoarseScreeningStudy}4.8

This study assessed the potential core-melt accidents initiated by internal
events as well as by fires and floods during low-power operation and shutdown.
The potential CDF, accident sequences, and other qualitative and quantitative
findings from the study will be used to make comparisons with those of
accidents initiated during full power operation as assessed in NUREG-ll50.
This study is considered a coarse screening analysis for a level 1 PRA.

Findings

The coarse screening PRA analysis of Surry recognized that some plant con-
figurations in an outage (low-power operation) were found to be more vulner-

These plant configurations were based on Surry opera-
able than the others.
tional practices which routinely involved entering LC0 action statements
during shutdown operations.
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Surry entered midloop eperation at a rate of approximately twice a year. The

midloop condition can occur within a day af ter shutdown with decay heat as
high as 12.4 MW. Ccre uncovery can occur in this condition as early as
1.5 hours after a loss of core cooling.

The use of temporary seals at the seal table as a temporary pressure boundary
during shutdown operation can result in an imediate primary system leakage
upon loss of core cooling capability and upon an RCS pressure increase.
Further pressurization can lead to core uncovery quickly.

,. In a refueling outage when maintenance is conducted with the loops drained,
d * reactor coolant loops can be isolated for extended periods of time, and one or

more steam generators (SGs) will be isolated from the RCS, tnus reducing the

gapability to dissipate heat through the SG secondary side. The station
alackout (SBO) with the plant shutdown scenario at Surry represented a dif-
ficult situation for controlling the plant when the AFW lines to each SG are
isolated with the MOVs located inside the containment and the SG relief valves
fail closed on loss of air and can not be opened manually at the valves. This

situation is unique at the Surry plant. The Surry emergency procedure

regarding loss of all ac power instructs operators that it is essential to the
mitigation of an SB0 to manually dump steam through turbine bypass valves to
the turbir.e main condenser. In this situation, the operating RHR system which
is used to maintain core cooling will be pressurized beyond the system's design
pressure for an increase in RCS pressure, and RCS relief valves are not capable
of relieving a large volume of steam that would be generated in the vessel. The
RHR overpressurization could occur as early as 0.7 hour after an SB0 occurred.

The preliminary Surry analysis indicates that maintenance unavailabilities at
shutdown were much higher than during power operation. Fewer technical

specifications (TS) requirements were applied in the cold-shutdown condition.
Inventory and makeup requirements to the RCS are not required in Surry's
current TS. However, the operating procedure was written to require one high-
head injection and one low-head injection be operable during a reduced-inventory
condition as a result of Surry's response to Generic Letter 88-17.
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Simultaneous maintenance on. redundant trains may take place at Surry during a
- refueling outage; this was found to be a dominant cause for core damage in ;

this study.
!

Fire.or flood barriers that are used during power operations may be removed !

during shutdown. ;

4.9 Findings

Quantitative results of the PRA studies are shown in. Figure 4-1, On.the basis
of the findings from each of the eight studies examined above, the most sig->

. nificant events, from a shutdown-risk perspective, can be summarized as
1 .follows:

.
-

(1) failures during midloop-operation (PWRs)
(2)_ operator. error,especially i

#ailure to determine the proper actions to restore shutdown cooling*

(especially.during midloop)
procedural deficiencies*

: (3) loss of RHR shutdown cooling, especially
*.- operator error. induced

~

' suction valve trips*

tavitation due to overdraining of the RCS*

(4)= loss.of offsite power
(5) LOCAs,- especially-

operator errcr-induced-'

stuck-open RHR relief valves*

ruptured RHR pump seals*

: temporary seals ruptured'-

. (7) lossofservicewater.(BWRs)
h

|
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SUMMARY OF PRA RESULTS
FIGURE 4-1

CORE DAMAGE FREQUENCY (PER YR)
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5 REGULATORY REQUIREMENTS FOR SHUTDOWN AND LOW-POWER OPERATIONS

The compilation of U. S. requirements and requirements in other countries was
done as part of an OECD/CNRA (Organization for Economic Cooperation and
Development / Committee on Nuclear Regulatory Activities) study led by the NRC.
The results are presented in the October 1991 report NEA/NRA/DCOC(91)2, and

are summarized below.

)
5.1 facilities in the United States

5.1.1 Technical Specifications

Tuo types of regulatory requirements address shutdown and low-power operations:
design requirements and operational requirements. The regulatory design
requirementscontainedin[hegeneraldesigncriteria(GDC)inAppendixA
to 10 CFR Part 50 and the quality assurance requirements, in Appendix B to
10 CFR Part 50 do not generally depend on operational mode. The staff has
interpreted the GDC requirements in the regulatory guides and the " Standard
Review Plan," NUREG-0800.

The technical specifications for individual plants are the primary source of
operational requirements to control shutdown and low-power operation. The

-

current standard technical specifications (STS) address specific requirements
during shutdown and low-power operation for reactivity control, inventory
control, residual heat removal, and containment integrity. The STS require-
ments vary in degree of coverage and allowabic limits when compared with those
issued earlier in custom technical specifications.

5.1.1.1 Reactivity Control <

The technical specifications requirements for PWRs during shutdown operation
include a reduction in the shutdown margin from 1.5 percent to 1.0 percent
delta-K/K during cold shutdown. Reactur protection system operability is not

,

required once the reactor is shut down, except that flux monitors must be
operable whenever controls can be moved. The restoration of an inactive loop
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is controlled by temperature and boron concentration limits during cold
shutdown and refueling. Boron concentration limits are not applicable for the
RWST during hot and cold shutdown and refueling operations, and the boron
injection tank is not required to be operable during cold shutdown and
refueling. However, sources of unborated water must be isolated from the

. primary system.

For BWRs, the most reactor protection system operability requirements are not in
effect once the reactor is shut down. However, if control rods are being
moved, flux monitors must be operable. The feedwater reactor trip may be
disabled during the startup. mode and the anticipated-transient-without-scram
(ATWS) instrumentation is not required during startup. All control rod movement
is restricted to one control blade at a time, unless the associated fuel cell
contains no fuel. The shutdown margin must be at least 0.38 percent delta-K/K
at all times.

5.1.1.2 Inventory Control

'Fo, both PWRs and BWRs, leakage limits and leakage detection system operability-

are not required during cold shutdown and refueling. The following additional
requirements apply only to PWRs. Only one train of emergency coolant injection
is required during hot shutdown and none is required in cold shutdown or
refueling. The RWST is also not required to be operable during cold shutdown

'

or refueling. Instrumentation requirements are controlled by the requirements
of.the systems supported by the instrumentation, that is, if the injection
system is required to be operable, the system instrumentation is required to be
operable. .In addition, for PWRs, low-temperature overpressure protection is
required in the-hot- and cold-shutdown and refueling conditions. The require-
ments are that two PORVs or two RHR relief valves are operable and no more thau~

-one train-of.high-pressure injection can be operable.

For BWRs, two low-pressure injection trains are required during cold shutdown
and refueling. This requirement is eliminated (i.e., no injection systems are
required to be operable) if the refueling cavity is flooded. As with the PWR
instrumentation requirements, the system instrumentation is required to be
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operable if the system is required to be operable. Cooling water systems

associated .with the injection systems are also generally required to be '

- operable _only when the injection systems are required to be operable, unless
required to meet other technical specifications requirements.

S'.1.1.3 Residual !! eat Removal
~

In the low-power and shutdown modes, the PWR operability requirements for the
residual heat removal function are mode dependent. During hot standby, two '

- reactor coolant loops are required. In hot. shutdown, any combination of two-
,

RHR: loops and _ reactor coolant loops is acceptable. During cold shutdown, two

RHR loops are required unless two steam generators are filled to at least 17
percent of the_ normal level for the steam generators;-then two steam genera-
tors and one,RHR-loop are an acceptable combination. -During refueling, two
RHR locps or one with the refueling cavity filled are required. Generally,

the secondary-side heat removal systems (main and auxiliary feedwater) are 'not
required to be operabla during hot and cold shutdown and refueling. However,

if a steam generator is being used as a heat removal system during hot shut-
down, the condensate storage tank, atmospheri dump valves, and one train-of

'

auxiliary _feedwater (including instrumentation) must be available.

. For BWRs, two divisions of RilR are required (with one operating) in the hot-
- shutdown, cold-shutdown, and refueling modes. With the refueling cavity flooded
during refueling', only one RHR division is required.

- One division of electric-power is required to be operable in cold shutdown and
- during refueling, as ooposed to two divisions during all other mod > of

.

~ operation. (A division is defined to include both an onsite and n. ' site-

source of ac power.)'

~

b.1.1.4 Containment Integrity

i
sThe containment integrity reqdirements for PWRs are not applicab'c dur ing cold

shutdown and refueling. This includes the operability of the containment

spray system. In addition, the containment isolation instrumentation-is not
1
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required to be operable during hot shutdown. During fuel movement operations,
less-restrictive containment isolation requirements are in effect. One air-
lock door must be maintained closed and a "four-bolt rule" is in effect for the
equipment' hatch.

In a_BWR, the containment atmosphere can be de-inerted 24 hours before going

to cold-shutdown. Inerting containment can begin up to 24 hours after
entering hot' shutdown during restarts. Containment integrity, standby gas
treatment system, and containment isolation instrumentation requirements are
not applicable during cold shutdown and refueling. However, during fuel
movement,ithe secondary containment must be operable.

The staff is reviewing the range of technical specifications requirements for.

shutdown and low-power modes, including those in the existing STS and those
being developed within the Technical Specifications Improvement Program. In

performing this review, the. staff'has determined that these requirements are
generally less restrictive than the requirements in the full-power operations
mode. -For example, the TS allow fewer operators for PWRs and BWRs during

cold-shutdown and refueling operations.

5.1.2 - Other Regulatory Requirements.or Policies

The staff also identified a number of important facts regarding regulatory
_

' requirements or policies pertainirg to operator training, use of overtime,
-emergency planning, fuel handling, and heavy loads, fire protection and
procedures.-

i'

5.1.2.1 Training (Coverage of Shutdown Conditions on Simulators)

ThecurrentCodeofFederalRegulations(Title 10,Section55.45(b)(2)(iv))~

,

. requires the simulation _ facility portion of.the operating test will not be
1:

administered on other than a certified or approved simulation facility. NRC'

Regulatory Guide 1.149 endorsed the guidance of the American National Standard

| Institute's, " Nuclear Power Plant Simulators for Use in Operator Training,"

|

|
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ANSI /ANS-3.5-1985. To date, nearly all of the industry's simulators have been
certified to meet this guidance,

r

'

The ANSI /ANS Standard 3.5-1985 requires simulation of minimum normal activities

from cold startup to full power to cold shutdown, excluding operations with the
reactor vessel head removed.

5.1.2.2 Policy on use of Overtime

Generic Letter 82-12-transmitted NRC's 90iicy on Factors Cousing Fatigue of
Operating Personnel at Nuclear Power Plants." This policy provides specific
guidance for the control of working hours during shutdown operations. This

guidance allows-the plant superintendent to approve associated deviations from
. the guidelines on working hours. The policy applies only to personnel who
perform safety-related duties and the individuals who directly supervise them.

5.1.2.3-. Fire Protection

- The plant technical specifications (TS) allow various safety systems, including
fire protection systems,- to be taken out of service to facilitate system
maintenance, inspection, and testing during shutdown and refueling.

4

iThe A'ppendix R-fire protection criteria for the protection of safe shutdown
~

- capability does.not include those systems important to ensuring an adequate
level of residui,1 heat removal during non-power modes of. operation.

The current NRC fire protection philosophy (NUREG-0900,-SRP Section 9.5.1) does
not address shutdown and refueling conditions and the impact a fire may-have on

the' plant's ability to remove decay heat and maintain reactor coolant temperature-
below' saturation' conditions.

,

5.1.2.4~ Reporting Requirements

The current NRC regulations require that any operation or condition prohibited
by. the plant's technical specifications is reportable under 10 CFR 50.73. This

,
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includes both power operation and shutdown. However, as discussed earlier

there are far fewer technical spe::ifications applicable during shutdown.

5.1.2.5 Onsite Emergency Planning

The current guidance for classification of emergencies for nuclear plants
during power operation (found in Appendix 1 to NUREG-0654, FEMA, Revision 1,
titled '' Criteria f or Preparation and Evaluation of Radiological Emergency
Response Plans and Preparedness in Support of Nuclear Power Plants"), does not

_

explicitly address thc different =0 des of nuclear power plent operation:

5.1.2.6 Fuel Handling and Heavy Loads

Plant technical specifications require that fuel nandling equipment be tested
before use in order to prevert dropping fuel elements.

For both BWRs and PWRs, technical specifications require that a specified
level of water be maintained above the reactor vessel head and spent fuel

storage pools during refueling.

For PWRs, technical specifications require that penetrations in the containment
building be closed or capable of being closed by an operable automatic valve on -

a high radiation signal in the containment, before initiating the refueling
process.

For. BWRs, technical specifications require that the integrity of the fuel
handling building be assured before handling irradiated fuel.

Technical specifications for PWRs and BWRs require that the spent fual cooling
(

systems be operable and the water lesei and temperatures be maintained.

Risks associated with heavy *inads are minimized by two alternative objectives
as outlined in NUREG-06.'2, ' Control of Her.vy Loads at Nuclear Power Plants."

5-6

_ _ __



The potential offsite doses .iue to heavy loads dropped on the spent fuel must
'

be within 25 percent of the allowable levels in 10 CFR Part 100, while Keff
must not be greater than 0.95.

5.1.2.7 Plant Procedures

- Appendix B to 10 CFR Part 50 requires that licensees provide control over activities

[
affecting the quality of plant structures, systems, and components that prevent
or mitigate the consequences of postulated accidents that could cause undue

.

-- risk to the health and safety of the public. The control of these structures,-

systems and components is to be consistent with their importance to safety, and
'acludes maintaining safety during shutdown as well as power operation.

h Activities affecting quality are to be performed in accordance with procedures
or drawings of a type appropriate to the circumstances. Consequently, the

regulatory basis now exist to require that licensees have procedures appro-
priate for the prevention and mitigation of risks associated with low- power
and shutdown operations and to require that these procedures are commensurate
with the risk to public health and safety.=

5.1.3 Bulletirs and Generic Letters

NRC use of generic communications, specifically bulletins and generic letters,
-

provides insight:into the events of interest and the evolution of requirements.
These generic communications present a chronology of events and actions
requested by the NRC (actions for plant licensees to take to preclude or
mitigate events that could affect the nuclear power plant during low-power and
shutdown operations) that have resulted in changes to regulatory requirements.

Two generic letters (87-12 and 88-17) are of interest to low-power and shutdown

; operations. They contain actions requested of licensees or identify actions
taken by licensees that other licensees were asked to review for applicability

( to their facilities. They are the most comprehensive and most widely appli-
cable of the generic letters. They most specifically address shutdown concerns
and are the most current generic letters to contain recommendations regardingy
low-power and shutdown operations.
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Table 5.1 lists eight generic letters related to shutdown and low-power opera-
tions and-Table 5.2 lists the requirements and recommendations of Generic )
Letter 88-17. I

5.2 International racilities |

| In January of_1991 a questionnaire was sent to the regulatory agencies of
several nations i_ncluding the Committee on Nuclear Regulatory Activities (CNRA)

member nations. This questionnaire, " Elements for a Survey on Low-Power and

Shutdown Activities," was intended to gather information regarding approaches
to the control of low-power and shutdown operation; at nuclear power plants, j

The objective of the questionnaire was that the responses would address all
-low-power and shutdown requirements, both of the regulatory authority and of 4

the facility operators. However, most responses addressed the regulatory

requirements and simply acknowledged that operation durin; these modes was |

mainly controlled by procedures and requirements established by the facility-
operator.

'

In particular, the| responses were to address requirements for reactivity
rsntrol,-inventory control, residual heat removal, containment integrity, and
octage and maintenance management. Each country indicated that its regulatory
body has established safety requirements that.the operator was required to
meet. . However, the specific operating requirements were developed by the
plant operator.

--Technical specif.ications- or their-equivalent appeared to be the principal.

technique-'used to impose regulatory control of plant ' operation.during shutdown
and low-power. operation.

,

These requirements were generally less restrictive in the shutdown mode than in
the full-power operations node. Low-power operation was often approached with
the same. requirements as full-power operation, although in specific instances
the technical specifications requirements during low power were relaxed from the

''

full-power requirements.

|
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Table 5.1

Generic Communication--Generic Letters
s

-Generic Letter Title

80-42 Decay Heat Removal Capability

80-53 Transmittal of Revised Technical Specifications for Decay
Heat Removal Systems at PWRs

81-21 Natural Cit:ulation Cooldown

L85-05- Inkdvertent Boron Dilution Events

86-09 -TechnicalResolutionofGeneric.IssueB-59,(n-1) Loop
Operation in BWRs and PWRs

' ;87-12- Losc of Residual Heat Removal (RHR) While the Reactor
Coolant System (RCS). Is Partially filled

'88-17 Loss of Decay-Heat. Removal-

. - ;

90-06- Resolution of Generic Issue 70, ' Power-0perated Relief
Valve and Block Valve Reliability,' and Generic Issues 194
' Additional Low-Temperature Overpressure Protection for

Light Water: Reactors' pursuant to 10 CFR 50.54 (f)

.
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|
Table 5.2

Generic Letter 88-17* Requirements and Recommendations

item Requirement / Recommendation **
,

(1) Discuss the Diab'o Canyon event, related events, lessons learned, and
implications with the appropriate plant personnel. Provide training

shortly before entering a reduced inventory condition.

(2) Implement procedures and administrative controls that reasonably
ensure that containment closure will be achieved before the time at
which a core uncovery could result from a loss of decay heat removal
coupled with an inability to initiate alternate cooling or addition
of water to the reactor coolant system.

(3) Provide at least two independent, continuous temperature indications
that are representative of the core exit conditions whenever the
reactor is in midloop operation and the reactor vessel head is
located on top of the vessel.

_

This generic letter discussed the loss of decay heat removal capability that*

occurred on April 10, 1987, at Diablo Canyon Unit 2 while the plant was in
the refueling mode of operation. Additional events at Waterford (on May 12,
1988),Sequoyah(onMay 23,1988), and San Onofre (On July 7,1988) also
contributed to this second generic letter addressing loss of decay heat
removal capabilities at PWRs.

** Recommended for implementation before operating in a reduced inventory

condition.
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Table 5.2 (Continued)

-Item Requirement / Recommendation **

(4) Provide at least two independent, continuous reactor coolant system
water level. indications whenever the reactor coolant system is in a
reduced inventory condition.

s

(5) Implement procedures and administrative controls that generally avoid
operations that deliberately or knowingly lead to perturbations to -
the reactor coolant system or to systems that are necessary to
maintain the reactor coolant system in a stable and controlled
condition.while the reactor coolant system is in a reduced inventory

-condition.
.

(6) LProvide at least two available or operable means of adding inventory
__

to -the reactor coolant system in addition to the pumps that are a part of-

the normal decay heat removal systems.
_

-(7) Implement procedures and administrative controls that reasonably ensure ;

that_all hot legs are not blocked simultaneously by nozzle dams _unless a -

vent path is'provided that-is large enough.to prevent pressurization of
the upper plenum of.the reactor vessel.-

(8) . Implement procedures and administrative controls that reasonably. ensure-
'that.all hot legs are not blocked simultaneously by closed loop stop

-

valves ~unless reactor vessel. pressurization can be prevented or mitigateo.

+

5-11



_ _ _ ___ _ _ _ __ . _ _ . ._ - _

|

|
;

:

Table 5.2 (Continued)

Item Program Enhancement +
__

(1) Provide reliable indication of parameters that describe the state of
the rt actor coolant system and the performance of systems normally
used to cool the reactor coolant system for both normal and accident
conditions. The following should be provided in the control room:
two independent indications of reactor vessel level and temperature,
indications of decay heat removal system performance, and-visible and
audible indications of abnormal conditions.

(2) Develop and implement procedures that cover reduced inventory
operation and that provide an adequate basis for tntry into a reduced
inventory condition.

(3) Ensure that adequate operating, operable, or available equipment is
provided for cooling the reactor. coolant system. Maintain existing ,

equipment in an operable or available status, including at least one
high-pressure. system and-one other system. Provide adequate equipment

for personnel communications.

(4). _ Conduct analysis to supplement existing information and develop a basis-

for procedures, instrumentation installhtion and response, and equipment /
NSSS interactions and response.

(5) Technical specifications that restrict or limit the safety benefit of
these actions should be identified and appropriate changes should be

submitted.

(6) ' Item 5''(of the first 8 items of this table) should be reexamined and
refined as needed.

[ +- The NRC requested that these program enhancements be implemented as soon as

was practical.
;
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Of the areas addressed in the questionnaire, the outage and maintenance 1

1

management area appeared to be the most within control of the operators of the |

nuclear facility. General requirements to submit outage plans and refueling ;

documentation were the most restrictive of the requirements imposed by any I

country, and most appeared to require some type of planning, in the other
areas addressed by the questionnaire, some control over the plant configuration
was exercised in the technical specifications (or their equivalent) in most
countries.

l

|

Reactwity control requirements for PWRs tend to address two related items:
boron concentration (including both boron injection system operability and the
need to isolate the primary system from sources of non-borated water) and
subcriticality margin. Additional requirements mentioned in many responses
included requirements to maintain neutron flux monitoring instrumentation
operable in all modes, unless the control rods cannot be moved,

l

Generally, fewer reactivity control requirements were imposed on the BWRs
than PWRs. During-refueling operations, restrictions were generally in place
regarding the removal of control assemblies from the core. Either one rod at
a time was allowed to be removed or the supercell around the control rod to be
removed must be empty. )

|

Severt.1 different approaches were taken to describe the inventory control
requirements. Some countries described the instrumentation requirements for
the shutdown and low-power operational modes. For these countries, additional
instrumentation was required at various-times during operation in these modes,
particularly during PWR midloop operations.

The responses of several countries described injection capability requirements.
. Combinations of low- and high-pressure ini, tion systems were required to be
operable. Of ten, during the time that the refueling cavity was flooded, the
injection system requirements were reduced. However, if maintenance was being

performed on the primary system below the level of the core, this reduction in
injection availability was not allowed.

1.
|-
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!
' In general, redundant heat removal capabilities were required at all times by

most of the countries. In PWRs, this redundancy could of ter, be supplied by any

combination of operable stear generators and residual heat removal systems,
shif ting entirely to the residual heat removal systems once the steam genera-
tors cannot be used, for those countries that replied in detail, their

responses indicated that the flooded refueling cavity can be considered a heat
removal system, due to the large amount of water present. There are at least
two countries that tied the operability of the residual heat removal system to
the decay heat rate as a function of time after shutdown. For these countries,

the requirements on system operability were reduced as t e decay heat rate
dropped.

In general, containment integrity requirements were waived under certain
conditions in every country. Usually, during the refueling mode of operation
when no fuel transfer was taking place, containment integrity was not required.
Containment airlocks were no_t alwej; required to remain operable during

refuelir.g. When they were allowed to be open during refueling, they must
generally isolate on a high radiation signal. In BWRs with inerted contain-
ments, the containment generally may be de-inerted several hours before
entering a cold-shutdown condition and did not have to be re-inerted until
after entering hot-shutdown conditions.

Other than some staffing requirements, there were almost no regulatory require-
ments that specifically addressed outage and maintenance management. Many
countries did require that outNe and refueling plans be submitted to the
regulatory bodies. These documents must outl %e the procedures and rule to be
followed during an outage. However the procedures and rules were generally
developed by the licensee.

It appears that significant variability exists among the programs in various
countries and that the NRC's current requirements in the areas of shutdown and

low-power operations were less stringent than those of most other regulatory
agencies. However, the staff concludes that the NRC's continuing shutdown risk
study appears to address all the significant issues.
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'6 TECHNICAL FINDINGS AND CONCLUSIONS l

|

6 '.1 Overview j

i

~

.On the basis of the work it completed over the past 18 months, the staff
concludes that risk varies widely during-shutdown conditions at a given plant _ j

'

and among plants, and can be significant. The staff has observed an increasing

recognition of-the importance of shutdown issues among licensees and within the
staff. ine staff also observed a general improvement in safety practices
during shutdown both as a result of regulatory actions and from the industries
own individual and collective initiatives.

Variability of risk during an outage period results prima.ily from continuous
changes in (1) plant configuration and activity level, which deterinine the
likelihood of an upset-and, to some degree, the severity; (2) the amount and
quality of equipment available to recover from an upset; (3) the time available
to diagnose and recover from an upset; and (4) the status-of the containment.
Variability among plants resulted from the many approaches used by utilities to

-address safety during a shutdown condition, dif ferences in plant design
features, and. lack of a standard set offindustry or regulatory controls for
shutdown operations._ Such variability, along with analytical limitations

' peculiar to shutdown-(e.g. human reliability analysis),-makes it difficult to
- quantify the risk during shutdown in U.S. reactors. The staff has focused its
.~ attention _ primarily on operating experience and the current capability in U.S.
plants i.o avoid a core-melt' accident and release of radioactivity. Insights

from probabilistic assessments have also been valuable in understanding what is
. important to risk during shutdown.

-As discussed in Chapter 1, about midway through the evaluation the staff
identified a-number of issues believed to be especially _important, and a number

of' potential important' issues. The staff has studied each of these issues and
obtained specific' findings which ere discussed in this chapter.
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6.2 Outage Planning and Control

in.the absence.of strict technical specification controls, licensees have
considerable freedom in planning outage activities. Outage planning determines
what equipment will be available and when. It determines what maintenance
activities will be undertaken and when, it effectively establishes if and

when a licensee will enter circumstances likely to challenge safety functions
and it establishes the level of mitigation equipment available to deal with-
such a challenge.

Many shutdown events have occurred that represented challenges to safety during
low-power / shutdown (LPS) operation. Some of these initiated when the power

plant was'in a sensitive condition as a result of inadequate planning and
mistakes (examples: Diablo Canyon, 4/87, NUREG-1269; Vogtle, 3/90, NUREG-1410).

Recognizing that the safety significance of such ev'ents is a strong function of
outage planning and control; and that the NRC has not previously addressed the
safety implications of outage planning, the staff initiated a study of such
planning and its implications as part of the plant visits program described ini

Chapter 3, and has supplemented this-with information from staff inspectors.

L
A wide variety of conditions and planning approaches was observed during the

l~ -plant visits.- These included:

(1) outages that were well planned and controlled

I
! (2) o.utages that were poorly prepared and unorganized

8) .

(3) priority assigned to safety with the complete licensee organization
striving for safety

L

(4) an ad hoc approach in which safety was dependent upon individual judgment

(5) the perception that short outages represent excellence

6-2
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(6) personnel stress end events that appeared to be the result of
overemphasis on achieving a short outage

(7) impact on plant operation from poor outage planning and implementation

_(8) imprudent operation as a result of insufficient attention to safety

6.2.1- Industry Actions

The industry has addressed outage- planning and control with programs that
include workshops, Institute of Nuclear Power Operations (INPO) inspections,
ElectricPowerResearchInstitute(EPRI) support,tr_aining, procedures,and
other programs. - One activity (a formal NUMARC initiative) has led to a set of
guidelines for utility self-assessment- of- shutdown operations (NUMARC 91-06);
these- guidelines serve as the basis for an industrywide program that will be-

implemented at all plants by December 1992. This provides high-level guidance-
~

that addresses many outage weaknesses. Detailed guidance on. developing an

outage _ planning program is beyond the scope of the NUMARC effort.

NUMARC 91-06 states: "The underlying premise of this guidance is that proper

outage planning and control, with a full understanding of the major vul_ner-
abilities- that are present during shutwwn conditions, is the most effective

: means;of: enhancing safety during shutdown."

-The-staff met with NUttARC and'the associated utility working group on several
. occasions to share technical' insights and discuss program status. -The
initiative does appear to be a significant and constructive step and effects
may have-already been realized by a few utilities using draft guidance in a
.recent outage.

_

L6.2.2; NRC Staff Findings

-Based on the staff review of operating experience, PRAs, site visits and
information from other regulatory agencies, the staff concludes that a

-
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'

,

well-planned, well-reviewed, and well-implemented outage is a major contributor
to safety, it has further substantiated and/or determined that'

(1) Consistent-industrywide stiety criteria for the conduct of LPS operation
do not exist. (NUMARC 91-06 provides high-level guidance, but no

criteria.)

(2) Many licensees have no written policy that provides safety criteria for
LPS operation. Some are working on such a policy, whereas, at the time7

the staff visited the plant, others had no plan to prepare such a policy.

(3). Some licensees enter planned outages with incomplete outage plans.

(4) Some licensees cannot properly respond to an unscheduled outage because
,

their planning is poor.

(5) Safety- considerations are not always evident during outage planning..

(6) _ Changes to outage-plans and ad hoc strategies for activities not
addressed _in the plan-are-often not. addressed as carefully as the
original plan.

'(7) The need for training and procedures is not always well addressed in
planning.

(8) Bases do not exist that fully establish an understanding of plant
behavior and that substantiate the techniques depended upon to respond to
events. _ Such bases would provide the information necessary for reason--

able and practical techrical specifications, procedures, training, LPS
operation (outage) planning,andrelatedtopic.s.

(9) There is no regulation, regulatory basis, staff policy, or other guidance,

-(such as technical specifications or staff studies) that currently
requires or otherwise provides regulatory guidance for outage planning and'.

plan implementation.a
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6.3 Stress on Personnel and Programs

A-large amount of activity takes place during outages. The increased size of
.the work force at the site during outages, combined with the rapid changes in,

plant configurations that occur during these periods, creates a complex
environment for planning, coordinating, and implementing tasks and emergency
responses. As a result, outage activities can stress the capabilities of
plant personnel and prugrams responsible for maintaining quality and opera-

,

tional safety. -This stress can be reduced through outage planning that
ensures (1)staffinglevelsaresufficientandjobsaredefinedsothat
workloads during normal or emergency outage operations do not exceed the
capabilities of plant personnel or programs, (2) personnel are adequately

-_ trained to perform their duties including the implementation of contingency
plans, and (3) contingency plans are developed for the mitigation of the
consequences of events during shutdown.

The.present NRC policy concerning working hours of nuclear plant staff, as
written, provides' objectives for controlling the working hours of plant

,

personnel, and provides speciff guidelines for periods when a plant is shut
!

:down. It permits plant personnel to work overtime hours in excess of the
re 9ded hours, provided that appropriate plant management gives its

However, as noted in NRC Information Notice 91-36, in some instances.ar ,.

aJ1icensee's work-scheduling practices or policies were inconsistent with the
inttnt of- the NRC policy.

i .

.

The staff reviewed the_ NUMARC document " Guidelines to Enhance Safety Duringt

| Shutdown" and concludes that the guidelines establish a sound approach to

| addressing the issue of stress and its risks associated with low-power and

| . shutdown operations. Effective implementation of these guidelines should

L reduce the potential for planned or unplanned outage activities to inappro-
priately stress- the- capabilitics of plant personnel and programs b.v-(1)

L improving control of outage activ.ities, (2) reducing time that peopla per-
f

| forming higher risk activities, and (3) increasing preparedness to implement
contingency actions, if needed. Consequently, stress on plant programs ar.d

personnel during outages is expected to be minimized.
|
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6.4 Operator Trainino

Conditions and plant configurations during shutdown for refueling can place
control room operators in an unfamiliar situation. Operators who are prt perly

informed and who understand the problrms that could arise during outages are'

essential in reducing risks associated with the outage ectivities. Through y,
the comprehensive training programs, operators can gain such knowledge and - :3

understanding, thus increasing the level of safe operations at nuclesr plants. . ,p

The level of knowledges and abilities can be qualitatively measured by
a comprehensive examination.

6.4.1 Examination 01 Reactor Opere: ors

a

The knowledges and abilities (K/A) that an operator needs to properly mitigate
the events and conditions described in Chapters 2 and 3 are addressed by NRC's'

K/Acatalogs(HUREG-1122andNUREG-1123). These catalogs, in conjunction with
the facil'ty licensee's job task analysis (JTA), provide the basis for the
developmh t of examinations that contain valid content. Present guidance for

developing examinattans is described in the Examiner Standards (HUREG-1021).

This guidance allows for significant coverage of shutdown operations, but it
dSes not specify any minimum coverage. NUREG-1021 provides a methodology for

developing examinations that was derived, in part, from data collected from
licensed senior reactor operators (SR0s) and NRC examiners. The guidance also
calls for examination content to include questions and actions based on

operating events at the specific facility and other similar plants. Generally,

a review of samplas of initial written examinations indicates that low-power /
O shutdown operations are covered generally and the coverage is consistent with

assuring adherence to the objectives of licensee training programs and the
sampling methodology of NL'9EG-1021. However, if licensee training programs and
procedures are revisea, w w i an improved outage program, to place more
emphasis on reducing shutdown risks, the staff expects that more extensive and
broader examination coverage will result.

6-6
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6.4.2 Training on Simulators
!

At of May 26, 1991, all facility licensees were required tr have certified or i

approved simulation facilities unless specifically exemoted. Nearly all of the
!

induttif's simulaters have ocen certified to meet the guidance of the American
National Standard, " Nuclear power plant Simulators for Use in Operator

' Training," ANSI /ANS-3.5-1985, as endorsed by Regulatory Guide 1.149 (RG 1.149).

This standard calls for simulation of minimum normal activities from cold'

startup to full power to cold shutdown, excluding operations with the reactor
vessel head removed. Therefore, these certified simulators are capable of
performing many of the operations from a suberitical state to synchronization f
with the electrical grid.

ANSI /ANS-3.5-1985 is based on the concept that the scope of simulation should
be commensurate with operator training needs. In accordance with ANSI /ANS.,

!3.5-1985, the- senpe of simulation should be based on a systematic process for
designing performance-based operator training, and-modifications should be
based on assessments of the training value this process offers. The scope of
the necessary changes would be defined by operator tasks identified as
requiring training or examination on a simulator, presently, simulators are .

used in training and examinations in those areas where dynamic plant response
provides the most appropriate means to meet the training objectives. Many
events that are likely to occur during shutdown would result in the majority of

ioperatcc actions taking place out in the plant rather than in the control room,
As a result, such events might be more appropriately addressed through methods
other than simulator training.

|

To the extent practicable, simulator training for shuNon conditions should
continue to be conducted. The Examiner Standards document (NUREG 1021) already

requires examiners to report observations of simulator performance in the
examination: reports. This: feedback from the examiners is then used to dete-
rmine-if simulator inspections _ are necessary. Revisirq NUREG-1021 to place

more emphasis on reducing shutdown risks, should result in more observations-
of_ simulator performance in this area being reported than are identified at
present.

.
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6.5 Technical Specifications

6.5.1 Pesidual Heat Removal Technical $pecifications
,

Based primarily on the PRA studies discussed in chapter 4 and the thermal-
hydraulic analysis in Section 6.6, the staff has concluded ti.at current PWR [
standard technical specifications are not detailed enough to address the

|?
number and risk significance of reactor coolant system configurations used ;

.

during cold shutdown and refueling operations. This is particularly true of f

PWR technical specifications. Safety margin during these modes of operation is
significantly influenced by the time it takes to uncover the core following an
extended loss of RHR. The conditions which affect this aargin significantly
- include: decay heat level, initial reactor vessel water level, the status of
thereactorvesselhead,(i.eboltedon,onwithboltsdetensionedorremoved), f
the number and size of openings in the cold legs, the existence of hot leg
vents, whether or not there are temporary seals in the RCS which could leak if

- the system is pressurized and availability of a diverse, alternate method of '

res'idual heat removal in case of complete loss of RHR. The current technical
:

specifications do not reflect these observations. The staff has also found
'

that_some older plants do not even have basic technical specifications covering:
the residual heat removal. system. ;

i

In. light of the above findings, the staff has identified a number of proposed {
I- improvements to Limiting. Conditions for Operation in current standard technical

. specifications for the RHR systems, component cooling water systems, service I

water systemr- and emergency core' cooling systems. These improvements are

discussed in Chapter'7. .

. .

6.5.2 Electrical Power Systems Technical Specifications

!

Electric power and its distribution system is generally at vital for accident-
,

mitigation during. shutdown conditions as it is for power operating conditions.
. There'are, however, some shutdown conditions for which it is not as vital and >

*

during which, losses. of power can be acconnodated more easily (e.g fuel'off-
load and reactor cavity flooded). In PWRs, all normal residual heat renoval

t
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a

systems and most components used in alternate methods are powered electrically. <

The same holds true for ECCS and instrumentation. BWRs are similar, but there

are many mare systems available to remove heat that are powered by st(am;
however, these systems can only be used when the reactor vessel head is on and
the main steam system is pressurized. Electric power is also vital for |

securing containment integrity. -

.

Current STS were written under the assumption that all shutdown conditions were

of lessor risk than power operating conditions. This has resulted in most
maintenance of electrical systems being done during shutdown. Consequently, ,

requirements for operability of systems are relaxed during shutdown modes.
!

.0perating experier a and risk assessments discussed in chapters 2 and 3
-indicate the. there are some shutdown conditions (e., midloop operation) where ,

such relr.xation of operability requirements for electrical system is not
justified. In addition, past STS in the electrical system area have been poorly

'

integrated with technical specifications for other systems that the elt cal

systems must support. As a result, many plant specific technical specifica.
tions for shutdown conditions-are also poorly integrated; and misunderstandings i

have occurrad regarding how the electrical specifications'should be applied to 7

support other technical specifications for systems such as RHR systems. There ,

are also some facilities that do not have any electrical system technical

specifications for shutdown modes,
r

_In light-of the above findings.and knowledge of shutdown operations gained from-
the site visits, the staff has concluded at this time that with proper planning,
maintenance of electrical systems can be accommodated during shutdown condi-

tions of lessor risk significance. Consequently, the staff has developed*

proposed improvements to technical specifications for electrical systems which:
:(1) ensure a minimum level of electrical system availability in all plants;'(2) i

balance the need for higher availability of electrical systems during_ some
shutdown conditions and the need to still do maintenance during shutdown opera-
tions;-(3) bring logic and consistency to an area of nuclear plant operation
that has'been cumbersome for both plant operators and regulators. These

improvements are discussed in Chapter 7.
:
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6.5.3 PWR Containment Technical Specifications :

As discussed in chapter 5 containment integrity for neither PWRs or DWRs is
required by technical specification during cold shutdown or refueling condi- f
tions except during movement of fuel. The staff has cancluded based on
operating experience, thermal-hydraulic analyses and PRA assessments that
ensuring PWR containment integrity prior to an interruption in core cooling
under some shutdown conditions may be necessary (this is discussed more fully

inSection6.8.1). Changes to the technical specification on containment
integrity would be the most direct and effective means of improving containment
capability where needed. Consequently, the staff is considering the need for
n( technical specifications to govern containment integrity for PWRs during
some shutdown conditions, as discussed in chapter 7. ;

6.6 Residual Heat Removal Capability

6.6,1 pressurized-Water Reactors

,

Decay heat is removed in PWRs during startup and sk tdown by dumping steam to
the main condenser or to the atmosphere and restoring-inventory -in the steam
generators with the aur.iliary feedwater (AFW) system. During cold shutdown and
refueling, the residual heat removal system is used to remove cacay heat.
Because of the relatively high reliability of the AFW system and the short time-

spent in the startup and shutdown transition modes, losses of decay heat
removal during these modes have been infrequent. However, loss of decay heat

removal during shutdown and refueling has been a continuing problem. In 1980,

a loss of. residual heat removal event occurred at the Davis-Besse plant when
one RHR pump failed and the second pump was out of service - Following a review-
of the event and the requirements that existed at the time, the NRC issued

'

Bulletin 80-42 and later a Ger,tric Letter 80-43 calling for new technical
-specifications to assure that one RHR system is operating and a second is

| available (i.e., operable) for most shutdown conditions. The Diablo Canyor.
*event of April 10, 1987, highlighted the fact that midloop operation was a-

I particularly sensitive condition. Following its review of the event, the staff
issued Generic Letter 88-17, requesting that licensees address numerous generic

.
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deficiencies to improve the reliability of decay heat removal capability. More

recently, the incident investigation team's report of the loss of oc power at
the Vogtle plant (NUREG-1410) raised the issue of coping with a loss of RHR
during an extended period without any ac power, in light of the continued
occurrence of events involving loss of RHR and the issues raised in NUREG-1410,

the staff has performed assessments of the effectiveness of GL 88-17 actions
and alternate methods of decay heat removal. These assessments are discussed

next.

6.6.1.1 Effe.tiveness of GL 88-17 Actions

Actions regJested in GL 88-17 are listed in Table 5.2. The staff assessed

the response to GL 88-17 through NRC inspections conducted to date and the
site visd'.s discussed in Chapter 2. The more important subject areas have been

evaluated in terms of overall performance since issuance of GL 88-17, as

discussed below.

Operations

Operations with the RCS water level at midloop have diminished generally.
Some utilities now perf orm activities requiring reduced inventory with the
reactor defueled. Others have taken steps to minimize time spent in reduced ,

inventory or plan sensitive activities later in the outage when the decay heat
level is ' tower. However, midloop operation is still used widely; in fact,
one utility stayed at midloop for 37 days in its most recent outage.

Events
:

Loss-of-RHR events have continued to occur even 2 years after the issuance of
GL 88 17. Three events discussed in Chapter 2 occurred in 1991. All three
occurred at sites that had also experienced such events before GL 88-17 was q

issued.
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hopedures

As discussed in Chapter 2, procedures for responding to loss-of-RHR events
have generally improved in terms of the level of information provided to
operators and the specification of alternate systems and methods that can be
used for recovery, in addition, inspection teams have found that procedures
written in response to GL 88-17 have been applied effectively outside the
intended envelope for lack of other procedures, for example, loss of inventory,

flowever, some concerns still exist. Although procedures often specify use of
the steam generators or the ECCS as alternate methods for removing decay heat,
it has been observed, as discussed in Chapter 3, that neither steam generator
availability nor a clear flow path via the containment sump has been planned
for and maintained. 'In addition, it has also been observed that complete
thermal-hydraulic analyses-and bases have not been developed which would ensure

that operators have been given the necessary infurmation to respond to a com-
plicated event involving steam generation in the RCS, including orie following a
station blackout.- A number of important considerations relcting to alternate
decay heat removal have not been observed in training literature nor plant,

procedures. These-are discussed in Section 6.6.1.2.

Instrumentation

Licensees have responded appropriately to GL 88-17 by providing two independ-
ent_RCS level indications, two independent measurements of core exit tempera-
ture,'th'e capability to continuously monitoring RHR system performance, and|

vicible and. audible alarms. However, wide variability exists among sites in
I the quality of installations and controls for- using' them, .as discussed below:

' (1) Many operators were unaware r ' core temperature cannot be inferred from
;n the RHR pumps are not running, andmeasurements in the RHR sys' ,

L sometimes core exit-thermoc- have not been kept operable even though

the vessel head was installed.

i
|
6

'
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1

(2) Potential problems associated with water level indications have been
observed, including damaged and/or incorrectly installed instrument
tobing, lack of independence, and poor maintenance.

6.6.1.2 Alternate Residual Heat Removal Methods

In response to the incident investigation team't report of the loss of ac
power at the Vogtle plant (HUREG-1410), the staff, with the assistance of the
Idaho National Engineering Laboratory, has conducted in-depth studies of
passive, alternate methods of residual heat removal that could potentially be
used when the RHR system is unavailable. The initial study (HUREG/CR-5820)

identified fundamental passive cooling mechanisms that could be viable for
responding to an extended loss of RHR and evaluated pient conditions and
procedural actions that could be used to exploit those nachanisms, as well as
problems in such exploitation. The important cooling processes include
gravity drait of' water from the RWST into the RCS, core water boiloff, and
reflux cooling. A second study (Appendix B) examined the transient response of

a PWR with U-tube steam generators following a loss-of-RHR event using the
RELAPS/ MOD 3 reactor analysis code with a model modified for reduced inventory

conditions. The significant findings from these studies are discussed below.

Gravity Drain from the Refueling Wate* Storage Tank

Most, but not all, PWRs are theoretically capable of establishing a drain path
between the refueling water storage tank (RWST) and the RCS., However, the

relative elevation difference between the RWST and the RCS, whLt determines
how much water is available, can vary significantly from plant to plant.
Under ideal conditions for a spectrum of plants studied, RWST feed-and-bleed of
the RCS could maintain flow to the vessel and remove decay heat for as little
as 0.4 hour for one plant to as much as 18 hours for another, assuming
the loss of RHR occurred 2 days af ter shutdown; for unthrottled flow, the

times are 0.2 hour and 5.2 hours.
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Gravi _tyfeedfromAccumulator_sorCoreflood_Tanh

The limited liquid contents and difficulty in throttling flow from accumulators
or core flood tanks makes their use of marginal value in terms of long-term
core cooling.

Reflux Cooling

Initiation of reflux condensation cooling depends on the ability of steam,
produced by core boiling, to reach condensing surfaces in the steam generator
U-tubes. During a plant shutdown condition, the reactor coolant level may be
at reduced inventory with air or nitrogen occupying toe upper volumes of the
primary system. This air inhibits steam flow from the reactor vessel to the
steam generator U-tubes. Importantaspectsofrefluxinitiationare(1)the
initial reactor coolant water level, (2) the need to establish and preserve;

horizontal stratification of the liquid in the hot legs, (3) the primary system
pressure needed to establish a sufficient condensing surface, and (4) the
possible need for draining or venting the primary system in order to obtain a
stable reflux cooling mode at an acceptable pressure,

l
r

The ability to remove decay heat through one steam generator by reflux conden-
sation following a loss-of RHR event during reduced inventory operation repre-
sents an alternative way to remove decay heat, one that does not require adding

l water _ to keep the core cuyered with a two-phase mixture. In many instances,

nozzle dams are installed in the hot- and cold-leg penetrations to one or more
steam generators, and the reactor vessel head is installed with air in the

' unfilled pcrtion of the RCS above the water level. Should the RHR system fail,

the peak pressure and temperature reached in the reactor. coolant system are
important since the nozzle dams must be able to withstand these conditions to
prevent a. loss-of-coolant accident. Failure of a hot-leg nozzle dam would

|
create a-direct path to the containment through an open steam generator manway.
Such an_ event .could also result in peak RCS pressures sufficient to cause
failure of:the temporary thimble seals used to isolate the instrument tubes.
These thimble seals are used during plant outages while instrument maintenance

is performed.
1
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Analyses were performed in the Appendix B study to identify the time to core
uncovery due to the blowout failure of the hot-leg nozzle dam with the manway )
removed from the steam generator inlet plenum. Nozzle dam blowout was assumed j

to occur at 25 psi. The actual failure pressure is not well known and likely i

varies among different designs. An analysis was also performed to determine |

the time to core uncovery if all of the temporary thimble seals failed. |

The results of the analyses are as follows:
,

Analyses of the loss of the RHR system from midloop operation at I day and'

-7 days following shutdown reveal that the RCS can reach peak pressures in ;
_

the range 25 psi when a single U-tube steam generator 1. used for residual
emoval. Moreover, RCS peak pressure is insensitive to decay heat level |

or_the time of loss of RHR system following shutdown. !
i

Additional analyses of the use of U-tube steam generators for residual*
,

removal show that RCS peak pressures approach 80 psi with initial RCS
water levels above the top elevation of the hot leg. At these higher
water levels, the fluid expansion fills the steam generator tubes with j
sufficient liquid to prevent residual removal until pressures reach 80
psi or until sufficient primary to secondary temperature difference is
established. Peak RCS pressure is, therefore, sensitive to the initial
liquid level at the time. the RHR systsm is lost, i

Since RCS pressures near the design conditions for nozzle dams and. tempo-
'*

rary thimble seals can be attained, the successful use of the steam
generators as an alternative residual removal mechanism is not assured.
The loss of the RHR system with initial RCS water levels above the top of
the hot leg suggests use of the steam generators as an alternate means of-
decay heat removal will result in sufficient pressure to challenge the
integrity of all of the RCS temporary-boundaries.

Analyses of the- failure of the RCS temporary boundaries (i.e., nozzle*

dams, thimble seals, etc;) or openings such a's the safety injection line
~

demonstrate that if the RHR system fails within the first 7 days following
a
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shutdown, there is very little time (i.e., about 30 to 90 minutes) to
prevent core uncovery and isolate the containment. Failure of many

thimble tube seals would produce significant leakage, but much less than
<

a nozzle dam failure.

6.6.2 Boiling-Water Reactors 1

-During a normal shutdown, initial cooling is accomplished by using the main
turbine bypass system to direct steam to the main condenser, and by using the
condensate and feedwater systems to return the coolant to the reactor vessel.
The circulating water system completes the heat transfer path to the ultimate
heat sink. This essentially is the same heat transport path as is used during'

power operation except that the main turbine is tripped and bypassed and the
steam, condensate, and feedwater systems are operating at a greatly reduced
flow rate. When the steam and power conversion system is not available, high-
pressure shutdown cooling is' provh ad by isolation condensers (early BWRc) or

'by the reactor core isolation cooling (RCIC) system (later BWRs). No BWRs ,

have both isolation condensers and an RCIC system. .

The RHR system provides for post-shutdown core cooling of the RCS after an
~

initial cooldown and depressurization to about 125 psig by the steam and pc ser
conversion system, the isolation condensers, or the RCIC system. Early BWRs ,

have dedicated RHR systems that are separate fiom the low-pressure ECCS sub-

systems. Later BWRs have multi-mode RHR systems that perform the shutdown

cooling function as well as a~ variety of ECCS and containment cooling func-
. tions. -The RHR shutdown cooling suction line is opened to align the suction of
the-RHR pumps to a reactor recirculation loop on-the suction side of an idle

[ Lrecirculation pump. Flow is established through the RHR heat exchangers and

the primary coolant is then returned to the reactor vessel via a recirculation-

L: line (on the discharge of an idle recirculation pump).or a main feedwater line
(later model BWRs only). The RHR heat exchangers transfer heat to the RHRt-

l

; service water systen . The RHR service water system is a single phase,

- moderate-pressure system that is dedicated to providing cooling water f or the
RHR heat exchangers. In later BWRs (BWR/5s and BWR/6s), RHR cooling is

supplied by an essential-service water system that also provides cooling for
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other safety-related components. in either case, the service water systems may i

operate on an open, closed, or combined cycle. The service water and the
'

circulating w systems may operate on different cooling cycles (i.e., a
closed-cycle service water system and an open-cycle circulating water system). !

t

Due to the relatively high discharge pressure of the RHR service water pumps
(about 300 psid), the service water system can be used in an emergency to flood
the BWR core or the containment. lhis capability is implemented by opening the
cross tie between the service water system and the RHR return line to the RCS. '

In a multi-mode kHR system, this return line branches to the reactor vessel,
,

the suppression pool, and the drywell.
,

;

yssofResidualHeatRemovalCapability

As indicated in Chapter 2, the frequency and significance of precursor events ,

involvingreductioninreactorvessel(RV)waterleveland/orlossofRHRin
BWRs have been less than for PWRs. One reason for this is that BWRs do not
enter a reduced inventory or midloop operating condition as do PWRs. Another
reason is thet a reduction in RV water level will normally be terminated by the
reactor protection system before the level falls below the suction of the RHR
pumps.

.Should RHR be lost, operators can usually signitw ..tly extend the time avail-
able for recovery of the system by adding water to the core from several
sources,. including: condensate system, low pressure coolant . injection (LPCI)

- system, core spray (CS) system, and control' rod drive (CRD) system. Adding
inventory raises water to a _ level that can support. natural circulation.- In the-
event that RHR cannot be recovered in the short term, alternate residual heat
removal methods, cevered by proce . res, are nonnally available. Ir-the RV head

.

.is tensioned, the reactor pressure vessel (RPV) is first allowed to pressurize
and then steam is dumped to the suppression pool via a safety-relief valve
(SRV' and makeup is provided by one of the water sources listed above. If the
condenser and condensate system are available, then decay heat can be removed

by dumping steam to the condenser and adding makeup water from the condensats
-and feedwater system. _If the vessel head is detensioned then decay heat must-
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be removed without the RpV pressurized. This requires opening multiple SRVt to

dump steam to the suppression pool and cooling the suppression pool by recir-
culating water using the CS or LPC1 pumps. For all cooling methods involving
the suppression pool, suppression pool cooling must be initiated in sufficient
time to prevent suppression pool temperature from becoming so high that the

4

-pumps lose net positive suction head. If the RPV head is removed and the main

steamline plugs are put-in place, the preferred method of residual heat removal !

is to flood the reactor cavity and place the fuel pool cooling system in opera- |
tion. A second undesirable, but nevertheless acceptable alternative is to boil |
off steam to the secondary containment and add makeup water from any source

capable of injecting water at a rate of a few hundred gallons per minute. As i

!discussed in Section 6.9.1, this method of residual heat removal can lead to
failure of the secondary containment. |

The results of the accident sequence precursor analysis discussed in Chapter 2
indicate that the frequency and severity of loss of RHR incidents in BWRs are

less than for PWRs. In addition.-the review of BWR alternate residual heat
removal methods indicates significant depth.and diversity, for these reasons,
the staff concludes that loss of RHR in BWRs during shutdown is not a signifi-
cant safety issue as long as the equipment (pumps, valves and instrumentation)-
needed for these methods is operable and clear _ procedures exist tor applying the ]
methods. ;

,

6.7 legnrary Reactor Coolant System Boundaries

in the course of the evaluation. the staff has identified and examined plant
configurations used during shutdown operations involving temporary seals in-

;the reactor coolant system. This includes freeze seals that are used in a
.

variety of ways to isolate fluid systems temporarily, temporary plugs for
nuclear instrument housings, and nozzle dams in.PWRs. The staff has identified

'

instances where failure of these seals, either due to poor installation or an
overpressure condition, can lead to a rapid non-isolable loss of reactor
coolant.- This concern i_s of-special importance in PWRs because the emergency

core cooling system -(ECCS) is not designed to automatically mitigate accidents
'

initiated at pressures below a few hundred psig and is not normally fully
.

.
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available for manual use during these conditions. In BWRs, the ECCS is i

normally required to be operable when there is fuel in the reactor vessel and
activities are taking place that have the potential to drain the reacto-
vessel. In addition, the ECCS is actuated automatically when water level is
low in the reactor vessel. *

!

6.7.1 Freeze Seals

Freeze seals are used for repairing and replacing such components as valves,
pipe fittings, pipe stops, and pipe connections when it is impossible to

'

isolate the area of repair any other way. Freeze seals have successfully been

used in pipes as'large as 28 inches in diameter. However, as a result of
inadequate use and control, some freeze seals have faiied in the nuclear power-

u
plants, and some of the failures have resulted in significant events. This has

raised a question regarding the _ adequacy of 10 CFR 50.59 safety evaluations of ,

freeze seal applications.

To assess. problems associated with freeze seals, the staff reviewed the opera-
'tional experience on freeze seal f#ilures, safety-significant findings on

freeze-seal failures, industry reports on freeze seal:use and installation,
| and th'e applicability of industry guidance (NSAC-125) for performing safety

,

evaluations on freeze seal applications.

>

6.7.1.1 Operational Experience on Freeze Seal Failures

River Bend. 1989*

.

4 Failure occurred in a-freeze plug used in a 6-inch service wster line to
allow inspection and repair work'on _ manual isolation valves to a safety -
related auxiliary building cooler. The failure resulted in_a spill of

,

approximately 15,000 gallons of service water into the auxiliary building
' ' and caused the loss of non-safety-related electrical cabinets (i.e.,

shortingandanelectricalfireballdamagedcabinetsandcomponents).
Oraining water also tripped _open a 13.8 kV supply breaker, resulting in
loss of the residual heat removal system, spent fuel pool cooling system,
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and normal lightirq irl the auxiliary and r' actor buildir.gs. The leak was

isolated in 15 minutes and the RHR system restarted in 17 minutes.

" Oconee 1, 1987

.

Approxitnately 30,000 gullons of slightly. radioactive water leaked into
various arcab of the auxiliary building and a portion drained beyond the
site bcundary due to failure of a freeze plug which was used to facilitate

! replacement of a 3 in-h-diarieter Section of low-pretsure injection piping.
.

*
: f runswick 1,1966

i

' fail 6ro of a frecae seal used in the discharge piping of the control rnd -

L tirive 'syst$m pump 1A cousad hydraulle perturbation to.a high-level / turbine
'

trip .inytrumer,t, r(6ulting it, a feed pump trip and subsegaent automatic '+

i f eram at 10J.per:ent power, ,

The (feeze seel fcilure at River- Bend prompted a visit by an NRC augmentedy ,.

in',pectiont,eam_(AIT) toper',~ormanonsite.Inspectionshortlyaftertheevt.rt.' '

[
' *he AI) found:i ,

t

'(1) inadequate [ control r,f free w seal work ,

y 1-
.

i
r .j -

L 0 (E' lack of training for penonnel' performing the work
:y ;

lj. !'!-

L (3):ilack 'of- awareness by plant personnel of the potential for freeze seal
ifailure ;

g
I

(4) flooding that er.ceeded the design capacity of _the floor drain system
u

(5); nn damage to safety-related equipment

A 10 CFR 50.59 safety evaluation of the freeze seal operation was not performed. -

The plant operating procedure was subsequently revised to _ include corrective

measures for freeze seal installation and control. However, the licensee
;

L
=

|
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included no statement to assure or require that a 10 CFR 50.59 safety evalua-

tion be performed before allowing use of a freaze seal.

In regards to the incident that occurred at Oconee Station, Unit 1, in 1987, !

the utility was cited by the NRC for inadequate freere seal procedures. A
'

review of '.he licensee's freeze seal " safety evaluation checklist" found that
the checklist questions were similar to 10 Cl. 50.59 questions. However, the

checklist was not processed through the licensee's safety committee, as would
have been done'for a fot mal 10 f.I R 50.59 safety waluation.

- Informaticn Notice 91-11, " Potential Probluns With the Use of freeze Seals,"
identified potential problems re'inted to the freeze seat in PWRs and BWRs,
specifically ~ including both the River Bend and Oconee 1 incidents. The

' information notice indicated that free c ',eal failure in a PWR reactor boundary
i' system could result in innediatt loss of primary coolant. In BWRs, failure of

,

'

a freeze seal in a system connected to the vessel's lower plenum region, such
as the reactor water cleanup (WCU) system, could result in the water level in

''

the reactor vessel fallir* below the top of the sctive fuel. The estimated

time for this tc ; cur is less than 1 hour if the seal failed completely eqd
makeup water was not added to the reactor. The information notice indicated
. concerns that freeze. seal failures in secondary systems can also be significant
because of the potential for consequential failures,-such as-the loss of
residual heat removal in the River Bend event. The information notice iden-

| tified procedural inadequacies that resulted in a failure to install and
monitor a temperature detection device, and a lack of personnel training.in the
use of freeze seals. Other important considerations identified in the notice

; included: " examining training, procedures, and contingency plans associated
~ with-the use of freeze seals, and evaluating the need for and availability of
additional water makeup systems and their associated support systems." Non

'

specific statement was included regarding the applicability of a 10 CFR 50.59
safety evaluation,

y.

i
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6.7.1.2 Industry Reports on use and Installation of freeze Sealt

An INPO significant event report (June 1989) noted that freeze i ug failure
can result in the following:

(1) internal flooding of large volunies of water into thint aquit> ment and

sti ctures

(2) dar990 to and contamination of equipment

(3) initiation of plant transients

in February 1989, the Electric Power Research Institute invied El' I HP-638d D,
reeze sealing (Plugging) of Piping," to guide nuclear pwer pinnt maintenanct'r

per onnel in evaluating the use of freeze seals. The guide cau' ions persennel

on the use of freeze seals and discusses contingency plans s to ad freeze seals

fail.

The Batte11u u lumbus Laboratories issued a final report, "De'e spment of
Guidelines for Use of Ice Plugs and Hydroscatic Testing," in November 1982;
the Battelle report discusses the potential. hazerds asso iated "ith ice olt.gs
and gives guidelines for plug slippage, restraint, pressure, itapa i loads
and stress arising from handling. Defects and sef e v of personnel are also

discussed.

6.7.1.3 HSAC-125 " Industry Guidelines for 10 CFR 50,59 Safety tvaluations"

NSAC-125, issued in June 1989 by ti,e NL' clear Management Rasources Council

(NUMARC), gave the industry cluidelines for performing 10 CFR 50.59 safety
evaluations. The document provides industry guidance on the thresholds for
unreviewed safety questions, the applicability of 10 CFR 50.59, and the proce-
dures for performing 10 CFR 50.59 safety reviews for facility chbnges, tests,
or exoeriments at nuclear poder stations. The staff's review of NSAC-120
identifieri the following as appropriate guidance for the applicability of the

l
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10 CFR 50.59 safety evaluation to the use of freeze seals as temporary modifi-
cations and the application of the 10 CfR 50.59 determination of whether an
unreviewed safety question exists for the freeze seal installation: " Tempo- ,

rary changes to the facility should be evaluated to determine if an unreviewed |

safety question exists. Examples of temporary modifications include jumpers
and lif ted leads, temporary lead shielding on pipes and equipment, temporary |

'
blocks and bypasses, temporary supports, and equintrent used on a temporary3

,

basis."

. Although the use of freeze seals as a temporary block is not specifically ;

!identified, freeze seals perf orm the " temporary block" function and, therefore,
the staff finds they conform with the NSAC-125 definition of " temporary modifi-
cations."

1

6.7.1.4 Results and Findings

For BWRs, failure of a freeze scal in a system connected to the vessel's* ,

lower plenum region such as- the reactor water cleanup (RWCU) system, could .

'
cause the core to become uncovered in less than 1 hour if the seal failed
completely and makeup water was not added to the reactor.

NSAC-125, industry guidance for application of 10 CFR 50.59, covers*

,

temporary modificaticns but does not discuss freeze seals specifically.;

Temporary modifications using freeze seals are not being evaluated per*

10 CFR 50.59.-
*

Industry guidance exists for using freeze seals with contingency plans.*

Operating experience indicates that freeze seal failures could be*

safety problems,.
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6.7.2 Thimble Tube Seals ,

!
'

,

The errangement of the in-core instrumentation assemblics in most PWRs may
be visualized by considering one end of an approximately 1-inch tube as
welded to the bottom of the reactor vessel and the other end welded to the seal
table. This tube provides a penetration into the reactor from below, with the f
opposite end containing a high pressure seal during power operation. This .

" guide" tube is a permanent part of the reactor coolant system pressure
,

boundary.

IA thimble tube, which has a closed end, is inserted into the guide tube.
closed end first, and pushed through the guide tube until it extends up into i

the reactor core. The thimble' tube is then sealed to the guide tube by a
high-pressure, Swagelok type fitting at the seal table, thus fnrming a
watertight assembly with the area between the tubes containing reactor coolant'

system water and the inside of the thimble tube open to the containment ;

building. The space between the tubes is subjected to reactor coolant system
pressure during power operation.

1

Preparation for refueling involves withdrawing the thimble tubes out of the
core. Thus, the normal Swagelok thimble tube to guide tube seal at the seal
table must be opened.

Once the thimble tube is withdrawn from the core region, the annular gap is
closed by a temporary seal composed of split components and rubber gaskets.
-Temporary thimble tube seals have a typical design-pressure of 25 psi so..that

.

-a significant overpressurization could cause them to fail, This would cause._a
leak that-is effectively in the bottom of the reactor vessel. The impact of ,

the failure of .these seals on RC5 inventory has been analyzed and found to be !

significant, as discussed below. ;
;

The B&W thimble tubes terminate in an "incore instrumentation tank" that is
open at the top, at the refueling floor level, with the bottom at roughly
reactor vessel flange level. No temporary seals are used and the tank fills

,

with water (or is filled) so that tank and refueling cavity water level remain
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the same. There are times during typict' refueling outages when the tank is
open to containment at the bottom and when some of the guide tubes are empty,
thus providing a significant flow path bttween the reactor vessel and the
incore instrumentation tank as well as to the containment.

Most CE units do not use such bottom-entering incore instrumentation of the
above type. The staff understands that the few that do use a B&W-type arrange-
ment to terminate the tubes in the refueling cavity rather than a separate tank.

Analysis of Instrument Tube Thimble Seal failure

An analysis of the instrument tube thimble seal failure in a Westinghouse
,

designad plant was performed to determine how long it takes to uncover the core
when one steam generator is used to remove decay heat following a loss of RHR.
This analysis is part of the transient thermal-hydraulic analysis of the loss I

of RHR in a PWR discussed in Section 6.6.1.2.

Thimble .eal failure in the instrument tubes was assumed to occur when system

pressure reached 20 psi. This value was chosen to investigate the consequences
of failure of the thimble seals and may not reflect actual failure pressures
for seals. For' this analysis, it is assumed that there are 58 tnimble seals
and all of these seals fail, once the assumed failure pressure is achieved.
The tubes have an inner diameter of 0.4 inch resulting in a total area of
0.05n6 square feet.- This " break" area provides an " upper bound," since the -

thimble tubes may remain in-the guide < tubes, making the flos area much smaller.

The failure location is assumed to be at the seal table which is at the eleva-
tion of the reactor vessel flange. The tubes are connected to the vessel at
the bottom of the lower head and are collected at the seal table resulting in

;

an_ elevation difference between these.two locations of about 22.5 feet.

The RCS was initialized with water at 90*F at'a level at the centerline of the ;

hot-and cold legs. Air at 90'F and 100-percent relative humidity is present
in all volumes above the centerline of the hot and cold. legs. The decay heat

power level corresponding to 1 day after shutdown was conservatively assumed
- for this analysis. (11.5 MW).
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Thimble seal failure is predicted to occur at about 1.6 hours after the RHR
system is lost. Core uncovery in this conservative analysis is predicted to
occur about 20 minutes later. These results demonstrate that very little time
is available to establish a means for injecting water into the RCS to prevent
heatup of 'he core.

4.8 Rapid Boron Dilution

The staif, with the assistance of Brookhaven National Laboratory (BNL), has
completed a study of rapid boron dilution sequences which might be possible

under shutdown conditions in PWRs (NUREG/CR-5819). Concerns relating to rapid
boron dilution during a PWR startup were raised by the french regulatory
authority in their shutdown PRA study. These sequences are the result of a
two-step process. In the first step it is assumed that unborated (or highly
diluted) water enters the normally borated reactor coolant system (RCS) while
the reactor coolant is stagnant in some part of the primary system. This

diluted water is then assumed to accumulate in this region without significant
mixing. The second step is the startup of a reactor coolant pump (RCP) so that
the slug of diluted water will rapidly pass through the core with the potential
to cause a power excursion suf ficiently large to result in core damage. Other
variations to this two-step process include (1) having the slug forced through
the core by the inadvertent blowdown of an accumulator and (2) having a loop
isolated using loop stop valves and after the luop becomes diluted, opening the
loop stop valves while the RCPs are running. [

6.8.1 Accident Sequence Analysis

This study has considered both probabilistic and deterministic aspects of the
problem and has focused on what is expected to be the most likely of the
several sequences that have been identified as leading to a rapid dilution.
This particular sequence starts (see NRC Information Notice 91-54) with the
highly borated reactor being deborated as part of the startup procedure. The
reactor is at hot conditions with the RCPs running and the shutdown banks
removed. Unborated or diluted water is being pumped by charging pumps from the
volume control tank into the cold leg. The initiating event is a loss of
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offsitepower(LOOP). This causes the RCPs and the charging pumps to trip and }

the shutdown reds to scram. The charging pump comes bac' nn line quickly whe~ [
diesel generators start up. Charging continues until the volume control tank
is empty and it is assumed that there is littic mixing with the water in the
RCS so that a region of diluted water accumulates in the lower plenum, it is |

then assumed that power is recovered so that the RCPs can be restarted. This

is assumed to occur after sufficient diluted water has accumulated so that the
slug of diluted water which then passes through the core has the potential to
cause fuel-damage.

.

The probabilistic analysis was done for this scenario for a Combustion
Engineering plant (Calvert Cliffs), a Pabcock & Wilcox plant (0conce) and a
WesHnghouse plant (Surry). The reactor systems and operating procedures

t , ed in the scenario were reviewed and accident event trees were developed. !

The analysis focused on the specific arrangement of the makeup and letdown
systems _ and the chemical and volume control system. The startup and dilution

procedures were important, an were the procedures to recover from a LOOP. i

The initiating frequency of the scenario was considered for both refueling and
non-refueling outages and varied from 2.0E-4 per year to 5.0E-5 per year,
depending on the reactor. The probability that the injected water would cause !

a region of diluted water before an RCP was started was treated as.a time-
dependent function. it was assumed that there was no mixing of a given injec-

tant, but the core damage probability is not constant in time because it takes
time to accumulate sufficient diluted water, and because af ter emptying the
volume control tank, the suction from the charging pump switches to a source of

highly borated water. The time dependence of the probability of restarting an'

RCP was also taken into account. Tne resulting core-damage frequency was found

to __ vary from 1.0E-5 to 3.0E-05 per reactor year.

6.8.2 Thermal-Hydraulic Analysis for the Event Stquence

t

A key assumption in the probabilistic analysis is that the injectant does not
mix with the existing water in the RCS so that a diluted region accumulates in

|

|-
!
L ,
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the lower plenum. This assumption was tested by using inixing models to deter- '

mine to what extent charging flow mixes with the existing water when it is
; injected into a loop which is either stagnant or at some low natural circula-

tion flow rate intufficient to provide complete mixing. These mixing models

are based on the regional mixing models that were developed to understand the
thermal mix (19 of cold injectant into the " cold" leg which is at a much higher
temperature. The thermal mixing problem was originally of interest for the
problem of pressurized thermal shock,

t

The regional mixing model has been utilized to calculate the boron concentra-
,

tion in the mixeo fluid when the unborated cold injected water mixes with the (
hot water in the cold leg which is taken to have a boron concentration of 1500
ppm. The model specifically considers the mixing region near the point of
injection and at the ud of the cold Icg where the flow is into the downcomer,
and ignores mixing in the downcomer or lower plenum. .

The model was applied to the Surry plant under the assumption of no loop flow.
The-finding was that there is considerable mixing so that the water in the
lower plenum would have a boron concentration that is only 200-300 ppm less
than that originally in the core. On the basis of the neutronic calculations
explained below, thit is insufficient-to cause a power excursion when an RCp
is restarted. It is difficult to generalize these results as they are depen-
dent on specific plant parorters defining the loop geometry and the charg_ing
flow.

6.8.3 Neutronics Analysis

'
The neutronics of this problem has been studied to understand the consequences
of hav ng a slug of diluted water pass through the core. In order to do simple

scoping calculations, the staff took a synthesis approach. This approach

combines steady-state, three-dimer ional core calculations of boron reactivity
worth under different configura+ ons with point kinetics calculations of the
resulting power transient.

'
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The steady-state calculations were done with the f40DEP-2 nodal code. The'

output from these calculations is the static reactivity worth of a diluted
slug as a function of position of the slug as it moves through the core. The

two basic shapes that have been considered are a semi-infinite slug (step
function) and a finite slug (rectangular wave function) with a volume of 5?i
cubic feet. The calculations were done with different dilutions, relative to
the 1500 ppm assuned as the initial state of the core. In addition to a
radially uniform slug, two other geometries were considered, in one, the slug
was localized in the center 49 assemblies and in another the slug was found at

two peripheral locations affecting ' assemblies. The calculations provided

not only reactivity versus position of the leading edge of the slug but also
Doppler weight factors for use in the kinetics calculations.

The dynamics calculations included the neutron kinetics as well as a simple
fuel rod conduction model to calculate a more accurate fuel temperature than

would be obtained by making an adiabatic assumption. The calculated peak fuel

enthalpy was used as the criterion to judgt! whether 31 damage had occurred.

if it was greater than 280 calories per grar then catastrophic fuel damage

involving a change in geometry was assumed to occur. The peak fuel enthalpy

was calculated using the time-dependent power and a power peaking fbetor taken
from the static three-dimensional calculation at the condition corresponding to

the iime of the peak power.

Tne results show that fuel damage could occur if the boron concentration in a
temi-infinite slug is reduced to 750 ppm corresponding to an equal mixing of
injected water at 0 ppm and reactor coolant at 1500 ppm. These results are

dupendent on the worth of the shutdown banks and on the Doppler reactivity
coefficient; calculations were done to determine this sensitivity.

6.8.4 Other Analyses

Transient calculations somewhat similar to these studies have been done by

several other groups. Examples are
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(1) Westinghouse [S.Salahetal.,"ThreeDimensionalKineticAnalvsisofan '

Asymmetric Bron Dilution in a pWR Core," Transactions of the American

Nuclear Society, L5, 2, (1972)] performed calculations for a situation
wherein the loop stop valves are both cold (down to 70*f from 547*f) and
completely unborated due to an unknown mechanism. Westinghouse used a

three-dimensional neutron kinetics analysis to asses the core response
when the loop stop valves were assumed to open while the RCps were
running. All rods were assumed to be initially out of the core and hence,
the worth of the scram reactivity (not including the assumed " stuck rod")
would be about 6 or 7-percent delta-k. The result, for an initial

i1500-ppm boron concentration, was (a) integrated core power not above
normal core. average power, but (b) localized fuel damage in the cold,
unborated, stuck rod core region, involving only about 3 percent of the
fuel and "not sufficient energy release to break the. integrity of the
primary system."

(2) Calculations performed as part of a thesis (S. Jacobson, "Some Local .

Dilution Transients in a Pressurized Water Reactor," Thesis No.171, i

LIU-TEK-LIC-1989:11, Linkoping University, Sweden) examined similar tran- !

sients with various dilution sceharios. The steam generator tube rupture /

accumulation of a diluted region during primary pump shutdown / rapid core
dilution following pump turn-on was the most significant event found in
.the study. The conclusion drawn from this-study was that the-fuel failure
criterion (sir,ilartothatusedintheBNL'studiesabove)isnotexceeded.

The review and analysis of rapid boron dilution events during shutdown appears
to. indicate that core damage may occur for assumed extreme sets of event-

parameters, including a necessary assumption |of minimal mixing of diluted and
0borated water, and may occur with a frequency of the order of 10 per reactor- ,

year.L These events can be prevented by the use of appropriate procedures which '

anticipate the possibility of dilution in various recognized situations and
prevent it, or prevent the inappropriate starting of pumps until suitable

! mixing procedures are carried out.. {
'

,

.-

|
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6.9 Cont _ainment Capability

6.9.1 Need for Containment Integrity During Shutdown

The NRC staff performed scoping calculations of core heatup for a Westinghouse
four-loop PWR to allow assessment of containment response and a potential

release. For loss of residual heat removal during midloop opErstions, the
time to heat the core to boiling was calculated to be 8 minutes. Once boiling

began, the reactor vessel level could decrease to the top of the active fut,
in as little as 50 minutes. This calculation assumes that the reactor had
operated for a full cycle and had been shut down for 48 hours. Additionally,
35 percent of the reactor coolant inventory between the top of the active fuel
and the middle of the hot leg was assumed to spill from the RC5.

PWRs have containment structures that are classified as large dry, subatmos-

pherit or ice condenser. For any of these containment designs, the reestab-
lishment of containment integrity before core damage occurs is important for

reducing offsite doses. The effect of a containment in reducing the offsite
dose consequences is evaluated by comparing what might occur if the contain-
ment were open to what might occur if the fission products remained within the
closed containment. An open containment would allow direct release of steam
and fission products to the atmosphere; holdup in the containment would allow
plateout and decay to occur.

Offsite dose consequences from a postulated severe accident were evaluated with
and without a containment in the NRC " Response Technical Manual RTM-91"

NUREG/BR-0150. RTM-91 evaluates offsite dose at a distance of 1 mile from a
typical site for varying degrees of core heatup and damage. The values used

here are based on the assumption that the release occurs immediately after
shutdown, in one case, the dose is evaluated for an accident causing damage

only to the fuel cladding with N iease of the volatile fission products stored
in the fuel pin ga; space. The tise rate from further heating includes the
release of the volatile fission ,roducts retained in the grain boundary regions
within the fuel pellets and, finaily, release following a postulated core melt
is considered. Without the benefit of containment retention, the doses 1 mil ^
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from the plant would be high, ranging from 20 rem (whole body) and 2000 rem

(thyroid) for a gap release to 1000 rem (whole body) and 100,000 rem (thyroid) I

for a postulated core melt.

A release 48 hours after shutdown would also have severe consequences since
.

most of the thyroid dose results from inhaling iodine-131. ! a 'ne-131 has a |

half-life of 8.1 days for a dose reduction by a factor of '. af ter 48 hours.
The whole-body dose would be somewhat more affected oy a prior shutdown of 48 )
hours since short-lived isotopes make up about 80 percent of the whole-body |

dose following an immediate release. The whole-body dose 1 mile from the plant
would be about 200 rem considering 48-hour decay. This would be principally
from I-131 with its 8.1-day half-life. Furthm retertion of the fission
products prior to release would cause the offsite dose to be reduced by about
97 percent of the initial release value, with long-lived cesium isotopes as the
principal contributors to contamination. These estimates assumed release of 25
percent of core iodine and 1 percent of particulates. The evaluations are

appropriate for large diy pWR containments, subatmospheric containments, and
ice condenser containments for which the ice bed was bypassed by the escaping

steam. For releases through the ice bed, reduction factors of between 0.3 and
0.5 are expected.

The effect of holdup and plateout in containment on offsita dose was deter-
mined in RTM-91 to be significant. With a 24-hour holdup in containment and ~

'

.

with design leakage assumed, calculated offsite doses are reduced to SE-5 rem
(whole body) and 4E-3 rem (thyroid) for the gap release case and 0.002 rem
(whole body) and 0.2. rem (thyroid) for the core-melt case. Thyroid and whole
body doses _are_ further reduced by factors of 5 and 3 respectively, if the

. containment spray was operated during the event. Doses would of course be
-increased by any subsequent containment failure and revaporization of fission
products that might occur following a hypothetical severe core damage accident.

BWRs are not typically operated in a reduced inventory condition as are pWRs.
However, 2 days into an outage, a BWR/4 -(such as Browns Ferry) may have as
little-as 205 inches of reactor _ coolant above the top of the active fuel. If

| shutdown cooling were lost, boiling would begin in 28 minutes. The reactor
L

:,
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vessel water level would be at the top of the active fuel 308 minutes later.
This corresponds to e steam flow rate of 24,800 cubic feet per minute into the
Mark I secondary containment with the drywell head removed for refueling.

This flow into the secondary ccntainment could increase the internal pressure
to 0.5 psig in 5 minutes. This pressure is significant because the secondary
panels are designed to blow out at 0.5 psig, relessing steam and fission
products directly to the atmosphere. The calculation to determine the time to
secondary containment failure was based on an energy balance af ter depositing
285,000 pounds of steam into the secondary containment. The heat sink inside
the secondary containment is mado up of structural steel and air. No secondary

system leakage was assumed.

Two other calculations were performed to determine the secondary contbinment's
sensitivity to changes in the mass of structural steel and air inside secondary
containment. The first increased the mass of steel inside secondary contain-

ment by five times that used in the previous calculation. This increased the
amount of time for secondary containment to reach 0.5 psig from 5 minutes to 6

minutes. The second decreased the volume of containment from 4 million cubic
feet to 2 million cubic feet. That resulted in decreasing the amount of time

,

from 5 minutes to 3 minutes for secondary containment to reach .5 psig. This

sensitivity study was necessary because secondary containment designs and sizes

vary from plant to plant.

RTM-91 also evaluated offsite doses at a distance of 1 mile from a typical

| BWR site for varying degrees of core heatup and damage. if the drywell head

i were removed, the release could go directly into secondary containment and
through the blowout panels for Mark I and 11 containments, bypassing standbyi

gas treatment. As in the PWR evaluation, the dose is calculated for releases

| from three cases: the fuel pin gap space, the grain boundary, and core melt.

[ The BWR doses would range from 20 rem (whole body) and 2000 rem (thyroid) for a

gap release to 1000 rem (whole body) and 100,000 rem (thyroid) for a postulated

core melt. These are the same doses listed for the PWR case.
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ATM-91 Table C-3 gives a reduction factor of 0.01 for dry-low-pressure flow and
1.0 for wet-high-pressure flow through the standby gas treatment system filters.
Considering the fact that 24,800 cubic feet per minute of saturated steam is
being deposited inside secondary containment and a typical standby 9as treat- |
ment exhaust fan is only rated for 5000 cuMc feet per minute, the flow through ]
the standby gas treatment system will be closer to the wet-high-pressure case j

'and the dose will not be significantly re.iuced.

1

6.9.2 Current Licensee Practice

Generic Letter 88-17 was issued to PWR licensees and required, among other

things, implementation of procedures and administrative controls that reason-
ably assure that containment closure will be achieved before the time that RPV
water level would drop below the top of the active fuel following a loss of
shutdown cooling under reduced inventory conditions. The NRC staff assessed
whether the requirements of GL 88-17 were in place by implementating special
inspections at each site under the inspection guidance in TI-2515/101 and /103.
The Vogtle IIT recognizad the need to develop broader recommendations for
leu-power and shutdown ooeration. This led to the NRC staff's program to visit
selected plant sites uno cgoing low-power' shutdown operation (see Chapter 3).

-The staff also observed a variety of practices at the sites. For the PWRs, the

staff noted that licensees were attempting to meet the recommendations of GL
88-17. Some licensees went beyond the recommendations of GL 88-17 by providing

procedures for rapid containment closure for plant conditions other than
rrA ced inventory.

Closure of the equipment hatch would be required for maintaining containment

integrity. This operation required electric power at about 25 perrent of the
-sites visited. In one case, use of the polar crane would be required. Some

licensees utilized the equipment hatch as a passageway for electrical cables
and hoses. At these sites, rapid removal of this equipment was provided for by
the use of quick disconnectt. Some plants also provided bolt cutters and axes
for contingency. One of the sites visited demonstrated an equipment batch
closure capability requirement of within approximately 15 minutes of loss of

;
,
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residual heat removal. The onsite review report noted that this was more often

the exception than the rule.

Several factors are key to ens.* ring that the equipment hctch is closed in a
timely matter. These include accounting for radiological and environmental
conditions that could result from reactc i.M lant being boiled into the con-

n of closure bolts, providing fortainment, addressing thi number and l':
the loss of ac power, keepL.3 ocols neeu for closing the equipment hatch near
at hand, and finally, training and rehearsing per:,onnel in the closure proce-

_

dure. The closure of the equipment hatch in sufficient time is essential to
keeping possible releases within established guidelines. These observations

also apply to licensees with BWR Mark 111 containments. GL 88-17 was not sent

to Bk"1 licensees and the onsite review report noted that these licensees have

not made provisions far rapid equipment hatch closure.

One licensee reporting a quarter-inch gap at the top of .he equipment hatch ,

when four bolts were used, found it necessary to use two more bolts to close
the gap. GL 88-17 specified a no-gap criterion for hatch closure, but not
every licensee confirmed that this condition was obtained. Tests or observa-

tions must be performed on internal equipment hatches to determine the location
and minimum number of bolts needed to obtain an adequate closure. For external

hatches, containment pressure effects on hatch closure must be considered-along -

with the source term when evaluating the minimum number of bolts necessary to

achieve an acceptable leak-tightness.

Procedures for controlling and closing containmenc penetrations varied widely.
Some licensees did not initiate closure until temperatures exceeded 200 f.
Abnve 200 F boiling might begin quickly. The licensees, however, had not
evaluated the'in-containment environment and the ability of personnel to work

in that environment to perform the necessary containment closure operations.
Some plants require that the containment always be closed during midloop
operations. In one case, the licensee interpreted this as meeting GL 88-17
recommendations and, therefore, did not develop procedures for rapid contain-
raent closure. Water-filled, U-pipe loop seal w ,igurations found at several
plants provided containment entry for electrical celes and tubing. The
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water-filled U-pipes were judged in adequate for withstanding containment
pressure conditions that might exist following a loss of shutdown cooling.

6.9.3. PWR and BWR Equipment Hatch Designs

In order to gain a t,etter understanding of containment capability in PWRs and
BWRs.during an accident that occurs while a plant is shut down, the staff has

. gathered information regarding the design of equipment hatches. This was done

by surveying resident inspectors at U.S. plants.

,

! The hatch survey was conducted using a questionnaire on specific equipment
i

hatch parameters. Answers to the questionnaire were tatt lated and groupedi

under BWR or PWR. For. BWRs, the survey asked for information on the equipment
'

hatch that would be used only for removing a recirculation pump motor; the
,

survey did not address removing and replacing a drywell head. The results of
,

L

L the survey are tabulated in Appendix C.
.

The majority of equipment hatches for both BWRs and PWRs were pressure secting

L . hatch designs (59%-for BWR, 82% for PWR). For BWRs, the resident im pectors 1

polled indicated that the equipment hatch (either recirculation pump mator or
,

! CR0 hatch) would generally be removed along with the drywell head, but that
removal of the equipment hatch alone was unlikely.

-PWR equipment hatches consisted of 9 of the pressure unseating type and 33 of
the pressure seating type. Twenty four procedures ' required the use of ac-
and/or compressed air to install-the hatch under normal conditions but five

L resident inspcctors indicated that the licensee had a procedure to close the
hatch-manually.- Four plants'with pressure unseating hatches can use a truck-

. mour.ted crane to install the equipment-hatch during a loss of normal ac power.

. Six PWR plants did not require the equipment hatch to he in place during fuel
~

- movement. They are: Braidwood, Byron, Cook, Palisades, San Onofre 1, and
,

Zion. ~These h' ave their hatches located so that they oper to the fuel handling

; building which has HVAC to process contaminated air during a fuel drop event.
,

4

L
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Three PWR resident inspectors and the licensees for Catawba, McGuire, and
Salem have noticed that the minimum number of bolts as specified in the techni-

cal specification is not sufficient to bring all hatch sealing surfaces into
contact. A noticeable gap was present with use of the minimum number of bolts.
Two licensean (Palo Verde and Sunmer) ran successful leak tests, an Appendix J

type A and a type B, with the minimum number of bolts installed. Discussion

with two hatch vendors indicated that hatches have been designed so that the

sealing surfaces should mate with the minimum number of bolts installed.

Ginn3 and Indian Point 2 have f abricated temporary closure plates which are

used when the equipment hatch is removed but temporary services are run into
the containment. The Indian Point 2 temporary closure plate is rated for
3 psid and has penetrations for fluid and electrical services.

6.9.4 Containment Environment Considerations for Personnel Access

6.9.4.1 Temperature Considerations

kRC staff estimated that approximately 50,000 pounds of steam could be depos-

ited inside the containment 1 hour after loss of residual heat removal in a
Westinghouse four-loop PWR occucring 2 days after shutdown. The steam is a
result of boiling in the reactor coolant from the middle of the hot leg to the
top of the active fuel and assumes 35 percent of the reactor coolant is spilled
from the RCS. The staff assumed that the containment volume was 2 million
cubic feet of dry air at 70*F and that the containment environment af ter the
event would consist of air and structural steel at an elevated temperature,
steam, and condensed steam in the form of water. The calculation did not
consider the containment fan coolers and assumed no leakage from the contain-

ment. Under these conditions, the staff expects the containment atmosphere to

go from 70 F and atmospheric pressure to 150 F and 5.9 psig in about I hour .

(see Figure 6-1).

This condition would be of concern because at about 160 F the air is hot enough

to burn the lungs. Therefore personnel inside the containment would have
to be equipped with self-contained breathing apparatues.
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PWR Containment
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6.9.4.2 Radiological Considerations

Boiling of coolant within an opened reactor system following a postulated loss
of shutdown cooling would release dissolved fissinn products within the con- .

tainment atmosphere. If significant radioactivity were contained in the
coolant, high-radiation-area alarms would be actrated. These are typically set
at twice the background level. Health physics personnel would be expected to
evacuate the containment until people could safely enter using the appropriate
precautions and protective measures to perform any operation required to close
the containment.

To assess the radiological conditions that workers might experience while
c_ losing the containment, the NRC staff performed scoping calculations. The

staff assumed that the coolant contained the expected actitity for a typical
operating PWR and then for a BWR.as given in RTM-91. Radioactive decay was

assumed to progress for 48 hours before boiling began. Iodine decay into

xenon was included. The resultant concentration for PWRs was about one-
twentieth of the 1.0 microcurie-per-milliliter maximum equivalent of I-131
allowed in plant technical specifications. -Although there is no specific
requirement, PWR operators typically reduce coolant activity by two orders of
magnitude using coolant cleanupLsystems before opening the. reactor system.
Additional reduction could be achieved, but the length of the outage might be
increased. The scoping calculation should be considered conservative because
it did not account for coolant cleanup.

The volatile fission products--noble gases and iodine--were assumed to be '

carried out-with the boiled coolant. The particulates--cesium,-strontium, and
neptunium--were-assumed to undergo a 1/100 partition. With these assu.Qtions,

-the release of fission products to the containment was calculated concurrently
with the steam released by decay heat boiling. The boiling rate was based on
decay heat from a 3400 MWt plant shut down for 48 hours at the end of cycle.
The steam was assumed _to-be mixed with the containment atmosphere (2 million

cubic feet, PWR) and the mixture released through containment openings at a
~ onstant volumetric flow. Dose rates were derived from the guid6nce in the NRCc
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Site Access Training Manual which states that the risk of one part 20 MPC-hour

is approximately equal to 2.5 mrem of whole body dose.

The resulting PWR equivalent doses are depicted in figures 6-2 and 6-3.
(These ordinarily are conservative because they do not include the factor-
of-100 reduction discussed in the preceding paragraph.) Inhaled iodine dose in
the_non-respirator case was computed using soluble MPCs, whereas the respirator

case was computed using the insoluble MPCs for iodine. The calculated equi-
- valent dose increases with time and approaches asymptotic values for a pure
steam atmosphere. These calculations indicate that self-contained breathing
apparatus would be required for an extended stay within the containment because
of the dose and humidity, _sdnce the filtration type would not function adequa-
tely in high humidity.above about 106*F. It may be difficult to perform con-
tainment closure operations in self-contained breathing apparatus because the
air supply will limit how long personnel can stay on the job. In evaluating
recovery actions following a potential loss of shutdown cooling, licensees
should avoid plant conditions in which steaming could occur before the contain-

-ment was closed, unless-reduced cuolant activities or limited requirements for
- personnel entry indicated that the associated risk was acceptable.

Using the expected coolant activities in RTM-91 for BWRs, the calculated
-equivalent dose with and without respirator protection was much'less than for
PWRs. See Figures 6-4 and 6-5. This is because BWRs do not retain volatile
fission products in the coolant. The loss of shutdown cooling with subsequent
boiling was assumed to occur in a typical Mark 11 containment 48 hours after
shutdown with the drywell head removed. Perfect mixing was assumed in the

secondary _ containment volume above the refueling floor (1.6 million cubic feet).
Other assumptions were similar to the PWR calculation. The lower lose rates
calculated for the BWR would allow for a longer stay within the containment
than allowed for the PWR case, and the major concern may be the steam condi-

tions'in working areas. If practical, procedures for drywell closure under-
; emergency conditions-are desirable, since offsite releases from a severe
L accident could have unacceptable consequences as discussed in Section 6.9.1.

L

|
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PWR DOSE RATES

9000
inhaled lodine

8000 - No Respirator, Soluble lodine

[6000 -

4000 -

2000 -

1000 -

'''' ' ' '0
g 010203040 60 120 180
E Time in Minutes
E
E Figure 6-2
.E
o
is 1000
C Equivalent whole Body Dose

8 900 Respirator.

g Insoluble lodine, Noble Gases.1% Particulates

800 -

600 -

j *# -d400 -

+f
200
100

' ' ' '
0
O 30 60 -120 180

Time in Minutes

Figure 6-3

6-41

. _ _ _ _ _ _ _ _ _ - _ _ _ _ - - _ _ _ - _ _ - ___



. _ _ - , , - - . - _ _ _ - - _ _ - _ _ - , _ _ -

\ 4-

b _. -i

.

.

w.

b

BWR DOSE RATES
''

600
inhaled loome

-'- No Respirator, saiubie todme500
,

400 -

'

'

300 -

'

200 -

.

100 -

- - 3 -. .-

' ' . , . 110 -180 ci
' '' ' ''

O
- 010: 30- 60-

~ '

E- Time in Minutes .
'

] Figure 6-4';
-

ii
_ E -1:

c-
p -50 -. Eourvewnt W'.o6e tody Dose

40 - Respirator ';
InsolutHe todme, Notdo Gases,1% Part*utetes .

_
.

30 -

20 ..
1

.10 --

'' ' ' '

0 ' 120 180 '

010 30 60 '
Time in Minutes '

Figure 6-5

,

i

9

6-42

_ _ .2 -- . ._. _ __ -.2.. ,



._. .- - - - . . . - . - -. ---

6.9.5 Findings

The estimated dose from a core melt 2 days after shutdown with an open*

containment is roughly 80,000 rem (thyroid) and 200 rem at a 1-mile
distance from the plant. A closed PWR containment with 24 hours (whole
body) followed by design rate leakage reduces these to 0.2 rem (thyroid)
and 0.001 rem (whole body).

* BWR secondary containments are anticipated to fail within a few minutes
of' initiation of bulk boiling if the steam is released into the contain-
ment. Boiling can begin a half-hour after RHR loss if the loss occurs 2
days after shutdown.

The plant visit program (see Chapter 3) found no BWRs for which contain-''
-

ment closure was considered if RHR w re lost. Existing secondary contain-
ments were judged to be of little use if the reactor vessel and nrimary
containment were open.

PWR licensee response was mixed concerning recommendations in GL 88-17*

regarding containment closure. Some licensees have not fully evaluated
attaining a no-gap equipment hatch closure. Closure techniques for other

penetrations were sometimes poor. No licensee fully addressed the contain-
ment work environment if it planned to close the containment while steam
was being released into the containment. No:;t closure procedures were
weak and few had been rehearsed.

About half _of the PWR sites require ac power to close the equipment hatch.*

Only one of. these appears to have made provisions for closure if ac power
were lost.

Staff _ scoping analyses show that PWR. containments probably require*

self-contained breathing apparatus within an hour of initiation of steam
release into the_ containment due to the steam and temperature. (Localized
heating and steam hazards were not considered.) Dose rates may not be
serious if there are no fuel cladding leaks and if the licensee has
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significantly cleaned the primary system water, although breathing appa-
ratus is likely to be needed. Airborne contaminants are of more concern
with fuel leaks or contaminated primary water.

Most-containment concerns are eliminated if the containment is closed or*

if it is a:;sured to be closed before to initiation of steam release from

the RCS,

6.10 Fire Protection Durir.g Shutdown and Refueling

During shutdown and refue?:vg-outages, activities that take place in the plant
mcy increase fire hazards in safety-related systems that are essential to the'

; plant's capability to maintain core cooling. The plant technical specifica-
tions (TS) allow various safety systems to be taken out of service to facili-

-tate system maintenance, inspection.and testing. In addition, during plant
shutdown / refueling outages, major plant tredifications are fabricated, installed,
and tested. In support of these outage-related activities, increased transient

.

.. combustibles (e.g., 'ubricating oils, cleaning solvents, paints, wood, plastics)
andignitionsources(e.g., welding,cuttingandgridingoperations,and *

- electrical hazards associated with- temporary power) present additional fire
risks to those plant isystems maintaining shutdown cooling.

During plant shutdown, a postulated fire condition could potentially cause
~

fire dmaage' to the operable train or-trains of residual heat removal capability.
This-fire. damage could further_ complicate the plant's capabilitiy to remove-
decay heat.

~

In order to fullyf assess the fire risk during refueling conditions, the=
following ' action plan was implemented at a PWR and a BWR facility-that the

staff.visitedi

-(1) Review the adequacy of current NRC fire protection guidance with respect
to the protection cf the_ systems necessary to perform the residual- heat
removal function during shutdown and refueling modes of operation
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'(2)- Evaluate the fire protection requirements of Appendix R to 10-CFR Part 50 '

for cold-shutdown systems and determine if those requirements are adequate
to assure the availability of residual heat removal capability under
postulated fire conditions

(3) Review administrative controls and methods for reducing fire hazards
during shutdown and refueling modes of operation.

The results of this review and evaluation in each of the three areas are
discussed next.-

-

6.10.1 Adequacy of Current NRC Fire Protection Guidance for the Assurance
of Residual Heat Removal Capability--

The NRC fire protection-guidance (NUREG-0800 SRP 9.5.1) applied to ensure that

an adequate level of five protection exists, is a defense-in-depth approach.
This approach is focused on the following programmatic areas:

(1) fire prevention through the use of administrative controls (e.g., good ,

-housekeeping practices, control of cembustible materials, control and
proper-handling of flammable and combustible liquids, control of ignition

-sources)-

(2)' rapid fire detection through the use of early-warning fire-smoke-detec-
tion systems, fire suppression that occurs quickly through the applica-
tion of fixed fire extinguishing systems and/or manual fighting means, and
limiting fire damage through~the application of passive fire protection
features

(3) designing plant safety systems that provide for continued operation of
essentiri plant systems necessa y to shut down the reactor in those.
Instances in which fire prevention programs ere not immediately effective
in extinguishitig the fire

|
_
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The defense-in-depth concept, as it applies to fire protection, focuses on
achieving and maintaining safe shutdown conditions from a full-power condi-
tion, in addition, the SRP guidance given to licensees for conducting a fire
hazard analysis, specifies that the analysis should demonstrate that the plint
will maintain the ability to perform safe-shutdown functions and minimize
radioactive releases to-tne environment in the event that a fire occurs any-
place in the plant. The SRP guidance establisheJ for the performance of a fire
hazard analysis does not address shutdowrJ/ refueling conditions and the poten-
tial impact a fire may have on the plant's ability to remove decay heat and
maintain reactor water temperature below saturation conditions.

The SRP estt.blishes three levels of fire damage limits for safety-related/
safe-shutdown systems. The limits are established according to the safety
function of the structure,_ system, or components. The following aaterial
summarizes the fire damage limits: (1) one train of equi;, ment necessary to

achieve hot standby / shutdown from either the control room or emergency control
stations must be maintained free from fire damage by a single fire, including
an explosive fire; (2) both trains of equipment necessary to achieve cold

~

shutdown may_be limited so that at least-one train can be repaired or made
L
' - operable within 72 hours using onsite capability; and (3) both traint, of

systems necessary for mitigation of consequences following design-basis acci-
dents may be damaged by a single fire. These damage limits are based _'on the
assumption that full reactor power operation is the major limiting condition

| with respect to fire and its potential | risk on reactor cafety. The acceptable

[ -fire damage-threshold for res1 dual-heat removai functions has not been estab-

L lished in the SRP with respect to-the various shutdown and refueling modes of

operation,
t

'

6.10.2 Evaluation of Requirements for Cold Shutdown

The Appendix R fire protection criteria for the protection of safe-shutdown-

L capability does not include those systems important to assuring an adequate ,

level of residual heat r?moval during non-power modes of operation. Appendh R,

Section III.G and.III.L, allow certain repairs to cold-shutdown components to
restore system operability and the ability to achieve and maintain cold-shut-
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down conditions. This repair provision includes the decay heat removal
functions of the residual heat removal (RHR) system. Appendix R requirements

focus on full-power operation and address the impact a fire may have on the
plant's ability to achieve and maintain safe-shutdown conditions.

EJring plant shutdown conditions where the reactor head is removed, the RHR
system and its associated support systems are performing the decay heat removal
function (i.e. for PWR--component cooling water system,_ service water system,
offsite/onsite ac/dc power train; for BWR--reactor building closed cooling
water system, high-pressure service water system, offsite/onsite ac/dc power
train). Depending on the specific mode of-operation u d tt'e p*a.it tonfigura-
tion (i.e.,BWR/PWR--headoffvesselwaterlevelatthevesselflange;
PWR--head off in midloop operations), the 91 ant TS may require both trains ,

or only one train of decay heat removal capability to be operable.

- At one PWR facility visited, approximately 30 plant areas were associated
firectly with~ either the A or P train of decay h' eat removal. In 15 plant
areas, both trains of residual heat removal were present. This facility
elected to comply with the Appendix R requirements by utilizing damage
control / repair procedures. Under the Appendix R damage control / repair

approach, a postulated fire during shutdown / refueling conditions, in a plant
area where both decay heat removal system trains are present, could cause fire
damage to redundant trains resulting in_a potential loss of decay heat removal
capability. By contrast, if the plant was at 100% power operations at tne time
of.the fire, .the plant could be held in hot standby until the necessary

. repairs, allowed under Appendix R, could be made and subsequent cold shutdown

could'be achieved. Fr.i wample, if_the power cable _to ti. JiR pump motor

suffered fire damagt, si olg t maintenance staff-estimated that it would take
16 hours to implement a repair and restere power to the pump. If this same

postulated fire were to occur during shutdown / refueling, reactor coolant
saturation conditions could potentially occur. As discussed in Section 6.6,

there_are several options available, depending on the plant configuration, for
supplying water and/or providing limited RCS cooling. Ilowever, it should be

'

noted that, without the performance of a detailed shutdewn/ refueling fire
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hazards analysis, the alternate RCS makeup and cooling options may have been

affected by the same fire which caused the loss of decay heat removal.

During a BWR plant visit, it was deterrined that approximately 7 areas of the
reactor building and 10 areas of the control building are associated with the
decay heat removal function. Three areas in the reactor building and six areas
in-the control building contained both trains. In the areas containing both
trains of' decay heat removal, fire pr b ction features in accordance with
Appendix R, Sections Ill.G and III.L, were provided. Since this plant's
. capability to achieve cold shutdown complies with Appendix R, Sections Ill.G
and 111.L. RHR fire damage / control procedures were not required. However, by

postulating a fira during shutdown and refueling conditions which required
-only one train of decay heat removal to be operable (the train providec' with
Appendix R fire-protection is unavailable due to maintenance), in a plant area
where the unprotected train is present, damage could could be sustained to the
operable train resulting in a total loss of decay heat removal capability.
Under these conditions, RCS heatup to saturation could occur There are several
options available, depending on plant configurations, for supplying water to
the RCS. These options include CRD pumps, standby liquid control tystem from
test tank, condensate pumps, condensate or demineralized water via hoses from
the service box on the fuel floor, core spray from the torus or condensate
storage tank, refueling water transfer pump, high-pressure service water
system, and makeup to reactor cavity skimmer surge tank and overflow into
the reactor cavity. Alternate decay heat removal can be accomplished via the
reactor cleanup or the fuel pool cooling systems. It should be noted that
without the performance of a detailed shutdown' and refueling fire analysis, the
alternate RCS makeup and cooling options may not be available. The equipment

and/or components associated with these options may be affected by the same
fire that causes the loss of decay heat removal.

6.10.3- Review of Plan'. Controls for Fire Preventation, ,

The staff reviewed fire prevention administrative and control procedures
associated with the control of transient combustibles, and ignition sources,
and also reviewed compensatory measures for fire protection impairment, and
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other measi os. The fire prevention administrative control measures are
applicable to both power operation and shutdown conditions. However, it was

noted that in order to support certain work activities (e.g., welding and
cutting) associated with maintenance or modifications, a temporary fire preven-
tion ad:ninistrative control procedure was changed. Fee example, a fire watch

may-be assigned to dore than one welding or cutting operation; or increased
:co.abustible loading above that analyzed for full-power ;onditions may be
ihtroduced into rafety-rehttd areas to support maintenance operation. Fire
grevention administrutive control procedures did not provide enhanced controls
or compensatory measures during shutdown conditions in those plant arons
critical to supporting RCS makeup or decay heat removal.

Durwg the PWR and BWR plant vidt:, anen e pit.nt walkdown was performed in
areas that were associated with decay heat rrioval, an increase in fire hazards
was noted. These fire hazards included temporary electrical and test wiring,
increaseo transient combustibles (e.g., wood scaffolding, plastic sheeting and
containers, lube oil, ci:'aning solvents, paper products, rubber products, and
mre)andincreasedweldingandcuttingactivities. In addit. ion, the staff

i- :ncted that fire protection personnel at the site had not increased their ,

int.pections. The staffing level is limited and fire prevention inspections
restricted because. so much paper werk was generated by activities associated

! > with' mair.temnce and modifications riar' < an outage.
|

The lack of increased fire prevention / protection activities commensurate with
the increased mainter,tnce and modification activites during plant shutdown and

ret'utling is reflected by the increase 6 fire vrenuency whi '1 occurs. At the
two facilities visited, raviewing the fire reports for a 18 month operating
period, three t ires occurred at the PWR end tour fire at the BWR facility.
Six'of the seven total fires that occurred at these facilities were during
refueling outages.

6.10.4 Summary of Findings

A postulated fire could potentially damage the operable train or trains of*

decay heat removal systems during shutdown conditions. In addition, plant
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configurations can furt".er complicate the plant's ability to remove decay
heat.

Increased transiant combustibles, and ignition sources during outage"

'

activities p.est.nt additicaal fire risks so their minimum required TS
systems requireo to maintain shutdown cocling.

SRP guidence established far the performance of a fire hazt.rd analysis
does not address shutduwn and refuelina conditions and the potential

impact a fire .nay have on the plant's ability to maintain core cooling.

10 CFR Part 50, Appendix R, fire protecti"n criteria for the protection
of saf: shutdown capability do not ine'.ude those systems important to
assuring an adeqvato level of decay heat removal Juring non-power modes
of operation.

Fire prever. tion administrative control procedures did not provide enhanced*

controls or compensatory measures during shutdown ccnditions in those
plant areaa critical to supporting RCS makeup oc decay heat removal.

The staffing level at the site for fire prevention is limited and inspec-
tion activities are restricted because so much paper work was generated by
activities associated with ma4;ns.ncoce and modifications during an outage.

A majority of the fires at the facilities occurreo during refueling*

outages.
,

6.11 FUEL HAND' ING AND HEAVY LOADS

Hishaps in handling fuels and 'leavy loads during the refueling process can
occur and have a potential for

(1) causing an array of new or spent fuel to become critical,

;
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(2) damage to fuel assemblies which causes release of radioactivity, and

'(3) overheating of spent fuel pool which causes damage to fuel cladding

6.11.1 Fuel Handling |

|

In order to minimize fuel handling mishaps, the fuel handling equipment is
designed and built in accordance with specified standards to prevent dropping
fuel. In addition, fuel handling equipment is also tested before the fuel )
handling process to assure its proper operation. Design guidelines for such |
such equipment include the provision of high-temperature alarms and high- |
radiation alarms, should fuel damage or failures be inuninent, j

Criticality involved in the. movement of a single fuel assembly is extremely
unlikely with the greatest potential occurring in the case of rrkolacement of
an_ element in the core or spent fuel pool (SFP). Proper planning and

.particular attention to details during the fuel handling process can minimize
the probability of mistakes. In BWRs, the potential for criticality during -
refueling is minimized by starting the process with the mode switch in the
refueling or shutdown position and with all rods in. In PWRs, the boron

-concentration in the reactor coolant and refueling canal is kept at a level
sufficient to assure a K equal to or less than 0.95 or, as an alternative,eff
the boron. concentration. is kept equal to:or greater than 1850 ppm. In addi-
tion, licensees are required to analyze the worst case of fuel mislocation and
provide assurance that' the concoraitant fuel damage does~ not cause offsite doses
-in ekcess of specified criteria.

The . licensee is also required to analyze the condition for an uncontrolled
control rod assembly (a bank for a PWR and a single -rod for a BWR) withdrawal

-at subcritical or low-power condition and to provide assurance that certain-
preset criteria, which includes thermal margin limits, fuel centerline
temperatures, and uniform cladding strain for BWRs, are not exceeded.

Release of radioactivity from a spent fuel element may be caused by mechanical <

damage, such as dropping or striking it against some objf.ct. Dropping is
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(

,

- minimized by proper design of handling equipment in accordance with specified
_

: criteria. Nevertheless,' equipment has failed and fuel elements have been
damageo.. In order to minimize.the radiation dosage as a result of such
mishaps, all spent fuel must be moved under water during the refueling process.
Current standard technical specifications (TS) for both PWRs and BWRs require
that a specified level of water must be maintained above the reactor vessel
head and spent fuel storage pools during. refueling. This level of water is #

capable of acting as shielding for the handling of_ spent fuel and for absorp- |
tion-of the radioactivity that could be released should a spent fuel element be- i

|
damaged. In addition,.the fuel handling equipment is tested before being used
in order to avoid using faulty equipment, and to assure load handling limita-
tions as required by TS.

1

For PWRs, TS require that penetrations in the containment building be closed
or he capable of being closed by an operable automatic valve on a high-radia-
tion signal in the containment, before initiating the refueling process. For

BWR, TS require that the integrity of the fuel handling building be assured
before handling irradiatea fuel.

As'a final protection against the potential excessive radiation doses
resulting from a fuel handling accident, the licensee must provide an analysis-

'of.the.. radiological. consequences of a fuel handling accident to assure that
results wili conform to applicable dose limitations,

_

t- -

-

(; -Spent fuel in'the spent fuel pool is kept cool by a spent fuel pool cooling
system. - TS-for PWRs and BWRs recuire that such system be operable in order to

keep spent fuel-cooled. TS also require that water level'in the spent fuel
pools.and temperatures be maintained to minimize dose levels during fuel
handling. Spent fuel cooling systems are analyzed to assure-that proper spent
fuel pool coolant temperatures are maintained at all times of storage of spent
fuel so as to prevent overheating of the stored-fuel,

i

|
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6.11.2 Heavy Load Handling

In cases where access to the' reactor core is required, it is necessary to
remove the internal components. In doing so, the fuel elements could be

dcmaged should a heavy load be dropped, resulting in the release of radio-
active elements from damaged fuel. Relocation of damaged fuel into a critical

mass is also of concern. Similar circumstances could occur upon lifting a

heavy load over spent fuel elements stored teniporarily in the containment or in
the spent fuel storage pool.

Any heavy load carried over redundant equipment used for removal of decay heat
has a potential for damaging or destroying this equipment or other equipment
involved in shutdown. Damage, in such case, is limited by following safe load
paths or by minimizing the potential for damage, as noted below.

Risk associated with heavy loads can be minimized as outlined in NUREG-0612,

" Control of Heavy Loads at Nuclear Power Plants": (1) by making the potential
for a load drop extremely small, by utilizing a single-failure-proof lifting
system in accordance with NUREG-0612 or (2) by evaluating a potential load drop
accident and taking actions to ensure that damage is so limited that

(a) loss of coolant as can be replaced by normal makeup sources and
,

(b) there is no loss of capability for systems to maintain safe
shutdown

In order to minimize the potential for a drop of a heavy load, the licensee
were required to: (1) develop procedures for heavy loads handling, (2) train
and qualify crane operators, (3) design special lifting devices in accordance
with specified criteria, (4) design other lifting-devices (other than
"special") in accordance with specified criteria, (5) provide inspection,
testing and maintenance of cranes in accordance with specified guidelines, (6)
have tranes designed in accordance with specified criteria and (7) follow safe
load paths, as noted above.

I

|
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Three potential hazards regarding the handling of heavy loads are: '(1) damage >

to surroundings in the improper design or use of handling equipment so as to
permit swinging or rotating of the load, on breaking of one holding line,'(2)'
improper handling of the internals of the MK-1 BWRs and, by reference, of the
internals of any reactor so as to damage the vessel, the core or other
safety-related equipment, and (3) dropping of loads placed on the edge of the
spent fuel pool.

A representative of each NRC regional office was contacted in an effort to
determine whether they had observed problems in these areas. Jtem(3)(i.e.,

dropping loads from the edge of the fuel pool) was revealed and is discussed
be hw.

There appears to be no special generic problem in handling heavy loads on a
generic basis. The handling of heavy reactor internals can be done safely by
adhering to the guidelines in NUREG-0612. The problem of load swing or
rotation can be avoided by proper load handling. Since the staff has not
identified such an event, they have concluded that load handling procedures
are working successfully.'in the field.

-6.12 ONSITE EMERGENCY PLANNING

The staff's technical evaluation of shutdown and -low-power opera tien has shown

that event sequences with potential offsite consequences can ocen during cold-
shutdown _and refueling conditions. The plant configuration during shutdown and
refueling conditions is significantly different from that during power opera-

_ _

tion.. As.a result, the sequence of events and the operator's ability to detect
and respond to an event and mitigate its- consequences may vary significantly
during shutdown and refueling conditions. Therefore, the need for an operator
to respond -appropriately- to an incident, including emergency classifications
and notifications of offsite officials, still exists during cold-shutdown and
refueling conditions.

,

i

6-54

- - - - .- - .



.- - . - . - _ . . - . _ -- . . . . . _ . _ . - - - -- _.-- - -- , _-

-6.12.1_ Classification of Emergencies

Guidance for classification of emergencies for nuclear plants during power
operation is'found in Appendix 1 to NUREG-0654, FEMA-REP-1, Rev. I entitled
"Criter f a for Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants." This guidance de5
not explicitly address the different modes of nuclear power plant operation.

~

It is generally recognized, however, that the initiating conditions established
in Appendix 1 to NUREG-0654 apply as a whole to a nuclear plant during its
power operation and hot-shutdown modes. Some, but not all, of the initiating
conditions in NUREG-0654 may apply to a nuclear plant during cold-shutdown and
refueling conditions.-

Because initiating conditions contained in Appendix 1 to NUREG-0654 were not
intended to be directly and fully applicable to shutdown and refueling condi-
tions and their unique characteristics, their use by the licensees has resulted
in inconsistencies and often times excess conservatism in the classification of
emergencies during shutdown or refueling conditions. For example, the loss of
vital ac power and RHR at Vogtle Unit 1 in March 1990 was classified as a Site
Area Emergency by the licensee but might have been classified as an Alert by a-
different licensee. In an event at Oyster Creek in March 1991 an Alert was
declared when it was determined that both sources _ of onsite ac power were

-

unavailable. However, offsite ac power was available-at the-time and the
refueling cavity was flooded with water.

NUMARC-has developed _a method for defining emergency action levels which is
referenced in NUMARC/NESP-007, Revision 1. Although the.NUMARC approach is

not< considered complete in that regard. NRC will-continue to work with NUMARC

to issue'the final guidance that will' help licensees to identify initiating
conditions and develop associated emergency action levels for' shutdown and
refueling conditions:with a revised:NUREG-0654 by spring of 1993. In the mean

time, the staff will develop interim guidance for emergency classification
-during shutdown and refueling conditions to be issued within the next 6
months. The-interim is discussed in Chapter 7.
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1

'6.12.2 Protection of Plant Workers

NRC regulations in 10 CFR 50.47(b)(10) require that a range of protective
actions be developed for emergency workers and the public, in meeting this
requiremo t as stated in Criterion J of NUREG-0654, the NRC expects each-
. licensee to evacuate nonessential personnel and to account for onsite person-
nel within 30 minutes of the declaration of an emergency. During out;ge

periods, hundreds of additional workers may be on site for maintenance, ,

construction, and repairs. In addition to the presence of large numbers of
workers on site during an outage, the.e will be many unusual activities taking

'

place and normally available equipment and instrumentation may be lacking.
These conditions,-common during shutdown and refueling outages, can place an
additional burden on the emergency response capability at the time of an
accident. - Emergency plans and procedures must address the evacuation and
accountability of the large number of nonessential personnel on site should an
accident occur during plant shutdown or refueling conditions.

,

'

'

>

i
!

l
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Table C-1

Details of Equipment Hatch Survey: BWRs,

_ _

Additional Tempc.

Contain- No inspection rary Air

Plant & ment Hatch' of for refuel- plat- or AC Bolt

OL date Type Type l' bolts ing closure form Needed Pattern E Corcents

Big Rock Pt. 64 Sphere in Bayonet App. J No AC Bayonet TS requires con-
tainment when fuelType ? is in Reactur.

Double door.

Browns Ferry Mark I In U 12 None Ladder Manual lloid-down i

clamp ,

!73/74/76

| Brunswick 152 flark I In 12 None No Manual B

| 76/74

Clinton 87 Mark 11 In 20 None Yes Manual B

! Cooper 74 Mark ( In 8 Mone No None A

Dresden 2&3 Mark i In 8 No No fianual B

69/71

Duane Arnold 74 Mark I In 12 No Yes AC B Need AC for crane
to install hatch.

Fermi 85 Mark I Dut, In 20 36 No Yes Itanual B Two equipment batches.

See footnotes at end of table.

l

.
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Table C-1 (Continued)

,

Additional Tempo-
Contain- No' inspection rary Air !

-?lant & ment Hatch of' .for refuel- plat- or AC Bolt
OL date Type Type bolts ing closure forn Needed Pattern Comments - !

!

I,

FitzPatrick 74 ' Mark 1 In 8 None No Manual B [

Grand Gulf 84 Mark III In 20 None No AC B i
!,

Hatch 182 Mark I In 8 None Yes Manual B Can close batch |
74/78 without temporary ''

platforms.

Hope Creek 86 Mark I In 24 None Yes
.

Manual B. Hatch hasn't been ;

removed since f

operations.
,

LaSalle 1&2 Mark II In 16 None No Maraal B !

82/84
'

Limerick 1&2 Mark II Out 80 None Yes AC B

85/89 |
4
'

Millstone 1 Mark I In 8 None Ladder Manual B
'

86

Monticello Mark I In 8 None No Manual B

81

,

4

4
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Table C-1 (Continued)

Additional Tego-

Contain- ;io inspection rary Air

Plant & ment Hatch of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure form Heeded Pattern Comments

Mine Mile Pt I flark I Out 36 None Yes Manual B Inspector r.oticed
a ga, with minimum

'74 bolts installed.

Hine Mile Pt 2 Mark II Out 64 None Yes Ittnual B

87

Oyster Creek 11 ark I - - - - -

69

Peach Bottom 2&3 Mark I In 8 None No fianual B

,

f 73/74
' Perry 86 !! ark III Out 72 None Yes AC A

Pilgrim 72 Mark I Out 8 None Ho No A Licensee noted
closing ASAP
difficult due to
temporary services.

Quad Cities 182 Mark I In 8 Hone Yes Manual B

72/72

River Bend 85 Mark III Gut 64 flone No Manual A

_

. . . . . . .
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Table C-1 (Continued)

Additional Tempo-

Contain- tio inspection rary Air

Plant & ment Hatch of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure form fleeded Pattern Comments

Susquehana 1&2 !! ark 11 Out 30 None No Air S Cea close
& AC r.anually.

82/84

Vermont Yankee f* ark I Out 8 fione No Manual B

73

Washington Nuc.2 Mark II Dat 64 None No Air A Licensee can
close hatch

84 canually.

|

Out = pressure unseating design; In = pressure seating design.I/ Hatch type:
2/ Bolt Pattern: A =' bolt in threaded hole; B = bolt swinq.
3/ Flat plate.

____- .
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Table C-2

Details of Equipment Hatd. Survey: FWRs

Additional Tempo-

Plant Contain- No inspection rary Air

(Vendor) & ment Hatch of for refuel- plat- or AC Bolt
2

OL.date Type Typedl bolts ing closure form Needed pattern / Coments

Arkansas 1 Large dcy dn 4/24 None No Manual 8

; (B&W) 74

Arkansas 2 Large dry in 4/16 None No fianual B No procedure for
teep. closing;

(CE) 78 just tighten bolt,
close opening.

Beaver Valley 1&2 Sub Atmos. In 4/24 Hone Ladder ihnual B Emergency airlock
inside hatch.

(W) 76/87 ' /
None Yes AC B Opens to fuel

| Braidwood 152 Large dry In 0/20 5/ handling b1dg.
| (W) 87/88

None Yes AC B [ Have look 159 valves,
B ron 1&2 Large dry In 0/205/ / ( don't drain to
(W) 85/87 midloop.

Callaway Large dry In 4/20 None No AC B Special rigging
needed to close

(W) 84 during SSO.

t

|

See footnotes at end of table.
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Table C-2 (Continued)

_

Additional Tempo-

Plant Contrin- No inspection rary Air

(Vend 9r) & ment Hatch of for refuel- plet- or AC Bolt

OL date Type Type bolts ing closure ~~rm Needeo Pattern Comments

Calvrt Cliffs 1&2 Large dry In 4/20 None No AC B

(W) 74/76

Catawba 1&2 Ice In 4/16 None no AC B U2 was mod. to
add bolts to seal.

4/24(W) 85/86
Inspector notes #
of bolts used for
fuel move increased
to close gap.

U1 uses 10. U2 uses
15 belts.

-

Comanche Peak Large dry In 4/16 Hone Ladder !!anual B

(W)
0/32$b'None No AC A No recuirement for

hatch, but lic.Cook 1&2 Ice Out

(W) 74/17 reintans for fuel
move & midloop.

Crystal River Large dry Out 4/72 None Yes Air B Hatch can be closed
nanually w/ truck-

(B&W) 77 nounted crane.

Davis-Besse Large dry In 4/12 Mone Yes Manual B

(B&W) 77

See footnotes at end cf table.
I

,
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Table C-2 (Continued)

Additional Tecpo-

Plant Contain- No inspection rary Air

(Vendor) & ment Hatch of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure form Needed Pattern Comments

Diablo Canyon 1&2 Large dry In 4/48 Daylight Ladder flanual B Perform daylight
check. One sealcheck

(W) 84/85 may be used for
modes #5 & #6.

Farley 1&2 Large dry In 4/28 None Yes flanual B

(W) 77/81

Fort Calhoun large dry In 4/36 None No AC B

(CE) 73

Ginna (W) Large dry Out 36/36 QC Metal Yes fianual B Lic. uses a temporary
closure plate.

84

| Haddam Neck Large dry Out 18/92 f.one no AC B Mobile crene can be
i u ed to install;

| (W) 74 hatch.

Harris (W) 87 Large dry Out 4/36 Hone Ladder f-tanua l A

#

Indian Pt 2 Large dry In 20/20 None No AC B Lic. has a temporary
closure plate for

(W) 73 temp. services.

'

See fectnotes at end of table.
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Table C-2 (Continued)

t

Additional Tempo-
Plant Contain- No inspection rary Air :

(Vendor) & ment Itatch of for refuel- plat- or AC Bolt i
OL date Type Type bolts ing closure form Needed Pattern Comments |

>

fndian Pt 3 Large dry In 20/20 None .lo AC.3/ B NYPA doesn't have
(W) 76 terp. closure [

plate.
'

4
Kewaunee (W) 73 Large dry In 12/12 None AC A Uses boatswain chair ,

to close hatch.

Maine Yankee Sphere Out 8/74 None No lianual A Need mobile crane [
'

(CE) 73 for hatch.
,

.r>

McGuire 182 Ice In 4/16 None Ladder Manual hold-down Noticed gap w/4 & 8 |
(W) 81/83 clamp bolts in place.

Millstone 2 Large dry in 4/20 None Yes Manual B

ICE) 86

Millstone 3 Sub Atmos. In 6/16 None No Manual B

(CE) 86
'

North Anna 1&2 Sub Atmos. In 4/20 Mone No Manual B Lic. requires

(W) 78/80 every 2nd bolt
i installed.

; Oconee 1, 2 & 3 Large dry in 4/48 None No AC B Can position w/o AC. {
'

(B&W) 73/73/74 ;
I

,

See footnotes at end of table.

i,

i

l

!
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Table C-2 (Continued)

|Additional Tempo-

Plant Contain- No inspection rary Air
j

(Vendor) & nent Hatch of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure form Needed Pattern Comments

E# one Ladder Manual B Hatch opens to
NPalisacas Large Dry In 0/24 fuel handling

(CE) 72 'sidg .
,

Procedures to
discontinue
temp srvcs. on,

loss of shutdown
cooling. i

\

Palo Verde Large dry In 4/32 Ran ILRT No AC B Can close manually.

w/8 bolts Pan ILRT w/8 bolts.I 2 & 3 (CE)
85/86/87

Lic. closes hatch on
reduced inventory.

Point Beach 1&2 Large dry In 66/66 None No Manual B

(W) 70/73

Trairie Island Large dry In 0/12 App. J Indder R:nual B TS dvsn't sPcify
# of bolts.

1&2 (W) 74/74 Type B

Ladders are secured
near hatch.

See footnotes at end of table.

- _



Table C-2 (Continued)

I Additional Tes::po-

Plant Contain- No inspection rary Air'

(Vendor) & scent Hatch of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure form He : ed Pattern Concents

P.obinson targe dry Out 8/48 None Ladder Manual 80-ton inchile crane
& mobile for hatch.

(W) 70 crane
Has a hatch seal pene-
tration press. system.

Salem 152 Large dry In 4/16 None Yes AC B Lic. & inspector
have voticed gap

(W) 76/81 w/4 bolts installed.

San Onofre 1 Sphere In 0/12 None No Manual B U1 refuels throuch
hatch (rewfuel).

(W) 67
Close quickly w/550.

San Onofre 283 Large dry I:- 4/16 None No AC B 4 hrs to close w/SB0.

(CE) 82/83

Seabrook Large dry In 4/32 None Yes AC crane B Recently completed
1st refuel.

(W) 90

Sequoyah 1&2 Ice In 4/20 None No AC winch Ccn use chain fall in
place of winch.

(W) 80/81

South TtFas 182 Large dry In 4/28 None No AC 8

(W) 88/89

|

..

. . . .

.. .
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- Table C-2 (Continued)
~

_,

;

!

Additional Tempo-- *

'

Plant Centain-' No inspection. rary Air

(Vendor) & ment- Hatch "of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure fem Needed Pattern Cowents .

;.

St. Lucie.182 Large dry Out 4/12 None No .AC B

(CE) 76/83 ;

Sumer. Large dry In 4/30 App J Ladder AC B LLRT w/4 bolts.
'

, . (W) 82 Type B
Could close w/o !

AC. -
!

(' !
'

'Surry 182 Sub Atmos. In 4/36 hone No Manual B Lic. has temp. cover ;

(W) 72/73 plate use for aux. ;

services. ,
,

4 r

! THI 1 Large dry Out 4/72 Hone 't' es Manual B Erergency hatch comon
- (B&W) 74 w/ecuip. hatch and
{ ecunted on carriage. <

i

f Trojan targe dry In 4/20 None No No B Procedure to close in
'

|. (W) 75 SBO.

| Turkey Pt. 3&4 Large dry In 4/58 None No Air A Hatch can be positioned 5
| (W) 72/73 ranually.

|
v gtle 1&2 Large dry In 4/30 Hone No AC B Can close hatch during[ o

(W) 87/88. SBO.

Waterford Large dry In 4/16 None Yes Manual B

(CE) 85

. . . _ _- . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ . _
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Table C-2 (Continued)

Additional Tempo-

Plant Contain- No inspection rary Air

(Vendor) & ment Hatch of for refuel- plat- or AC Bolt

OL date Type Type bolts ing closure form Needed Pattern Concents

Wolf Creek Large dry In 4/20 None No AC B

(W) 85
AC B

Yankee Rowe Sphere In 4/56 None ,-

(W) 63
0/125/ Seal press. No AC/ Air 8 Lic. can install 2 trs

Zion 182 Large dry In w/SBO.
systen

(W) 73/73 Installed during midio

Hatch connects w/ fuel
handling bldg.

Out = pressure unseating design; In = pressure seating design.1/ Hatch Type: A = bolt in threaded hole; B = bolt swing.2/ Bolt pattern:

I/ Polar crane.'

T/ Crane & boatswain chair.--
}/ Hatches open to fcci handling building.

l

.
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