i e i b ———

G T ——

e

s

r;..-‘ RIS R

NUREG-0667

Transient Response of
Babcock & Wilcox-Designed
Reactors

~ Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory
Commission :




Available from

GP0 Sales Program
Division of Technical Information and Document Control
‘ U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

and

National Technical Ihformation Service
Springfield, Virginia 22161

e ——————ie

EENREEI LN F



NUREG-0667

Transient Response of
Babcock & Wilcox- DeS|gned
Reactors

Manuscript Completed: April 1880
Date Published: May 1980

B&W Reactor Transient Response Task Force
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commlsslon
Washlngton. D.C. 20555

0 $TA Tey
‘*(‘.' & %






ABSTRACT

On February 26, 1980, the Crystal River Unit No. 3 Nuclear Generating Plant,
designed by the Babcock & Wilcox Company (B&W), experienced an incident
involving a ma]fuhction in an instrumentation and control system power
supply. This resulted in a reactor and turbine trfp; the opening of the
pressurizer power-operated relief valve, spray valve and a Code safety
valve; decreased feedwater flow; actuation of the engineered safety features
systems; and a discharge of approximately 40,000 gallons of primary coolant

into the containment building.

Faced with the Crystal River'Unit 3 incident and the apparently high frequency
of such near similar types of transients in other B&W-designed plants, a
special Task Force ({i.e., B&W Reactor Transient Response Task Force) was
established within the Office of Nuclear Reactor Regulatfon to provide an
assessment of the apparent sensitivity of the B&W-designed plants to such
transients and the consequences of malfunctions and failures of the integrated
control system and non-nuclear instrumentation.l This report provides an

assessment of these issues.

Prior to its finaTization, a draft of this report was informally commented
upon by the NRC staff, Babcock and Wilcox, the B&W-Licensees, NSAC, and
both the ACRS B&W Subcommittee and ACRS full committee. Comments and

suggestions received have been reflected appropriately in the report.
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TRANSIENT RESPONSE OF BABCOCK & WILCOX DESIGNED REACTORS

1. INTRODUCTION

On February 26, 1980, the Crystal River Unit 3 Nuclear Generating Plant
(CR-3) experienced an incident involving an electrical malfunction in an
instrumentation and control system. This resulted in: a reactor and tur-
bine trip; the opening of the pressurizer power-operated relief valve (PORV),
the pressurizer spray valve, and a code safety valve; decreased feedwater
flow to the steam generators; actuation of the engineered safety features
(ESF) systems; and a discharge of approximately 40,000 gallons of primary
coolant into the containment building. The reactor was designed by the
Babcock & Wilcox Company (B&W). Certain of the events were simflar in some
respects to those that took place at Three Mile Island Unit 2 (TMI-2) approxi-
mately one year ago and to those that have occurred at other B&W plants in

recent years.

Faced with the CR-3 incident and the apparently high frequency of near
similar types of transients in other B&W plants, & special task force (i.e.,
B&W Reactor Transient Response Task Force) was established by the Director,
Office of Nuclear Reaétor Regu1§t10n (NRR), on March 12, 1980, to assess the
generic aspects of operating experiences of tﬁe B&W p1ants."The time estimate
to complete this effort was established to be approxiﬁately two weeks.. This
assessment would include consideratibn of the apparent sensitivity of the

B&W plants to transjents involving overcooling and undgrcodling conditfons,

small break loss-of-coolant accidents (LOCAs), and the consequences



of malfunctions and failures of the integrated control system (ICS) and
non-nuclear instrumentation (NNI). The study would be made in conjunction.

with all of the actions already taken or proposed in response to the TMI-2

accident.

The sensitivity of B&W reactor designs to transients and accidents has been
discussed previously with the Commission. Of particular concern is the
plant recovery from certain anticipated transients that can lead to frequent
challenges to the engineered safety features. Some preliminary findings and
conclusions were presented in the April 25, 1979, NRR Status Report on
Feedwater Transients in B&W Plants (Ref. 1) which served, in part, as the
basis for the confirmatory shutdown orders issued in May 1979 (Ref. 2) to
all BAW operating plant licensees. A more complete exposition.on this
subject is found in recent staff reports NUREG-0560 (Ref. 3), NUREG-0565
(Ref. 4), and NUREG-0645 (Ref. 5). Some of the design changes already
accomplished have helped to reduce the sensitivity of the B&W design to
certain transients (e.g., the addition of anticipatory reactor trips for
loss of feedwater and turbine trip). However, the operating experience
obtained recently from CR-3 requires further consideration of the NRC
position on the B&W plants. A particular area that the Task Force has
considered in the B&W design deals with an apparent lack of sufficient
design interface requirements between the nuclear steam supply:system (NSSS)
and the balance-of-plant (BOP); that is, interfaces between the safety
requirements for the auxiliary feedwater system and the operating require-

ments for the once-through steam generators (0TSG) and the ICS.



As stated in a memorandum dated October 25, 1979; from ihe Director, NRR, to
the Commissioners (Ref. 6), the staff is contfnuing its review of the sensi-
tivity issue and has inftiated with the Office of Nuclear Regulatory Research
a detailed study of risk assessment, on a relative basis, of the B&W design.

The status of this work is discussed in detail in Section 6 of this report.

Because of the short time period the Task Force was given éo complete its
assignment, the thrust of this assessment deals'w{ih the broader aspects of
the sensitivity question. Detalled analyses were not possible for this
effort. The present requirements being imposed on B&W plants are those
developed mainly by ihe Lessons Learned Task Force and the Eu]ietins and

~ Orders Task Force within NRR. " These requireménts are tabulated in Appendix A
of this report. Further actions are being considered in an overall, inte-
grated NRC Action Plan (Ref. 7) now under development. The plan will
incorporate the recommendations of the President's Commission on the Accident
at Three Mile Islahd as well as those of the NRC's Special Inquiry Group,

the Advisory Committee on Reactor Safeguards (ACRS), and other investigatory
groups within the NRC and industry.

Other efforfs dealing with the question of sensitivity of the B&W plants to
transient response and failures of the instrumentation and control Systems
bn a generic basis include the review of the CR-3 event and the responses to
IE Bulletin 79-27 (Ref.- 8). IE Bulletin 79-27 deals with an incident thgt

occurred at Oconee Unit 3 on November 10, 1979, wherein a loss of NNI resulted



in a partial loss of indication in the control room. In both of these
matters, the staff is reviewing fesponses from the B&W licensees as well as
the joint report of the Nuclear Safety Analysis Center andvthé Instifute of
Nuclear Power Operations (INPO/NSAC) dated March 11, 1980 (Ref. 9) regarding
the CR-3 incident. Staff répofts wi]i be issued following.éompletion of

these reviews.

By letter dated March 6, 1980 (Ref. 10), the B&W operating plant licensees
were asked a number of questioné regarding the effect'of the CR-3 event-and

‘ actioﬁs-being taken against-cbnseéuential fai1ur9 modes in the NNI for their.
plan:s. in addjtiqn, F]oridé Pow;r Corporation.(FPC,.liéensée for CR-3) was
requested to specifically di;cuss the impaét of the TMI-2 Lessons Learned
and Bulletins and Drders modifications on its facitity with rgspectoto the,g
February 26, 1980,'even£. FPC provided its response to this request by
letter dated March 12, 1980 (Ref. 11). The Task F;rce has considered ihe.
initial response of the licensee and is in general aéréeﬁent with its con-
clusion that some benefit to plant operatidhs did result from the lessons
learned actions. This appears to be especially true with regard to opérator
actions during the plant recovery sequence. A]thoﬁgh a detailed review of
the CR-3 is beyond the scope of this Task Force, it can be concluded that no -
known effects resulting from the event would lead the staff to suspend
implementation of the Lessons Learned or Bulletins and Orders requirements.
However, further consideration of variations in the CR-3 event sequence is
warranted to pérhaps better assess the overall aspects of the lessons learned

actions.



Even following the implemeﬁtation of all of the fequired and inteﬁded actions
on the B&W plants, there will be no guaraﬁtee‘that transients and accidents,
similar to those that occurred at the TMI-2 and Cryst§1 River 3 facilities,
can be completely prevented.A.However,'the Task Force Selieves that the
occurrence of such events would bé'less'frequent and of less consequence.
Thus, the effect of the actions would be to provide an increased margin of
assurance to the health and safety of'the public. Aiihough the efforts of
the task force tend toward cbnseduence mitigation, it should not be impliied ,
that efforts should not continue to improve plant peffbrmance to reduce the
frequency of transients (e.g., prevention of the initiating events such as

(o]

control system malfunctions).

This Task Force has attempted to take a cumulative view of all of the actions
and modifications that have been imposed upon the B&W operatiné p]anté as a
result of the accident at TMI-2 and to couple these requirements with recent
operating experience. One purpose of this broad view is to see if the
modifications_imb]emented or scheduled to be implemented go far enough to
assure that the B&W operating plants can respond in an acceptable manner to
transient and accident situations. As a résu]t oflthis review, the Task
Force has developed a number of recommendations that have been arranged into
four main areas: (1) auxiliary (or emergency) feedwater systems, (2) instrumen-
tation and control, (3) design and operational matters, and (4) general

areas of improvement to enhance the safety of B&W-designed reactors. A
summary of conclusions and recommendations is provided in Section 2 of this
report. The bases for the conclusions and recommendations are found in the

applicable sections of the report.



The Task Force has provided an estimate of the effectiveness in risk reduction
potential associated with each of the.recommendations along with preliminary
resource estimates. A discussion of risk reduction potential is provided in

Section 7 of the report.

It must be récognized that eveﬁxfu11 imblementation of all of the recom-
mendations contained in this report may. not completely resolve the

sensitivity of the B&W plants as compared to plants designed by other vendors.

As a long-term solution to this problem, the Task Force believes that acceptance
criteria for plant pgrfbrmanée'duhjng anticipated transients, applicable to

all plant designs; should be deve1obed. Conformance to such criteria would
assure a uniform and acceptable risk to the public from anticipated transients.

" The criteria should cover'such areas as heat sink availability, transient

initiators, operator information and overall plant response.

The Task Force members are 1isted as follows:

R. L. Tedesco (Chairman) : Acting Deputy Director, Division of
Operating Reactors, NRR
J. Anderson (Consultant) Oak Ridge National Labbratory
E. Blackwood Headquarters, Office of Inspection and
: Enforcement _
R. Capra Standardization Branch, Division of

Project Management, NRR

M. Cunningham Probabilistic Ana1y§is Staff, Office of
Nuclear Regulatory Research

T. Novak Chief, Reactor Systems Branch, Division
of Systems Safety, NRR

V. Panciera Reactor Safety Branch, Division of Operating
Reactors, NRR



. Quick

. Sheron

. Thatcher

. Tondi

. Wilson

. Rowsome (Section 7)

. Taylor (Section 7)

0ffice of Inspection and Enforcement,
Region II

Reactor Safety Branch, Division of
Operating Reactors, NRR

Instrumentation and Control Systems
Branch, Division of Systems Safety,
NRR

Plant Systems Branch, Division of Operat-
ing Reactors, NRR

Operator Licensing Breneh. Division of
Project Management, NRR

SPECIAL ASSISTANCE

Deputy Director, Probabilistic Analysis
Staff, Office of Nuc1ear Regulatory
Research

Probabilistic Analysis Staff, Office
of}Nuc1ear Regulatory Research






2. SUMMARY AND RECOMMENDATIONS

2.1 Summary

This report contains the findings of the B&W Reactor Transient Response Task
Force. The Task Force was estab]ished to assess the generic aspects of recent
operating events that have occurred on the B&W-designed reactor plants, and,

in particular, the Crystal River 3 (CR-3) event of February 26, 1980.

The general findings of the Task Force are in agreement with brevious staff
conclusions that the B&W-designed 177-FA plants show some unique levels of
sensitivity in their response and recovery from antici{pated transients involving
overcooling and undercooling events as well as small-break loss-of-coolant acci-
- dents. The recovery from such events has often led to undesirable challenges

to engineered safety features (ESF) systems. This sensitivity stems mainly

from the small heat sink resulting from the operation of the once-through steam
generator (0TSG), yhich is an inherent design feature of the B&W reactor plants.
This sensitivity is further compounded by the lack of sufficient functional

and design fnterface requirements between the nuclear steam supply system (NSSS)
and balance-of-plant (BOP) systems. Because of their effect on the NSSS, better
interface requirements need to be developed for the auxiliary feedwater system,
integrated control system (ICS), non-nuclear instrumentation (NNI) system, and
the control room proceéé parameter jndications. These aspects are discussed

in greater detail in the following sections of this report and in prior staff

reports (Refs. 3, 4 and 5).



The Task Force has also conducted an assessment of the effectiveness of the
short- and long-term lessons learned actions resulting from the efforts of the
‘Lessons Learned Task Force and the Bulletins and Orders Task Force. This assess-
ment was based on the opefating history of the B&W plants during the post-TMI-2
accident period. The results of this review did not reveal any major deficiency
. in the requirements being applied to B3W facilities. Instead, implementation
of these requirements appears to have led to an overall improvement in the
response of B&W—deﬁigned plants to various transient events. The Task Force
supports the expeditious 1mp1ementatidn,of these requirements, since it is
believed that they wiIi contribute to improving to the safety of all operating
plants.

It is clear that the OTSG is unique in terms of its capability to affect either
rapid cooldown or heatup of the reactor coolant system. However, replacement
of the OTSG does not appear to be practical or a necessary action for operating
plants, especially when weighed.against certain other safety advantages of thé
0TSG. Furthermore, this Task Force does not believe that cdmplete plant shut-
down of the B3W plants is either necessary or desired with regard to public
health and safety. |

The general findings of the Task Force may be stated as follows:

(1) Confirmation that,B&Wfdesigned plants are more fe5ponsive to secondary

side perturbations than other pressurized-water reactors.



(2) The oncthhrough Eteéﬁ génerator design is techﬂiCally sound; however, it
requires a highly interactive and.responsivéiCQntrol system (i.e., the

"1ntegrated.control syétem);'

(3) A'high degree of overall plant interaction is_inherent in the integrated

control system and the once-through steam generator.

(4) Based on the design features and the faster response of B&W plants during
transients and upset conditfons, the operators may be required to take
more rapid action and have a better understanding of instrument response

than operators on plants having other desfgns.

The spécific recommendatfons of the Task Force focus on ninimizing the conse~
quences of'Secondary side perturbations (é.g;, providing more reliable
fnstrumentation and cbntrol'systems,'assuring,availabi1ity of heat sink, and
improving plaht récovery>actions). As such, these recommendations fall into
four main action afeas:l'(I):adxiliary (or emergency) feedwater, (2) instru-
mentation and control, (3)'design and operatfonal matters, and (4) general
areas of improvement to enhance the ;afety of the B&W-designed reactors. This

does not mean that efforts to reduce the frequency of transients should not

continue.

As discussed in Sectfon 7 of this report, to determine the effectiveness of
each of the recommendat1ons'ahd‘to assess scheduling prforities, an evaluatfon
of the risk reduction potential associated with each of these recommendations
has been performed by the Probabilistic Analysis Staff. In addition,
preliminary resource.estiﬁates have been provided for planning purposes.
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Section 2.2 1ists the specific recommendations of this Task Force. Table 2.1
provides a cross-reference listing between the recommendations 1isted in
Section 2.2 and the corresponding recommendation and supporting material in

the body of this report. In addition, Table 2.1 shows the preliminary resource
estimates and 1inks the Task Force recommendations to the related sections of

Draft 3 of the TMI-2 Action Plan.

2.2 Recommendations

Auxiliary (or Emerggnéy) Feedwater

(1) The Task Force strongly recommends that the auxiliary feedwater (AFW)
systems on operating B&W plants be classified as an engineered safety
feature system, and as such be upgraded as necessary to meet safety-grade
requirements. As an alternative, assuming comparable reliability, con-
sideration would be given io the addition of a dedicated AFW system

(i.e., a separate train).

Note: With regard to the seismic requirements for safety-grade systems,
the Task Force believes that this question warrants further study and,
therefore, recommends that the issue be expeditiously resolved by the

Probabilistic Analysis Staff.

(2) The AFW system should be automatically initiated and controlled by
engineered safety features (safety-grade) that are independent of the

ICS, NNI, and other nonsafety systems.. The selection of signals used to



initiate AFW system fldw should be reevaluated to permit automatié

initiatiqn of AFW in a‘more timely manner to preclude steam generator

dnyoﬁt (i.e., AFW system autoﬁatic start an anticipatory loss of feedwater).

In addition, the level of'secondary coolant in the steam generators should

pe automatically cbntro]led by the AFW system in a ﬁanner to pfevenp over-
"cooling of the reactor coolant system during recovery from feedwater transfents
and that an appropriaﬁe siéha? be provided to terminate feedwater flow to

tﬁé steém generator'bgforg 6verf111ing takés blacé.

'(3) Installation of.a-divérsé-drive'AFW-pump'shdqu be‘expedited at the Davis-

Besse.1 facf]ity. | )

(4) The steam line break.detectidn and mitigation;system should be modified
as necessary to eliminate adverse interactions between it and the AFW
system. In addition, to fdrther'assure'heat sink avai]abiliiy, the steam
line break detection and mitigation systém'shbuld be reevaluated and
modified in such a manﬁer that it is éapable of differentiatiqg betweep
an actual steam line break and undercooling or oVercooling'events caused

by feedwater transients.

Ihstrumentation and Control

(5) B&W plants should improve the reliability of the plant control system,
particularly with regard to undesirable failure modes of power source,
signal source, and the integrated control system itself. Specific recom-

mendations for improvement in the plant control system include the following:



(a)

(b)

(c)

(d)

(e)

The power buses and signal paths for non-nuclear instrumentation and
associated control systems should be separated épd channelized to

reduce the impact of failure of one bys.

The power supply (including protective circuitry) logic arrangement
;hould be reconsidered to eliminate "mid-scale" failures as a pre-
ferred failure mode for instrumentation. "Full-scale" or "down-scale"
failures may be preferred in that theylgive the operator more posi-

tive indication of instrumentation malfunction.

Multiple instrument failures, typically caused by power loss, should
be unambiguously indicated to guide operator selection of alternate

instrumentation that is unaffected by the failure.

If contrpI system failures or response to failed input signals can
cause substantial plant upsets (e.g., required action by engineered
safety features or safety valves), the control system should have
provisions for detecting gross failures and taking appropriate
defensive action automatically, such as reverting to manual control

or some safe state.

The NNI power buses should be reviewed and rearranged, as necessary,
to provide redundancy of indication of each reactor coolant and
secondary system loop. That is, where indicators for one loop are
provided, one channel should be powered from NNI'"X" and the other
from NNI "Y," instead of loop "A" being powered from NNI "X" and
loop "B" from NNI "Y." ' |



(f) Prompt foilowup,ac@ions should bettaken.on the recommendations
contained in BAW-1564 (Integrated Control System Reiiability
Analysis). '

(g) NRC has reviewed the recommendatfons contained in NSAC-3/INPO-1 (Analysis
ahd Evaluation of Crystal River Unit 3 Inéfdent). The staff agrees
that 1icensees should evaluate the effectiveness of these recommendatfons
for their plants, especially with regard to the NNI/ICS aspects.

(h) Prompt followup actions should be taken on 1E Bulletin 79-27.

(6) A minimum set of parameters should be established to enable the operator

to assess plant status. The set recommended by the Task Force follows:
(a) Wide rénge reactor coolant system pressure,
(b) Wide range pressurizer level,

(c) Wide range reéctor coolant system temperatures:  hot leg (each loop),

cold leg (each loop), and core outlet (two: or selectable),
(d) Makeup tank level,

(e) Reactor building pressure,
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()

(9)

(h)

(1)

&)

Wide range steam generator level (both 6TSG$),
Wide range steam generator pressure (both 0TSGs),
Source range nuclear instrumentation, and
Intermedjate range'nuclearlinstrumentgtipn,.

Borated-water storage tank (BWST) level.

The instrumentation for the selected parameters must meet the following

requirements:

(a)

(b)

The instrumentation must be reliable and redundant and should meét |
all appl}cab]e codes and standards for protéction system

instrumentation; and,

In accordance with safety standards, these require a minimum of two
redundant channels of all designated information. At least one channel
of which shall be recdrded automatically on a timely basis for use

in trending, instant recall, and post-event évaluation.

(7) A1 B&W plants should provide the flexibility to substitute appropriate

combinations of incore thermocouples for the loop resistance temperature

detectors (RTDs) presently used for primary temperature input to the

subcooling meter. A1) B&W plants should provide the capability of having



a continuous or trending display of incore thermocuples. This display
need not be indicated fn‘the control room at all times but may be called

up on demand from the computer.

(8) BW plants should provide a safety-grade containment high radiation signal
to inftiate containment vent and purge isolation in additioﬁ to the pre-
sently required signals (i.e., containment high-pressure and‘low-pre$sure

ESFAS actuation).

Design and Operational Matters

(9) Following a reactor trip, pressurizer level should remain on scale, and
system pressure should remain above the HPI actuation setpoint. The system
response (e.g., secondary pressure) should be modified to meet ‘the above
two objectives. Meetihg phese“objectives should be independent of all
manual oﬁeratdr actions (e.g., control of feedwater, letdown isolation,

and startup of a makeup pump).

(10) The B&W licensees should perform sensitivity studies of possible modifi~
cations which would reduce the response of the OTSG to secondary coolant
flow perturbations.. ‘Both passive and active measures should be investi-

gated to mitigate overcooiing and undercooling‘events.

(11) Modifications'shouldwbe made to the plant, to ‘the extent feasible, to reduce

of eliminate manual.immediate actions for emergency procedures.



(12)

(13)

(14)

(15)

A qualified Instrumentation and Control Technician (I&CT) should be pro-

vided on a round-the-clock basis at all operating B&W reactors.

Lectures should be developed and given promptly to all licensed personnel
concerning the Crystal River 3 event as well as their plant-specific loss
of NNI/ICS analysis. A means to evaluate the training (e.g., quizzes)
should be included. This training should be audited by the Office of

Inspection and Enforcement.

Licensees should develop and implement promptly plant-specific procedures
concerning the loss bf NNI/ICS power. These procedures should enablevthe
operator to bring the plant to a safe shutdown condition. These procedures
shall be audited by the office of Inspection and Enforcement. Furthermore,
the Task Force endorses the effort by B&W to develop abnormal transient
operational guidelines and recommends full utitity support be given to

this program.

Mandatory one-week simulator training should be requived for all licensed
B&W operators. The training should be oriented toward or include under-
cooling and overcooling events, solid system operation, and natural circula-
tion cooling. Upgrading of simulator-pefformance in accordance with the

recommendations of the TMI-2 Action Plan (NUREG-0660) should be expedited.

(16) The NRC should review the criteria for RCP restart during recovery from

non-LOCA transients as provided in B&W small-break guidelines. Restart-

ing the RCPs provides the operator with pressurizer spray and thus greatly

improves plant pressure control.
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(17) In order to provide an alternative solution to PORV unreliability and
safety system challenge rate concerns, the following pfoposai (submitted
by Consumers Power Company) should receive expenditious staff review for

~ possible consideration and backfit on a1l B&W operating plants:
(a) Provide a fully qualified safety-grade PORV; '
{b) Provide reliable safety-grade indication of PORV position; .

(c) Provide dual safety-grade PORV block valves, capable of being auto-

matically closed 1f a PORV malfunction occurs;
(d) Complete a test program to demonstrate PORV operability;

(e) Install safety-grade anticipatory reactor trip on total loss of

feedwater; and

(f) Reset the PORV and high-pressure trip setpoints to their original
values of 2255 psig and 2355 psig, respectively.

(18) The IREP Crystal River study should be completed and thoroughly documented
in an expeditious manner. When that effort is completed, the Task Force

recommends the following actions:

(a) The Probabilistic Analysis Staff (PAS) should consider the need for
additional Crystal River work to examine particular unresolved ques-

tions that may be evident, and reexamine the scope, methods, and
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format of the first IREP study so that modifications may be made
prior to the initiation of further IREP work.

(b) Appropriate staff in NRR (in coordination with the PAS) should make
prompt determinations with respect to the need for additional

modifications to the Crystal River plant.

General Areas for Improvement

(19)

(20)

(21)

(22)

Plant performance criteria for anticipated transients should be
established for all light-water reactors. Industry should have a

significant role in the development of these performance criteria.

The criteria for tripping RCPs during small-break LOCAs should continue
to be studied. To this end, the Task Force endorses the NSAC/INPO recom-
mendation that the evaluation should be conducted jointly by both the
industry and the NRC.

The need to introduce AFW through the top spray sparger during anticipated
transients should be reevaluated by licensees. This reevaluation should
consider the reduced depressurization response if AFW could be introduced
through the main feedwater nozzle and could enter the tube region from

the bottom of the unit.

The staff should perform an analysis of the number of Licensee Event
Reports attributed to 1icensed personnel error to determine the signifi-
cance and cauSg of the higher number associated with the operation of B&W
facilities.
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TABLE 2.1

CROSS-REFERENCE LISTING OF RECOMMENDATIONS

Related NRR Staff Resources (estimated)
Requirement FY80 FY81
Recommendation . Number ' _ in the TMI-2 Tech. E Tech.
Number ' Subject in Report Page Action Plan PMY Assist. PMY Assist.
Auxiliary Feedwater (AFW) System
1. AFW system upgradé to safety gradé. 5.2.6.3(1) 5-42 I1.E.1.1 0.5 - 1.2 -
2. AFW system automatic injtiation and 5.2.6.3(2) 5-44 IT1.E.1.2 0.5 25K 0.5 25K
control. v
3. Addition of diverse drive AFW pump for 5.2.6.3(3) 5-45 II.E.1.1 0.1 - - -
. Davis-Besse.
4. Modifications to steam Jine break detection 5.2;7.3(1) 5-47 None 0.2 20K 0.2 50K
and mitigation system.
Instrumentation and Control
5. Improvements in plant control system (ICS/NNI). 5.3.5.1(1) 5-61 None 0.3 25K 0.3 25K
6. Selected data set of principal plant parameters 5.3.5.1(2) 5-64 1.D.2 6.1 - 0.1 -
for operator.
7. Increased usage of incore thermocouples. 5.3.5.1(3) 5-65 None 0.1 - 0.1 -
8. High radiation signal initiation of contain- 5.3.5.1(4) 5-66 11.E.4.2 0.1 25K 0.1 50K

ment isolation.
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TABLE 2.1 (continued)

Related NRR Staff Resources (estimated
Requirement FY80 FY81
Recommendation Number in the TMI-2 Tech. Tech.
Kumber Subject in Report Page Action Plan PMY Assist. PMY Assist.
Design and Operational Matters
9. System response to maintain pressurizer level 5.2.1.2(1) 5-14 I1.E.5 0.1 - 0.1 -
on scale and pressure above HPI setpoint. )
10. Sensitivity studies of operational 5.2.2.4(1) 5-19 11.E.5 0.1 - 0.1 -
wodifications.
11. Modifications to.eliminate immediate manual 5.4.2.2(1) 5-75 None 0.1 - . 0.1 -
actions for emergency procedures.
12. Qualified I&C Technician on duty. ' 5.4.3.3(3) 5-83 None 0.1 - - -
13. Operator training on nystal River 3 event. 5.4.3.3(3) 5-82 None - - - -
14.. Procedures for loss of NNI/ICS. 5.4.3.3(2) 5-82 None 0.1 - - -
15. Mandatory one-week simulator training for 5.4.3.3(1) 5-81 None - - - -
‘ operators as part of requalification program.
16. Evaluation of RCP restart criteria. 5.2.4.2(1)(a) 5-31 II.K.1 0.05 - - -
Table C.1 Itea 27

17. Alternative solutfon to PORV unrelfability/ 5.2.3.3(3) 5-28 None 0.2 25K 0.2 50K
safety system challenge rate concerns. ) : ) .

18. IREP Crystal River Study. 6.2.2(1) 6-4 II.C.1 0.5 15K - -
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TABLE 2.1 (continued)

Related NRR_Staff Resources (estimated)
Requirement FY&0 FY81
Recommendation Number in the TMI-2 Tech. “Tech.
Number Subject in Report Page Action Plan PMY Assist. PMY Assist.
General Areas for Improvement -
19. Performance criteria for anticipated 5.2.3.3(2) 5-28 None 0.2 50K 0.1 -
transients, _ :
20. Continued evaluation of need to trip RCPs - 5.2.4.2(1)(b) 5-32 II.K.3 0.1 25K 0.1 -
during small break loss-of-coolant accidents. Table C.3 Item 5
21. Reevaluate focatfon of AFW injection into 5.2.3.3(1) 5-25 None - 0.05 - - -
0TSG. ,
22.  Staff study of personhel related LERs with 5.4.2.2(2) 5-75 - I.E.8 0.05 - - -
respect to high number for BAM plants.
Total 3.55 210K 3.2 225K
IE Implementation ,
. Inspection (Approx.) 5
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3.. POST TMI-2 ACCIDENT REVIEWS AND REQUIREMENTS FOR B&W OPERATING PLANTS

3.1 1Introduction

The accident at Three Mile Island Unit.2 (TMI-2) on March 28, 1979, involved a-
main feedwater (MFW) transient coupled with a stuck-open pressurizer power-
operated relief valve (PORV) and a temporary failure of the auxiliary feedwater
(AFW) system. The resulting severity of the ensuing events and the potential
generic aspects of the accident on other operating reactors led the NRC to
initiate prompt action to: (1) assure that other reactor licensees, particu-
larly those with plants similar in design to TMI-2, took the immediate actions
necessary to Substantia11y reduce the 1ikelihood of a TMI-2 type accident from
reoccurring, and (2) investigate the potential ‘generic impiications-of this
accident on other operating reactors. This section of the report summarizes
the history and status of the actions required by the NRC to be taken by the

halders of operating licenses for Babcock & Wilcox (B&W)-designed reactors.

3.2 IE Bulletins

During the staff's preliminary assessment of the TMI-2 accident, it became
apparent that several design problems, equipment malfunctions, and human
errors contrjbuted significantly to the severity of the accident and sub-
sequent core damage. _AS a result, the B&W operating plant licensees -were
instructed in a series of Inspection and Enforcement (IE) bulletins to take a
number of immediate actions to avoid repeating the same mistakes. The TMI-2-

related IE bulletins applicable to B&W-designed reactors are numbered 79-05,



79-05A, 79-053, and 79-05C and were issued on April 1, April 5, April 21, and
Juiy 26, 1979; respectively. Some of the more Significant issues dealt with
in the bulletins were: (1) review and modification of many operating and
emergency procedurés associated with loss-of-coolant accidents (LOCAs), loss
of feedwater and other transients which result in high reactor coolant system
(RCS) pressure, natural circulation cooling, operation of the AFW system,
mafntenance, and Surveillance testing; (2) criteria for the terminatfon and
override of engineered safety features (ESF) systems; (3) review and modifica-
tions to the containment isolation design and procedures; (4) provisioné for
manually tripping the reactor on transients resulting in high pressure in the
RCS; (5) changes to decrease the setpoint of the high pressure reactor t}in
and increase the setpoint of the PORV; and (6) requirements to trip the opérating
reactor coolant pumps (RCPs) during LOCA conditions. A complete Tisting of
the actions required by these bulletins are tabulated in Appendix A to this
report (pages A-1 through A-6).

3.3 Commission Orders

In parallel with the issuance of the IE bulletins, a task group wés éppointed
to perform a generic assessment of the feedwater transients experienced in B&W
plants, including the accident at TMI-2, to determine bases for continued safe
operation of these facilities in both the short term and the long term.
Consideration was given by the task group to initiating events other than loss
of feedwater where it was determined that such events could lead to similar
transient conditions. It was based upon the preliminary principal. findings of
this task group that the document entitled "NRR Status Report on Feedwater
Transients in B&W Plants,” dated April 25, 1979 (Ref. 1), was prepared. The



document concluded that there was not rgasonable assurance of protection of

the public hea]th and safety in the cohtinﬁed operation of the B&W plants and
that the plants should be shut down until certain modifications could be made
to the facilities. it was determined that in order to reestablish that
assurance the following items would have to be‘accomplished:'(l) review and
upgrade the reliability and performance of the AFW ;y;tem; (2) review the
integrated control system (ICS) and take actions to reduce its likelihood of
initiating or exacerbating transients; (3} installation of anticipatory reactor
trips based upon feedwater transienfs; 4) feview detailed analyses of plant
response to transients including the effects of high pressure injection (HPI)
operation and natural'circulatiqn cooling; and'(S) develop new standing instruc-
tions and emergency procedures for plant operators and conduct operator training
in the use of those prdcedures. In the long tefm,_it was recommended that
either the sensitivity of the re#ﬁénse of the BaW plants to‘transients be
imprbved by design éhangeé or substantial]& upgrade the instrumentatfon and
cohtrols available to the plant operator and subsiantially upgrade operator
education, training, and experience. On April 26 and 27, 1979, meetings were
held between the staff and representatives of the B&W reactor licensees. As a
resylt of these meetings, the licensees agreed tovshut down their facilities
until certain modific#tions in équipment, ?rocedures, and operator training
were comp1eted. Based upon thesé commitmeﬁts.by the licensees, the Commission
directed the staff to prepare confirmatory Orders to}formalize the agregments
reached with the utilities. During thé period May 7 through May 17, 1979,

these Orders were issued to each of the B&W reactor licensees.



The Orders required that the B&W operating plants shutﬁdown (or Fema{n shué

down) until certain immediate or short-term actién# were completed and found-
agceptable by. the staff. In adgition; the Orders specified certain long-tefml
modifications to bg performed to further enhance the capability and reliability
Of the B&W reactors to respond to varidus»iransienf avents. A cqmpleté listing
of’the sﬁort- and Tong-term requirementS‘éf the Orders may be found in Appendix A

of this report:(pages A-7 through A-14).
3.4 NUREG-0560

The special task group.(discussed.in Section 3.3) aﬁsessing B&W feedwéter"
transients completed iis work in May 1979. Thé findings of this task group
are found in the report entitled "Staff Report on the Generic A$§essmént of
Feedwater Transients in Pressurized Water Reactors Designed 5y the Babcock, and
Wilcox Company" (NUREG-0560, May 1979, Ref. 3).. In its report, the‘task:group
concluded that certain design improvements and other actions being implemented
on the B&W plants in accordance with the Commission Orders were necessary
before plant operation could be resumed. The actions specified in the Orders
that resulted from the generic reviewjincluded: (1) reactor trip ﬁpqn upéets
in the secondary system (loss of feedwater and turbine trip), (2) additional
operator training, (3) 1mproyements in AFW system reliability, and (4) further
analyses of small break LOCAs. Additional recommendations from ;his review
are found in Section 8.0 of NUREG-0560. In general, these recommendations
include the short-term actions taken in connection with IE Bulletins and the
May 1979 Commission Orders. Other recommendations from NUREG-0560 served as a
basis for work carried out‘by certain other task forces which were created

within the Office of Nuclear Reactor Regulation (NRR).



3.5 Bulletins & Orders Task Force

The Bulletins & Orders Task Force (B&OTF) was established within NRR during
early May 1979 and continued in operation until December 31, 1979. The B&OTF'
was responsible for reviewing and directing the TMI-2-related staff activities:
on loss of feedwater transients and small break LOCAs for all operating reactors
to assure their continued safe operation. In conducting fhis activity, the
B&OTF concentrated its efforts on: (1) the assessment of systems reliability,
(2) the review of the analytical predictions of plant performance for both
feedwater transients and small break LOCAs, (3) the evaluation of generic
operating guideiihes,'(4)‘the review of emergeﬁcy»plant operating'procedures,
.and (5) the review of operator traihing. The B&OTF worked directly with the ‘
operating plant licensees on plant specific matfers. For the review of B&W
generic matters, a working relationship was established with the B&W Owners’
Group, which was comprised of representatives of each of the B&W operating
plants. In some cases, work was conducted direct]y with the Power Generation

Group of the Babcock & Wilcox Company.

At the onset, work of the B&OTF concentrated on pIénts of the B&W design; as
short-term actions on these plants were completed, priority was shifted to
those pressurized water reactors designed by Westinghouse and Combustion

Engineering and then to boiling water reactors designed by General E1e¢tric.

With respect to the B&W plants, the B&OTF evaluated responses by the B&W
Licensees to the TMI-2-related IE Bulletins (79-05, 79-05A, 79-05B, and 79-05C)

as well as evaluating the licensees' compliance with the short- and long-term



requirements of the Commission Orders of May 1979. Between May 18 and July 6,
1979, the B&OTF completed its review of the actions taken by the B&W licensees
to comply with the short-term requirements of the Orders. As a result of these
evaluations, the B&W licensees were authorized to resume power operations.
The activities involving the B&W-designed reactors ére reflected in threé

documents produced by the B3OTF:

(1) "Generic Assessment of Delayed Reactor Coolant Pump Trip During Small
Break Loss-of-Coolant Accidents in Pressurized Water Reactors" (NUREG-0623,
November 1979, Ref. 12),

(2) "Generic Evaluation of Small Break Loss-of-Coolant Accident Behavior in
Babcock ‘& Wilcox Designed 177-FA Operating Plants" (NUREG—OSGS,'hanuary
1980, Ref. 4), and ' |

(3) "Report of the Bulletins and Orders Task Force," Volumes I and I1 (NUREG-0645,
January 1980, Ref. 5). ' o

A listing of the recommendations from the B&OTF, applicable to the BW operating
o ‘ ",
plants, may be found in Appendix A to this report (pages A-15 through A-17). '

3.6 Lessons Learned Task Force

In late May 1979, the Lessons Learned Task Force (LLTF) was formed. The
purpose of the LLTF was to identify and evaluate those safety concerns orig-

inating from the TMI-2 accident that required 1icensing actions, beyond those



specified in the IE Bulletins. and the Commission Orders of May 197?,_fon all
‘operating reactors as well as for pending‘operating Ticense (0OL) and con-

‘ struction permit (éP) applications. In-developind the required actions, the
LLTF considered: the revien and evaluation of investigative information;
staff evaluations of responses to IE Bulletins and Commission Orders;
recommendations from the Commissioners, the ACRs;~the NRC staff, NUREG-0560,
as well as recommendations from outside the NRC. In general, the LLTF was
charged with identifying, analyzing and recomnending changes to licensing
reqnirements and the licensing process for all nuclear power plants based on
the Iessons'learned from the TMi-i gccident. The scope of the LLTF included
the following seven general technical areas: (1) reactor operations, inc]ud-'
ing operator training and licensing; (2) licensee technical qualifications;

' (3)‘reactor transient and accident analysis;'(4) Ticensing requirements for
safety and process equipment, instrumentation, and controls; (5) onsite |
emergency preparations and procedures, (6) NRR accident response role,
cgpability and management and (7) feedback, evaluation, and utilization of
reactor operating experience. In July 1979, the LLTF issued a document
entitled "TMI-2 Lessons Learned Task Force Status Report and Short-Term
Recommendations" (NUREG-0578, Ref. 13). The recommendations contained in
NUREG-0578 were narrow, specific, and urgent in nature and were intended to
constitute a sufficient set of short-term requirements to ensure the safety of
plants already licensed to operate and those to be_licensed for operation in
thé near future. Following a review of NUREG-OS?B'by the ACR§ and fhe Direcior,
Office of Nucleer Reactor Reguiation; all of the recommendations (except three
requiring ru]emaking) were directed to be impiemented by -all operating nuclear
power plants. In addition to the recommendations specified in NUREG-0578 the

requirements for remote]y operable high point vents for noncondensable gas

t



removal and three additional instrumentation requirements (designed to follow
the course of an accident) were also directed to be implemented. Appendix A
of this report lists the short-term lessons learned requirements applicable to

the B&W-designed reactors (pages A-18 through A-20).

In October 1979, the LLTF issued "TMI-2 Lessons Learned Task Forcg Final
Report" (NUREG-0585, Ref. 14). In contrast to the short-term recommendations,
the recommendations contained in NUREG-0585 déalt with safety questions of a
more fundamental policy, nature regarding nuclear plant opgrations and_desjgn
as well as the regulatory process. Most of;the recommehdations were goal _
oriented rather than prescriptive in nature and if.adépted would Cause_signif-
icant changes within the nuclear industry anq,the regulatory process. Howévgr,
certain recommendations related to power plant operations were recommended to
be initiated without delay since they would introduce a needed stebwiée’impro?e--
ment in safety. A listing of the recommendations contained in NUREG-0585,A
which are applicable to B&W-designed reactors, are included in Appendix A to

this report (page A-21).

3.7 Other Review Groups/TMI-2 Action Plan

In addition to the special task forces previously discussed, other groups who
have ihvestigated the accident at TMI-2 and advanced certain rgcommendations‘
include the Congress, the General Accounting Office, the President's Commission
on the Accident at Three Mile Island, the NRC Special Inquiry Group, the NRC
Advisory Committee on Reactor Safeguards, the Special Review Group of‘the'NBc.

Office of Inspection and Enforcement, the NRC staff's Siting Policy Task Force



and Task Force on Emeréénéy Planning, and thé NRC Offices of Standards
Deve1opmen£'and Ndé?ear ReghIatory Research. Each of the investigating groups
organized their retommendatiohs in a different way. In order to organize,
define, and assess the recomméndations of these various groups, a "TMI-2
Action Plan Steering Group" was appointed. The charter of this group was to
develop a "TMI-2 Actfon Plan" which would provide a comprehensive and inte-
gratediplan for all actions judged necessary by the NRC to correct or improve
" the regulation and operation of nuclear facilities based on the experience
from the accident at TMI-2 and the official studies and investigations of the
accident. The first draft of this report entitled "Action Plans for Implementing
Recommendations of the'Président‘s Commission and Other Studies of TMI-2
Accident"'tNUREG-OSGO) was published on Deéember 10, 1979. 'Refinements to the
task descriptions and schedules contained in NUREG-0660 have been made in
subéequéni drafts. Draft 3 of the°TMI-2 Action Plan was issued on March 5,
1980 (Ref.7). Actions to imprové the safety of the B&W-designed operating
plants, as well as the other‘Vendor-designéd,reactofs now operatiﬁg, which
were necessary 1mmediate1y after the accident and could not be delayed until
an’éct1on'p15n was deve1oped'are also QOcumeqted,in the TMI-2 Action Plan.
Those requifements placed'on the B&W operating plant licensees are tabulated
in Appeﬁdix A to this report. Tﬁey have been orbanized in the appendix by
category source (e.g., IE Bulletins, Orders, and LLTF recommendations) and

have been cross-referenced to Draft 3 of the TMI-2 Action Plan.

Throughout'the development of the TMI-2 Action Plan, there has been a consen-
sus that the accident demonstrated that‘additional'1mprovements in safety are

needed. There is also general agreement among thé'various investigations as



to the causes of the accident and the faitures and errors that occurred before
and during the event, both in the equipment and in the organizations that
built, operated, and regulated the plant. There is also genere1 agreement as
to the areas where improvements should be made. . Most of the questions relate
to the %egree of jmprovement renuired and the best ways of achieving tne
improvement. The action plan serves as a c011eetive assessment of the types
and degree of imprdvement neeessary and attembts tn dptimize the means of

Q

attaining this improvement.

As discussed throughout this section, many requirements, developed from'varf0us
organizations within the NRC, have been issued to the B&W operating plant
Ticensees in the year subsequent to the accident at TMI-2. Many of these
requirements have been completed or are seheduled to be completed shortly.
However, the TMI-2 Action Plan, being an integrated plan, addresses -the entire
NRC program, including short-term changes in'requirements for all operatin§ |
reactors and requirements for licensing new plants for operation The action
plan reveals that the present formulation of the long-term requirements,
ineluding the NRC's research program necessary to jmprove or confirm the .
adequacy of the Varieus short-term licensing requirements, is not as detafled
or specific as the short-tern actions. Howerer, at the present time, the -
action plan serves as the most complete listing of requirements that have

been directed to be implemented on the B&W-designed eperating plants and

serves as the best forecast as to the requirements that may be imposed in the

future.
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4. SUMMARY OF OPERATINGAEXPERIENCE
4.1 Introduction

The purpose of reviewing opgrating events which have occurred is to bring to
bear on current issues the knowledge gained from prior experience. This
knowledge provides insight on complgx performance and~resbonse characteristics
_inherent in pIant design, poWer:generation, control and safety systems inter-
actions, reliability of these systems, modifications to hardware, changes in
operating philosophy and procedures and the generic implications that arise

from specific events or patterns of events.

The evenps summarized in this section deal with anticipated operating tran-
sients in pressurized water reactors. Several transients of varying levels of
severjty have occurred in B&W-designed reactor plants, which as a result, have
been subjected to conditions of overcooling, undercooling, loss of reactof
coolant inventory, or a combination thereof. - Many transients have challenged
safety systems. A wide variety of root.causes, such as equipment failures or
human errors in conjunction with system response as designed or system mal-
functions, have initiated or aggravated thevcourse of these transients. In
contrast, however, the severity of many events has also been mitigated by
automatic response of systems and manual intervening actions by the plant

operating staff.



This section discusses sources and validity of information and observed tran-
sients -in terms of initiators, integrated plant response, and resulting condi-
tions that have aggravated or mitigated severity. The tables of events in

Appendix B are described and analyzed in this section.

4.2 Sources of Information

o

Sources of information used in compiling tha operating experience desériqu in
this report include: the NRC licensee event report (LER) file, NRC Gray Book
(Ref. 15) data on forced outages, selected letters from licensees of B&W

plants (Refs. 16 through'ZZ) and from the Babcock & Wilcox Company (Ref. 23).

Appendix B to this report contains tables of reactor trip events that are
relevant to the issues considered by the Task Force. The tables arernof a
complete listing of all reactor trip,events. In igs report entitled "Integrated
Control System Réliability Analysis" (Ref. 35), B&W stated that actotal‘of 310
reactor trips had occurred at B&W-designed power reaﬁtors. This number is
approximateiy 20 percent greater than the number of reactor trips listed in -
other documents received by the NRC and the Gray Book-(Refg 158).. The Task

Force believes that the information provided is accurate and that<the.most
significant events were included. Completeness of Appendix B tables, however,

warrants qualification for other reasons discussed below.

The severity of transients affecting the reactor coolant system (RCS) heat
sink is believed to vary over a wide continuum. The relatively severe tran-

sients have been identified, but the total population of transients remains



unknown. Reactor trip, engineered safety features actuation, forced outage’or.-'
conditions or events reportable to the NRC have not occurred in all transients
In less severe. transients, control band limits have not been reached becaUSe
initiators had only minor effects, or a "combination of proper control system
response and operator actions terminated the transient Maneuvering transients,
which are accommodated routineiy by control systems or operator action, com-
prise the Tow severity end of the continuum.

The_eqolution of reporting requirements nas_ied to more reports'and improved
report content. Mapeuvering and minor transients are not reportable althoogh
the threshold of reportability has been reduced to ‘include fess severe events.
Recent changes in NRC regu]ations have increased the number of reports received
by the NRC Operations Center. Therefore, knowiedge of operating events in the

recent past is believed to be more complete than in prior years.

4.3 Discussion of Observed Transients

o

. 4.3.] Transient Initiators

Conditions of overcooling, undercooling, and loss of reactor cooiant inventory
have resulted from a wide variety of initiators. Initiai'perturoations have
been caused by human error in plant operations or maintenance.activities,
component failures or external events. These initiators have on occasion
caused a loss of power to control systems or instrumentation that comprises
control system inputs. 1In the first case, control systems have malfunctioned,

whereas in the latter case, control systems may have responded as designed to



incorrect failed inputs. Failures of mechanical components such as: a PORV;
steam dump valve; pressurizér spray valve; feedwater pumps; condensate pumps,
demineralizer or other components, or feed and condensate system valves have

also led to overcooling, undercooling, or loss-of-coolant inventory conditions.
4.3.2 Integrated Plant Responsé

The integrated plaﬁt response to initiating events has included steam demand
or feedwater transients, which have béen reflected across the steam generafor
and have resulted in RCS pressure, temperature, and pressurizer level excur~
sions due to undercooling and overcooling conditions. Response to root causes
affecting the RCS, such as PORV opening, has led directly to RCS pressure

transients.

Normal operating pressure is bounded above and below as follows:

RCS Pressure (psig) Plant Response
2500 Pressurizer code safety valves open
2450 PORV opens (Davis-Besse 1 PORV set at 2400 psig)
2300 Reactor trip on high pressure
2155 Normal operating pressure
1800 Reactdr trip on low pressure
1500-1650 Engineered safety features ﬁctuation (specific setpoints

vary on B&W operating plants; e.g., high-pressure

injection, etc.)



Prior to imp]ementatfon of pd;t-TMI-z accident sétpoint changes, thé PORV
opening setpoint.waé 2255 psig,‘and réaétor trip 6n high preséufc wés set at
2355 psig. | o o |

In many cases, plant parameters have exceeded tﬁeir oper;ting band boundaries
causing reactor trip, engineered safety features actuatton, PORV opening; or
pressurizef safetylvalve 1ifting due to the RCS pressure transjent. Safety
systems have been.challenged duriné severe anticipated transients. Operators
haveAroutineiy taken 1mmediatevgcti§ns on reactor trips to 1imit the swing in
plant parameters and to facilitate recovéfy to gvstab1e plant condition.
Starting a second mékehp phmp (injecting water inib"the RCS thfough either
normal charging‘sr HPI Coﬁnecfions) and isolgfiﬁé letdown fjow are immediate
operatot actions taken in an attempt to compenéate %or coolant contraction and
to reduce the probabi11t¥ that'pressurizefolevel indication may go offscale
low. Plant response to reéctor trip transients, given no operator action, has
not béen observed. [pus, the degrge to which operator action reduces severity

is unknown. .

o

o

4.3.3 TImpact o? Integrafed Plant Résponée

~ Conditions ﬁf dndercoo]ing, overcooling, and loss-of7c001ant 1nventpry are
disiinguished from steam demand and feedwater traﬁsients because on occasion,
all three of these conditions have occurfed at some time during plant response
to transients. Ldss-of-feedwater events have chabaéterisiica11y reduced steam
generator'effectivehess as a heat sink. In mény cases, steam generators have

been boiled dry. The resulting power mismatch (undercodling condition or loss



of heat sink) has driven RCS température'and pressure.high enough to. cause a
reactor trip on high pressuré. Initiation of auxiliary feedwater flow to

regain the heat’sink, combined with steam bypassisystem operation, has on
occasion caused overcooling and rapid depressurization of the RCS to a pressure
low enough to initiate high-pressure injection. Tﬁis,depressurization has .
occurred even though a §etond makeﬁp pump had been started apd leidown isoiateq
(both manual operator actions immediately after the reactor trip). Per eméhgéncy'
procedures after the TMI-2 accident, reactor coolant pumps héve been-tﬁipped
following reactor trip and. HPI initiatioﬁ on low pressure. ExéessiQe keéctor_
vessel and pressurizef cooldown rates have occurred'during overcqo]iﬁg_conditions.
Fegding steam generators per ﬁrocedqre to the 95 perceht level pn.fhe dperate"

" range for natural circulatfon cooling of the RCS has on occasion’ caused anothéﬁ
loss - or partial loss of heat sink condition. This has occurred because reduced
steam pressure has been sensed by the steam line break detection and mitigation
-system, where 1nsta11ed. which has automatically isolated steam and feedwater

connections to the steam generator.

During events in which the PORV opened and stuck open, impact on the plant has
been aggravated by faster depressurization, lower minimum RCS pressure, slower
recovery of pressurizer level by the high-pressure injection system, and a

longer time to establish stable plant conditions.

Loss of instrumentation and failure-induced control system response (e.g,
failure of control systems or their input signals) have contributed to tran-

sient severity or hampered operator attempts to stabilize plant conditions.



4.4 Summary of Events ~

Events of interest tO\the‘Task Force involve power supply failures to non-nuclear
instrumentation (NNI) or the-integrated control system (ICS), reactor trips,
PORV actuations, and feedwater transients. An historical summary of NNI/ICS
power failures in B&W plants is provided in Appendix B, Table B.1. Appendix B,
Table B.2 contains (1)-detaiis of‘reactor trips with PORV actuation in B&W
plants that oécurﬁed before the TMI-2 accident, and (2) the documented number
of additional automatic reactor trips 1n B&W p1ants during which PORV opening
was not. reported Table B.3 contains detai]s»of -all unp]anned reactor trips

in B&wlp]ants since the TMI-2 accident. Lfceﬁseé~estima;es Qf'the effects of
theftwe different setpeiﬁts for high-pressure reactor'trip'end PORYV actuatioh
are included in Tables B.2 and B.3 (i.e., what would the effect have been

during these events if present setpeoints had been used before the TMI-2 accident

and if pre-TMI-2 setpoints were in effect_instead‘of present setpoints).
4.4.1 Analysis of Data in Table B.1 (Appendix'B)*"

Since December 1974, a total of'2§ NNI/ICS pbwer'fniques have been identified.
Twenty;one'of these event§7¢aused-reactor trips, 17 caused PORV actuation, and
4 resulted in engineered safeguards (high-pressure fnjection) actuatfons. A .
steam dump valve stuck open in one event,'and feedwater transients occurred in
19 of these events. A pressurizer safety valve lifted in one event and a PORV
stuck or failed open in three events. Three ICS power failures that eccurred
while the reactor was at power did not cause reactor trips, and in the remaining
five power failures the reactor was in a shutdown condition when the events

occurred.



Based on these data, NNI/ICS power failure perturbations have beep severe
enough, cohsidering the B&w?integrated plant response characteristics, to
cause reactor trip in almost all events (Note: in most of these instances,
the reactor trip was the result of a consequential feedwater transient).
Approximatg]y 18 percent of all observed feedwater transients have been caused
by NNI/ICS power failures. Approximately 10 percent of all reactor trips have
been associated with NNI/ICS-power failures. These percentages and the data
in Tables B.2 and B.3 (discussed later) indicate that many, other initiators of
feedwater transients and reactor trips exist. The data in Table B.1 appear to
show that, given an NNI/ICS power féi]ure, jt is very likely to result in a
severe feedwater transient that will trip the reactor on high pressure (even

at the pre-TMI-2 reactor trip setpoint of 2355 psig).
4.4.2 Analysis of Data in Table B.2 (Appendix B)

The data preceding the TMI-2 accident suggest a preponderance of reactor trips
in response to secondary plant transient or .upset conditions that were reflected
across the steam generators and caused reactor coolant system (RCS) pressure -
excursions. Prior to the TMI-2 accident, no anticipatory reactor trip on
occasion of turbine trip or loss of feedwater existed. Reactor.trip with PORV
actuation occurred approximately 149 times. Other automatic reactor trips,
during which PORV opening was not reported, occurred 83 times in B&W plants
prior to. the TMI-2 accident. Notwithstanding 1naccqranc1esAwh1ch may exist in
the data, it is significant to note that (1) RCS pressure excursions haQe been
severe enough to cause not only PORV actuations (2255 psig old setpoint) but

also reactor trip (2355 psig old setpoint or manual trip based on operator



Judgment) in approximately 149 instances, and (2) reactor trip transients with
PORV actuations have occurred about twice as many times as automatic reactor
trip transients in which licensees did not.report PORV actuations. The number
of PORV openings not accompanied by reactor trip is unknown. Therefore, the
data available do not permit‘inferencesAabout the ébi]ity of the PORV to
counter pressure excursions and prevent reactor trip, thereby en;bling,the
plant to "ride through" the transient without challenging safety systenms.
However, in approximately 149 of the most severe transients, PORV actu&tion

did not prevent a reactor trip.

Table B.2 also indicates that a loss of feedwater, feedwater reductions; or
feedwater oscillations caused ‘or contributed to a PORV actuation and reactor
trip transient in approximately 60 percent of the total number of PORV/reactor
trip events preceding the TMI-2 accident. An unscheduled turbine trip resulted
in a reactor trip/PORV actuation in less than 20 percent of the total number
of pre-TMI-2 events presented in Table B.2.

In summary, of the events 1isted in Table 8.2, the loss of feedwater or feedwater
upsets were the major‘contribhtor to PORV actuatfion and reactor trip transients.
The pre-TMI-2 data alsc show many pressure excursions were severe enough to
cause reactor trips at 2355 psig even though the PORV had opened at its previous
setpoint of 2255 psig. | | |

i

4.4.3 Analysis of Data Table B.3 (Appendix B)

. . |
Since the TMI-2 accident, a total of 38 unscheduled reactor trips were identi-
fied. Twelve of these trips have been attributed to turbine trip and 15 due
to feedwater losses or upsets. “In comparison with pre-TMI-2 data (60 percent
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of reactor trip/PORV actuation events due to feedwater and 20 percent of these
events due to turbine trip), it is apparent that the turbine trip, which now
causes an automatic reactor trip, has become a more significant contributor to

reactor trips.

Table B.3 also shows that PORV actuation has ot occurred due to high RCS
pressure during the 21 transients wherevthose data were available. 1In the
licensees' judgment if old setpoints were in effect, only three (one-seventh)
of these 21 transients would have caused a reabtor‘trip and 13 (two-thirds) of
them would have opened the PORV. It is unknown whether these estimates of
what would have happened had old setpoints been in effect are valid predictors
of the long-term effects of revised setpoints. Although a higher fraction of
all reactor trips are now caused by turbine trips, the fraction of turbine

trips that did not cause reactor trips under the old setpoints is not known.

A total of only nine turbine trips (post-TMI-2) had occurred when licensees
made the judgments that none of those turbine trips would have caused reactor |
trips. The inference that no futdre turbine trips would have caused reactor
trips under old setpoints does not appear to be a valid predictor of effects
of setpoint changes because pre-TMI-2 history shows‘that about 20 percent of

all PORV actuations with a reactor trip were caused by turbine trips.
4.4.4 Effects of Revised Setpoints and Anticipatory Reactor Trips

Table 4.1 was developed by B&W and submitted by the B&W iicensees (Ref. 22) in
response to an NRC request. The analysis was completed in October 1979 using
reactor trip data accumulated through Septembér 1979. An updated analysis
.ref]ecting more operating time since the TMI-2 accident is enclosed in the
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' summary of a January 29 1980 meeting on selected responses on B&W system
sensitivity (Ref. 43) ~ The data presented 1n Table 4.1 show all reactor trips
that have occurred at B&N facilities divided into two categorie5° "Pre TMI- 2"
“and "Post TMI-2." Each of these categories is further divided into two additional .
categoriesr HAY (trips that were affected by the setpoint changes in the PORV )
and high-pressure reactor trip and the addition of anticipatory reactor trips

. for turbine,trip and feedwater upsets) and ngn (totai trips: Category "A“'

‘ trips ulus thbse trips not affected by the oost-ThI-z,changes)._ The'Category
"B" trips inciude'aii reactor trips_that, in B&W's;judgment,'wou]d have occurred
irrespective of setpoint‘changes or.the'addition.of anticipatory'reactor '

trips (Note: for the specific trips listed An Tabies B.2 and E 3, the

',effect of the revised setpoints in B&w's judgment, is shown at the right-hand
‘side of the tables.)

Reactor trip frequency was deveioped-using the number of conmerciai days in
operation converted to months A conparison of pre- and post-TMI-2 reactor
trip frequencies indicates that from March 28,. 1979, through September 1979,
substantia] increase in average trip frequency occurred. The possibie con-
tributors to the post-TMI~2 trio frequency increase were (1) short period of
operation since TMI-2 (1452 operating days or 13 percent of the_11.300 days .
before TMI-2), (2) nany startups and shutdowns since the TMI-2 accident,j
(3) lack of operator experience at operating with the revised setpoints, and

(4) statistical variations in pre- and post-TMI-2 samples.
In summary, the B&W data in Table 4.1 are presented as an historical summary
of the number of reactor trips and trip frequencies observed through 1979.

The average number of reactor trips/month of operation prior to the modifications
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was 0.56/facility. The averége number of reactor irips/month of operation

following the modificdiions has begn.0.65/facility. The difficulties in

accepting these trip frequenceé as yalid inferences 6f the effects of revised

setpoints are discussed in Séctions 4.4.2 énd.4.4{3 of this report. Thus, the

reader is cautioned against using the reactor trip frequencies presented in

Table 4.1 as predictors of future performance.

The data given in Table 4.1 were analyzed by the Probabilistic Analysis Staff,

RES, using chi-square and 1ikelihood ratio (small sample distribution) statistics.

For the seven units with both pre- and post-TMI-2 data, analysis supports the

following conclusions:

(1.) At the 95 percent confidence level, the plants behave more like one

(2.)

3.)

another after the modifications (revised setpoints) than before the
modifications. This is true considering total trips or just those
trips due to high pressure, feedwater upsets, and turbine trips.
Crystal River 3 is the pbssible exception to the homogeneous behavior

among plants after TMI-2.

At the 95 percent confidence level, Crystal River 3 and Rancho Seco
show significantly higher trip frequencies after the modifications
versus before the modifications for trips due to high pressure,

feedwater upsets, and turbine trip.

At the 95 percent confidence level, only Rancho Seco shows a

significantly higher trip frequency considering total trips.
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A summary table of key points associated with the varfous transient events

discussed throughout Section 4.4 is provided in Table ‘.2.
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TABLE 4.1

EFFECT OF REVISED SETPOINTS AND ANTICIPA PATORY REACTOR TRIP
ON_TRIP FREQUENCY FOR B&W OPERATING PLANTS

Pre-TMI-2 Post-TMI-2
No. of . No. of

B&W Trips Trips/Mo. Trips Trips/Mo.

Plants A B A B A B A B
Oconee-1 31 52 0.45 0.76 2 5 0.24 0.60
Oconee-2 9 28 0.16 0.51 2 3 0.26 0.39
Oconee-3 17 27 0.33 0.53 2 2 0.68 0.68
Davis-Besse 1 5 23 0.31 1.42 2 4 0.31 0.61
Crystal

River-3 8 28 0.33 1.14 7 7 1.18 1.18
Rancho Seco 4 16 0.08 0.34 6 8 0.66 0.88
ANO-1 6 24 0.12 0.47 2 2 0.28 0.28

TMI-1 3 _ 6 0.05  0.11 - - - -
TMI-2 1 3 0.35 1.04 - - - -
TOTAL 84 207 0.23 0.56 23 31 0.48 0.65
A - Trips that are affected by setpoint changes and addition of anticipatory
reactor trip (e.g., high-pressure trips, feedwater upsets, turbine trips)
B - Total trips: Category A trips plus those not affected by changes (e.g.,
total loss of feedwater, power to flow, test trips, etc.)

Note: Data for table through 1979.
Note: Through January 31, 1980, there have been 10 changes to the Control-Grade

Anticipatory Reactor Trip System with 9 successes.

Design: 400 trips for 40-year life
10 trips/year or 0.83 trips/mo.

Pre-TMI-2 Setpoints: DB-1 and CR-3 exceeded 0.83 trips/mo.
Post-TMI-2 Setpoints: Rancho Seco and CR-3 exceeded 0.83 trips/mo.

Increase in Trip Frequency: A - 0.23 to 0.48 (approx. factor of 2)
B - 0.56 to 0.65 (approx. 15% rise)

Possible Causal Factors:

1 - Short period of time operating
2 - Many startups and shutdowns

3 - Operator familiarization

4 - Statistical Variations
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TABLE 4.2
TRANSIENT EVENT SUMMARY FOR B&W OPERATING PLANTS

Event | . Pre-TMI-2 Post-TMI-2

Reactor Trips:

Total ’ 232 38

Trips with documented | 143 1
PORV openings

Reactor Trips caused by:

Feedwater transients ) 88 l5

Turbine trip & 12

Effect of NNI/ICS Failures (29 total):

Feedwater transients 13 6
Reactor trip 18 3
PORV opening 17 ‘ 1

Engineered safety features '
actuation 3 1
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5. B&W REACTOR SYSTEMS AND OPERATIONS - e

5.1 Introduction

The B&W nuclear steam supply system (NSSS) differs from other pressurized
water reactors (PWRs) with regard to the design of the steam generator and
with regard to the design of the control system. The once-through steam
generator (0TSG) design is intended to provide the capability for the NSSS to
respond acceptably to load changes wheh electrical grid conditions change as
well as during daily load following cycles. Because of this desired respon-
siveness, the B&W control system design includes feed-forward features that
result in immediate signals being provided to thg reactor, feedwater control
systems, and the turbine control valves in response to a change in the power
demand signal. The control system provided in B& plants to perform this
function is the integrated control system (ICS). The basic requirement of the
ICS is to match actual megawatts of electricity generéted to the demand for
electric power. The ICS megts this objective by controlling steam flow to the

turbine, feedwater flow to the steam generator, and reactor power.

The safety features designed to mitigate the effects of transients and acci-
dents are esséntial]y the same for all PWRs. Namely, each PWR design includes
a reactor protection system (RPS) for providing a reactor trip to limit the
course of off-normal events; an emergency core cooling system (ECCS) to provide
inventory in the event of a loss-of-coolant accident in the primary system.

The auxiliary feedwater system (AFWS) also performs the same function in all

PWRs, namely, to provide feedwater to the steaﬁ generators for the removal of
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~ decay heat when the main feedwWater system is not available and to provide a
method for heat removal and subsequent reactor coolant system depressurization
in the event of a small loss-of-coolant accident. However, there are certain

design differences in the B&W plants compared to the other PWR designs:

(1) The reactor trip signals provided in B&W designs do not include signals

initiated from steam generator secondary side parameters;

(2) The high-pressure injection (HPI) pumps which make up part of the ECCS
are capable of del%vering coolant to the RCS at pressures exceeding the
reactor coolant (RCS) safety valve setpoint. Davis-Besse 1 is the only

B&W plant without this capability; and

(3) The AFWS for some B&W plants do not include initiation signals based upon

steam generator secondary side parameters.

Some elements of the strengths and weaknesses of these design differences, as
they affect the response characteristics of the RCS for the B&W design, are

discussed in Sections 5.2 and 5.3.

The role of the operator in responding to off-normal events for B&W-designed

plants is similar in nature to that performed at any PWR plant. Namely, his

‘immediate actions are to verify that all required automatic actions have been
initiated following an off-normal event and then to take those subsequent

actions necessary to bring the reactor to stable hot shutdown condition.



Section 5.4 provides a discussion of the training and qualification of a B&W
reactor operator considering any special requirements resulting from the

design of the NSSS.

Selected figures showing both the lowered-loop (TMI-2) and raised-loop
(Davis-Besse 1) designs for the 177-Fuel Assembly plants, as well as typical
pressurizer and once-through steam generator designs, are included as Figures

5.1 through 5.6 of this report.
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5.2 Mechanical Design and Operational Considerations

5.2.1 Pressurizer Design
5.2.1.1 Discussion

Circulating systems in which temperature changes can occur usually require a
gas volume to accommodate density changes in the coolant. In the pressurized
water reactor design, this function is accomplished by the pressurizer (see
Figure 5.5). Typically, the pressurizer is operated with about one-half of
its volume filled with Tiquid and the reﬁaining volume filled with steam.
When the rest of the primary system is subcooled (no voids), the measured
level in the pressurizer is a clear (and only) indication to thevoperatoréof
the coolant inventory. The pressurizer level response after reactor trip is

. determined by the secondary side response as follows:

(1) Following reactor trip, steam flow to the turbine is stopped. Prior to
opening the turbine bypass valves, the secondary pressure quickly builds
up and opens the secondary side safety valves.. This sets the secondary
side temperature ay the saturation temperature corresponding to the :

secondary side safety valve setpoint.

(2) The primary system hot leg and cold leg temperatures will collapse together
once thé control rods are inserted into the core and primary coolant
temperature will drop to that necessary to establish the primary to
secondary temperature differential for decay heat removal. This tempera-

ture is within a few degrees of the secondary temperature.
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(3) The turbine bypass valves come open and begin to control steam pressure.
By controlling secondary side pressure the secondary side temperature
remains at the saturation temperature corresponding to this pressure, and

thus primary side temperature is controlled.

(4) The pressurizer level decrease after reactor trip is primarily determinéd
by the total temperature drop associated Qith the primary side (i.e., the
density change of the coolant caused by the cooldown). The system pressure
after reactor trip is likewise determined by the primary system shrinkage
and the expansfon of the steam bubble in the pressurizer associated with -

this shrinkage.

In Table 5.1, a comparison of some system parameters relevant to pressurizer
design is made. With regard to pressurizer dynamic response, and in particular
level response, it is seen from Table 5.1 that a combination of factors all
tend to indicate that level response in B&W plants is expected to be more
pronounced than in Westinghouse or Combustion Engineering plants. These

factors are: -

(1) The ratio of pressurizer volume to volume of fluid at TH (hot leg) is
smallest for B&W plants. Shrinkagé-of hot coolant following reactor trip

will thus have a more significant effect on pressurizer level.
(2) The specific pressurizer volume is smallest for B&W plants, meaning the

pressurizer level decrease will be greatest per cubic foot of coolant

volume shrinkage for B&W plants.
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Table 5.1

- COMPARISON OF RELEVANT SYSTEMS PARAMETER

Parameter B&W CE W 3~Loop
Total system volume, ft3 11,699.6 11,075 9360
(including pressurizer)

Total thermal power, MWth 2452 2700 2785

Hot leg temperature, °F 604.8 600 618
Cold leg temperature, °F 555.2 550 554
Core temperature rise, °F 49.5 50 64
Volume of fluid at T, fts 3026.7 2780 2212
Pressurizer and surge 1525.2 1540 1482
line volume, ft3 ' ‘

Ratio of pressurizer volume 0.130 0.139 0.158
to total system volume

Ratio of pressurizer volume 0.504 0.554 0.67
to volume of fluid at TH

Ratio of volume of fluid at " 0.259 0.251 0.236
TH to total system volume

Pressurizer height, ft ~45 ~37 38
Pressurizer volume, ft3/ft ~38.5 ~41.7 38
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One of the characteristics of the B&W system.that has recently come under
scrutiny 1s the temporary loss of pressurizer level indication which sometimes
occurs after reactor trips. This level loss is primarily caused by the cantrac-
tion of primary the coolant in response to therse;ondary.side temperature
associated with the secondary side control. Leyel recovery is usually achieved
wvhen the coolant temperatures stabilize and then rise slightly.and makeup

pumps can begin to recover the system inventory. An example of this behaviér

is shown for a typicalireactor trip transient for the Davis-Besse plant in

Figure 5.7. B&W has pointed out that, for all of the cases where fndicated
pressurized 1eve1'was lost, the pressurizer had not been calculated to éomplete]y

drain in any of the cases.
5.2.1.2 Conclusions and Recommendations
(1) Conclusion:

During normal reactor trip, there is a tendency for B&w-designed plants
to lose pressurizer level indication and depressurize to hear or below

the ESFAS (engineered safety features actuation system) setpoint.

Historical1y,'opefators at B&W plants have attempted to dampen the system
résponse by securjng Tetdown flow and‘starting a second makeup pump.

There are some indications that occasfonally operators have also throttled
back feedwater and/or actuated HPI (high-pressure injection) to reduce

thé amount of primary system depressurization. It is the belief of this
Task Force ihat the loss of pressurizer level, along with the need for
operator actiohs of the kind descfibed, placés the plant in an undesirable
condition and should be femedied.
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Recommendation:

Following'a reactor trip, pressurizer level should remain on scale, and system
pressure shop]d remain above the HPI actuation setpoint. The system response c
(e.g., secondary pressure) §hould 6e ;ppropriately-ﬁodified°in order to meet
the above two objectives; Meeting these objectives should be independent of
all manuail operator actions (e.g., control of feedwater, letdown iéo]ation, and

startup of a makeup pump).
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5.2.2 Once-Through Steam Generator (0TSG)
5.2.2.1 OTSG Design

The steam generator design employed by Babcock & Wilcox is called a once-
through design, referring to the fact that primary coolant rejects heat to the
secondary coolant during a single pass through the unit (see Figure 5.6). In
the OTSG design; the tubes are only partially covered with secondary coolant.
In addition, the amount of secondary coolant in the steam generatprs is con-
siderably less than’in an inverted U-tube steam generator design. Because the
tubes are only partially covered with secondary liquid, steam generated by the
boiling of secondary liquid is superheated as it contacts the tubes in the
upper 10 percent of the steam generator since that area of the tubes contains
primary coolant closest to the core outlet temperature. The majority of the
core heat is used to raise the feedwater to saturation temperature and to boil
it to steam. Tﬁus, most of the core heat is removed in that region of the
steam generator tubes covered with liquid or a two-phasé mixture, which is
approximately 75 percent of the tube heat transfer érea. Becéuse the heat
removed is proportional to the heat tranﬁfer érea, the amount of heat removed
by an OTSG is essentially directly proportional to the height of liquid on the
secondary side. As such, any change in secondary coolant level directly
affects the amount of heat capable of being removed. This, coupled with the
relatively smaller secondary side liquid inventory, results in a fairly rapid

primary system response to secondary coolant system perturbations.
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. 5.2.2.2 U-Tube Steam Generator Design

In a U-tube steam generator, such as the kind presently used in Westinghouse
and Combustion Engineering piants, the primary coolant flows through inverted
U-tubes that are covered by the secondary coolant. Saturated steam is produced
by the pool boiling of secondary coolant caused by heat transfer from the
primary to the secondary coolant. Under‘normal operating conditions, the

inverted U-tubes are designed to remain covered with secondary coolant.

The ability of the steam generator to transfer heat is determined by three
parameters: the temperature difference between the primary and secondary
coolants, the area available for heat transfer, and the coefficient of heat
fransfer (capability to conduct heat). In an inverted U-tube steam generator,

. because the tubes are covered completely, the coefficient of heat transfer is
high, and both the coefficient of heat transfer and heat transfer.area are
relatively c;nstant regardless of power level. Since the heat removal rate is
probortional to the product of the heat transfer coefficient, he&t transfer -
area, and}temperature difference, and because the product of the'heat transfer
area and heat transfer coefficient is usually high, only small changes in the
primary to secondary. temperature difference are needed‘to accommodate rather
large changes in the heat removal rate. Because of this and because the volume
of water on the secondary side surrounding the U-tubes is large, perturbations
on the secondary side of the inverted U-tube steam generator, such as feedwater
flow changes or system pressure changes, do not readily affect the behavior of

the primary coolant system.
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5.2.2.3 Operational Advantages Associated with OTSG Design

Before discussing in detail the performance characteristics of an NSSS with an
0TSG design,lit is of benefit to understand the operational advantages which
make the 0TSG a desirable design. One of the most desirable features of an

OTSG is the capability to produce superheated steam which results in lower
moisture in the turbine and longer turbine life, an obvicus economic advantage.
Moreover, this superheat produces a slight increase in plant efficiency, also

a desirable economic advantage. Operational experience has also indicated
favorable tube integrity in the OTSG design compared to inverted U-tube

design, and can, in part, be attributed to the low secondary side water inventory
and associated lower contaminant concentration. These benefits, however, are

obtained at the cost of a system highly responsive to secondary side perturbations.
5.2.2.4 Conclusions and Recommendations
(1) Conclusion:

The Task Forces recognizes that the OTSG.has certain operational advantages
with respect to tube integrity and steam properties that make it an
attractive design. However, we conclude that other characteristics of

the design result in a system that ié highly responsive to secondary side
flow perturbations. Specifically, the relatively small volume of the
secondary coolant, together with the rapid change in heat transfer area
"with variations in ccolant level in the OTSG, result in conditions that
produce significant mismatches between the heat generated in the nuclear

core and the heat removed by the 0TSG during anticipated transients.
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These mismatches aféAfeflected into the RCS, aﬁd'cause primary coolant
vo]pme variations and pessure change that result in unnecessary éhallenges
to pressure relief devices or the engineered safety features. The Task
Force understands that these are efforts under way in the industry to
investigate means to improve the response of the 0TSG to secondary coolant

perturbation. We endorse and encourage these efforts.

Recommendation:

- The Task Force recommends that 1icen§ees be required to perform sensitivity
studies of possible modifications to reduce the response of the 0TSG to
secondary coolant flow perturbation. Specifically, we recommend that passive
~ and active measures be investigated to mitigate overcooling and undercooling

. events.
5.2.3 NSSS Performance Characteristics with 0TSGs

There are two basic types of secondary side perturbations that affect the
primary system. These are events that overcool the primary system (remove

more heat than is being generated in the core) or undercool the primary system

(cannot remove all of the heat being generated in the core).

5.2.3.1 Undércooling'Events

Undercooling events initiated from the secondary side usually involve either a
reduction in or loss of feedwater flow to the OTSGs. For loss of feedwater

(LOFW) events, all of the PWR vendors, prior to the TMI-2 accident, calculated
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on a conservative basis that power-operated relief valves (PORVs) would open
due to high reactor coolant 'system pressure during the early stage of the

transient.

Because a B&W steam generator holds about 27 to 30 full power seconds (FPS)
worth of inventory compared to Westinghouse or Combustion Engineering steam
generators that hold approximately 90 FPS worth of inventory, the primary
system of E&w-designed plants pressurize faster and reach the PORV setpoint .
sooner during a LOFW event. B&W has calculated (Ref. 24) that it will take
about 8 seconds after a LOFW to reach the high-pressure reactor trip setpo1nt
Westinghouse (ﬂ) (Ref. 25) and Combustion Engineering (CE) (Ref. 26) predict
trip setpoints on low steam generator secondary side level will be reached for
LOFW at about 20 seconds and 17 seconds, respectively. For Westinghouse and
Combustion Engineering the primary system pressure rise prior to reaching
these setpoints is negligible. These results afe indicative of the more
responsive nature of B&W plants to undercooling events. Since the TMI-2
accident and inversion of the PORV and reactor trip setpoints on B&W plants,
the regponsiveness to undercooling events leads to a lower challenge rate to
overpressure relief devices (both PORVs and séfety valves);-however,}it now

reflects a high challenge rate to the plant protection system. .

Undercooling events in B&W reactors, prior to TMI-2, usually resulted in

1ifing the PORV and discharging primary coolant to the pressurizer quench

tank. Reactor trip on high pressure was usually.precluded because the trip
setpoint was purposely set higher than the PORV actuation setpoint to allow
the plant to "ride through" loss of load events without reactor trip. Although
most of the recorded challenges to PORVs are from B&W plants, these types of
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events have also been known to challenge the PORVs bn both Westinghouse and
Coqbustion Engineéring-designed plants. Because PORV actuation is not in
itself é reportable occurrence, the data base régarding.the number of PORV
challenges to date is incompiete (Ref. 27). Since TMI-2, the setpoints for
the.PORV actuation and reactor trip have been inverted on plants with B&W
reactors. This action was taken to reduce the number of challenges to the
PORV and hence reduce the probébility of a PORV failure leading to a loss-of-
coolant accident. This action however, consequently increases the number of
challenges to the reactor protection system. ‘This was recognized by the ACRS
(Ref. 28), and they recommended a continued evaluation of this action on plant
safety. In addition to the above action, two anticipatory reactor trips were
added tﬁat will trip the reactor on turbine trip or loss of feedwater. This

was also done to reduce the number of challenges to the PORVs.

Despite the actions just @ehtioned,.theré still remains an underlying problem
resulting from failure related to the integrated control system (ICS). These
failures involve the severe degradation of the feedwater (e.g., control valve
closure, main feedwater pump runback) without producing an anticipatory |

reactor tfip. The resultant dryoqt of the steam generator and loss of heat

»sink would produce a reactor trip oﬁ high system pressure. The startup of the
auxiliary feedwater pumps and the rapid introduction of relatively cold feedwater
into the upper elevations of the steam generator overcools the primary system

and can produce a rapid depressurization transient which may resuit in actuation
of ESFAS on low primary'system pressure. 0vercooling-and its effect on primary

system behavior is discussed below.
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5.2.3.2 Overcooling Events

Depressurization of the primary system results from secondary side overcooling.
This overcooling usually occurs because of overfeeding a steam generator,
demanding too much steam from the steam generators, or introducing excessive .

amounts of relatively cold auxiliary feedwater into the steam generator.

The depressurization of the primary system is caused by primary coolant shrinkage
due to cooldown. During normal reactor trips, this depressurization is limited
by -the secondary side response designed to control secondary steaﬁ pressure

and maintain the core average temperature at a minimum of 547°F. For B&W-
designed plants, the primary system has typically been observed to depressurize
to between 1700 and 1800 psig dqring reactor trips that are not compounded by
feedwater stets. For events that overcool the primary system in excess of

the normal cooldown experienced during a trip, this minimum pressure will
decrease furthef and could reéch the ESFAS actuation setpbint during some

events. Primary system behavior for a trip at the Davis-Besse plant is.shown

in Figure 5.7.

Typical reactor trip transients in Westinghouse~designed plants result in a
lesser primary system depressurization (about 2000 psig, or slightly below).
Although newer Westinghouse plants typically operate with a higher differential
temperature across the core‘than B&W plants (64°F versus 50°F) and at a higher
core outlet temperature (~618°F versus ~605°F), the minimum pressure reached

after reactor trip is typically higher.
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Very litile pre-TMI-2 information for plants designed éither by Westinghouse
“or Combustion Engineering is readily available concerning pjanf response to
events that overcooled the primary sy;tém in excgés of the normél cooling
expected.following a reactor trip. It should be noted, howeVer, that sinée
TMI-2, three events that dépressurized the primary system'to the HPI actuation
setpoint have océurred in plants'with‘reactprs designed by Westinghouée and
Combustion Engineéring. Two of these events involved stuck-open turbine'bypasé

valves}and one was the result of a steam generétor‘tube rupture.

Overcboling events analyzed in safety ana]ysis_reports are only ;opcefned with
demonstrating acceptability with respect to theiminimpm departure'from nucleate
boiling ratio (MDNBR) and the ovérpressure limit. 'Beéause of this limited'
concern, these events are never carried out more than about 100 second§ into
the eveqt, and it canﬁot be determined from the overcooling event énalysesAif'
the HPI actuation setpoint would be reached. However, any sustained over-
cooling event would be expected to depressurize the primary system to the HPI
actuation setpoint for both Westinghouse'and Combustion Engineéring designed

plants.

If an overcooling event depressurizes the primary system excessively, then the
HPI will be actuated and emergency core coo1ing water will be injected into
the primary system. For all B&W operating p]ants;ieicept'Davis-Besse, the HPI
pumps (which are the chérging pumps in the injection mode alignment) are capa-
ble of injecting water at pressures above the PORV and safety valve setpoints.
Thus, operator action is required to throttle the HPI flow in order to prevent
the primary system from going water solid. The need for the operator to

throttle the HPI pumps does not pose a direct safety concern, since the
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consequence of operator failure to throttle back the HPI flow does not directly
challenge core integrity. However, the rapid depressurfzation of the pfimary
system as a result of reactor trip, as well as steam generator overcooling
events, has evolved a set of questionable operator responses‘having the poten-
tial to compound minor events into more serious ones. For any non~LOCA event
in which HPI is actuated, the injected HPI water contains a high concentration
of boron that must be removed from the primary coolant‘prior to restarting the
plant. This is a time-consuming process, so it is highly desirable to either
prevent or terminate HPI actuation as soon as possib]el Thus, for reactor
trips and other non-LOCA overcooling transients, the operators at B&W plants
have historically secured letdown and started a second makeup pump in an
attempt to mimimize the depressurization. There is also evidence that feedwater
may be throttled to minimize the depressurization. Prior to the TMI-2 accident,
HPI actuations were routinely terminated rapidly because the operators assumed
the actuation was not due to a LOCA but rather to system response to overfeed
events or even spurious actuation. Some operators would even manually actuate
HPI to arrest the pressure decay, which would subject the HPI nozzles to an
accountable stress cycle. Thus, although HPI actuation in itself does not
result in a safety concern, the various operator actions precipitated by the

actuation could ultimately place the plant in an unsafe condition.
5.2.3.3 Conclusions and Recommendations
(1) Conclusion:

Auxiliary feedwater in lowered-loop plants is delivered to the steam

generators through an auxiliary feedwatér spray ring in the upper elevations
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.of the steam generator. This spray ring sprays:auxiliary feedwater into
the steam generator tubes and signficantly increases the heat transfer
rate in the steam generator. This increased heat transfer rate -
enhances the ability of the auxiliary feedwater to rapidly depressurize
the primary system. The reason for introduction of auxiliary feedwater
through a spray sparger into the tubes {s to raise.the tﬁérmal center in
_the steam generator and promote natural circulation. The needvto provide
this amount of cooling for natﬁral circulation may not be necessary
during expected transients, and the excessive depressurization may be

.detrimental.

Recommendation: -

The need to introduce auxiliary feedwater through the top spray spargef
during expected transients should be reevaluated by 1icénsees. -This
reevaluation shou1d consider the reduced depressurization response if
auxiliary feedwater could be introducedAthrough the main feedwater nozzle

‘and enter the tube region from the bottom of the unit.
(2) Conclusion:

The present acceptance criteria for anticipated tranéients require only
‘that no fuél damage occur and overpressure be limited to 110 percent of
design pressure. No fuel damage is demonstrated by showing that the
departure from nucleate boiling ratio (DNBR) is maintained above a minimum
value, 'Although these criteria are acceptable for providing the necessary

assurance that fuel and pfimary system bohndary integrity are maintained
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during the initial part of the transients, they do not provide criteria

for determining acceptability of overall system reéponse. In addition,
they do not provide acceptance criteria against which the overall transient
response taken to its safe conclusion (e.g., hot shutdown), including
necessary operator actions, can be judged. At present, the staff is
performing a generic review of transients and other accidents in accordance
with Recommendation 2.1.9 of NUREG-0578 (Ref. 13). However, the Task

Force does not feel this requirement goes far enough.

The Task Force concludes that a plant performance criteria for antici-
pated transients should be estab]ishéd. The purpose of developing
criteria for plant performance during anticipated transients is to assure
an acceptable degree of uniformity in plant transient response for all
light water reactors and consequent uniformity in overall risk to public
health and safety from anticipated transients. Through demonstrating
conformance to these criteria, an acceptable degree of uniformity in
plant transient response is attainable and quantifiable. The Task Force
has identified the following four areas in which criteria should be
established to meet the above goal. These areas are (1) heat sink
availability, (2) frequency of transient initiators, (3) availability of
operator information, and (4) overall plant response including operator
action. The development of specific criteria in these areas is considered
to be beyond the scope of this Task Force. We recommend that a program
be established within NRR to develop these acceptance criteria. This
program should be included with that given in Section V.1 of the TMI-2
Task Action Plan (Ref. 7). Other areas should be determined by the
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extensive use of the Interim Reliability Evaluation Program (IREP),

ongoing risk assessment work, and other appropriate sources. In addition,
the staff believes that a significant contribution to the development of
these performance criteria can and should be made by the nuclear industry

through such organizations as NSAC, INPO, and EPRI.

Although the development of performance criteria must be the product of
extensive evafuation and review, the Task Force offers the following
preliminary example that should be considered in order to focus attention
on the overall goal to be achieved. This example is not to be considered

a specific recommendation of the Task Force.
EXAMPLE

As a design basis, the following criteria for plant response during

anticipated operational transients shall be met:

(a) Heat sink capacity shall be established such that availability is
assured for -~ minutes following the loss of all feedwater (main
and auxiliary) with no other failures,

(b) No failure of a contrpl function should lead to the actuation of an
engineered safety feature (e.g., inadvertent opening of a PORV,

overfeeding of a steam generator, containment isolation,_etc.), and

(c) The plant should achieve stable safe shutdown conditions following

anticipated transients without reliance on operator action.
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(3)

The Task Force points out that the,establishment and implementation of
such criteria could ultimately require extensive design or design concept
changes to certain operating plants or could ultimately lead to the
shutdown of some plants, and thus must be carefully and thoroughly

evaluated in terms of overall reduction in risk to the public health and

safety.

Recommendation: .

The Task Force recommends that a performance criteria be established for
anticipated transients for all light water reactors. We recommend that
such criteria cover as a minimum the following four areas: (1) heat sink
availability, (2) frequency of transient initiators, (3) availability of

operator information, and (4) overall plant response including operator

action.

Conclusion:

Based on the operating history of B&W-designed reactors since the TMI-2
accident, the inversion of the reactor high pressure trip setpoint with
the PORV setpoint (as required in IE Bulletin 79-05B) has resulted in an

increased challenge rate to safety systems.

Recommendation:

To provide an alternative solution to PORV unreliability and safety

system challenge rate concerns, the following proposal (submitted by
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Consumers Power Company) should receive expeditious staff review for

possible consideration and backfit on all B&W operating plants:

(a) Provide a fully qualified safety-grade PORV;

(b) Provide reiiable safety-gradé indication of PORV position;

(¢) Provide dual séfety-grade PORV block valveé, capable of being auto-
matigal]y closed if a PORV malfunction occurs;

(d) Conduct a test program to demonstrate PORV operability;

(e) Install a sﬁfety-grade anticiﬁatory reactor trip on total loss of
feedwater; and _ | ‘

- (f) Reset the PORV and high-pressure trip'setpoints to their original

values of 2255 psig and 2355 psig, respectively.

5.2.4 Effect of Reactor Coolant Pump Trip

5.2.4.1 Discussion

In July 1979, IE Bulletins 79-05C (B&W) and 79-06C (CE & W) were issued.

These bﬁ11etins required, in part, that all operating reactor coolant pumps
(RCPs) should be tripped upon reactor trip and actuation of the HPI on Tow
system pressure. The reason for requiring this action was based on PWR vendor
analyses which showed that, for a range of small break siées jn the primary
system and a range of times into the accident in which the pumps were assumed

to be tripped, severe core uncovery leading to cladding temperatures in excess
of licensing 1imits were predicted. The basic cause of this severe core
uncovery was that RCP operation continued to supply liquid to the break through-

out the accident. A more complete description of the phenomenon is described
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in NUREG-0623 (Ref. 12).. Although the analysis models themselves were suspect

because they had not been verified, the ana1yses only showed unacceptable

results when some conservatisms were imposed on the analyses. As a result,

the desirability of tripping the RCPs has been continually questioned, in

particular the effect of tripping the pumps for non-LOCA transients, which

actuate HPI on low pressure.

On}March'4, 1980, the staff presented to the ACRS the effect experienced in

PWRs of tripping RCPs during non-LOCA transients which actuated HPI. The

conclusions reached from this experience are as follows:

(1) burihg the steam generator tube rupture at Prairie Island, tripping of

(2)

(3)

the RCPs eliminated the ability of the operator to utilize pressurizer
spray in order to help depressurize the reactor coolant system to minimize

coolant leakage out of the break.

RCP restart criteria during recovery from a non-LOCA transient are needed,
since pump restart restores pressurizer spray capability for pressdre
control. This restart criteria was being developed as part of procedure
development for “Transients and Accidents" as identified in I.C.1(3) of
the TMI-2 Task Action Plan (Ref. 7).

Proposed signals for automatic RCP trip (low pump motor current, low
system pressure) should preclude RCP trip for most non-LOCA depressuri-

zation transients.
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At this meeting, the staff also presented its plan for resolving the question
of the need for RCP trip during small-break LOCAs. This plan included the

requirement for PWR vendors to demonstrate the capability of their analytical
models to properly predict system behavior during a small-break LOCA with the

RCPs running by predicting LOFT Test L3-6, to be conducted in September 1980.
5.2.4.2 Conclusions and Recommendations

(1) Conclusions:

The Task Force agrees with the staff conclusion in NUREG-0565 (Ref. 4)
that tripping of the reactor coolant pumps is not an ideal solution and
that licensees should consider other solutfons to the small break problem.
Since the issuance of Bulletins 79-05C and 79-06C and thé‘staff evaluation
presented in NUREG-0623 (Ref.12), there has been no new information
provided by industry that would encourage the Task Force to recommend a
withdrawal of thé requirements of Bulletins 79-05C and 79-06C at this
time. Moreover, the Task Force sees no evidence which leads it to con-
bclude that RCP trip, which could occur during non-LOCA transients and

small-bﬁeak LOCAs, will place the plant in an unsafe condition.

Recommendations:

(a) NRC should review the RCP restart criteria during recovery from
non-LOCA transients, as provided in B&W small-break guidelines.
Restarting the RCPs provides the operator with pressurizer sprays

and thus greatly improves plant pressure control.
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(b) The criteria for tripping the RCPs during small-break LOCAs should
continue to be studied. To this end, the Task Force endorses the
NSAC/INPO recommendation that the evaluapion should be conducted

jointly by both the industry and the NRC.
5.2.5 Accommodations of Loss of A1l Feedwater
©5.2.5.1 Discussion

As part of the Bulletins and Order Task Force review, the capability of pres?
surized water reactors to accommodate a loss of all feedwater was examined.

For plants with reactors designed by B&W, analyses prepared by B&W (Ref. 24)
concluded that approximéte]y 20 minutes is available after loss of all feedwﬁter
for the operator to either (1) restore feedwater (either auxi]iary or main),

or (2) start the HPI pumps and enter into a "feed and bleed" mode of core
cooling. This available time is consistent with independent staff analyses

(Ref. 4).

"Feed and bleed" involves the addition of coolant to the primary system by the
HPI system, and the removal of the coolant mass added, along with decay heat,
through "bleeding" off by either the pressurizer safety valves or PORV. The
capability to cool the core using this mode of operation is not a requirement
for any PWRs, and although the potential for successful core cooling in this
mode is high, the system is not specifically designed for this mode of operation.
For example, the safety valves and PORV have not been designed to re1ieve a
two-phase or liquid discharge and it has not been determined if equipment

needed to operate in this mode is properly designed to appropriate safety
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criteria. Moreover, this form of cooling ultimatély»results in significant
quantities of primary coolant being pumped into the containment, which is an

undesirable situation to be avoided if possible.

The.B&O Task Force recognized the viability of “feed'and bleed" for core
cooling in the event of heat sink loss. However, it was obvious that this
mode of cooling could only be achieved in plants which had HPI pumps with high
discharge heads (i.e., above the safety valve seipoints). Some PWRs do not
have high head HPI pumps and do not have the capability to enter into "feed
and bleed" unless the primary system can be depressurized, through the PORV,
to a pressure below the shutoff head of the HPI pumps. Davis-Besse 1 is the.
.only plant with a B&W'reactor that does not have high-head HPI pumps and must
rely on PORV operation and capability to depressurize the primary system to
that pressure at which the HPI can start to inject. '

Finally, it was recognized that the capability to provide core cooling in fhe
event of a loss of all feedwater could also be accomplished with a high-pressure

residual heat removal systenm.

Recognizing the possible options, the Bulletins and Orders Task Force reports
(Refs. 4, 5, 27, 29) concluded that a diverse decay heat removal path independent
of the steam generators is desirable and recommended that the TMI-2 Action

Plan (Ref. 7) consider the need for a diverse decay heat removal path. More
recently in a letter to Chairman Ahearne (Ref. 28), the ACRS has also indicated
the desirability of a diverse heat removal path and has established an Ad Hoc

Subcommittee to review this matter.
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Based on the Task Force's understanding of the present NRC and ACRS actions
the capability of PWRs to accommodate a loss of heat sink, we find these

actions acceptable and endorse their efforts.
©5.2.5.2 Conclusion

In the event of loss of all feedwater (both main and auxiliary), core cooling
using "feed and bleed" has a high potential for success. However, the capability
to successfully cool the core using "feed and bleed" depends on the capability

of reiieving devices to accommodate a single-phase liquid or two-phase flow,

as well as the discharge pressure of the HPI pumps. At present, the capébility

to remove decay heat by this method is not a desigh requirement.

Present actions identified (both staff and ACRS) appear to be sufficient to
provide a timely resolution to this question, and no specific recommendation

by the Task Force appears necessary.
5.2.6 Auxiliary Feedwater System (AFWS)

5.2.6.1 Concept and Concerns

Following a reactor trip of a pressurized water reactor, the steam generator
serves as the primary heat sink for removal of heat from the reactor coolant
system. Such heat removal is accomplished by the transfer of heat across the
steam generator tube boundaries to the secondary coolént on the shell side of
the steam generator, and it results in the production of steam that is removed

from the steam generator and released to the atmosphere or the main condenser.

5-34



The inventory of secondary coolant removed in this process must be replaced.
The AFWS provides the only source for this replacement when the main feedwater
system becomes inoperable. The heat removal capability niust be maintained to

assure adequate core cooling following all anticipated transients.

As such, the AFwslmust operate reliably over the period of time the plant is

to be maintained in a hot standby condition and the time required to cool the
reactor system to thé temperature and pressure that will permit initiation of
the low-pressure decaj heat removal system. Second, the AFWS must be available
on demand to adequately provide the needed water in the proper quantity to
assure that neither undercooling not overcooling of the steaﬁ generator 6ccurs.
This is especially important in the B&W design since the steam generators have
a smaller quantity of steam generator secondary coolant (OTSG inventory)
compared to other pressurized water reactor designs. Therefore, fluctuations
in feed delivery can result in large mismatches between heat generated in the

reactor core and heat removed by the steam generators.
Such mismatches could lead to either of the following primary system transients:

(1) Loss or reduction of feedwater leads to overheating and overpressur-
ization of the reactor coolant system (RCS) that can lead to challenges
to safety systems and pressure relief devices through lack of ability to
remove the heat génerated by the reactor. This type of event also forces
the RCS toward a saturated condition and can possibly prevent automatic
actuation of high-pressure injection equipment when required if auxiliary

feedwater is not actuated in a timely manner.
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- (2) Excessive feedwater causes an overcooling effect on the RCS that can lead

to challenges of safety systems and possible loss of RCS subcooling
control ability, as well as structural stress concerns due to the entry

of water into the main steam piping system, and the structural fatigue of

the HPI nozzles.

Since these types of 'events can lead to inadequate core cooling, it is impera-

tive that heat sink control capability be adequately maintained at all times.

Therefore, an AFWS of high reliability is extremely important.

'

Among the operating B&W plants, there are wide design differences in the AFWS

including its initiation and control features. In general, the features of

the AFWS include:

1)

(2)

The capability of providing auxiliary feedwater to one or both steam
generators under automatic or manual initiation and control. In the

past, the initiation and control devices have not met safety-grade

standards.

t

The AFWS consists of multiple feedwater trains with a combined capacity

of twice the flow of a nominal full-capacity pump.

(3) The pumps usually consist of a full-capacity turbine-driven ﬁump and

either one full-capacity or two one-ha]f—capacity motor-driven pumps.
(However, it should be noted that variations in the type of pumps do
exist.)
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(4) Multiple suction sources are provided including the condenser hot well or

other backup water supplies.

(5) Motive power for the motor-driven pumps can be obtained from a vital bus

as a result of the post-TMI- 2 review.

(6) Initiation of the AFNS_isAaccomplished,;1n:general,'through the loss of
both main feed pumps and at least one other event (e.g., loss of all four
reactpr‘coolantlpumps).- A1l AFWS initiation is battery-backed. Table
5.2 tabulates the various AFW system initiation signals on B&W operatfng

plants.

(7) In general, most plants use the ICS to control flow of aukiligry feed-
water to the steam generators. Challenges to the AFW system of operating
B&W plants have been frequent because of the unreliability of the main

feedwater systems and their associated control and support systems.

Even though the AFWS serves the safeguards function described in the preceding
paragraphs, the systems in general have not been designed and constructed to
safety-gréde standard. In general, the initiation and contro] systems for
these systems do not meet IEEE Standard 279-1971 "Criteria for Protection
Systems for Nuclear Power Genérating Stations" (Ref. 30). On some plants, the
motive power for the‘pumps is not provided from diverse power sources. For
example at Davis-Besse i; both pumps of_the,AFWS are steam-driven units and,
as such, a loss of steam pressure due to dryout of'the_steam generators could

defeat the capability to deliver adequate auxiliary feedwater. There has also
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TABLE 5.2
AFW AUTOMATIC INITIATION SIGNALS

AFW Two MFW | ESFAS | Four RCP ] 1wo MFW | Two 3G ne 5G] One MFW ]2 MFW
Plant Pump Drive Pump Trip Trip Pump Lo | Lo Level| Lo Level} Valve Pump
Disch Hi Rev APjLo AP
Press :
Rancho Seco Turbine - X X X
Motor X X
Oconee 1, 2, 3 Turbine X X
' Motor X X
?,Crystal River 3 Turbine X X
pord Motor X X
Davis-Besse = Turbine X X ~ X
“ANO-1 Turbine X X X
Motor X X X
T™MI-1 : Turbine X X X
Motor X X.




been a history on these plants whereby the interaction of a faulted nonsafety-
grade system such as the NNI or the ICS defeated the delivery of both main and

auxiliary feedwater to the steam generators.
5.2.6.2 Operating History and Corrective Actiops

A discussion of the feedwater-related incidents is given in NUREG-0560 (Ref. 3).

Since‘pub11cation of NUREG-0560, there havé been recurring events in which
delivery of feedwater to the steam generators has been defeated. Tﬁe‘most

| recent event occurred at Crystal River 3 on February 26, 1980, where a combination

" of problems including failure of the NNI "X" bus, actuation.of the steam

generator rupture matrix, and failure of the auxiliary feedwater pumps to

automatically start caused dryout of one steam generator and near dryout of

the second. -

As a result of the TMI-2 accident, the staff concluded in NUREG—OSéO that a
study should be made to see whéther there are qesign'deficiencies that may be
corrected to reduce the frequency of feedwater transients. Further, it recom-
mended that the reliability of the auxiliary feedwater systems should be
fmproved and that action should be taken to upgrade the reliability of this
system prior to startup of B&W operating plants '

The Commissfon Orders issued to each of the B&W operating plants iﬁ'M§y 1979
(Ref. 2) required certain short-term actions of the B&W plants to upgrade the
}timelinéss and reliability of the AFWS. = These short-term actions included
piant-specific‘h&rdwaré-changes (e.g., automatic start features and ability to

start pumps from a vital bus) and procedural changes (e.g., procedures to
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control AFW independent of the ICS). The plant-specific short-term actions

are shown in Appendix A of the report. Long-term actions were also required

by the Orders. These long-term actions were also plant-specific and included

such items as (1) installation of two motor-driven AFW pumps per unit on

Oconee Units 1, 2, and 3, and (2) installation of ‘an AFW control system independent
of the ICS and connecting the motor-driven AFW pump to a vital bus in ANO-1.

The complete long-term actions are also listed in Appendix A of this report.

It should be noted that both the short-term and long-term actions required by
the Orders did not result in an upgrade of the AFWS on the B&W plants that
meets the standards specified in the staff's Branch Technical Position ASB 10-1
(Ref. 31). The staff reﬁognized that further work was needed to upgrade AFWS
reliability. As such, the staff is conducting an ongoing study and has requested
that all B&W operating plants consider additional means for upgrading the
reliability of the AFWS. The objective of this study is to (1) identify
necessary changes in AFWS design or related procedures at these plants in

order to assure their continued safe operation, and (2) to identify other
system characteristics in the design of AFWS which on a long-term'basis may
require modification. In order to accomplish these objectives, the following

work is being undertaken:

Q) Aq‘assessment of the relative reliability of each B&W operating plant's
AFWS under various postulated potential failure conditions by déterm1ning
the potentia] for AFWS failure due to common causes, single point vulner-

abilities, and human error; and
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(2) A review of plant-specific AFW designs in 1ight of current regulatory

requirements.

The Rancho Seco AFWS review has been completed by the staff, and staff positions
for system modification have been identified (Ref. 32). The remaining B&W

operating plants are currently under review.
5.2.6.3 Conclusions and Recommendations

(1) Conclusion:

Although the tésk force encourages.efforts to strengthen, the reliability
of the main feedwater systems in order to reduce the challenges to the

AFW systems, it still believes that because of the demonstrated sensitivity
of B&W plants to a loss-of-feedwater transient, the AFWS design must be

extremely reliable.

At the present time, an ongoing review of B&W operating plant auxiliary
feedwater system reliability analyses is being accomplished. Part of
this review will include a comparison of these systems with present staff
guidance given in BTP ASB 10-1 (Ref. 31). This guidance provides‘for a
diverse safety-gradé'system{ The Task Force concludes that this review
should be carried out in an expeditious manner in order to provide early
jdentification of those'aspects of the auxiliary feedwater systeﬁ that do

not meet present staff guidance.
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The most-effective method of assuring this high reliability is to provide
a safety-grade auxiliary feedwater system which will be automatically |
initiated and controlled independent of the ICS, NNI and other non-safety
systems. Thus, in staff judgment, a safety-grade AFWS gives added assurance

of high reliability by providing the following:

(a) Electrical systems that meat IEEE 279-1971 Standards;

(b) Piping arrangements that take into account pipe failures, active
component failures or control failures that could prevent system
function;

{c) System design having suitable redundancy to offset the consequences
of any single active component faflure;

(d) System arrangements to assure the capability to supply neceséary
feedwaﬁer‘to the steam generators despite postulated rupture of any
high energy section of the system, assuming a concurrent single
active fajlure; and

(e) Equipment and systems that meet seismic Categofy I requirement (see
proposed resolution of this question under the recommendation stated

in this section).

Recommendation:

The Task Force strongly recommends that the AFWS on operating B&W plants
be classified as an engineered safety feature system, and as such be

upgraded, as necessary, to meet safetyfgrade requirements.
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As an alternative, assuming comparable reliability, consideration would

be given to the addition of a dedicated AFWS (i.e., separate train).

Note: With regard to the seismic requirements for safety-grade systems,

time 1imftations did not permit us to resolve the matter regarding the
imposition of this requirement to presently operating B&W plants. The

Task Force believes that this question warrants further study and there-

fore recommends that the issue be expeditiously resolved by the Probabilistic
Analysis Staff as a part of its ongoing risk assessment study of the

AFWS.
{2) Conclusion:

The Task Force believes that appropriate protective features should be
provided in the secondary systems that can quickly and reliably detect
malfunctions and initiate action to prevent either undercooling or over-

' coo]ipg the RCS as well as overfilling of the steam generators. With
regard to undercooling events caused by loss of main féedwater.flow, the
Task Force notes that NUREG-0578 (Ref. 13) recommends automatic initiation
of the AFWS. We endorse this recommendation. However, the Task Force
does not believe the actuation signéls presently used to automatically
initiate the AFWS are capable of detecting potential main feedwater
delivéry problems sufficient]y to prevent steam generator dryodt jn all

cases.
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3)

Recommendation:

The AFWS should be automatically initiated and controlled by engineered
safety features (safety-grade) which are independent of the ICS, NNI, and

other nonsafety systems.

The selection of signals used to initiate AFWS flow should be reevaluated
to permit automatic initiation of AFWS in a more timely manner to preclude
steam generator dryout (i.e., AFWS automatic start on anticipatory loss

of feedwater). In addition, the level of secondary coolant in the steam
generators should be automatically controlled by the AFWS in a manner to
prevent overcooling of the RCS during recovery from feedwater transients
and that an appropriate signal be provided to terminate feedwater flow to

the steam generators before overfilling takes place.

Conclusion:

Branch Technical Position ASB 10-1 (Ref.  31) states that the auxiliary
feedwater system should consist of at least two full-capacity, independent
systems that include diverse power sources. At the present time, the
Davis~Besse 1 facility has two steam-driven AFW pumps, and therefore does
not meet the diversity guidance provided in ASB 10-1. The staff has
stated in its "Evaluation of Licensee's Compliance with the NRC Order
Dated May 16, 1979" (Ref. 33) that it would require the licensee to
provide fhe greater degree of diversity offered by a 100-percent-cépac1ty
motor-driven AFW pump or an acceptable alternative. The Task Force

endorses the requirement for a 100-percent-capacity'diverse-drive pump.
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Recommendation:

The Task Force recommends that a diverse-drive_auxi]iary feedwater pump

be expeditiously installed at the Davis-Besse 1 facility.
5.2.7 Steam Line Break Detection and Mitigafion System

5.2.7.1 Design Concepts

A steam l1ine bheak detection and mitigation system is provided on all operat-
ing B3W plants except the three Oconee Units. This system ié known by a
variety of names such as "Steam Line Break instrument and Control” on ANO?I;
"Steam Line Failure'Logic" on Rancho Seéo; "Steam Line Break Matrix" on Crystal
River 3; and "Steam ahd Feedwater Line Rupture Contfo] System" (SRFCS) on
Davis-Besse 1. Table 5.3 provides a tabulation of the characteristics of the
various steam line break detection and mitigation systems. Basically, these
systems are designed to protect against the consequences of simultaneous blow-
down of both steam generators beﬁause of a failure of the steam or feed piping.
In general, upon detection of a steam line break, the system automatically
jnitiates action to isolate each steam generatﬁr by closing the main steam
valveé and/or feedwater isolation valves.. in the event of a steam line break,
a reactor trip is followed by turbine stop valve closure. Low steam line
pressure jnitiates feedwater isolation‘df the affected steam generator and
allows this steaﬁ generator to blow dry. Steam pressurization in the unaf-
fected steam generator}causés the turbine bypass valve to open on increésing
steam pressure. Continued reactor coolant system cooldown and decay heat
removal is achieved by auxiliary feedwater flow to the unaffected steam gener-

ator with steam relief through the turbine bypass valves.
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5.2.7.2 Operating History

During the recent Crystal River 3 event, the steam line rupture matrix isolated
both the "A"™ and "B" steam generators at different times during the event.

The "A" steam generator was fsolated because of decreasing main steam pressure
(due to dryout of the "A" generator). It should be.noted, at that time, the
"B" steam generator came close to being isolated because of near dryout. At a
later time in the event, the "B" steam generator was isolated because of
overcooling brought about by excessive injection of auxiliary feedwater. A
similar actuation of the SFRCS occurred at Davis—Besée on September 14, 1977.
In this case, a spurious SFRCS trip caused a reduction in heat removal from

the primary system and a corresponding temperature/pressure rise in thelRCS.

The PORV 1ifted, rapidly oscillated open and closed, and fina]ly stuck in the
full-open position.

5.2.7.3 Conclusions and Recommendations

(1) Conclusion:
We conclude that the actuation of the steam line break and detection
system during a normal loss of feedwater transient, or as the initiator
of such a transient, can aggravate the primary system upset by removing

the steam generator as a heat sink at a time when steam generator heat

remov31 may be required.
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Recommendation:

The steam 1ine break detection and mitigaiion systems should be modified

as necessary to e]iminate adverse interactions between it and the auxiliary
feedwater system. The Task Force also recommends that, in order to

further agsure heat sink availability, the steam line break detection and
mitigation system should be reevaluated and modified so that it is capable
of differentiating between an actual steam 1ine or main feed 1ine break

and undercooling or overcooling events caused by feedwater transients.
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TABLE 5.3 - OPERATIONAL CHARACTERISTICS OF STEAM LINE BREAK DETECTION & MITIGATION SYSTEMS

Plant System Characteristics
Oconee None Provided.
ANO~-1 Steam Line Break Upon detection of a steam line break, SLBIC automatically

Instrumentation & Control
System (SLBIC)

initiates action to isolate each steam generator by closing
the main steam block valve and the feedwater isolation valve
on the affected generator. Actuation occurs when main steam
pressure falls below 600 psig. Initiate aux feed to the
unaffected steam generator

Rancho Seco

Steam Line Failure Logic

Low steam line pressure initiates automatic feedwater isola-
tion by closure of the main feedwater control valves.
Feedwater addition to the unaffected steam generator is
through the auxiliary feedwater control valve. Steam
isolation is by closure of the turbine stop valves.

Crystal River 3

Steam Line Break Matrix

Feedwater block valves close on affected S.G. upon low main
steam line pressure (600 psi). Turbine stop valves close.
Auxiliary feedwater system initiated if both main feed
pumps are not in operation

Davis-Besse 1

Steam & Feedwater Line
Rupture Control System
(SFRCS)

SFRCS trips both main steam isolation valves when steam line
pressure falls below 600 psig. A1l main feedwater control
and stop valves close. Auxiliary Feedwater initiated and
aligned to the unaffected steam generator

T™MI-1 Steam Line Rupture The steam line rupture detection system actuates when
Detection System steamline pressure falls below 600 psig. As a result,
main feed and auxiliary feed to the affected steam
generator are. isolated.
Midland* Feed Only Good Auxiliary Feedwater is delivered to the intact steam
WPPSS* Generator (FOGG) generator following a main steam or main feed line break.

* - Not operating plants.



5.3 Instrumentation and Céntrol Design and Operational Considerations

5.3.1 Integrated Control System Design

The integrated control system (ICS) has as its basic requirement the matching
of generated megawatts with megéwatt demand. The system'philosophy is that
control of the unit {s achieved through feed-forward control from the unit

" load demand g@ich in turn produces demands for parallel control of the turbine,
reactor, and s;;;ﬁ\yenerators. By coordinating the flow of steam to the
turbine and the rate of steam production, the ICS can match the generated

megawatts to the megawatt demand.

The flow of steam to the turbine is controlled by the turbine throttle valves.
The turbine header pressure is used as an index to determine whether the steam

flow rate and the steam production are equal.

The rate of steam generatioh is controlled by varying the total amount of

feedwater and reactor power and maintaining a proper ratio between the two so
that the proper steam conditions exi;t. The feedwater flow is controlled by
the feedwater valves‘end pumps, and the reactor power is controlled by moving

the control rods in tﬁe reactor.

The ICS maintajns constant average reactorvcoolant temperature betweeﬁrls and
100 percent rated power and constant steam pressure at all load conditions.
Optimum unit performance is maintained by limiting steam pressuré variations;

by 1imiting the imbalance between the steam generator, turbine, and the reactor;

and by 1imiting the total unit load demand on loss of capability of the steam
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generator feed system, the reactor, or the turbine generator. The control
system provides limiting actions to ensure proper relatfonships between the

generated power, turbine header pressure, feedwater flow, and reactor power.

The ICS was designed to be able to prevent a reactor trip for many anticipated
plant upsets ranging from minor upsets, such as small load changes or small
feedwater heating upsets, to major upsets, such as loss of onhe reactor coolant

pump, loss of one main feedwater pump, or turbine trip from 100 percent power.

Following a reactor trip, the ICS controls steam generator level at a minimum
level setpoint with the startup feedwater valves to provide decay heat removal.
Upon loss of both main feedwater pumps, this minimum level control is accom-
plished with the auxiliary feedwater valves. Should loss of all four reactor
cocolant pumps occur, the level is controlled at a higher level in the steam
generator (i.e., 50 percent on the operating range indication) to help promote
natural circulation. Following a reactor trip, the ICS also provides control
of the steam pressure with the turbine bypass valves or the atmosphere dump

valves (depending on the availability of the condenser and circulating water).
5.3.2 Non-Nuclear Instrumentation Design

B&W plants utilize a set of instrumentation classified as the non-nuclear
instrumentation (NNI) to provide a significant amount of the input information
to various plant control systems, including the ICS. Additional input informa-
tion for plant control is obtained from the reactor protection system (RP$)

and nuclear instrumentation (NI) system. In addition to providing information

to the plant control systems, the NNI supplies control room information for
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the main control board, plant computer, alarm annunicator, and display informa-
tion from the RPS and the ehgineered_safety features (ESF) systems. Therefore,
the NNI is the major source of information from which the operator can determine

conditions in the primary and secondary systems.

The NNI also plays a large paft in reactor coolant system pressure control by
providing control signals for the pressurizer spray valve, heaters, and PORV.
Pressurizer 1eve1 is controlled by the makeup and purification system. NNI

provides the pressurizer level signal for automatic control of the makeuﬁ and

purification system, low bréssurizer level heater cutoff, and control room

indication.

‘Typical B&W NNI systems (and integrated control systems) consist of two
subsystems, "X" and "Y." This would imply a certain degree of channelization
and/or redundancy. More channelization occurs in some plants than others.

For certain parameters such as steam generator level, pressurizer level and
steam pressure, redundant sensing instrumentation exist with switches on the
main control board that are used to select one of the redundant sensors for
both control and indication. However, the full advantage of redundancy is
often compromised by the use of one 1ndicator, and, furthermore, operating
experience indicates that the sensors and signal conditioning are not channel-
ized in a balanced manner. For example, it appeérs that one subsystem ("X" or
"Y") contains a proportionately larger amount of equipment. In addition, one
subsystem may contain signal conditioning (e.g., temperature compensation
networks) for sensors in both subsystems. Therefore, there is no.true redundancy

for the NNI.
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5.3.3 1ICS and NNI Power Supply Design
&

The power for the NNI/ICS systems has not been required to be on Class IE
(safety-grade) powef sources because the systems were not designated as part
of the plant protection systems (RPS or ESF). However, in order to obtain the
most reljable source of power for these systems (to prevent plant unavail-
ability) most of the plants provide the source of poweb from the Class 1E
vital buses. In some plants, the vital buses utilized are not classiffed as
the Class IE buses; however, they do have similar reliability because they can
receive power from a béttery source in case of loss of offsite ac power.
Regardless of the "quality or reliability" of sources, power supplies do fail.
Most notably these have been caused by inverter failures or transfer switch
failures. Therefore, events such as reactor trip can be initiated by a single

channel power supply failure.

During such events, the operator may also lose a significant amount of control

room information on which he would normally rely. »This is clearly an unaccep-

table sftuation. The above emphasis is added to point out that arguments can
be made that the operator does have sufficient 1ﬁformatfon'to safely shut down
the plant; however, this may require special procedures and unfamiliar operating
modes. In addition, the operator must be able to recognize the need to revert
to these procedures, which can be complicated if the operator,does not readily
recognize the failure mode (e.g., because of Pmidfscéle“ failures) and, therefore,

does not utilize the proper procedures immediately.
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5.3.4 Reactor Prdtéction System and Engineered Safety Features

Instrumentation Design

The principal function of reactbr protection system (RPS) and engineered
safety features (ESF) instrumentation is covered concisely in IEEE

Standard 279-1971; "Criteria for Protection Systemslfor Nuclear Power Generat-
ing Stations" (Ref. 30). The requirements of IEEE Standard 279-1971 are
included in the Code of Fedefa] Regulations 10 CFR 50, Paragraph 50.55(h),
"Codes and Standards - Protection Systems," and are therefore to be enforced

by the NRC as are other standards such as the ASME Pressure Vessel Code.

The purpose of this discussfon 1s to present some insight intg how nuclear
steam system suppliers (NSSS), architect-engineers, utilities, and the Nuclear
Regulatory Commission have been interpreting and implementing safety systemv
requirements and to identify the areas where most emphasis was placéd by these
organizations. In addition, an attempt will be made to explain the evolution
and relationship of control room instrumentatjon including control systems,

and the nonsafeiy instrumentation such as the annunciator panels, the computer,

and the sequence-of-events recorder.

Importént control systems such as the B& integrated control system are not
required to be designed to satisfy the single-failure criterion of IEEE
Standard 279. Likewise,réontrqls and process system indfcators and alarms
that monitor normal plant operating and transient parameter are not required
to be redundant. IEEE Standard 279 has'not required that instrumentation be
provided to a]]ow for comfortable operation by the épntrol room operator.

Instead, instrumentation meeting IEEE Standard 279 (henceforth called "safety
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system instrumentation") was provided to perform explicit important safety
functions. These functions include immediate automatic shutdown of the reactor
upon occurrence of a transient regardless of the cause (e.g., equipment malfunc-
tion, falilure of a control system, or operator error). Each nuclear steam
system supplier has determined that certain plant parameters (e.g., pressure,
flux) should be monitored and a 1imiting safety system setting provided to
mitigate the consequences of the anticipated.transients. This aspect of the
analysis and desigﬁ of safety systems has also been dealt with thoroughly.
Simflarly, the industry and the NRC have considered the design basis accident
scenarfos [f.e., 1oss-6f-coolant accident (LOCA)]. For the LOCA and.the

steam 1ine/feedwater line break accident, as with the reactor transient, sets
of parameters were selected to insure that safety systems such as emergency
core cooling and coniainment cooling and isolation would be initiated as |
required to insure that fuel design 1imits would not be exceeded and that

other barriers such as the containment building would be automatically isolated
and cooled to the extent required and &escribed 1ﬁ the accident analysis.

This area 6f safety system design has also beén treated adequately for the
major LOCA event (i.e., large pipe breaks). In general, we beljeve that
safety system 1nstrumenta£ion for mitigation of feactor transient and reactor

accidents events is adequate.

Safety system instrumentation normally includes four independent measurements
of each parameter that is required to trip the reactor and/or tb initiate
emergency core cooling systems and other engineered safety features. These
channels, including fndicators, ars located in RPS cabinets and ESF cabinets.
In most plants, the information provided in the RPS and ESF cabinets is also

made available to the control room operator. The displays ére buffered signals
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taken directly from protection system instrumentatfon. In a few plants, this

information from the RPS'&nd ESF 45 not avaiiable in the control room.

The amount of information available to the control room operator is very much‘
plant dependent. The NSSS vendors recommend utilization of séfegy system
instrumentation to interface with control systems and with the operators iﬁ a
variety of ways. It 1s important to understand that in the past thé only |
regulatory restriction regarding the use of the safety system instrdmentatign; '
as an input to control systems, was that the safety function not be compromised
by using thé protection signal for these other purposés; Therefore, the
extent to which the operator has séfety system 1ﬁstfumentation available at
the station Qhefe ﬂbuiine operation takes place varies widely. The quantity
of safety-grade and nonsafety-grade instrumentation displayed on operating
‘panels, available in the computer,'in the annunciator system, and in thé
sequence-of-events recorqer is. different for each operating plant. Ih' .
recognition of this situation, the NRC has accelerated the review and planned
implementation of Regulatory Guide 1.97, Revision 2, "Instrumentation for
Light-Water-Cooled Nuclear Power Plants To Assess Plaﬁt and Environs Conditipns
During and Following an Accident" (Ref. 34). .This regulatory guide addresses
the need to provide a_minimum amount of safety-related displays for the operator
not only to mitigate the consequences of transients and actiqents but also to

monitor the performance of safety systems.

In response to an event which occurred at the Oconee Nuclear Station, Unit 3, -
on November 10, 1979, NRC issued IE Bhlletin 79-27 (Ref. 8). This bulletin
requested Ticensees to review buses supplyfng power to safety and nonsafety-

related instrumentation and control systems that could affect the ability to

5-55



achieve a cold shutdown condition. The bulletin also requested that emergency
procedures be revised or prepared to include identification of alternate
indication and control circuits that would be available in the event of loss

of each power bus.

Other events before and after this Oconee event (f.e., Rancho Seco and Crystal
River 3) indicate that response to the IE Bulletin alone may not adequately
resolve the problem of inadequate operator information. The Task Force is
proposing a requirement for a set of safety-related indicators to be located

jn the controIlroom to provide the operator with adequate information to

assess plant conditions during and following anticipated operational transients.

5.3.5 Instrumentation and Control Operational Considerations

Prior to the TMI-2 accident, B&W plants totaled about 35 years of combined
operating data. In that time period, as reported in the B&W "Integrated *
.Control System Reliability Analysis" (BAW-1564, Ref. 35), there were 310

reactor trips, about one-third of which are attributed to the ICS or ICS-related
equipment. Comparative information submitted by B&W, in a letter from J. K.
Taylor (B§N) to D.F. Ross (NRC) dated October 18, 1973 (Ref. 36), would indicate
that B&W plants have a lower trip rate than other PWR vendors.

Prior to TMI-2, there had been at least one very significant event at a BaW
plant involving almost all of the control sytstem aspects discussed above.
This was the March 20, 1978 Rancho Seco "light bulb incident." The event was
initiated by a dropped Yight bulb that caused a short, which in turn caused

loss of power to the NNI-Y subsystem. This caused the control systems to
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receive erroneous information and caused a large amount of the fau]ty information
to be presented on the main control board. The event resulted in a reactor

trip, high-pressure injection actuation, and an excessive cooldown rate for

the plant. It could be conjectured that the event may have been significantly
different were it not for the fact that the PORV block valve was manually .
closed and that secondary'cooling (to at least one OTSG) was available at ail

times.

The TMI-2 accident did not fnvolve the failure of -any of the previously discussed

control systems. It did, however, involve a loss of main féedwater which

could have been initiated by an ICS failure. It involved the temporary loss

~of auxfliary feedwater, which could also have been caused by the ICS. It also

involved problems related to {nstrumentation, although not attributable to any

instrument failure but rather to the lack of direct 1nformation, misinterpreta-

tlon of information, and too much emphasis on one plant parameter (i.e.,
pressurizer level). It also involved a stuck-open PORV that could have been

caused by fts control system failure.

After the TMI-2 accideht. a éeries'of further events occurred at B&W p1ahts.
Most notable were the increase in reactor trips (as reported in an August 23}
1979 meeting between the staff and the B&W licensees, Ref. 37) and the Oéohee 3
and Crystal River 3 loss o” NNI/ICS power supp]y events of November 10, 1979,
and February 26, 1980 respectively.

Subsequent to the TMI-2 accident, the NRC and the Ticensees took a number of
actions on the B&W plants in the area of control systems. In an attempt to

avoid challenges to the PORV, the staff issued IE Bulletin 79-05B requiring
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the licensees to raise the setpoint of control system actuation of the PORV

from 2255 psig to 2450 psig. The reactor protection system trip point for

high pressure was simultaneously lowered from 2355 to 2300 psig. In conjunction
with these changes, it was also proposed by the licensees (and confirmed by
Commission Order) that hard-wired, anticipatory reactor trips would be installed
for turbine trip and loss of feedwater (as sensed by the loss of both pumps).
These trips were implemented in the short term as part of the plant control
system (hence, the term control-grade) and are to be implemented in the long

term as part of the reactor protection system (i.e., safety-grade).

The TMI-2-related concerns with the ICS were addressed in a number of ways.

The short-term portion of the Orders required that the plants have procedures
to initiate and control the auxiliary feedwater flow independent of the ICS.

To determine the (potential) contributions of the ICS in plant upsets, B&W
proposed to perform a reliability analysis including a failure mode and effects

analysis (FMEA) of the ICS. This was confirmed by the long-term portion of |

the Commission Orders.

Simultaneously, the Lessons Learned Task Force made related recommendations in
the area of auxiliary feedwater automatic initiation. Requirement 2.1.7.a of
NUREG-0578 (Ref. 13) required control-grade automatic initiation and in the
long term required that this actuation system be upgraded to a safety system.
The implementation of this requirement on B&W plants would effectively remove

this function from the ICS, since the ICS is not a safety system.

The staff's review of the ICS Reliability Analysis (BAW-1564) (Ref. 35) was

initiated with the aid of consultants from Oak Ridge National Laboratory. The
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B&W report makes recommendéiions to be evaluated on a plant-specific basis.
The recommendations highlight areas in which B&W believes improvements could
potentially contribute to significant improved overall operation of the B&W
facilities. The majority of the recommendations involved areas outside the
ICS itself and were generél in nature because of design differences in these
areas at the various plants. The recommendations did involve two directly
related areas, specifically the NNI/ICS power supplies and the ICS input
signals. By letter from R.W. Reid to all B&W operating plants (Ref. 38), the
staff requested the licensees to address what actions they were taking to

implement these recommendations.

It should be noted that the B&W analysis (BAW-1564) concentrated on the control
system (ICS in particular) and recommended improvements intended to reduce
reactor trips and/or ECCS actuation. It should also be noted that it did not
address the very significant control board information problem encountered at

Oconee 3 and Crystal River 3.

As reviewed in Section 5.3.4, on November 10, 1979, Oconee Unit 3 experiénced
a loss of power to a non-Class IE 120-Volt ac power panel that supplied power
to the ICS and the NNI. This loss of power resulted in control system mal func-
tions and significant loss of information to the control room operator. The
loss was corrected in less than 3 minutes. Subsequent to this event, IE
Bulletin‘79-27.."Los§ of Non-Class IE Instrumentation and Control Power System

Bus During Operation" (Ref. 8), was issued.

The bulletin was intended to (1) obtain information on what the condition of

each.plant would be in the event of this type occurrence, (2) have licensees
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prepare procedures for such.type occurrences, (3) have licensees review other
inverter failures, and (4) have licensees propose any nhecessary modifications.
The bulletin was issued November 30, 1979, with a requirement for response

within 90 days.

The Crystal River 3 event occurred February 26, 1980, and involved the loss of
a power bus; control system response leading to adverse actions which, in
turn, led to reactor trip and high-pressure injection; and loss of a significant

amount of control board information.

Because of the implications of the Crystal River 3 event and potential adverse
effects on the public health and safety that could result from future events
of this type, a letter to all operating B&W reactor licensees was issued on
March 6, 1980 (Ref. 10). This letter requested information 1n's}x areas: (1)
summarize power event upsets on NNI/ICS that have occurred; (2) address the
susceptibility of each B&W plant to a Crystal River 3 event; (3) address
information available to the operator following various NNI/ICS power upset
events; (4) address the feasibility of performing a test to verify reliable
information that remains following various NNI/ICS power upsets; (5) address
the Crystal River 3 proposed corrective actions; and (6) expand the review of
IE Bulletin 79-27 to include the implications of the Crystal River 3 event.

Responses to this request are presently undergoing staff review.

As previously discussed, there are a number of ongoing activities related to
solving the problems of assuring that adequate instrumentation is available to
the operator. The most significant include the implementation of Regulatory

Guide 1.97, Revision 2 (Ref. 34), and the Long-Term Lessons Learned Task Force
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Recommendation 7.2 (Ref. 14) regarding a safety parameter display console. In
addition, the Interim Reliabjlity Evaluation Program (discussed in Section 6
of this report) may give further insight into necessary modifications to the

ICS and/or other instrumentation and control systems.
5.3.5.1 Conclusions and Recommendations
(1) Conclusion:

Based on B&W operating plant transient information, we conclude that it
is highly desirable to reduce dependence on high-pressure injection (HPI)
actuation and safety valve relief for the mitigation of anticipated
operational occurrences. The steam generator fs the preferred route

- (heat sink) for heat removal during these types of events. To accomplish

this objective, consideration must be given to several areas:

First, the auxiliary féedwater system (AFWS) must be highly reliable and
independent of the normal control system. Second, the control of the

steam flow (heat removal) must also be highly reliable. These two concerns
are addressed in Sections 5.2.6 and 5.2.7 of this report. Third, the
normal cqntrol system should be improved to reduce the number of challenges

to the safety systems.

Recommendation:

Improve the reliability of the plant control system, particularly with

regard to undesirable failure modes of power source, signal source, and
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the integrated control system itself. Specific recommendations for

improvement in the plant control system include the following:

()

(b)

(c)

(d)

(e)

1

The power buses and signal paths for non-nuclear instrumentation and
associated control systems should be separated and channelized to

reduce the impact of failure of one bus.

The power supply (including protective circuitry) logic arrangement
should-be reconsidered to eliminate "mid-scale" failures as a preferred
failure mode for instrumentation. "Full-scale" or "down-scale"
failures may be preferred in that they give the operator more positive

indication of instrumentation malfunction.

Multiple instrument failures, typically caused by power loss, shopld
be unambiguously indicated to duide the operator to select alternate
instrumentation that is unaffected by the failure.

If control system failuras or response to failed input signals can
cause substantial plant upsets (e.g., requiring action by engineered
safety features or safety valves in addition to reactor_trip),}the
control system should have provisions for detecting gross failures

8

and taking appropriate defensive action automatically such as reverting

to manual control or some safe state.

The NNI power buses should be reviewed and rearranged as necessary
to provide some redundancy of indication on each reactor coolant and

secondary system loop. That is, where redundant indicators for one
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loop are provided, one channel should be powered from NNI "X" and
the other from NNI "Y.," instead of loop "A" being powered from

NNI "X" and loop “B" from NNI "Y.“

(f) Prompt followup actions should be taken on the recommendations

contafned in BAW-1564 (Integrated Control System Reliability Analysis).

(g) Prompt followup actions should be taken on the recommendations
contained in NSAC-3/INPO-1 (Analysis and Evaluation of Crystal
River-Unit 3 Incident).

(h) Prompt fo]lowup‘actions should be taken on IE Bulletin 79-27.
(2) Conclusion:

In order to provide the operator with reliable information to accurately
assess plant conditions, it is necessary to provide'certain selected
parameters for display in the control room. These displays must be

highly reliable.

The Task Force recognizes that other ongoing work addresses itself to
similar fypes of requirements; namely, implementation of Regulatory Guide
1.97, Revision 2 (Task Action Plan I1.F.3), and implementation of the
plant safety parameter display console or safety state vector (Task
Action Plan 1.D.2). However, the Task Force believes that there is a
more urgent need for a minimum display of critical plant parameters for

B&W plants.
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Recommendation:

‘Establish a minimum set of parameters that will enable the operator to
assess plant status. This Task Force recommends a minimum set that

includes:

(a) Wide-range reactor coolant system pressure,
(b) Wide-range pressurizer level,
(c) Wide-range reactor coolant system temperatures: hot Iég (each

loop), cold leg (each loop), and core outlet (two or selectable),

(d) Makeup tank level,

(e) Reactor building pressure;

(f) Wide-range steam generator level (each steam generator),
(g) Wide-range steam generator pressure (each steam generator),
(h) Source-range nuclear instrumentation, and

(i) Intermediate range nuclear instrumentation.

(j) Borated water storage tank (BWST) level.

The instrumentation for the selected parameters must meet the following

requirements:
(a) The instrumentation must be reliable and redundant and should meet
all applicable codes and standards for protection system instrument-

ation; and

(b) In accordance with safety standards, this requires a minimum of two

redundant channels of all designated information, at least one
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3)

channel of which shall be recorded automatically on a timely basis

for use in trending, instant recall, and post-event evaluation;

Note: Display and recording requirements are flexible in accordance with
human factors considerations and ry be accomplished with modern technology
(e.g., computers.and.video displays), provided that these devices also
meet applicable standards for protective-grade equipment. Instrumentation,
power, display, and recording equipment must be independent of the plant

control system and plant computer to the extent specified in paragraph 4.7

~of IEEE Standard 279-1971.

Conclusion:

The Task Force believes that it is important for the operator to have an
accurate and meaningful indication of subcooling margin including periods
where forced circulation 1s not provided. In addition, the value of
having a continuous or trending display of incore. thermocouples has been
amply demonstrated at TMI-2, Crystal River 3, and during operator requali-
ficatfon trainfng at the B&W simulator.

Recommendation:

Provide the flexibility to substitute appropriate combinations of core
thermocouples for the loop resistance temperature detectors (RTDs) presently
used for primary temper;ture’input to the subcooling meters. In addition,
consideration should be given to providing a continuous or trending

display cdpability~for the incore thermocouples.:.This display need not
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be indicated in the control room at all times but could be called up on

demand from the computer.
(4) Conclusion:

The operating history of B&W plants has shown that as a result of opera-
tional transients, such as loss of feedwater avents or overcooling transients
that lead to high-pressure injection actuation, a high probability exists
that reactor ccolant inventory may be released from the system through

the pressurizer PORV or safaty valves. During the course of this event,
radioactive gases, which collect in the top of the pressurizer,'would Be
expelled. If during this transient a containment vent and purge operation
were in progress, it would be important to isolate containment as quickly
as possible to minimize the release of radioactivity to the environment.
Although all plants provide a safety-grade high containment pressure
isolation signal to perform this function, this signal may prove inadequate
during small or intermediate releases of coolant to the containment
building, because a buildup of containment pressure to the actuation
setpoint may not occur with the valves open. It appears that the most
effective way of providing containment atmospheric isolation, as required,

would be through the use of containment high radiation signals.

Recommendation:

Provide safety-grade containment high radiation signals to initiate contain-
ment vent and purge isolation in addition to the presently required

signals (i.e., containment high-pressure and low-pressure ESFAS actuation).
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5.4 Operator Training and Qualifications

5.4.1 Minimqm Qualifications and Training Including Simulator Training

Operators and senior operators at B&W facilities typically receive similar
quantitative training as do licensed personnel at all other vendor-designed
power plants. Their training can be divided into three types: cold, hot, and
requalification. Cold license training is given to the initial plant staff
prior to fuel loading. The training program is submitted in Section 13.2 of
PSARs and FSARs (Pre1iminary and Final Safety Analysis Reports). The programs
generally consist of four phases: fundamentals, observation, design lecture
series, and onsite training. The observation phase includes a simulator course
that is typically 4 to 6 weeks in duration. The design lecture series is
conducted by the NSSS venddr. '

The hot license training programs are similar to the cold license programs buf
shorter in duration, since the majority of it can be conducted at the operating
plant. SbccéssfuI participation in a-requalification prograﬁ is required for
an individual to maintain a license. It consists of facility administered

lectures, on-the-job-training and tests that are audited by the NRC.

The duration of the training program is generally as follows: for cold training,
2 to 4 years; for hot training, 1 to 2 years on site as auxiliary operator plus
one year in training programs; for requalification, continuous over duration

of license period with annual written examination.
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The education and experience requirements of licensed personnel at the time of
both the TMI-2 accidéht and Crystal River 3 incident were set forth in

ANSI N18.1-1971 ("Selection and Training of Nuclear Power Plant Personnel,"
Ref..39). Operators were required to have a high school diploma or equivalent
and two years of power plant experience of which one year was nuclear. Senior
oberators were required to have four years of responsible power plant expébience

and the same education requirements as an operator.

As indicated in the TMI-2 Action Plan (Ref. 7), numerous changes will be méde
in the training and qualification of licensed peréonnel. Among the more notable
are increased experience levels, expanded and mandatory use of imﬁroved'simu-

lators, and NRC-administered requalification exams.

Simulator training is an integral part of all of‘the traﬁniﬁg programs.

Personnel with no previous nuclear experience must participate in an NRC-approved
simulator training program to meet cold eligibility requirementé. This is not

a requirement for hot license applicants since they may obtain the experience
 while working at their plant. The requalification program requires 10 signif-
icant reactivity manipulations during a two-year period which may be on the

plant or a simulator, In practice, most of the required operating experience

for hot training and requalification is met in approved simulator programs.

The simulator training of operators at the four different vendor type plants
varies considerably for the following reasons: (1) number of vendor type
‘simulators; (2)'variety of plant design (e.g., two loop, three loop), and

(3) NRC-approved prograﬁs.
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At the present time there,is only one operational simulator for each of the

B&W and CE vendor designs. The B&W simulatqr is located in Lynchburg, Virginia,
and is representative of the Rancho Seco control room. The CE simulator is
located at Windsor Locks, Connecticut, and is representative of the Calvert
Cliffs control room.  There are two boiling water reactor (BWR) simulators
(Dresden 2 and Brown's Ferry) and five Westinghouse simulators (Zion, Indian

Point, Surry, McGuire, and Sequoyah).

The simulator training that B&W operators receive is unique in that there is
much more uniformity in plant systems, instrumentation, and operation than any
other vendor design. The single exception is Davis-Besse 1 which has the
raised-loop design and low-heéd high-préssure injection‘pumps. Otherwise, the
primary reactor coolant system (RCS), once-through steam generator (0TSG), ICS,
emergency core cooling systems (ECCS), and plant systems including the makeup
and purification system are very_much the same from plant to plant.i The trainees
therefﬁre do not encounter the degree of unfamiliarity that sometimes occurs

in training cohducted_on other vendor-type simulators. The staff believes that
this is a distinct advantage in the training of B&W operators. Also, the startup
certifications of operators at B&W plants must be conducted at the B&W simulator
(requirements for GE are similar). Howeyer, allowance has been made in the

past fqr some Westinghouse facility operators to obtain startup certifications

on the CE simulator and vice versa.

The disadvantages of the B&W simulator training are (1) age and fidelity of
the simulator, and (2) counter-productive simulation for Davis-Besse operators.
Because the B&W simulator was one of the first of its kind, there is a distinct

lack of fidelity in some areas. For example, modifications had to be made to
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simulate both the TMI-2 and Crystal River 3 events. Two-phase conditions in
areas of the RCS other than the pressurizer and multiple failures of instrumen-

tation were not part of the computational model.

The "feed and‘bleed" method of core cooling for spme small-break LOCAs and loss
of feedwater eQents is not applicable for the Davis-Besse facility. A1§o, the
auxiliary feedwater and steam generator level control system are distinctly
different from the simulator. These differences are mentioned because the
Crystal River 3 operators credit the simulator training on solid system opera-
tion and natural circulation as being very beneficial in their response to the

loss of NNI event on February 26, 1980.
5.4.2 Assessment of Licensed Operators at B&W Facilities

5.4.2.1 Discussion

The logical method of assessing the role of BAW operators with regard'to their
ability to cope with transient events, particulary secondary side upsets, is

to make a comparison with operators of other vendor-typg reactors. Uhfortunate]y.
no so]ia data base exists for such a comparison. The only applicable data that
exist for comparison are the Licensee Event Reports (LERs) attributed to

licensed personnel error sorted by vendor types. One must be careful in attaching
a great deal of significance to these data. These LERs have only been catégorized
by licensed personnel error since January 1978 and different criteria have been
applied in differentiating such events. For example, a Westingﬁouse‘four-1oop
plant has reported the most (24) licensed personnel efrors from 1978 tb the
present with another Westinghouse plant and.a BWR close behind (21 each).
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However, three other Westinghouse plants and a BWR were the only ones
reporting no LERs attributable to the same cause. Also, the reported LERs
decrease éignificantly with_the-age of the plant, those having already
undergone the first several years break-in period generé]]y submitting the

fewest LERs.

The results of a computer search of thé NRC's LER File are shown on Table 5.4.
It is apparent that -the personnel errors committed at B&W-designed plants are
above the norm; hiﬁher than other vendor-designed facilities, however, it is
unknown if ihe statis;icai variation is significant. A comparison-was made of
pota1 LERs submitiéd by PWRs in 1978 to determine if any andor-type was out
of proportion. The resu1£s ére shown .in Table 5.5. A comparison of phe two
tables shows B&W to have a slightly higher proportion of licensed personnel

error LERs to total LERs reported.

TABLE 5.4

LER OUTPUT ON LICENSED OPERATOR EVENTS
~ FROM 1978 TO THE PRESENT

Vendor ~ Total Plants LERs Average/Plant

B&W ' e 58 6.44
GE 25 142 . 5.68
CE , ' .8 : 45 ~ 5.63
Westinghouse - 25 - 131 5.24

5-71



TABLE 5.5
TOTAL LERS PER PWR FACILITY IN 1978

PWR NSSS ' Total LERs
B&W 40.5
Westinghouse 41.0
CE 41.4

The results of this basic analysis are inconclusive but the data reveals a

trend that should be explored further. It must a]sd be remembered that personnel
error-related LERs are not all operational events. In fact, the data from 1978
show that 46.5 percent of the LERs reported from PWRs were operational events
and 41.4 percent were from routine tests or inspections. A vendor comparison

‘of this type of data should also be further investigated.

Another basis for comparison is the required immediate actions that an operator
must take while carrying out an emergency procedure. Again, before making a
comparison one must carefully examine the background information. The number 4
of emergency procedures generally follows the recommendations of Regulatory

Guide 1.33 ("Quality Assurance Program Requirements (Opération)," Ref. 40).

There are 26 suggested "Procedures for Combating Emergencies and Other Signficant
Events," some of which are only applicable to BWRs and others only to PWRs.
Nonetheless, of two B&W plants chosen at random, one had 17 written and approved
emergency procedures and the other had 35. A Westinghouse plant also randomly

chosen had 45 emergency procedures.
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In addition, the content of emergency procedureé varies considerably. One loss-
of-coolant accident (LOCA) procedure for small leaks at a B&W plant has only
thfee required immediate actions, whereas a BWR has a procedure that requires
19 immediate actions for loss of compressed air supply to the main generator

output breakers.

With this in mind, a comparison of emergencyvprocedures generally shows B&W
plants require more manual immediate actions on the part of the operator than
other vendor types. Required immediate actions should be limited to verifica-
tions in so far as practical. Verification, in this context, means to ensure

an automatic action has occurred or manually perform it if necessary. The most
common transient condition that nuclear power plant operators are faced with

is a reactor trip. Often this is-preceded_by-a1§rms or indications that may

or may not permit the opefator to diagnose the cause. He is usually faced with
performing the immediate operator actions of his reactor trip procedure wiihout
knowing the exact cause of the trip. For a B&W plant, two of the first immediate
actions are to isolate letdown and start another makeup (HPI) pump, if required.
These actions are necessary to reduce the magnitude of the primary system volume
shrink due to the temperature decrease. Shutting a valve and starting a makeup

pump are not unreasonable demands to make of operators fol]owing.a‘trip.

'However, as a result of the small-break loss-of-coolant analysis, it was determined
that for a certain size bréak spectrum the stopping/loss of coolant pumps at
certain time intervals into the transient could result in the ECCS nbt providing

| sufficient éboling to meet acceptable criteria. Thus, new demands were placed

on the B&W operators. Following a reactor trip and ESFAS actuation on low

pressure; the reactor coolant pumps must be tripped immediately (similar
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requirement for all other PWRs) and an evaluation made as to the adequacy of

HPI flow. If failure of oné train is experienced, the operators have to direct
plant operators to open several sets of valves in the .auxiliary building. Clearly,
the demands on the operators are becoming excessive. The staff believes that

to the extent feasible, few-if any manual éctions‘should be required by operators
during an emergency. Accordingly, modifications should be made to the plant

to lessen this burden on the operator.

The B&W licensees have undertaken, through their Owners' Group, the development
of abnormal transient operating guidelines (ATOG). The objective of the program
is to simplify the operator's problem of identifying and treating abnormal
transients. The guidelines will enable each B&W facility to develop a standard-
ized set of abnormal and emergency procedures and will be based on input data
from each of the.facilities and transient analyses performed by B&W. This Task
Force endorses this program and believes full utility support should be given

to its expeditious completion.
5.4.2.2 Conclusions and Recommendations
(1) Conclusion:
The manual actions required of an operator as part of his immediate actions

for an emergency procedure should be minimized. Immediate actions should

be limited to verifications insofar as practical.
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Recommendation:

Modifications should be made to the plant, to the extent feasible, to

reduce or eliminate manual immediate actions for emergency procedures.
(2) Conclusion:

The number of LERs attributed to licensed personnel error is slightly

higher at B& facilities than other nuclear power plants.

Recommendation:

Based on the higher number of LERs attributed to licensed personnel error
at B&W facilities as compared to other vendor-designed plants, the NRC
should conduct further analysis and investigation to determine the signif-

jcance and cause of this apparent finding.
5.4.3 Crystal River Incident of February 26, 1980
5.4.3.1 Response of Crystal River 3 Operators

The comments in this section are based on the following information; the meeting
of March 4, 1980 in Bethésda, Maryland (Ref. 41), the Florida Power Corporation
(FPC) submittal of March 12, 1980 (Ref. 11), the "Analysis and Evaluation of
Crystal River Unit 3 Incident" (NSAC-3/INPO-1, Ref. 9), and the observations

of an NRC Ogerator Licensing Branch Examiner who was conducting an oral examina-

tion in the control room at the time of the incident. The overall conclusion
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of the Task Force is that the operating crew took prudent actions and responded
well to the incident in spite of the lack of instrumentation and applicable

procedures. It should also be noted that apparently little attention was given
to Recommendation 2.2.2a of NUREG-0578, "Control Room Access" (Ref. 13); at one

point during the event, 17 people were observed within the restricted access

area of the control room.

The sequence of events is sufficiently documented in the report of the licensee
(Ref. 11) and therefore will not be repeated here.- An assessment of the response
of the operators based on the above information will be made. The adequacy of

the training and procedures will also be addressed.

Within 14 seconds of the loss of NNI "X" power supply (NSAC-3/INPO-1 states 24
seconds), the reactor tripped and the operators began performing the reactor
trip procedure. Prior to the trip, the operators recognized that some failure
had affected the NNI and ICS. Shortly aftef the trip, at least four other

station members arrived in the control room to provide assistance.

Less than half a minute after the trip, a computer alarm indicated less than
the required (50°F) subcooling. Most of the BAW plants require the manual
initiation of high-pressure injection if the subcooling margin is lost. This

was not a procedural requirement at Crystal River.

In a 1ittle over three minutes, HPI initiated due to low reactor coolant system
pressure. The operators began performing the actions required by emergency
procedure EP-~106, "Loss of Reactor Coolant or Reactor Coolant Pressure," in

- addition to Short-Term Instruction 80-17. The latter instruction required
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10 containment isolation valves to be closed to comply with Recommendation 2.1.4
in NUREG-0578. Within 20 seconds after the initiation of HPI, the reactor coolant
pumps were tripped. The B&W small-break LOCA analysis shows that for the most

limiting condition the pumps must be tripped within two minutes of HPI initiation.

There is a discrepancy between the NSAC/INPO report and the FPC March 12, 1980
submittal as to when the PORV was isolated. The latter states the block valve
was closed 2% minutes after the event initiated and about 50 seconds prior to
HPI automatic initiation. It is difficult to see why pressure would continue
to decrease to the HPI setpoint with the steam generators drying out and the -
PORV isolated. The NSAC/INPO repdrt shows the block valve to be closed 5 to 7
minutes after the beginning of the event. The time to isolate the PORV compares
favorably with the 20 minutes it took at Davis-Besse in 1977 and more than

2 hours at TMI-2.

The first subsequenﬁ action in the emergency procedures is to check alternate
1nstrument channeis to confirm key parametefs. This was inserted as a require~
ment from the Bulletins & Orders Task Force. When instructed to do this by
the assistant shift éupervisor, who was reading the procedures, the reply was
that they did not know what to believe. There was no procedural guidance

concerning instrumentation that would be reliable.

The operating crew at this point was using applicable instructions from a number
of -abnormal and emergency procedures. Their training directed them to follow
the most conservative approach, which was the 1oss-of—qoo1ént procedure during
the initial phases of the event. The NSAC/INPO report identified 13 different

procedures and instructions that were or should have been followed. None of
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these procedures addressed the 1oss of NNI/ICS power. At the time of the
Crystal River event, only Rancho Seco had procedures that addressed NNI/ICS
power failures and the resulting impact on the plant. The Task Force believes
that each B&W facility should implement procedures concerning the partial or

total loss of NNI/ICS power.

Twenty-one minutes after the event began, power was restored to the NNI "X"

bus and plant recovery began in accordance with the applicable procedures.

The delay. in restoring power was attributed to the I&C technician first being
directed to the wrong power supply due to an ambiguous annunciator. It was

not until power was restored that the operators were able to throttle HPI and
stop the coolant release from the pressurizer safety valve. Had this event
occurred on a back shift without I&C coVerage, it is unknown how long the event
would have continued before power to the lost instrumentation would have been
regained and the event terminated. Since B3W facilities are uniquely susceptible
to this type of failure, the Task Force is recommending that round-the-clock

coverage by qualified I&C technicians be provided at all operating B&W reactors.

Throughout the first half-hour of the event, the opefating crew was very aware
of subcooling and the importance of maintaining an adequate margin to saturated
conditions. They followed their training and procedural guidance for HPI termi-
nation criteria and RCP trip requirements. When NNI power was restored, they
were operating under solid system pressure control. In this condition, the

RCS is completely full of water with no steam bubble in the pressurizer and

pressure is controlled with makeup and letdown. The Crystal River operators
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had received training fh.this mode of operation at the B&W simulator only sub-
sequent to the TMI-2 accfdent. The Crystal River training staff confirmed that
the sfmulator training the operating crew received was very beneficial in helping
them to respond to the event as well as they did. The Task Force is therefore
recommending that all operators licensed at B&W facilities receive additional
simulator training beyond what was required by the May 1979 Commission Orders

(Ref. 2).

Incore thermocouple temperatures were a parameter that was available and heavily
relied upon by the Crystal River operators. The value of the information provided
from this source was amply demonstrated at TMI-2. Also, a member of the NRC

staff observed requalification training at.the B&W simulator in which natural
circulation cooling was practiced. The digital display of the incore thermo-
couples was of great benefit to the operators. For these reasons, the Task

Force is recommending that all B&W facilities have the capability to continuously
display and/or trend incore thermocouple readouts. Recommendations in this

area are contained in Section 5.3.5.1 of this reﬁort.
5.4.3.2 Comments on NSAC and INPO Report.on Crystal River Incident

The comments in this section will be Iimifed to the findings, conclusions, and
recommendations of the report as they relate to training and procedures. This
Task Force endorses the nine recommendations made in the NSAC/INPO repofi (Ref. 9).
Additional Task Force recommendations concerning training and procedures are

contained in Sections 5.4.2.2 and 5.4.3.3 of this report.
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The NSAC/INPO report recommends that the industry should further analyze and
resolve with the NRC the reactor coolant pump trip requirements. This Task
Force emphatically agrees with this. The pump trip requirement is explained

in Section 5.2.4 of this report. This requirment was identified by the PWR
vendor analyses and is necessary to meet licensing criteria for a limitéd
spectrum of small break loss of coolant accidents. The NRC staff has recog-
nized that tripping the reactor coolant pumps for non-LOCA events may lead to
further aggravation of the incident. At the present time, the most appropriate

means of resolving this dilemma is with the automatic RCP trip circuitry.

The report concluded that the post-TMI-2 generic small-break LOCA emergency
procedure was not conservative in that it challenged the pressurizer safety
valves and the containment barrier. The termination criterion as specified in
the B&W Guidelines and Crystal River procedure EP-106, is that the HPI pumps
cannot be turngd off unless all hot and cold leg temperatures are at least

50°F subcooled and the action is necessary to prevent the indicated pressurizer
level from going off-scale high. Until the NNI "X" power was restored, there
was no indication of pressurizer level. Had the level indication not been lost,
throttling of HPI could have been performed'much sooner without challenging

the pressurizer safety valves.
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5.4.3.3 Conclusions and Recommendations
{

- (1) Conclusion:

The simulator training received by the Crystal River operators after TMI-2
was credited as being very beneficial in qqmbating the February 26, 1980
event. A member of the Task Force has cbserved such training on undercooling
and overcooling events, solid system operation, and natural circulation.

At present, one week of training at the simulator is optional on most B&W
requalification programs and is only required for the Oconee licensed
operators. In practice, nearly all licensed operators participate in the

requalification simulator training.

Recommendation:

7

The Task Force recommends that the one-week simulator training be required
for all licensed B&W ope}ators. The training should be oriented toward
“or include undercooling and overcooling,events, solid system operation,
and natural circulation. Upgrading of simulator performance in accordance
with the recommendations 6f the TMI Action Plan (NUREG-0660) should be
expedited.

(2) Conclusion:
There were ho procedures available to the operators to specifically deal
with loss of NNI/ICS. Rancho Seco is the only facility having procedures

that included the effect of the loss of power supply on the total plant.
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(3)

For the small-break LOCA, generic guidelines were developed by B&W and

successfully implemented at each of the operating facilities.

Recommendations:

Licensees should develop and implement promptly plant-specific procedures
concerning the loss of NNI/ICS power. These procedures should enable the
operator to bring the plant to a safe condition. These procedures should
be audited by the Office of Inspection and Enforcement. Further, the Task
Force endorses the effort by B&W to develop abnormal transient operatfng
guidelines (ATOG) and recommends that full utility support be given to

this program.

Conclusion:

The Task Force believes it is necessary for all B&W licensed personnel to
become familiar with the Crystal River event as it affects their plant.

A survey of B&W training coordinators has shown that little formal instruc-

- tion has been given to date.

Recommendation:

Lectures should be deveToped and given promptly to all licensed personnel
concerning the Crystal River event as well as their plant-specific loss
of NNI/ICS analysis. A means to evaluate the training (e.g., quizzes)

should be included. This training should be audited by IE inspectors. -
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(4) Conclusion:

There -have been 24 instances of loss of NNI/ICS power supplies at B&W
facilities while the réactor was critical or at power (see Appendix B,
Table B.1). Twenty-two of those resulted in a reactor trip and four events
in HPI actuation. The longest period of time before power was restored

is believed to be 21 minutes. Had a qualified I&C technician not been

avajlable, it is ungnown how long this condition would have continued.

Recommendation:

The Task Force recommends that qualified I1&C coverage be provided on a

round-the-clock basis at all operating B&W reactors.
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6.  INTERIM RELIABILITY EVALUATION PROGRAM (IREP)

6.1 IREP and Its Relationship to B&W Operating Plants

The Interim Reliability Evaluation Program (IREP) has been instituted by the
Probabilistic Analysis Staff of the Office of Nuclear Regulatory Research.

‘This program has as its charter the evaluation.of the pfobab11ities of accident
sequences leading to core meltdown and (to a limited extent) the assessment of
the consequences associated with the specific sequences for each U.S. operating
reactor to identify only high-risk sequences. Techniques developed in the "Reactor
Safety Study," WASH-1400 (i.e., event tree and fault tree techniques, accident
radioactive release categorization), will be used on the individual plants in
conjunction with data-comp11ed in the Reactor Safety Study and in data collection.
_projects begun since the*release of WASH-1400 (Ref. 42). To date, the IREP

study has concentrated on one}reactor,lCrystaT River Unit 3, built by the

Babcock & Nilcoi Company. ' | '

The application of the reliability ana1ysis methodology mentioned abovevwill

result in several specific pfoducts. These are:

(1) For a particular facility, the identification of-accident sequences which
are significant contributors to the risk to public health and safety and
to the probability of a core meltdown. Thus, the program will identify
plants which may have relatively high public:risks associated with their

operation; and



(2) The identification of common cause failure mechanisms important to
individual plant systems or to groups of systems. The potential failure
mechanisms considered 1hc1ude, for example, human interactions, and common

support systems such as service water, component cooling water, and electric

power.

Because of the need for timely results in the IREP study, some particular aspects
of the plant either have not been included in the Crystal River study or have
not been thoroughly investigated. These include:

(1) No consideration has been given to the potential effects of external events

such as earthquakes, floods, nearby hazardous material-related accidents,

etc.; and

(2) The details of control systems and plant instrumentation (such as non-nuclear
instrumentation and the integrated control system) and fault propagation

through these systems has been treated in only a qualitative manner.

6.2 The IREP Crystal River 3 Study

6.2.1 Discussion

As noted above, the inftial plant selected for evaluation in the IREP study
has been the Crystal River Unit 3 Nuclear Plant. Completion of this work is
presently expected in May 1980. Based on the preliminary results of this study,

it has baen shown that:



(1) The core melt prbbabi1{ty and public risk associated with the Crystal River

plant are dominated by transient-initiated accidents;

(2) The total loss of all feedwater (main and'auxiliary feedwater) is a highly

significant accident; and

(3) The plant's auxiliary cooling water systems couple many of the plant's
engineered'safety features systems, indicating a potential highly signif-

icant common cause failure mechanism.

Because of the Vimitations in IREP discussed in Section 6.1, certain issues

have not beeh‘resolved or failure mechanisms identified. These fnclude:

(1) The common cause failure potential resuiting from IcS failures and inter-

actions has not been quantitatively determined; and

(2) The specific common cause faflure mechanism exhfbited in the February 26,
1980 event at Crystal’ River (loss of the 24 Volt dc power supply to NNI
“X") was not identified prior to the incident.

6.2.2 Conclusions and Recommendations

(1) Conclusion:
The IREP nystal River study has tentatively concluded that transient-
induced accidents are highly sighificant contributors to the 1ikelihood

of core meltdown fn the Crystal River plant. Implicit in this conclusion
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is the determination that support systems to vital equipment (e.g., cooling
water, ac and dc power) couple this equipment to a degree that common cause

failure potentials are significant.

Common cause failure modes resulting from NNI/ICS faults have been qua]ita—h
tively identified, but the probabeities of such common-cause fajlures

have not been calculated. We agree with the IREP staff judgement that a
rigorous quantification of these probabilities would require a large-scale

effort, exceeding the constraints placed upon the IREP study.

Recommendation:

The Task Force recommends that the IREP Crystal River study be completed
and thoroughly documented in an expeditious manner, with the results provided
to appropriate parts of the agency in a clear manner. At that time, we

recommend the action 1isted below:

(a) The Probabilistic Analysis Staff consider the need for additional
Crystal River work to examine particular unresolved questions whiéh
may be evident, and reexamine the scope, methods, and format of the
first IREP study so that modifications may be made prior to the

initiation of further IREP work; and

(b) Appropriate staff within the Office of Nuclear Reactor Regulation
(in coordination with the Probabilistic Analysis Staff) make prompt
determinations with respect to the need for modifications to the Crystal

River plant.



7. RISK REDUCTION POTENTIAL

7.1 Introduction

The Probabilistic Analysis Staff was asked to evaluate the effectiveness
of the Task Force recommendatfons using'perspectives derived from probabilistic

sefety analysis and risk assessment. This chapter reports this review.

It is not possible to obtain a quantitative measure of risk reduction
effectiveness for the recommendations. To do so would have required a
thorough knowledge of the 11kelihood and consequences of the many

competing accident scenarfos in the plants before'the alterations and a
thorough knowledge of the implementation and effects of the recommendations.

Such knowledge 15 not available at this time,

On the other hand, many qualitative insights that shed some 1ight on the
potential value of the recommendations can be developed against the
background of past attempts at realistic analyses of the 1ikelihood and
consequences of nuclear accidents using probabilistic risk assessment
methods. These include.relationshipS‘between B&W plant characteristics

and the likelihood of accidents, and'judgments of the range of benefits
andvdisadvantages of the recommendations. In many cases the recommendations
suggest studies and directions in which to Took for improvements rather
than prescriptive fixes. The risk-based perspectives add another dimension
to the definition of these suggestions. The observations about B&W

safety issues and about the recommendations reported here originated in

the professional judgment.of experienced nuclear risk assessment engineers.
They are not based on probabilistic safety analyses performed for this
specific purpose. “



The technique employed to arrive at these observations was to develop
sevefaj tables (7.1, 7.2, and 7.3). The entries in the tables were
arrived at by cohsensus. The assumptions, observations, and arguments
that surfaced in the course of arriving at this consensus became the

source for the footnotes and text.

In Section 7.2 the broad outlines of the risk picture are sketched for
Babcock & Wilcox reactors. The study addresses B&W plants as they are
being operated since TMI but before the recommendations contained herein
are implemented., We find that the characteristics of the B&wvnuclear
steam supply system design and operation makes these plants much more
prone to minor incidents, somewhat more prone to core damage, and no

more prone to severe accidents than are other PUR designs.

In Section 7.3, the twenty-two recommendations discussed in Section 2.0
of this report are evaluated for their range of effects on the frequency
of a number of particular accident scenarios and for their influence on

the 1ikelihood of incidents, minor accidents, and severe accidents.

It should be clearly understood that these observations reflect the
opinions of risk assessment engineers and not the results of detailed
calculations or a formal research program. As such, they should be

regarded as uncertain.

7.2 Risk Perspectives for B&lU Plants

A number of studies have been performed or are under way which address

the realistic consequences of core melt accidents at pressurized water
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reactors having large dry containment buildings. These studies include
the Reactor Safety Study, WASH-1400 (ref. 42), the alternate sequence

and consequence analyses done in conjunction with the Kemeny anq Rogovin
inquiries into the accident at TMI, and some studies currently in progress

on Indian Point, Zion, Calvert Cl1iffs and Oconee.

These studies suggest that there is a "natural® classification for
accidents in dry containment PWRs. In this scheme, lines of demarcation
in accident consequences correspond with 1ines of demarcation in terms
of the functional failure of systems. There are three levels of severity

in this classification. We might call them:

1. Severe Accidents,
2. Accidents, and

3. Incidents.

The basis for the distinctions are as follows: all accidents that
produce any acute fatalities beyond the site boundary are predicted to
éntaiI both severe core damage or meltdown and gross, early containment
failure. Accidents of this kind are also the only ones to produce
substantial ground contamination by fallout. Such accidents dominate
the risk as measured by public health and safety criteria and by offsite

property damage.

Accidents - the intermediate class of fncidents - may entail core damage
or meltdown but do not entail gross, early containment failure. The

accident at the Three Mile Island is an example. Also belonging in this
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class of incidents are design basis LOCA events with gross containment
failure. . Such accidents do not cause acute fatalities. They will not
cause fallout that severely contaminates offsite land. They may - in
their more serfous variants - cause latent cancer casualties or ground-
water contamination warranting interdiction. Accidents like these are
not irrelevant to public health and safety, but they are very much less
severe than the ones we have called "Severe Acqidents.“ Unless these
accidents were to be - and were to remain for a long time - very much
more probable than severe accidents, they would be overshadowed in

public health risk significance by the severe accidents. These accidents
are, hoWever. the dominant contfibutor to the economic risk borne by the
plant owners relating to on-site equipment damage, as the accident at

Three Mile Island indicates.

Incidents have virtually no offsite radiological consequences associated
with them. Their contribution to public risk - as measured by health
effects or offsite property damage - is negligible. The economic risk

for the utility and its rate-payers associated with incidents tend to be
smaller than or comparable to that associated with accidents. They

jnclude anticipated transients. events 1ike the Browns Ferry fire,

design basis LOCAs, etc.- They do not entail significant core damage nor

do they include LOCA in conjunction with abnormal post-accident containment

leakage.

Accidents fall into the "severe" category only i1f the containment fails
and the core releases much of its radioactivity. The causes of such

accidents may be described as follows:



1. . External missiles (e.g., heavy airplane crash) or 1nternaf missiles
(e.g., the reactor vessel head) that breach the reactor coolant

system, disable emergency core cooling systems and breach containment.

2. Structural collapse of the containment building which defeats the

core cooling systems.

3. Loss of coolant accidents that are not isolatable and which bypass

containment. (Event V in WASH-1400)

4, Failure of core cooling, failure of containment sprays, and failure

of containment fan coolers.

5. A borderline case is failure of core cooling and failure of contain-
ment isolation with operable containment sprays and coolers. Such
scenarios may fall in either the "severe accident" or "accident"

spectra of consequences.

Accident scenarios of the first two kinds (missiles and structural
collapsé) have beenvextensively analyzed fn nuclear power plants. They
are believed to be extremely improbable. Probabilistic risk assessment
suggests that the third kind of scenario, the interfacing system LOCA

that blows down outside containment, may be among the dominant contributors
to the risk from any PHR. The susceptibility of a p1aht depends upon

the design, administrative controls, and surveillance of the reactor
coolant pressure boundary valves on the 1argér'11nes that attach to the
reactor coolant system and penetrate containment. It does not importantly

depend upon the particular reactor deéigﬁ.
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Risk assessment studies suggest that the fourth group of severe accident
scenarios may also contain dominant contributors to the risk. These are
accidents entailing failure of core cooling (leading to severe damage or
melt) and also failure of containment fan coolers and sprays (leading to
gross containment rupture on overpressure). Many failures in the "front
line" engineered safety features are required for this to happen. For
example, failure of all trains of containment fan coolers, failure of

all trains of containment sprays, failure of the safety injection function
and either a LOCA or a failure of main and auxiliary feedwater. The
coincidental or random failure of all trains of all these "front 1ine"
engineered safety features is clearly much too unlikely to affect the
risk. However, common cause failures such as fires, floods, earthquakes,
or the failure of support or auxiliary systems, such as AC power, DC
power, control and actuation systems, auxiliary cooling water systems,
etc. can produce the many functional faults in "front line" systems from

one or a very few root-cause failure events.

One example of this group of accident scenarios was found to be a dominant
contributor to the risk from the PWR analyzed in the Reactor Safety

Study. It entails loss of offsite power, the failure of both emergency
diesel generators, and the failure of the turbine-driven auxiliary
feedwater pump. All feedwater is lost, leading to the boil-dry of first
the steam generators and then the reactor core. Containment sprays and
coolers are also defeated by the failure of AC power sources, so this

scenario belongs in the group of severe accidents.

7-6



-

The 1ikelihood of these severe accident scenarfos is governed by the
susceptibility of thg_front line engineered safety features to common
failure mechanisms, not to the details of the design of the nuclear
steam supply systems. Therefore, there is 1ittle reason to believe that
B&W plants are any more or less likely to be subject to such accidents

than are other PWRs.

It is well known that the once-through steam generators employed in B&W
plants hold a small inventory of secondary coolant. They boil dry more
quickly than other PWR designs following a loss of all feedwater flow.
Dry steam generators imply an fnterruption in_normal reactor heat
dissipation but it does not mark a point of no return for core cooling.
Later restoration of»feedwater may restore normal cooiing for some time
after steam generator dryout. All B&W plants but one (Davis-Besse 1)
also have HPI pumps with high shutoff head; these puﬁps can drive open
the pressurizer safety valves. This capability is very useful in extending
the time-window within whfch core damage or meltdown can be avoided
following an interruption in primary and sécondany side cooling. Thus,
most B&W plants may haveés long or Tonger points of no return for the

restoration of successful core cooling than do some other PWR designs.

Undercooling transients are more 1ikely in plants ﬁith highly responsive
0TSGs than in otherwise comparable plants with recirculating steam |
generators. Brief interruptions in the heat‘sink’provided by the steam
generators may cause a challéngé to one of the pressurizgr valves (PORV

or safety valves). Thus, the B&W design tends to be more susceptible to
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transient-induced LOCA. The difference between B&W and other designs is
confined to the case of delayed auxiliary feedwater starts. Prompt
AFWS starts do not cause undercooling transients. Outright (sustained)
failure to start is equally serious with or without responsive steam
generators. Thus, B&W plants place a premium upon the reliability with
which the auxiliary feedwater starts are properly timed. The penalty

for late starts is an increased likelihood of transient-induced LOCA.

The most prominant common-cause failure mechanism we can identify that
causes both delayed auxiliary feedwatef starts and sustained ECCS failures
lies in operator error. A practice of trying to avoid over4cooling
incidents tends to make such errors more likely. On the other hand, the
experience of having had a TMI accident, tge operator retraining’ft
spawned, and the other changes made since the accident have gone a long
way to reduce the likelihood that such scenarios would start or would
progress to core damage once started. Nevertheless, our event tree-
fault tree studies suggest that transient induced LOCA which cannot be
isolated and which occurs in conjunction with ECCS failure may be among
the dominant routes to core damage, i.e., to an accident, although we
think it very unlikely that such a scenario would also entail the
failure of containment fan coolers as well as sprays. Thus, transient-

induced LOCAs should not be prominant causes of severe accidents.

It is known that B&W plants have somewhat more frequent trips than do
other PWRs, particularly since the TMI-inspired alterations to the trip

setpoints. These excess trips seem to be originating from minor secondary
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side transients and non-safety-grade instrumentation faults. Thesg
transient 1nft1ators do not correlate with the occurrence of massive, -
common-cause failures in the engineered safety features - with a couple
of noteworthey exceptioﬁs - so they are not expected to increase the
frequency of the risk-dominant severe accidents in B&W plants above the

level expected for other PWR designs.

The two exceptions deserve closer scrutiny. The‘Non4Nuc1ear Instrument
(NNI) bus faults that dcéurred at Rancho Seco and Cﬁystal River caused
massive faulting of the instruments upon which the'operators depended to
understand the status of the plant. It could be poétulated that such
faults could lead to tﬁe'kinds of operator errors tﬁatrcould give rise
to severe a.:idents. For a number of reasons, severe accidents via such
routes seem very unlikely: (1) In the post-TMI enviromment, it is
unlikely that operators would-override the autostart of engineered
safety features while their instruments are oﬁvious]y faulted; (2) It is
'unlikely that operators would shut off containment fan coolers, eveh
under circumstances in which they might mistakenIyrshut off ECCS or
containment sprays; (3) All historical instances oijNI failures have
been repaired before the pofnt of no return forva severe accident; and
(4) The attention given to the recent Cryst&l Rivér-hnd-other incidents
has alerted operators to ?he symptoms, consequences, and fhe ways to

deal with NNI failures.

Another hypothetical way that the somehhat higher transient rate at B&W
plants might affect the frequency of high-risk acqident sequences is
through failures of offsite power. Loss of offsite power may originate

7-8



outside the plant or be precipitated by a plant trip. Studies. performed

for WASH-1400 suggested that most instances of loss of offsite power
originate outside; the overall frequency of the loss is quite insensi-

tive to the plant trip rate according to industry statistics. There may

be exceptional sites where this is not true, however. To the extent

that B&W plants trip more often than other PWRs, they place a correspondingly
greater safety premium upon the reliability with which the grid, the
switchgear and the startup transformer picks up plant auxiliary loads.

We expect for most B&W plants that the somewhat higher trip rate has a
negligible effect on the 1ikelihood of severe station blackout accidents.

In summary, then, the enhanced frequency of transients in B&W plants is

not believed to importantly affect the 1ikelihood of severe accidents.

Another concern with B&W plant design and operation is the comparatively
high frequency of overcooling transients following reactor trip. In
some of these transients the shrinkage of reactor coolant causes the
pressurizer level to go off-scale low:and/or the pressure to fall to‘the
ECCS actuation point. Even if the pressurizer bubble is drawn into a
reactor coolant loop and the reactor coolant pumps are tripped, we see
no difficulty in sustaining convective circulétion in the unaffected
loop and sustaining or restoring it in the loop with some of the steam
bubble. Frequent ECCS actuation in such events is significant in the
ways it affects operator behavior. Freguent spurious ECCS actuations
could tend to induce operators to disable or override actuation signals

important to safety.
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In the post-TMI environment, we think that operators would correct such
errors long before they resulted in core damage in all but the fastest-
moving accidents and wod]d correct such errors before containment failure
results in a severe release in virtually every case, Thus, the "cry
wlf" effect of overcooling transient-induced spurious ECCS actuations
might have some effect on the frequency of core damage (accidents) but

a negligible effect on the frequency of major releases, 1.e., severe

accidents.

ECCS actuations in overcooling transients - apart from thei; effect on
operator behavior - are expected to have very 1ittle effect on the
1ikelihood of core damage. If ECCS fails to start, no harm is done as

it isn't really needed in an overcooling accident. ATﬁere is a very
slight chance that HPI or the affected makeup pump might be critically
needed before it could be repaired. On the other hand, such challenges
provide experiences more closely resembling genuine demands than dd
surveillance tests, so these nuissance demands also help to debug the
system. On balance the prospect of ECCS failures in thesé overcooling
transients has very slight and coﬁnterbaIancing effects on the Tikelihood

of core damage and a nteigibie-efféct on severe accidents.

If ECCS does start in these overcooling transients; the operators may
leave it on long enough to 1ift the pressurizer PORV or possibly a

safety valve. This, in turn, opens the possibility of a spillage of
reactor coolant and perhaps a stuck-open valve, i.e., a LOCA. In the

worst case of a stuck-open, non-isolatable pressurizer valve, ECCS must
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work to sustain core cooling. However, ECCS will have higher-than-
nomal reliability under these conditions because its successful start
caused the LOCA in the first place. There is no reason to believe that
such incidents are 1ikely to be coupled with ECCS failure or with the

failure of containment fan coolers or sprays.

It has been suggested that a reactor trip together with a failure to
throttle main feedwater in a B&W plant would rapidly fill the OTSG's and
result in water in the main steam lines. MNo such instances have océurred
but comparable upsets in the Integrated Contro1 System have beeh observed.
The main steam lines and valves may not be qualified for the weight or
the water-hammer potential associated with this scenario; they might
rupture. The characteristic range of times to fil1l the steam generators '
and main steam lines is a very few minutes, perhaps too rapid to give
much confidence that the operators would consistently trip the feedwater

pumps or stop valves in time to avoid main steam 1ine breaks.

Such séenarios would affect the risk of severe accidents only if the

break produced flooding that defeats support systems for essentia]ly all
of the active engineered safety features,li.e., essential DC power, AC
power, or possibly essential auxiliary cooling water systems,}and do so
with a probability that rivals station blackout or Event V. Such scenqriqs
would have a significant effect on the 1ikelihood of core damage only if
the flooding defeats emergency feédwater and HPI (feed and bleed cooling)
and does so with a probability that rivals other common-cause or multi-

fault scenarios such as loss of all feedwater and HPI failure.
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In either the case of accidents or severe accidents, the significance of
the water-solid main steam line break scenarios seems to rest upon the
potential for massive flood damage in essential compartments of the
auxiliary building. If such flooding does not'take place, there appears
to be little direct threat to ultimate core cooiing or containment

integrity.

The susceptibility of B&W plants to loss of all essential AC or DC power
or loss of all HPI and EFW due to water-solid main steam 1ine breaks and
subsequent flooding should be reviewed. ‘If a deterministic analysis
suggests a real possibility of such a.scenario. then a probabilistic

evaluation should be perfonmed.

These considerdtions of B&H plant characteristics are summarized in
Table 7.1. We conclude that B&W piants are not significantly different
from other PHRs in their vulnerability or susceptibility to severe

accidents - those that dominate the nuclear risk.

B&W plants have a different profile of susceptibility to core damage
accidents than do other PURs. They are more ]ikeiy to incur transient-
induced LOCA but the ones with high head HPI pumps mey be less likely to
incur core damage from e icss of all feedwater.i B&Y plants are more
1ikely than othef PWRs to have over- or undercooling iﬁcidents. transient-

induced LOCA, etc.
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Table 7.1

Effect on Frequency of Incidents of B&W
Plant Characteristics or Concerns

Effect on Frequency* of:

B&W Plant Character- Severe Accidents Accidents Incidents
istic or Concern (1arge. release) (small release) (no abnormal release)
1. Short time to SG smalll smalll large2

dryout following
loss of feedwater

2. Frequent under- small3 - large4 large4
cooling transients
3. Heightened trip negligible small large®
frequency (neg)
4. NNI/ICS faults neg med{un® large?
5. Frequent overcooling , : - |
transients : - : - : e
a. Loss of PRZR neg A neg ' - large® -
level ' _ 7 2
b. Nuissance ECCS neg medium liarge™ |
actuation : : : : o
6. Overfeed main steam ' neg?8 neg?8 ?
T1ine rupture
7. Feed and bleed moderate o large 9 large
capability (high improvement improvement
head HPI)
Notes:

*Baseline of comparisoh is the WASH-1400 risk picture for surry.

]Loss of steam pressure to drive turbine-driven emeréency feedwater bumps
or restore main feedwater may be more likely with the OTSG design.

2Faults of this kind intrinsically qualify as abnormal occurrences or
disruptive events.

3The direct effect on the frequency of dominant sequences 1s negligible,
however, the pronounced effect on the frequency of core damage in
conjunction with coincidental containment faflure might rival dominant
sequences in probability.
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‘Table 7.1 (Cont.)

4Delayed start of auxiliary feedwater following loss of main feedwater
is more 1ikely to 1ift a pressurizer valve in B&W plants. This increases
the frequency of transient-induced LOCA in positive association with faults
that might degrade the relfability of HPI as well as auxiliary feedwater,
The Lessons of TMI have already reduced this 1ikelihood of serious outcomes
for these scenarios. Total failure of all feedwater and of HPI is equally
problematic in al1 PuRs.

5Frequent trips are intrinsically a cause for concern,
6Effect via operator ervor or transient-induced LOCA.

7Eff€ct via long term influence on operator behavior.

8Neither the possib111ty nor the 1ikelihood of this hypothetical group
of accidents has been verified.

9Feed and bieed can provide an option for core cooling in the
event of a total loss of feedwater. It may also provide a later
point of no return for saving the core during primary coolant boiloff.

v
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7.3 Observations on the Task Force Recommendations

Table 7.2 reports the judgment of the review group from the Probabilistic
Analysis Staff of the effect of the Task Force recommendations on the
likelihood or severity of a}number of accident scenarios: loss of main
feedwater, loss of main feedwater due to ICS or NNI faults, loss of
offsite power, small LOCA, station blackout, anticipated transient

without scram, and steam generator overfill.

Table 7.3 is very much 1ike Table 7.2 except that the columns treat
incidents by the severity of outcome rather than by the kind of initiating
event. In this table, we have Assessed the potential of each recommendation
for reducing the 1ikelihood and/or severity of the three categories of
events (incidents, accidents, and severe accidents). That is, each

entry in the table may be interpreted as the potential for the specific
recommendation reducing (or increasing) the 1likelihood of the particular
event category and/or improving (or harming) the plant's capability to
cope with the events in that category. Thus, some recommendations may

be of high potential benefit in reducing the 1ikelihood of a severe
accident but of low potential benefit in coping with an ICS/NNI fault

like that experienced at Crystal River. Others may be of some moderate
benefit in reducing the frequency of overcooling incidents, of moderate
benefit in reducing the 1ikelihood that such an incident will propagate
into an event causing core damage (the "accident® categony), but of

negligible benefit in reducing the likelihood of severe accidents.
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Task Force Recommendation

Effect of Task Force Recommendations
on Particular Plant Transjents

Loss of
. MW

Loss of MFW
From ICS
: FauH:s‘

Table 7.2

Loss of
Offsite
Power

Small
LOCA

" Statfon
Blackout

ATHS

0TSG
Overfi

1

AFWS Upgrade to an ESF system
a. Fluid System Upgrade

b. External Event Qualification

ESF Automatic Initiation and
Control of AFWS

Diversely-Powered Auxiliary
feedwater Pump for Davis-Besse

Modifications to the Steam and
Feedwater Line Break Detection
and Mitigation Systems

Improvements to the Integrated
Control System and NNI

a. Channelizing sensors, etc.
b. Meter failure position

¢. Failures clearly indicated:

d. Reversfon to manual control

e. loop indication separation

f. Recommendations from ICS
reliability analysis

g. Recommendations from INPO/NSAC

Crystal River report
h. Follow-up to IE Bulletin
79-27 :

installation of a Safety Grade

Panel of Vital Instruments

Pos

Neg

"Pos

Neg

Pos | Neg

Pos | Neg

Pos | Neg

Pos

Neg

Pos

Neg
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Table 7.2 (Cont.)

Loss of MFW Loss of
Loss of From ICS Offsite Snall Station 0TSG
Task Force Recommendation MFW Faults Power LOCA Blackout ATWS Overfill
Pos | Neg Pos | Neg Pos | Neg Pos | Neg Pos | Neg Pos | Neg Pos | Neg
7. Improved Use and Display of L L L L L L L
In-Core Thermocouple Indication
8. Safety Grade Vent/Purge Isola- L L L L L L
tion on High Radiation Signal
9, System Response Modificatfons L L ? L M L L H
to Prevent Pressurizer Level
loss and ECCS Actuatfon
10. Study of Means to Improve the ? ? ? ? ? ? ?
Response of the 0TSG
11. Elimination of Post-Reactor L M M M L H M
Trip Operator Actions
12, Instrumentation and Control L L M L L L M L L L M L L L
Technician Be Assigned to
A1l Shifts
13. Operator Training on the
Crystal River Incident
M H M H L L M
14. Development of Plant Specific
Procedures for Loss of ICS/NNI
15. Increased Simulator Training M L M L M L M L M L M L
16. Criteria for Restarting M M M M M ?
Reactor Coolant Pumps
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Table 7.2 (Cont.)

Loss of MFW Loss of :
Loss of From ICS Offsite Small Station 0TsG
Task Force Recommendation MFUW Faults Power. LOCA Blackout ATWS Overfill
Pos | Neg Pos | Neg Pos | Neg Pos | Neg Pos | Neg Pos | Neg Pos | Neg
17. Alternative Solution to PNRV M L L M M L L L L
Unreliability and Safety
System Challenge Rate Concerns
18. Completion of IREP Crystal He H? H? H?
River Study
19. Performance Criteria for ? ? ? ? ? ? ?
Anticipated Transients
20. Criteria for Reactor L L L L L L M
Coolant Pump Trip in Small
LOCAs
21, Reevaluation of AFWS L L L L L L L L L L L L L
Injection Point into the
Steam Generators
22. Study of Operator Errors L L L L L L L
in B&W Plants




Table 7.3

Effect of Task Force Recommendations on
. Severe Accidents, Accidents, and Incidents

AFWS Upgrade to an ESF system

a.
b.
c.
d.
e.
f.
g.
h.

Single Failure Criterion*
Pedigree (N-Stamp, QA)

Safety Grade Power Supplies*
Seismic and External Event Qual.
Technical Specifications

Main Steam and FW Line Break Criteria

Diversity of Power Supplies
Other Requirements (see text)

*Most plants already comply;
improvement might be large
in those (if any) that do

not.

ESF Automatic Initiation and Control

of AFWS

a. Safety Grade Control and Instru-
mentation Independent of ICS/NNI

b. Autostart to avoid dry steam
generators

c. Throttle AFWS to avoid overcooling
of steam generators

d. Feedwater termination to prevent

overfill

Diversely-Powered Auxiliary Feedwater
Pump for Davis-Besse

Modi fications to the Steam and FW line
Break Detection and Mitigation System

Improvements to the ICS and NNI

a.
b.

C.

Channelized signals

Evaluate mid-scale fnstrument
fatlure mode

Failures clearly indicated
Reversion to manual control
Loop indication separation
Recommendations from ICS
reliability analysis
Recommendations from INPO/NSAC
Crystal River report

Follow-up to IE Bulletin 79-27
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10.

]].

12.

13.

14,

15,
16.

17.

18.

19.

20.

Table 7.3 (Cont.)

Installation of a Safety Grade
Panel of Vital Instruments

Improved Use and Display of In-

" Core Thermocouple Indication

Safety Grade Vent/Purge Isolation
on High Radiation Signal

System Response Modifications to
Prevent Pressurizer Level Loss and
ECCS Actuation

Study of Means to Improve the
Response of the OTSG

Elimination of Post-Reactor Trip
Operator Actions

Instrumentation and Control
Technicians Be Assigned to All
Shifts

Operator Training on the Crystal

‘River Incident

Development of Plant-Specific
Procedures for.Loss of ICS/NNI

Increased Simulator Training

Criteria for Restarting Reactor
Coolant Pumps

Alternative Solution to PORV
Unreliability and Safety System
Challenge Rate Concerns

Completion of the IREP Crystal
River Study

Performance Criteria for Anticipated
Transients

Criteria for Reactor Coolant
Pump Trip in Small LOCAs
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Table 7.3 (Cont.)

21. Reevaluation of AFWS Injection
Point into the Steam Generators

22. Study of Operator Errors in B&W
Plants
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‘For each . accident grouping, there are two columns in Table 7.2 or 7.3
labeled "Pos" and "Neg." "Positive" denotes the benefit to be expécted
from the sound implementation of the recommendation. "Negative" denotes
the potential for increased competing risks that might arise from the
recommendation. For example, an alteration to the Integrated Control
System could make one failure mode less 1ikely and other failure modes
more 11ke1y.‘ We record'bofh effects, the 1mpr09ement under "Pos," the
degradation under "Neg." The comments and interpretations underlying

these judgments are summarized in the text below.

The entries in the tables are interpreted as follows:

1. W - High -
The recommendation is Judged to have a substantial effect on a
dominant contributor to the 1ikelihood of accidents in the group of

accidents.

2. M- Medium
The recommendation is judged to have a mbder;té effect on a dominant
contributor or a major effect on contributors that aré only moderately
1ikely to have a significant 1nf1uence on the overall frequency of

accidents of the type under consideration.

3. L - Low
The overall effect on the 1ikelihood df‘accfdents is judged to be
low. That is, the recommendation may have 1ittle effect, or it may
have a strong efféct on‘factors ﬁot bearing directly on the dominant

contributors to the class of accidents under consideration.
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4. Blank or Epsilon (€)

Negligible effect.
A discussion of each recommendation follows.

1. Upgrade the Auxiliary Feedwater Systém (AFWS) Fluid System to an

ESF System

In this recommendation, the Task Force calls for the improvement of
the “fluid-moying” aspects of the AFWS to ESF requirements. The
actuation and control aspects are treated in recommendation 2.

ESF qualification entails several facets:

a. Single failure criterion

We believe almost all B&W plants have an AFWS already meeting
the single failure criterion for its mechanical-aspects.
Thus,‘we think the effect of this recommendation is small.
Nonetheless, its imposition is desirdb]e, because a violation
of the single failure criterion could severely compromise the

reliability of the AFWS.

b. Pedigree requirements

Safety qualification normally entails a number of quality

assurance and code requirements. As applied to pipes, pumps

and valves, these criteria tend to bear upon pressure boundary
integrity rather than active failure reliability. Since pipe

breaks are a negligible contributor to the functional unavailability
of the AFWS, there 1s very little benefit to be gained from a
retroactive requirement to upgrade the pedigree of piping,
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valves and pumps (presuming that the equipmeﬁt now 1nsta1]ed is

already of good quality)..

C.

€.

Class IE power supplies for motor-operated pumps and valves

We believe most plants already comply so that the effect of

the recommendation will be small, Nonetheless, this recommendation

is important as an instance of non-compliance could compromise

system reliabflity.

Seismic Category I qualification

Seismically-induced loss of main feedwater is sufficiently
probable to warrant a requirement to provide an engineered

safety feature qualified to cool the core under this circumstance.
However, it §s not so common an inftiating event that diverse

as well as redundant means.are needed. We recommend that
licensees and applicants be given the option of selecting

efther primary system cooling (feed and bleed) or secondary
system cooling (auxiliary feedwater) as the desighated, qualified
method of cooling the core following a seismically induced

" loss of main feedwater.

Technical specifications

Safety qualificatfon implies the imposition of technfical
specification; and finite allowable outage times for periods
during which portions of the AFWS are out of service. These
can have a moderate to l#rge effect on AFWS relfability and

thus on risk.
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Main steam and feedwater line break design bases

"Main steam and feedwater line breaks have been taken as design
basis challenges for the AFWS in some but not all operating
PWRs. AFW must be isolated from the affected steam generator
and yet AFW must be supplied to the surviving steam generator(s)

despite a single active failure.

Such accidents pose very little risk. They are rare and they
do not directly threaten core cooling. We see virtually no
risk reduction potentiaI.in extending these requirements to
all PWRs, and the requirements might safely be relaxed where
the provisions for automatic isolation of the "affected" steam
generator or the yalving necessary to satisfy the single
failure criterion is found to degrade A#ws functional reliability -

for the very much more common loss of feedwater events.

Diversity of power supplies

Branch Technical Position ASB 10-1 currently requires diverse
power supplies for AFWS pumps. The concept of designing out
the susceptibility of the AFWS to failure in the event of a
common cause failure of all sources of motive power, such as
all AC power or all steam, can have a very large risk reduction
potential. Howevef. the requirement needs strengthening to
include not just pump power supplies but valve and support

systems as well., There should be at least one train of the
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AFWS that is capable of starting and running for each of the

following circumstances:

1. Loss of power on all essential aﬁd non-essential switchgear
buses. A '

2. Loss of steam ﬁressure in both steam generators.

3. At least one train should fail on rather than off if the
corresponding control power supplies (DC or AC instrument

power) were to fail off.

Other requirements

Most B&W plants have a two train AFWS. There is a limit to
the reliability improvement that can be achieved without
adding a thirdvfrain. Loss of main feedwater is a very
frequent chél]enge; With two train AFWS designs - even ones
of comparatively high reliability - loss of all feedwater is a
rare but distinctly credible event. We judge that a return
1nterva1 of once in a thousand reactor years is about the best
one might confidently expect for loss of all feedwater in PWRs
having two train AFWS designs. A case can .be made for the
provision of an add-on, third train of the auxiliary feedwater
system_whichidoes not depend upon the same support and auxiliaries
as does the principal two-train system. However, the case for
such an add-on may be less compelling in B&W plants with a demon-
strated feed éhd bleed cooling capability than it is in plants
with comparatively low head HPI sincé they have alternate

means of core cooling.
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ESF Automatic Initiation and Control of the AFWS

This recommendation is primarily concerned with the need for a
safety grade system for initiation and control of the AFW system
independent of the ICS/NNI. Also included within the recommendation
are: a call for an appropriate séleétion of inftiating signals

such that the undercooling and overcooling transients experienced
during the transition from main to auxiliaﬁy fEedwater are minimized
in severity; an inclusion within the steam generator level control
of an overcooling protection capability; and a feedwater termination

signal to prevent overfilling of the steam generators.

The most important part ofAthis group of recqmmendations deals with

the provision of an AFWS autostaft system that fis capéble of responding
in the event of a loss of méin feedwatef and which is independent |

of the ICS or its power supplies. The key to aklarge improvement

in safety is to assure that the kind of failure events that may

cause a loss of main feedWater will not also disable fhe AFWS.

Apart from this elimination of common cause failure susceptibility -
which has large risk reduction potential - the redundancy and IE
qualification requirements associated with safety grade actuation

is expected to produce a small improvement in system reliability.

The selection of autostart actuation points to minimize the 1ikelihood
or severity of over- or undercooling incidents 1s clearly desirable

provided that it doesn’t introduce new system failure modes. That
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is, a provision to delay or disable an autostart to avoid an over-
cooling transient ought not to have, as a failure mode, the outright

disabling of the autostart system.

The recommendation to provide throttling of the AFWS to prevent
overcooling is directly related to.the discussion above concerning
the safety grade level control. We believe that providing such
level control is desirable, will help to somé_degree to reduce the
frequency of overcobling events, and to a lesser extent reduce the
1ikelihood that such‘events propagate into accidénts involving core

damage.

The recommendation to temminate feedwater supply to prevent an
overfill condition appears to be more appropriate for the case of
the mafn feedwater system rather than the AFWS, However, even for
the former system, provisions to override the ICS and trip or
thrott1e.tb avoid grossly overfilling the steam generators may -
through‘nuissance'trips - degrade plant safety by as much as this
proper action may increase it, If sﬁch a protective system is
deemed to be necessary, great care should be employed to design it

for a very low nuissance trip rate.

“Phovisions to throttle or trip the auxiliary feedwater system to
avoid grossly overfilling the steam generators (beyond that provided
by the upgraded AFWS control system) is even more subject to advérse
side effects. "Protective" systems that ha#e the effect of isolating

a reactor from 1ts\heat‘sink - as these do - should be avoided if
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possible, and entered into only with great care, thorough reliability
analysis, and a careful investigation of adverse side effects. We
expect that a system to‘trfp or throttle the AFWS on very high

steam generator level may have the net effect of increasing the

risk.

biverselx:fowered Auxiliéry Feedwater Pump for Davis-Besse

In this recommendation, the Task Force has noted and addressed
their concern about i unique feature of the present Davis-Besse
AFWS. In this plant, both AFWS pumps are driven by steam drawn
from the main steam 1ines. The Task Force concern about this
configuration was that temporary interruptions in feedwater flow to
the steam generators can result in dry-out; subsequent attempts to
initiate the AFWS may then be compromised by lack of motivé steam.
Potentially éggrevating this problem is the failure to isolate the
steam 1ines. During the February 26, 1980 Crystal River incident
and the March 20, 1978 Rancho Seco "1ight bulb" incident, the steam
generators dried out. The remaining steam mass trapped within the
steam generators was depleted by the continued operation of the.
main feedwater pump turbines, although the feedwater discharge
valves were closed so there was no water mass replenishment by

feedwater injection.

Other recommendations of the Task Force address the reduction in
frequency of events which would result in steam generator dry-out.
However, because such_events cannot be eliminated completely and

because the AFWS is a critical feature for coping with feedwater
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transients and some small LOCAs, we believe that a diversely-
powered AFW pump for Davis-Besse is of high value in reducing the
11kelihood of severe accidents and accidents, and roderate value
for incidents. This is further reinforced by the more 1imited
capability of the Davis-Besse plant to cope with a total loss of
feedwater because of fhe relatively low shutoff head of their HPI

pumps .

Modifications to the Steam and Feedwater Line Break Detection and

Mitigation Systems -

Installed in most of the B&W plants are systems intended to cope
with the effects of a méin steam 1ine break inside the reactor
building. These detection and mitigation syStemé are designed to
detect the affected steaﬁ generator and fsolate feedwater flow to
1t; Licensing calculatfons indicate that, for the assumed conditions,
continued flow of feedwater presents the possibility of reactor
building pressure éxceeding its design pressure and a possible
return to critfcality in the core (due to the severeARCS overcocling
combined with a stuck-out control rod). This recommendation of the
Task Force §ddresses the concern that such systems can inftfate
feedwater trénsients (by spurious operation) and, under certain
circumstancés, prevént feedwater delivery during 2 (non-steam 1ine

break) transfent.

We belfeve that these detection and mitigationvsystems can be
highly significant common-cause faflure mechanisms. being both the
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cause of a feedwater transient and interfering with the subsequent
necessary delivery of emergency feedwater (as occurred during the
September 24, 1977 Davis-Besse transient). For this reason we
believe that this Task Force recommendation is of moderate value in
reducing the 1ikelihood of severe accidents and accidents, and high
value for incidents. We note, however, that the goal of the
recommendation, to eliminate the potential for adverse interactions
resulting from these detection and mitigation systems, may be very
difficult to accomplish. We believe that it is important not only
to consider design changes for these systems but to also reconsider
the actual need for such systems. If the requirement for automatic
fsolation of the auxiliary feedwater system (vis a vis operator
intervention) is an‘artffact of conservative reactor building
pressure calculations, it may be preferable to remove the detection
and mitigation system’s control of the AFWS, rather thah attempting

to design a more sophisticated system.

Improvements to the Integrated Control System and Non-Nuclear

Instrumentation

It is clearly evident from the Crystal River incident and other
similar events that the ICS and NNI in B&W plants can be hoth the
initiator of a transient event and a compromising agent in the
plant's and operators' attempts to mitigate the transient's effect.
While other Task Force recommendations deal with ways to 1mprqve

the mitigating capabilities of the plant and its operators, this
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recommendation addresses means for improvfng the reliability of the
ICS/NNI so that fts‘frequency of failure is reduced and its failure

not so severe,

Because this reéommehdaifon_deais strictly with means to improve
the ICS/KNI, we befigve that it can provide significant benefit
only for transient events.initiated by faults fn these systems.

Thus (as Table,7;2 jl1ustratés),'ﬁe feel that these recommendations
are, in generai. of rélatively low merit f?r events such as “normal®
losses of the mainAfeedwatef system, small LOCAs.'etc. In some
cases, we also believe that specific‘reCommended modifications
might have slight neqative implications. For example, modifi-
cations in meter failurejposition may impede operator actions in
other events (until such time that the operators become thoroughly
familiar with the new indications and the altered system is debugged).

For the case of ICS/NNI-initiated transients, we believe that the
specific Task Fbrbe recoﬁmendations aré gener&l1y of low to moderate
importance in reducing the 1ikelihood of incidenfs. while of
generally low value.fbr accidents, and negligible value for severe
accidents. ‘Again, since instrumentation and control equipment
modifications will inevitably require some time for adjustment on
the part of the oberaibrs'and the I&C technicians, some fncreased
1ikelihood in human error and freduency of ICS/NNI failures can be

expected for some time.
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We also believe that certain recommendations are of relatively more
importance for the ICS/NNI-initiated type of transient. Specifically,
we believe to be more important the capability for bus transfer in

the event of power supply faults and the follow-up actions to IE
Bulletin 79-27, which addresses on a plant-specific basis the
capability to cope with power-failures to the ICS/NNI. We also

note that recommendation 5d (reversion to manual control) could be

of some low to modergte value (for accidents) if this change were

to remove the possibility that faults could disable both automatic
and manual control of the plant secondany side. If the recommendation
does not accomplish this, then we believe it to have negligible

importance.

Installation of a Safety Grade Panel of Vital Instrﬁments

This Task Force recommendation is similar to the Lessons Learned

Task Force recommendation 7.2 and calls for a safety-grade panel of
instruments in the control room which is independent of other
“instruments, their power supplies, etc. and their associated potential

for common-cause failures.

The installation of such a safety-grade panel would provide the
operating crew with a credible source of information during events
which affect other plant instrumentation. Other Task Force recommend-
ations have as a goal the reduction in frequency of such losses of
instrumentation; ﬁowever, since such losses cannot be eliminated

(or even substantially reduced in frequency), we believe that such
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a safety panel is important. Since it is a virtual certainty that
operating crews will -in the future be faced with faulted non-

nuclear instrumentation during a transient, such a safety panel can
significantly improve the likelihood that the operators will correctly'
diagnose and cope with the transpiring events (presuming that these
instruments are powered from appropriate supplies, e.qg., batteries).
For this reason, we believe that thfs recommendation has high value
for incidents, high value for accidents, and moderate value for

severe accidents.

Improved Use and Display of In-Core Thermocouple Indication

This Task Force recommendation has two aspects: the improvement in
the capability to use the in-core thermocouples (as one input to

the subcooling meter); aﬁd the improvement in the display capability
of the thermocouple indications, so that trend information in core
outlet temperature (temporal behavior, regional variations, etc.)

is available to the operators. Apparent1y.Athermocoup1e indications'.
were used by the Crystal River operators during the February 26,

1980 incident while much of the other instrumentation waé failed or

of questionable credibility.

As we have discussed #bove; it is highly 1ikely that instances of
large-scale instrumentation faflures will in the future be experienced
by operating crews, so that reliable information from diverse

sources such as the in-core thermbcdup]es will be important to the

operator response to the events. In this sense, this recommendation
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1s coupled with Task Force recommendation 6 (Safety-Grade Vital
Instrument Panel). Because the latter recommendation calls for the
provision of several indications of RCS status, we believe that it
overshadows the potential benefit resulting from the improved use
and display of the themmocouple indication. Thus, while we feel
that better use and display of the thermocouple indication would be
a desirable capability, we believe that the installation of the
"safety panel” is distinctly more important. In this context, this
recommendation appears to be of low importance for incident and

accident mitigation and of negligible 1mportanc¢ for severe accidents.

Safety-Grade Vent/Purge Isolation on a High Radiation Signal -

This Task Force recommendation calls for the installation of safety-
grade'isolation equipment on the reactor building vent/purge system
which would be actuated on high radiation lévels in the reactor
building. This is of concern because, for some events, isolation

of the vent/purge system on high building pressure or low RCS
pressure might not occur until after the release of‘some radioactive
material. For example, for a total loss of feedwater accident

(1.e., both main and auxiliary feedwater fafl), RCS pressures would
climb rather than drop sufficiently to cause the Building isolation
on low RCS pressure. Further, the operation of the purge might
prevent building pressures from reaching the other isolation setpoint;
thus, automatic isolatibn might not occur. Under such circumstances,
operator actions to isolate the vent/purge system might not occur

until some material (e.g., radioactive gases released from the
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expelled coolant) has escaped through the system. To cope with
such a sftuatfon, a vent/purge system isolation on high radiation

level in the reactor building has been recommended.

In essence, the 1ntent‘of this recommendafion is to substitute
automatic isolations (on high radiation) for operator-initiated
isolations for that class of accidents wﬁere the "normal" isolation-
initiating signals would not be received. The consequences of not
providing such an fsolation can be thought of as the difference in
the magnitude of release if an automatic isolation were to occur
and if the isolation were dependent on operator action. Since the
concentration of radioactive material in coolant is relatively lTow,
we believe that the increased time required for human actuation of
the vent/purge system isolation would result in only a small difference
in the radioactive felease. For this reason we believe that this

i recommendation is of negligible value with respect to severe acci-
dents, and low value for accidents. We also believe, however, that
it could be important (in the severe accident category) to assure. |
that these valves fail closed on loss of power, so that isolation
occurs in the event of such potent1a11y‘severe accidents as station

blackout.

We note that the above conclusions on the relative merit of this
recommendation are based on the conclusion that small releases of
radioactive material during an incident will result in negligible

health effects within the surrounding public. If, however, the
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objective is to.prevent.ggx release of radioactive material, this
recommendation clearly is more desirable; for fhis reason we believe
it is bf moderate value with respect to coping with incidents. We
also note that an anticipatory trip of the containment purge.
isolation valves could also be triggered on high pressure in the

reactor coolant drain tank.

System Response Modifications to Prevent Pressurizer Level Loss and

ECCS Actuation

Following a reactor trip in a B&W plant, the reactor coolant undergoes
significant contraction as it cools; as a result, the pressurizer
level and RCS pressure drop substantially. To cope with this,
operators are trained to quickly isolate letdown flow and start an
additional make-up (HPI) pump, so that shrinkage is accounted for
by additional coolant injection into the RCS. Even with such
operator intervention, however, these plants have a history of
occasional secondary side malfunctions leading to reactor trips,
losses of pressurizer level, and ECCS/HPI actuations (on low RCS
pressure). This Task Force recommendation calls for the examinatidn
of means to reduce the severity of the post-trip RCS transient, so

that the frequency of level loss and HPI actuation is reduced.

A reduction in the frequency with which pressurizer level is lost
and/or ECCS is actuated in overcooling accfdents is useful in

several ways. Frequent ECCS actuations due to overcooling transients
may condition operators to expect all ECCS actuations to be spurious

and encourage them to disable the autostart of emergency feedwater
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(to avoid the overcooling) or to override the ECCS start without
positively determining that there is no gepuine need for it. Thus,
it is important to avoid or counteract (with training) this effect

on operator behavior.

Apart from the effect on operator behavior, the frequency of over-
cooling transients leading to loss of pressurizer level or spurious
ECCS actuation has little bearing 6n the 1ikelihood of core damage
and still less on public health and safety. The failure of ECCS
under such challenges has almost no safety penalty since ECCS is
not really needed in this scenario; it offers an opportunity to
gain experience'and debug the éystem. The success of ECCS under
such challenges may ]eﬁd to 1ncreased challenges to pressurizer
relief and safety valves, which,might then fail open. However, the
ECCS system needed to mitigate such failures must be accorded
higher-than-average reliability in such situations because its
operability was responsible for the opened valve in the first

place.

Thus, virtually all of the querate,significance (with respect to
the incident accideht,categony) attributed to this recommendation
relates to its efféc§ on operator behavior. We also believe it 1sv
of low value with respect to reducing the 1ikelihood of accidents,

with negligible value in the severe accident category.
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10.

1.

Study of Means to Improve the Response of the Once-Through Steam

Generator (0TSG)

In this recommendation, the Task Force has addressed the concern of
the relationship of the relatively small OTSG secondary side coolant
inventory to the'overa11 “sensitivity” of the B&W plant. The
recommendation suggests that both active and passive means to

improve the O0TSG response be investigated.

We recognize as the Task Force did that there are a number of ways
possible to improve the OTSG responsiveness. Such design changes

to the OTSG obviously have the potential for significantly improving
the overall behavior of the plant during'feedwater transients (or,
if poorly designed, having negative impact). Equally obvious is
that, since we do not now know what the study results would ;how.
we cannot pass judgment on its relative merit. For this reason, we
believe that it is sufficient that we concur on the Task Force

recommendation that such a study be undertaken.

Elimination of Post-Reactor Trip Operator Actions

As was described in our discussion of recommendation 8 above,

following a reactor trip in B&W plants, the operators are required

 to take certain actions to help minimize the post-trip pressurizer

level and RCS pressure decrease. Additional operator actions are
also required in the event of a small LOCA to balancg HPI flows,

etc. This Task Force recommendation calls for decreasing the

"burden placed on the operators during this time period by reducing
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or eliminating (automating) the immediate manual actions required

by the emergency procedures.

By removing those requirements on the operator to act, one allows
the operator the opportunity to think more broadly about his situatfion.

For this reason, we believe that the reduction in the demands

-placed on the operating érew during the eérly phases can have an

fmportant impact on their capability to cope with the accident,

i.e., reduce the 11kelihood of errors during the event.

Thus, we believe that this recommendation has negliigible potential
for reductfon in the 1ikelihood of severe accidents, and low benefit

for accidents and incidents.

We note that, under qertain circumstances, the éutomatidn of post-
trip actions can alsd produce adverse effects.“cdre should be
taken when autbmating~cgr£a1n_functions (e.g., Ietdbwn isolation)
to avoid potential adverse interactions with ICS/NNI. Since we do
not belfeve it possibie to e11m1na§e the oécurfénce of large scale
instrument failures. etc..resulting from Ic$/NNI failurés. prudence
dictates that new1y-aﬁtomated functions be ;ubjecf to thorough
failure mdes and effetts, commbn-cause faiiufe. and interactions

analyses.

Instrumentation and Control Technicians Be Assigned to all Shifts

This recommendation addresses the Task Force concern that power

faults, efc. which result in severe ICS/NNI failures can be sufficiently
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complex that trained instrumentation and control persbnnel are
required to study and correct the problem. Since it is not now the
practice of all plants to have such personnel on all shifts, there
exists the potential for extended fault rectification times if
staff must be brought in from offsite in an emergency. Because of
this concern, the Task Force recommended that appropriate personnel

be available on-site during all shifts.

We believe that this recommendation has both positive and negative
aspects. On the positive side, we agree with the Task Force that
having trained personnel available would be somewhat beneficial -
probably of moderate value for incidents and accidents, and low
value for severe accidents. However, consideration of the data on-
the causes of large scale ICS/NNI failures indicates that roughly
one-half of the events were a result of errors made by these same
personnel as they performed their surveillance and maintenance
duties. Since presumably these personnel would be performing their
routine duties during their shifts, the likelihood of ekperiéncing
an ICS/NNI failure on_back shifts would be increased somewhat by
requiring the appropriate personnel to be present. On balance, we
believe that the positive aspects of this recommendation slightly
outweigh the negative aspects; however, we also believe that the
"net gain" is of low value. Recommendation 14 is more to the

point.
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14,

Operator Training on the Crystal River Incident

Development of Plant-Specific Procedures for Loss of ICS/NNI

We have chosen to consolidate, Task Force recommendations 13 and 14
into one for the purposes of this risk evaluation because of their
similarity in intent. Recommendation 13 of the Task Force calls
fpr specific operator training on the events of the February 26,
1980 incident at Crystal River. Recommendation 14 addresses the
need for plantQSpecific procedures to assiét operating crews when

ICS/NNI failures occur in the future. .

We believe that the reduction in the likelihood of operator errors
during ICS/NNI-caused transients requires operator training involving
both retrospective and forward-thinking views. The Task Force's
recommendation on Crystal River training provides one aspect of the
retrospective training; however, thiS specifjc trajning alone does
pose questions regarding the need for fraining on other similar
events, e.g., thé Rancho Seco "1ight bulb" incident or others
identified from LERs as having the potential to be accident pre-
cursors. We believe that this type of training could be highly

valuable in "preparing" the operators for possible future accidents.

The Task Force récommendation on plant-specific procedure development
addresses the need for forward-thinking training. Since it is a
virtual certainty that operators will be faced with ICS/NNI failures
in the future (which may be similar to or different from past
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events), we believe it important that more general training on

- coping with such events be provided.

We believe that this combination of training for ICS/NNI faults can -
‘be of relatively high effectiveness for tﬂjs type of transient.

Other recommendations reduce the significance of these incidents,
e.g., recommendations 2 and 6. We believe that on an overall
basis, these recommendations are of high value for incidents, high

value for accidents, and mderate value for severe accidents.

Increased Simulator Training

This Task Force recommendation calls for the requirement of a one
week per year simulator training course for all operators in B&W

plants (this training is now optional).

‘We believe that this recommendation has both positive and negative

aspects. On the positivg side, such simulator training can be
important to the understanding of plant behavior during transient
events, LOCAs, etc., and thus be a useful means to reduce the
1ikelihood of operator error during real évents (e.g., Crystal
River type "incidents" and TMI-2 type "accidents"). We believe
that making such training mandatory, rather than optional, is of
moderate value for incidents, moderate value for accidents, and

negligible value for severe accidents.

The negative aspects of this recommendation result from our concern
about the limitations of the available simulator capability. ]
First, the B&W simulator is made to resemble the Rancho Seco control
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panels, so that operators from other plants may have difficulty in
fully meiding together their training with their own control room.
Second, present simulators tend to have difficulty in accurately
recreating some transient events, so that the training can again be
somewhat counterpfoductive. Overall, however, we believe that
these negative aspects do not overshadow the gains achievable by
the simulator training, so that we agree that this training should

be pursued.

Criteria for Restarting Reactor Coolant Pumps

This Task Force recommendation is concerned with guidelines provided
to the operators of B&W plants with respect to the restart of the
reactor coolant pumps during non-LOCA transients. B&W has provided
these guidelines to the operators; however, the NRC staff has yet

to conduct their review. The recomhendation calls for thé expeditious

completion of the NRC review.

We believe that appropriate guidance on the restart of the reactor
coolant pumps can be an important aspect in the prevention of core
overheating»and damage, Forced-flow cooling of the fuel can be
highly advantageous during events where maIfunctionS have interrupted
decay heat dissipatfon, so that clear criteria for re-establishing
this flow appears to be of significant merit. Because of the
potential merit of'qﬁickIy're-establishing reactor coo]ant'pump

flow, we believe that thé'completion of the NRC's review of the
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restart guidelines is of moderate value fbr improving the capability
of the plant to cope with incidents and accidents, and low value

for severe accidents.

Alternative Solution to PORV Unreliability and Safety System

Challenge Rate Concerns

This Task Force recommendation addresses the concern that, since

the post-TMI switch of the PORV setpoint and the reactor trip

setpoint on high RCS pressure (and other related plant modifications),.
the frequency of reactor trips in B&W plants has increased. It

appears that transients which formerly would have been accommodated' -
without causing a reactor trip now do result in trip. Since this - .
increased trip frequency has some negative impact on plant safety
(e.g., increased 1ikelihood of an ATWS event), the Task Force has
recommended that a proposed plant modification plan (submitted by
Consumer's Power Company) which would allow a return to the pre-THI
setpoints be considered by the NRC staff. [f determined. to be
acceptable by the staff, the Task Force recommends that such

modifications be required in all B&W plants.

It is appareht that the return to the pre-TMI PORV/reactor trip
setpoints has both positive and negative aspects. On the positive
side, the return to the original setpoints could reduce the likeli-
hood of ATWS events to some limited extent, and allow the plants.to
operate in a way more like that .to which they had been originally
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designed. The latter aspect may help somewhat to minimize unusual
behavior of the plants during transients (i:e., it allows them to

respond more smoothly during such events).

On the negative side, the return to the original setpoints will
increase the frequency of use of the PORV; with this increased
frequency the 1ikelfhood of experiencing a stuck-open valve (a
small LOCA) increases commensurately. While the installation of an
automatically-closing PORV block valve may a]leviaté this aspect,
it also presents other problems. In some accidents (e.g.,la total
loss of feedwater), the PORV is'the only controllable means for
‘energy removél from the_Rcs. In such 1nstances; an open‘PORv can
be advantadeous. in that it permits RCS'depfessurization with the
associated increased HPI flow. ‘Further. for plants with réiativéIy
Tow-head HPI pumps (e.g},vDavis-Besse), a stuck-open (or commanded
open) PORV is the only means for the critical RCS depressurization.
In'sﬁch sftuations, automatic block valve closure can be distinctly
counterproductive. Also, the automatic closure of the PORV block
valve could, for events such as a total loss of feedwater or the X
Crystal River incident, result in unnecessary challenges to the
(un1soiab1e) safety Qé]ves. Thus, block valve éuto-closure can
increase the chailenge rate of the safety valves; resulting in an
increased 11kelihood of a bona fide LOCA. It is noteworthy that
during fhe Februafy 26; 1980 Crystal Rivér‘incident, operator
actions fo close the PORV block vé]ve (as required by NRC) resulted
in the opening of the safety valves, with the resulting increase in

coolant release to the reactor building.
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The return to the original getpoints appears to have merit. Improﬁed
PORY block valve reliability is also clearly desirable. However,

the automatic closure of the block valve(s) appears to have undesirable
side effects. While not as critical as some other Task Force
recommendations, we nonetheless believe that the resolution of this
issue is still important. We believe that this recommendation is

of moderate value for the incident category,vlow value for the
accident category, and of negligible value for the category of

severe accidents.

Completion of the IREP Crystal River Study

This Task Force recommendation relates t$ the Probabilistic Analysis
Staff's risk evaluation of the Crystal River plant, which is the
first part of the overall IREP study of a114operat1ng plants. Tﬁié
study has as its goal the identification of those factors of the
plant design which are important to the public risk from that
particular plant. The recommendation calls for the expeditious
completion of the Crystal River study, with prompt consideration
made by the NRC on the need for plant modifications suggested by
the study.

The IREP Crystal River study has as a goal the identification of‘
those plant faults which have the greatest potential for causing
core damage and risk to the public for events initiated byAtransients
and LOCAs, For this reason, we believe that such an identification

can have high value for accident sequences resdlting from "routine"
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20.

1osses of feedwater, station blackout. and small LOCAs. Since
other 1nit1at1ng events have not been as thorough1y evaluated

(e.g., lossos of ICS/NNI,“oto.), the potential frequency reduction
potential for such seqoenoes is less signifioont. Since thé results
of the study (ahd the subsoquent regu]atorylactions) are not'yet'
completely clear, we cannot now detennine the 1mportance of the

study results on plant safety.

Performance Criteria for Anticipated Transients

This Task Force recommendation calls for the development of performance

criteria to define the acceptabIe limits of plant response to

anticipated transients. The purpose of the criteria is to assure .

that those plant functions critical to coping with transient events
. . . [ '

are designed to adequately protect the core during such events.

Without knowing what factors will be considered in the development
of these performance'cr1teria. we find 1t difficult to assess the
relative merit of this recommendation in relation to others made by

the Task Force.” Development of criteria for system performance,

such as reliability, human and systems interactfons potential, etc.

could provide significant payoff; for this reason, we agree that
this relatively long-term Task Force recommendation should be

pursued.

Criteria for Reactor Coolant Pump Trip in Small LOCAs

In the post-TMI reconsideration of small-pipe break accidents, a

concern arose that for certain sizes of pipe breaks, the'ruhning of
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the reactor coolant pumps might anrevate the break flow to the
extent that licensing requirements on acceptablé accident fuel
_temperatures would be exceeded. As a result of this concern, the
NRC now requires that the reactor coolant pumps be tripped under
certain conditions when it 1s believed that a small LOCA exists.
The NRC staff has acknowledged that such a.requirement may impede
the capability for recovery from other types of évents and as such
has recommended that the question of the relative merit of pump'
trip continue to be puréued. This Task Force recommendation
endorses the previous staff and industry recommendations on this

matter,

We agree that the present requirements for pump trip are less than
ideal. While for some small LOCAs it may be preferable to trip the
reactor coolant pumps;, clear benefit in continued pump operation
may be seen for other sizes of LOCAs and for non-LOCA transients
which have some symptoms similar to those of LOCAs. We believe
that this concern is of moderate value in the capability of the
plant to cope with incidents and accidents, and of negligible value

for severe accidents.

Reevaluation of the AFWS Injection Point into the Steam Generators

In general, B&W plants inject the AFWS water into the steam generators
through a feedwater ring at the top of the steam generators, so
that the water sprays directly onto the steam generator tubes. In

contrast, Westinghouse and Combustion Engineering plants are designed
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such that AFWS flow enters through the main feedwater rings, filling
the steam generator from the bottom. Because of top-entry of AFWS
water increases the potential for an RCS overcooling transient, the
Task Force has recommended that reconsideration be given to the

relative desirability of top-entry and bottom-entry of AFWS water.

We believe that both points for AFWS entry have positive anq-negative
aspecfs. Top-entry has -the advantage of providing a higher effective
thermal center in the steam generator, $o that natural circulation
cooling would be enhanced. Prospects of recoverfng from situations
entailing degraded core coolihg are better with top-entry injection.
It is thus important to safety not to lose'this aption. As noted
above, this entry point does, however, have the disadvantage of
increasing the 1ikelihood of overcooling the RCS. Bottom-entry

does reduce the overcooling potential, but also lowers th: steam
generator's thermal center. The latter entry point may also pose
problems of themal shock of the feedwater lines, nozzles, etc. We
strongly recommend against eliminating the top-entry injection
option. Further, the added complexity of top and bottom injection
point options is probably not warranted by the small risk reduction
.potential in reducing overcoolihg events. In our judgment, we
believe this recommendation to be 6f low value in the reduction of
incident frequency, and negligible importance to the categories of

accidents and severe accidents.
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22. Study of Operator Errors in B&W Plants

In reviewing the operating experience of B&W plants for instances
‘of ICS/NNI failures, it became apparent to members of the Task
Force that the frequency of operator errors in these planté tended
to be somewhat higher than that for other plants. This Task Force
recommendation calls for an evaluation of the compiled data to

assess the statistical significance of this apparent difference.

The Probabilistic Analysis Staff has determined that the differences

in operator error rates in Table 5.3 of this report are not statistically
significant. However, PAS has under contract a research program to

study the kinds and fkequencies of operator errors being reported

in LERs, to relate these to plant, vendor, and circumstance. These
studies may lead to insights that can be used to reduce humﬁn error

contributions to the risk.
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8. GENERIC IMPLEMENTATION GUIDELINES

Because of the generic nature of this feport, it is not possible for this Task
Force to recommend a detailed implementation schedule, since the specific

actions necessary to comply with the recommendations wfll vary with the particular
design of each plant. Therefore, Table 8.1 provides generic implementation
guidelines. These guidelines address each of‘the.ZZ Task Force recommendations

and assign each to a priority group and an action grouﬁ.

Priorities 1 or 2 are assigned under the priority grouping. Priority 1 implies
that the Task Force believes that these items should be scheduled and implementa-
tion begun as sbon as possible. To accomplish this may require rescheduling

of NRC staff and licensee/industry priorities and resources. Priority 2

items, on the ofher hand, should be scheduled for implémentation consistent

with existing priorities and resources. Priority 1 and 2 recommendations were

assigned by the Task Force based on consideration of the following:

(1) The Probabilistic Analysis Staff's evaluation of the effectiveness
of the Task Force recommendations based upon qualitative perspectives
derived from probabilistic safety analysis and risk assessment (this

evaluation is presented iﬁ Section 7 of the report);

(2) The Decision and Priority Group assignments of existing or closely

coupled requirements contained in the TMI-2 Action Plan; and



(3) Comments received since the issuance of the draft report on April 2,
1980 from members of the NRC staff, Babcock‘& Wilcox, the B&W licensees,
NSAC, and both the ACRS B&W Reactor Subcommittee and the ACRS full

committee.

The action group is divided into four parts: (1) "A" recommendation is closely
coupled with an existing requirement contained in the TMI-2 Action Plan; (2)

"B" recommendation is not closely coupled with an existing requirement contained
in the TMI-2 action plan and licensee/industry action is required. (3) "“C"
recommendation is not closely coupled with an existing requirement in the

TMI-2 Action Plan and NRC staff action is required; and (4) "D" recommendation
is not closely coupled with an existing requirement in the TMI-2 Action Plan

and Joint NRC staff and licensee/industry action is required.

Based on discussions held during meetings between the Task Force and the B&W
licensees, it is anticipated that 1icensees may propose alternative methods or
solutions to meeting certain goals of specific Task Force recommendations.
Prior to directing implementation of the recommendations, alternative solutions
should be given consideration by the staff. In addition, the Task Force
recognizes that licensees may propose to combine and implement certain of the
Task Force recommendations in such a manner that the need to implement other

Task Force recommendations may become unnecessary.

Therefore, the Task Force recommends that implementation should be accomplished
by integrating the generic implementation guidelines, proposed by the Task
Force, with the existing or related requirements specified in the TMI-2 Action

Plan, and plant-specific comments or proposals advanced by the B&W licensees.



TABLE 8.1
GENERIC IMPLEMENTATION GUIDELINES

Key to terms in table:

Prioriﬁx Group .

Priority 1 -
Priority 2 -

Action Group

A
B

Items should be scheduled and implementation begun as soon as possible. These {tems may require
rescheduling of NRC staff and )icensee/industry priorities and resources.

Items should be scheduled and implemented in accordance with existing priorities
and resources.

Recommendation closely coupled with existing requirement contained in the TMI-2 Action Plan.

Recommendation not closely coupled with existing requirements contained in the TMI-2 Action Plan,
licensee/industry action is required.

Recommendation not c1ose1y coupled with ex1sting requirement contained in the TMI-2 Action Plan,

_NRC staff action is required.

Recommendation not closely coupled with existing requirement contained in the TMI-2 Action Plan,
joint NRC staff and Ticensee/industry action 1s required
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TABLE 8.1
GENERIC IMPLEMENTATION GUIDELINES

Priority Action Group

No. Requirement 1 2 A B C D Similar Requirements Which Should Be Considered
1. AFN system upgrade to ESF system X X II1.E.1.1 of TMI-2 Action Plan

2, ESF automatic initiation and control of AFW X X I1.E.1.2 of TMI-2 Action Plan

3. Additfon of diverse-drive AFW pump for DB-1 X X I1.E.1.1 of TMI-2 Action Plan

4. Modifications to steam line break detection and X X None

mitigation system

5. Improvements fn plant control systems (NNI/ICS) X X BAW-1564, NSAC-3/INPO-1, IE Bulletin 79-27

6. Selected data set of principal plant parameters X X 1.D.2 of TMI~2 Action Plan

7. Increased usage of in-core thermocouples X X None

8. High radiation signal for vent/purge isolation X X 11.E.4.2 of TMI-2 Action Plan

9. System response to maintain pressurizer level X X I1.E.5 of TMI-2 Action Plan

on scale and pressure above HP1 setpoint

10. Sensitivity studies of operational wodifications X X 11.E.5 of TMI-2 Action Plan

11. Modifications to eliminate immediate manual actions X X None

12. Qualified I&C technican on duty X X NUREG-0654/FEMA-REP-1 (Section 11.B)

13. Operator Training on CR-3 event X X Partially covered by Confirmatory Orders {ssued

. to B&W operating plants following CR-3 event

14. Emergency procedures for loss of NNI/ICS X X Same as number 13 above

15. Mandatory simulator training for requalification X H.R. Denton to ALL POWER REACTOR APPLICANTS AND

LICENSEES, dated 03/28/80 (Criteria D.4)




TABLE 8.1 (continued)

Priority . Action Group .

No. Requirement 1 2 A B C D Similiar Requirements Which Should Be Considered
16. Evaluation of RCP restart criteria X 11.K.1 Table C.1 Item 27 of TMI-2 Action Plan
17. Alternative solution to PORV unrelfability/ X X None

safety system challenge rate concemns 1
18. Completion of IREP Crystal River 3 study X I1.C.1 of TMI-2 Action Plan
19. Development of Performance Criteria for anticipated |[X X None

transients
20. Continued evaluation of need to trip RCPs during X 11.K.3 Table C.3 Item 5 of TMI-2 Action Plan

. small break LOCAs .

21. Reevaluate location of AFW injection into OTSG -X - X None
22. Staff study of personne]l related LERs with respect X 1.E.8 of TMI-2 Action Plan

to higher pumber for BEW plants
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U.S. Nuclear Regulatory Commission, "TMI-2 Lessons Learned Task
Force Status Report and Short-Term Recommendations," USNRC Report

NUREG-0578, July 1979.*

U.S. Nuclear Regulatory Commission, "TMI-2 Lessons Learned Task

Force Final Report,“ USNRC Report NUREG-0585, October 1979.%
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15.

16.

17.

18.

19.

20.

21.

U.S. Nuclear Regulatory Commission, "Operating Units Status Report,"
USNRC Report NUREG-0020, Printed Monthly.*

Letter from J. G. Herbein, Metropolitan Edison Company, to H. R. Denton,
NRC, Subject: Response to NRC Letter of March 6, 1980, dated March 13,
1980. Available in NRC PDR for inspection and copying for a fee.

Letter from R. P. Crouse, Toledo Edison, to R. W. Ried, NRC, Subject:
Response to NRC Letter of March 6, 1980, dated March 12, 1980.
Availabie in NRC PDR for inspection and copying for a fee.

Letter from C. L. Steel, Arkansas Power & Light Company, to
H. R. Denton, NRC, Subject: Response to NRC Letter of March.s,
1980, dated March 12, 1980. Available in NRC PDR for inspection and

cobying for a fee.

Letter from J. G. Herbein, Metropolitan Edison Company, to H. R. Denton,
NRC, Subject: Supplemental Response to NRC Letter of March 6, 1980,
dated March 17, 1980. Available in NRC PDR for inspection and

copying for a fee.
Letter from W. 0. Parker, Jr., Duke Power Company, to H. R. Denton,
NRC, Subject: Response to NRC Letter of March 6, 1980, dated March 12,

1980. Available in NRC PDR for inspection and copying for a fee.

Same as Raference number 1ll.



22.

23,

24.

25.

26.

Letter from G. C. Moore, Florida Power Corporation, to R. W. Reid,

NRC..Subjeét: PORV,'Safety-Valve Actuation Data and Reactor Trip
Frequency, dated Novembér 14, 1979. Available in NRC PDR for |

inspection and copying for a fee.

Létter from J. H. Tayior, Babcock & Wilcox, to D. é. Eisenhut, NRC,
Subject: Response to Oral Request Made at a Meeting on March 4,
1980, Between the NRC, B&W and Operators of B&W Plants Regarding
Crystal River 3 Event of February 26, 1980, dated March 12, 1980.
Docket No. 50-302. Available in NRCAPDR for inspection and copying

for a fee.

Letter from J. H. Taylor, Babcock & Wilcox, to R. J. Mattson, NRC,
Subject: Forwards B&W Report Entitled "Evaluation of Transient
Behavior and Small Break Loss-of-Coolant System Breaks in the 177-FA
Plant (Volumes I and 11), dated May 7, 198D. Available in NRC PDR

for inspection and copying for a fee.

Westinghouse Electric Corporation, "Report on Small Break Accidents

for Westinghouse NSSS Systeh,“ WCAP-9600 Vols. I to III, June 1979.

- Available in NRC PDR for inspection and coﬁying for a fee.

Combustion Engineering Incorporated, "Review on Small Break Transients

in Combustion Engineering Nuclear Steam Supply Systems," CEN-114,

- July 1979. Available in NRC PDR for 1hspection and copying for a

fee.



27.

28.

29.

30.

31.

U.S. Nuclear Regulatory Commission, "Generic Evaluation of Feedwater
Transients and Small Break Loss-of-Coolant Accidents in Westinghouse-

Designed Operating Plants,” USNRC Report NUREG-0611, January 1980.*

Letter from M. S. Plesset, Advisory Committee on Reactor Safeguards,

to J. F. Ahearne, NRC, Subject: Recommendations of the NRC Task

_ Force on Bulletins and Orders, dated March 11, 1980. Available in

NRC PDR for inspection and copying for a fee.

U.S. Nuclear Regulatory Commission, "Generic Evaluation of Feedwater
Transients and Small Break Loss-of-Coolant Accident in Combustion

Engineering Designed Operating Plants," USNRC Report NUREG-0635,
January 1980.%*

"The Institute of Electrical and Electronics Engineers, Incoporated
Standard: Criteria for Protection Systems for Nuclear Power Generating
Stations," IEEE Standard 279-1971. Available from The Institute of
Electrical and Electronics Engineers, Inc., 345 East 47 Street, New

York, New York 10017.

U.S. Nuclear Regulatory Commission, "Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants - LWR
Edition," USNRC Report NUREG-75/087,'Section 10.4.9, "Auxiliary
Feedwater System (PWR)," Attached Branch Technical Pos}tion ASB
10-1, "Design Guidelines for Auxiliary Feedwater System Pump Drive
and Power Supply Diversity for Pressurized Water Reactor Plants,”

Rev. 1.%*
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32.

33.

34.

35,

Letter from R. W. Reid, NRC, to J. J. Mattimoe, Sacramento Munfcipal
Utility District. Subject: NRC Requirements for the Continued

‘Upgrade of the Rancho Seco Auxiliary Feedwater (AFW) System, dated

February 26, 1980. Docket No. 50-312. Available in NRC PDR for

inspection and copying for a fee.

u.s. Nnclear Regulatory Commission, “"Evaluation of Licensee's Compliance
With the NRC Order Dated May 16, 1979-Toledo Edison Company and The
Cleveland Electric ITluminating Company-Davis-Besse Nuclear Power
Station, Unit No. 1-Docket No. 50-346," dated July 6, 1979. NOTE:
subject document may be found as Enclosure 1 to Letter from H. R. Denton,
NRC, to L. §.cRoe, Toledo Edison Company, Subject: Authnrization to
Resume Power Operations, dated July 6, 1979. Availablelin NRC PDR

for inspection and copying for a fee.

U.S. Kuclear Regulatory Commission;" Instrumentation for Light-Water-

' COo1ed Nuc]ear Power P]ants to Assess PIant and Environs Conditions

During and Following an Accident " USNRC Draft Regulatory Guide
1.97, Rev. 2, issued for public comments on December 4, 1979.
Available from USNRC Divisfon of Technical Information and Document
COntrol Washington DC 20555

Letter from J. H. Taylor, Babcock & Wilcox, to D. F. Ross, Jr., NRC,

) Subject: Forwards report entitled "Integrated Control Systems

Relfability inalysis, BAW-1564," dated August 17, i979. Available
in NRC PDR'fof inspection'gnd copying for a fee.



36.

37.

38.

39.

40.

41.

Letter from J. H. Taylor, Babcock & Wilcox, to D. F. Ross, Jr., NRC,
Subject: Comparison of Reactor Trip History between B&W, CE, and
Westinghouse Operating Plants, dated October 18, 1979. Available in

NRC PDR for inspection and copying for a fee.

R. A. Capra, NRC, "Summary of'Meeting Held on August 23, 1979, With
the Babcock & Wilcox (B&W) Operating Plant Licensees to Discuss
Recent (Post TMI-2) Feedwater Transients," dated September 13, 1979.

Available in NRC PDR for inspection and copying for a fee.

Letter from R. W. Reid, NRC, TO ALL B&W OPERATING PLANT LICENSEES,

Subject: Request for Additional Information Concerning B&W Recommendations

Contained in ICS Reliability Analysis-BAW-1564, dated November 7, 1979.

Available in NRC PDR for inspection and copying for a fee.

“"American National Standard Requirements for Selection and Training
of Nuclear Power Plant Personnel," ANSI N18.1-1971. Available from
the American.Nuc]ear Society, 244 East Ogden Avenue, Hinsdale,

I11inois 60521.

U.S. Nuclear Regulatory Commission, '"Quality Assurance Program

Requirements (Operation)," USNRC Regulatory Guide 1.33, Rev. 2,

February 1978. Available from USNRC Division of Technical Information

and Document Control, Washington, DC 20555.

R. W. Reid, NRC, "Summary of March 4, 1980 Meeting Regarding Crystal
River 3 Incident of February 26, 1980," dated March 13, 1980. Docket

No. 50-302. Available in NRC PDR for inspection and copying for a fee.
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42. U.S. Nuclear Regulatory Commission, "Reactor Safety Study - An

43.

Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants,"
USNRC Report NUREG-75/014 (WASH-1400), October 1975. Available free
upon written request from USNRC Division of Technical Information

and Document Control, Washington, DC 20555.

"Summary of Meeting January 29, 1980 on Selected Responses on B&W
Sensitivity, Midland Plants Units 1 and 2" dated February 14, 1980.
Docket Nos. 50-329, 50-330. Available in NRC PDR for inspection and

copying for a fee.
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APPENDIX A
'POST TMI-2 ACCIDENT REQUIREMENT
FOR B&W OPERATING PLANTS .



POST TMI-2 ACCIDENT REQUIREMENTS FOR B&W OPERATING PLANTS
CATEGORY SOURCE:

APPENDIX A

IE BULLETINS (TMI-2 RELATED)

Number Requirement Source Implementation Action Plan Remarks
1. - Review THI-2 Preliminary Notiffcations (PNs) 79-05 (Item 1) COMPLETE - I.A.2.2
and detailed chronology of TMI-2 accident. 79-05A (Itea 1) . iiA.sil
’ . oKn )
2. Review transients similar to THI-2 that have 79-05 (Item 2) COMPLETE I1.A.2.2
occurred at B facilities and review the 79-05A (Item 2) I.A.3.1
evaluation of the 11/29/77 transient at 11.K1
Davis-Besse 1.
3. Review operating procedures for recognizing, 79-05'(Iten 3) COMPLETE I1.€.1
prevanting, and mitigating void formation 79-05A (Item 3) II1.K.1
during transients and accidents.
4. Review operating procedures and training
instructions to ensure that:
a. Operators do not .override ESF actions 79-05 (Item 4) COMPLETE I1.C.1
unless continued operation will result 79-05A (Item 4a) 1.c.7
in unsafe plant conditions. 79-058 (Item 2) 1.c.8
' 1.G.8
I1.K.1
b. HPI system vemains in operation (if 79-05A (1tem 4b) COMPLETE I.C.1 NOTE: There is no
actuated automatically) unless: 79-058 (Item 2) I1.K.1 longer any requirements

(1) Both LPI pumps are operating at a
flow rate greater than 1000 gpm and
the situation has been stable for
20 minutes, or

{2) HPI has been in operation for 20 mins.
and the RCS is at least 50°F subcooled.

to maintain HPI in
operation for 20 mins.
HPI may be terminated
upon reaching 50°F
subcooling regardless
of the time the system
has been operating.




CATEGORY SOURCE: IE BULLETINS (TMI-2 RELATED) (continued)

Number ) Requirement - : Source Implementation

Action Plan

Remarks

5.

c. Until automatic RCP trip is installed 79-05A (Item 4c)  COMPLETE
" and operational: 79-05C (Short-

(1) Upon reactor trip and HPI initta- ?:;m Itgm la and
- tion caused by low RCS pressure,
trip all operating RCPs, and
(2) Provide two operators in the CR at
: .all times to accomplish RCP trip
and other required ftems.

d. Operators are provided with addi- 79-05A (Item 4d) COMPLETE
tional information and guidance
not to rely on pressurizer level
indication alone in evaluating plant
conditions.

Review all safety related valve positions 79-05 (Item 5) COMPLETE

and positioning requirements and positive 79-05A (Item 5)
controls and all related test and mainten-

ance procedures to assure proper ESF func-

tioning, if required. Verify all AFW valves

are in the open position.

Review operating modes and procedures for 79-05 (Item 6) 03/31/80
all systems designed to transfer poten- 79-05A (Item 9)
tially radioactive gases and 1iquids' out *
of containment to assure that undesired
pumping of radfoactive gases or liquids
will not occur inadvertently. Ensure
that this does not happen on ESF reset.
List all such systems and list:
a. whether interlocks exist to prevent
transfer on high radiation, and
b. whether such systems are {solated by
containment isolation signals..

79-05C superseded the
requirements of 79-05A
Item 4c¢) Evaluation is
contained in NUREG-
0623)
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CATEGORY SOQURCE:

IE BULLETINS (TMI-2 RELATED) (continued)

Number Requirement

Source

Implementation

Action Plan

Remarks

9.

10.

1.

Review containment isolation design and
procedures and make necessary changes to
assure that all 1ines whose fsolation does
not degrade core cooling capability will
isolate upon initiation of safety injec-
tion (HPI).

Review prompt reporting procedures to
assure that the NRC is notified within
one hour from the time the reactor is not
in a controlled or expected condition of
operation. Maintain continuous communi-

‘cation channal.

Implement positive position controls on
manual valves and manually-operated,
sotor-driven valves that could com~
proaise or defeat AFW flow.

Prepare and implement procedures which
assure at least two 100X capacity AFW
flow paths are available whenaver the
primary heat removal source 1s through
the OTSG. Implement the following LCOs:
If two paths are not available, shutdown
within 72 hours and be cooled down within
12 hours. If at least one path is not
available, be subcritical within one hour
and be cooled down within 12 hours (or
the maxinum safe rate).

Review and modify procedures for removing
safety-related systems from sevvice (and
restoring to service) for maintenance and
testing to assure operabilit.y status is
verified and known.

79-05 (Item 7)

79-05 (Item 7)
79-05A. (Item 12)
79-058 (Item 6)

79-05A (Item 7)

79-05A (Item 8)

79-05A (Item 10)

03/31/80

COMPLETE

COMPLETE

03/31/80

03/31/80

II.E.4.2
II.K.

1.E.6
II1.A.3.3
11.K.1

I1.E. 1.1
II.K.1

II.E. 1.1
II.K.1

1.C.2
I.C.6
I1.K.1




CATEGORY SOURCE:

IE BULLETINS (TMI-2 RELATED) (continued)

Number Requirement

" Implementation

- Action Plan

Ramarks

- §=Y

Assure all operating and maintenance
personnel are aware of the seriousness
and consequences of the simultaneous
blocking of both AFW trains and the
other actions taken during the eerly
phases of the TMI-2 accident. :

Develop procedures and train operators
on methods of establishing natural circu-
Tatfon. Include: means of monitoring
efficiency by available instrumentation;
assure RCS is at. Teast 50°F subcooled;
precautions for pressurizer level
indication, pressure control, P-T
1imits; and procedures in the event

of LOFW while in natural circulation.

Modify design and procedures which
reduce the 1ikel{ihood of automatic
PORV . 11fting during anticipated
transients. Lower high pressure
reactor trip setpoint.

Provide a manual trip (procedures and
training) for the following high
pressure transients:

a. Loss of Main Feedwater,

b.  Turbine Trip,

¢. Main Steam Isolation Valve CIosure,
d. Loss of Offsite Power,

. Low Steam Generator Level, and

f. Low Pressurizer Level

79-05A (Item 11)

79-058 (Item 11)

79-058 (Item 3)

79-058 (Item 4)

I.c'l
- 1.G.1

II.K.1

11.E.5

11.K.1

11.X.1

 PORV setpoint changed

from 2255 to 2450 psig
(DB-1 setpoint 2400)
High pressure trip
setpoint changed from
2355 to 2300 psig.
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CATEGORY SOURCE:

IE BULLETINS (TMI-2 RELATED) (continued)

Number Requirement Source Implementation Action Plan Remarks
16. Provide design review and schedule for 79-05B (Item 5) COMPLETE II.K.1 A preliminary design
" implementation of a safety-grade reactor approval was given
trip upon: to B&W licensees on
a. Loss of Feedwater, Deceaber 20, 1979
“b.  Turbine Trip, for LOFW and TT.
c. Significant Reduction in Steam Low OTSG level was
Generator Level not included.

17. Propose changes to Technical Specifications 79-058 (Item 7) 03/31/80 I1I.K.1
which must be modified as a result of
implementing IE Bulletin jtems.

18. Perform and submit a report of LOCA 79-05C (Short- COMPLETE I.C.1 Evaluation of the
analysis for a range of small break Term Item 3) LOCA analysis fs
sizes and a range of time lapses documented in
between reactor trip and RCP trip. NUREG~0623.
Determine PCT and identify any area
where PCT is greater than 2200°F..

19. Based upon the analyses daone in require- 79-05C (Short- COMPLETE I.c.1 Guidelines developed -
ment 18 above, develop new guidelines Term Item 3) for this requirement
for operator action for both LOCA and subsequently wodified
non-LOCA events that take 1nto account under req. 21.
the effect of RCP trip. '

20. Based upon guidelines developed in require- 79-05C (Short- COMPLETE I.C.1
ment 19 above, revise emergency procedures Term Item 4) 1.A.3.1
and train all operators. 1.G.1

21. Provide analyses and develop guidelines 79-05C (Short- COMPLETE 1.C.1 Latest version of
and procedures for inadequate core Term Item 5) I1.F.2 8&W SBLOCA Guide-

cooling. Define RCP restart criteria.

1ines dated 11/79.




LY

CATEGORY SQURCE: IE BULLETINS (TMI-2 RELATED) (continued)

NHumber Requirement Source Implementation Action Plan Remarks

22. Propose and submit a desfign which will 79-05C (Long~ . 01/01/81 Table C.3 = Implementation date
assure automatic tripping of the RCPs Term Item 1) Item 5 means fnstalled and
under all circumstances in which this : . operational. Prelim-

actfon may be required. . - : .inary design approval

o o . : . given to BW licensees
in letters dated
12/17%18/79.

NOTES ON _IE BULLETINS (TMI-2 RELATED):
1. IE Bulletins Applicable to B&W Operating Plants:

Bulletin 1ssued Comments

79-05 04/01/79 Superseded by 79-05A

79-05A 04/05/79 Supersedes 79-05

79-058 04/21/79 Modifies some parts of 79-05A
79-05¢C 07/26/79 Supersedes Item 4c of 79-05A

(RCP operation during a LOCA)
2. Present HPI termination criteria for BIW p1ants (see requirements #4b):

P1f the HPI system has been actuated because of low pressure conditions, it must remain in operatfon until one
of the following criteria is satisfied:

a. The LPI system is in operation and flowing at a rate in excess of 1000 GPM in each line and the situation
has been stable for 20 minutes.
OR

b.- All hot and cold leg temperatures are at least 50°F below the saturation temperature for the existing RCS
pressure and the action is necessary to prevent the indicated pressurizer level from going off-scale high.

3. One of the requirements of Item 5 of IE Bulletin 79-05B required design submission for a safety-grade reactor
‘ trip upon significant reduction in OTSG level (see requirement #16). B&W 1icensees do not agree that low S/G
level is anticipatory and have not included this requirement in their safety-grade design.

4. long-term Item 1 of IE Bulletin 79-05C (see requirement #22) requests design of automatic RCP trip be submitted.
Preliminary design approval was sent to the B&W licensees on 12/17-18/79 for use of coincident signals of low
pressure ESFAS and low RCP current/power. Licensees now report that they may not be able to provide information
requested by staff with regard to verifying correlatfon between RCP current/power and voiding in RCS. Licensees
are investigating other signals which could be used. :
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CATEGORY SOURCE:

COMMISSION ORDERS OF MAY 1979 (Shorf-'l'em Requirements)

Number Requirement Source Implementation Action Plan Remarks
1. Upgrade the timeliness and reliability of A1l Orders COMPLETE I1.E.1 Specific actions under
delivery of the AFW system. I11.K.2 - this ftem varied from
, : plant to plant. See
pages A-10 and A-1l1.
for a complete
‘ 1isting of actions.
2.  Procedures and training to inftiate and A1 Orders COMPLETE 1I.E.1.2 '
" control AFW .independent of the integrated I1.K.2
control systen (ICS) '
3. Install hard-wired control-grade A1l Orders COMPLETE I1.K.2
anticipatory reactor trip for loss
of feedwater and turbine trip. _
4. Perform small break LOCA analysis, A1l Orders COMPLETED 1.A.3.1 Evaluation provided
procedures, and operator training. I.C.1. in NUREG-0565
II.K.2
5. Complete TMI-2 simulator training for A11 Orders COMPLETED I.A.3.1
all operators and senior operators. '
6. Reevaluate analysis submitted for Davis-Besse 1 COMPLETED NOT
dual-level setpoint control of Order only APPLICABLE
OTSG in 1ight of accident at TMI-2.
7. Reevaluate Davis-Besse 1 transient of Davis-Besse 1 COMPLETED - NOT
September 24, 1977, in 11ght of Order only APPLICABLE
accident at TMI-2. , _
8. Submit a detailed thermal-mechanical Letter from 01/01/81 I1.K.2 Residual requirement
- report which shows the effect of 0. Ross to Table C.2 {dentified during
long-term feed and bleed on reactor B&W Licensees Itea 13 the review of the

vessel integrity (SBLOCA with no AFW)

dated 08/21/79

short-term require-
ments of the Orders.




CATEGORY SOURCE: COMMISSION ORDERS OF MAY 1979 (Short-Term Requirements) (continued)

dated 08/21/79

Number Requirement Source Implementation Action Plan Remarks
9. Evaluation of PORV and safety valve lift Letter from 01/01/81 I11.K.2 Same comment as
frequency and increase in reactor trip R. Reid to ' 11.C.1 requirement 8
frequency based or revised setpoints for B&W Licensees Table C.2 above
PORV and high pressure reactor trip. dated 09/28/79 Item 14
, Table C.3
_ Item 7
10. Analysis of effects of slug flow on Letter from 06/01/80 11.K.2 Same comment as
0TSG tubes induced by transitioning R. Reid to Table C.2 Requirement 8
between solid natural circulation BAW Licensees Item 15 above .
and reflux boiling modes. dated 11/21/79 Table C.3 '
_ Item 44
11. Evaluation of the impact of RCP seal Letter from 06/01/80 11.K.2 Same comment as
o damage following_ a small break LOCA R.. Reid to Table C.2 Requirement 8
with loss of offsite power. ' BAW Licensees Item 16 above
. dated 11/21/79 Table C.3 .
Item 41
12. Perform benchmark analysis of sequentfatl Letter from: 01/01/81 I11.K.2 Same comment as
AFW flow to OTSG using CRAFT-2 with D. Ross to o : Table C.2 Requirement 8
3 node OTSG representation. BW Licensees _ Item 19 above
dated 08/21/79
13.  Analysis of system response to a small Letter from 01/01/81 11.K.2 Same comment as
: break LOCA that causes the RCS to D. Ross to Table C.2 Requirement 8
repressurize to the PORV setpoint BEW Licensees Item 20 above
(Two break LOCA) dated 08/21/79
14. LOFT L3-1 predictions Letter from COMPLETED 1I.K.2 Same comment as
— D. Ross to Table C.2 Requirement 8
B&W Licensees Item 21 above. Results

undergoing review
by EG&G, Idaho,
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.CAYEGORY SOURCE: COMMISSION QRDERS OF MAY 1979 (Short-Term Requirements) (continued)

Number Requirement Source Implementation Action Plan Remarks
15. Analyses of loss of feedwater and other Letter from SB-COMPLETED I.C.1 Same comment as
anticipated transients and the develop- D. Ross to ICC-COMPLETED Table C.2 Requirement 8
went of guidelines and emergency B&W Licensees TRANSIENTS/ Item 18 above.
' procedures. dated 08/21/79 ACCIDENTS -
: 07/01/80
16. Analysis of potential voiding in the Letter from 01/01/81 1.Cc.1 Concern Jdentified
RCS during anticipated transieats. R. Reid to Table C.2 by IE inspector.
_ B&W Licensees 1tem 17 Connected with
dated 01/09/80 requirement 15
above.
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SHORT-TERM AFW SYSTEM UPGRADE REQUIREMENTS SPECIFIED IN THE COMMISSION ORDERS OF MAY 1979 FOR B&W OPERATING PLANTS

RANCHO SECO  CRYSTAL RIVER-3  DAVIS-BESSE 1

.ACTIONS REQUIRED OCONEE 1-3 ANO-1
1. Provide for automatic start of all three X
EFW pumps upon a signal from any unit.
Cross-connect the discharge headers
2.  Provide for starting of motor-driven AFW X X X
pumps from a vital bus (Manual capability)
3. Sﬁtiﬁ an operator at loca) valves during X X X
testing in communications with the control
room.
4. Develop procedures for control of AFW X X X X
1pdependent of ICS.
5. Verification of operability of AFW pumps. X X
6. Provide for obtaining alternate snurces X X X
of water for AFNW.
7. Provide for automatic start of motor- X X
driven AFW pumps.
8. Provide for timely operator notification X. X ' X
of an automatic AFW intitiatien.
9. Provide for timely operator verification X X
of AFW flow to OTSG upon automatic -
initiation of AFW, )
10. Verification that Tech. Spec. require- X X
ments for AFW are in accordance with :
the accident analysis.
11. Provide AFW flow rate indication in- - X X
the Control Room. ' )
12, Verify failure position of AFW flow w X X X

control valves. -




eL-v

SHORT-TERM AFW SYSTEM UPGRADE REQUIREMENTS SPECIFIED IN THE COMMISSION ORDERS OF MAY 1979 FOR B&W OPERATING PLANTS

. ACTIONS REQUIRED OCONEE 1-3 ~ ANO-1 RANCHO SECO  CRYSTAL RIVER-3  DAVIS-BESSE 1

' 13. Remove interlock which prevents the X

turbine~driven pump from injecting .
when the motor-driven pump is operating.

.14. 1Install dynamic breaking on turbine-driven X

pumps speed change motor.

NOTES ON THE COMMISSION ORDERS OF MAY 1979 (SHORT-TERM REQUIREMENTS)

*1. Applicable Orders
Facility: Date of Order: Letter Authorizing Restart

(Enclosed staff evaluation
of compliance with short-
term requirements)

Oconee 1,2,3 -05/07/79 05/18/79

Rancho Seco - 05/07/79 06/27/79
Crystal River 3 05/16/79 07/06/79
Davis-Besse 1 05/16/79 07/06/79
ANO-1 | 05/17/79 05/31/79

* Order issued to MET-ED on 08/09/79 not covered under B&OTF work although same
_requirements generic to B&W 177-FA plants apply.

2. Of the 16 requirements fdentified on pages A-7 through A-9 only the first 7 (1 through 7) appear in the Orders.
The remafning requirements (8 through 16) are residual items generated during the course of our review of the
BW licensees' compliance with the requirements of the Orders.



CATEGORY SOURCE: COMMISSION ORDERS OF MAY 1979 (LONG-TERM REQUIREMENTS)

E4-v

Number Requirement Source Implementation Action Plan Remarks
1. Continued upgrade of AFW system reliability. A1l Orders 01/01/81 II.E.1 The Orders required the
: I11.K.2 actions specified on
"~ Table C.2 page A-13; however, each
Item 8 BEW plant has performed
' . ‘an.AFW reliability study
from which additional
. requirements will be
- . : . developed.
2. Submit a Fai]ure Mode and Effects Analysis of” A1l Orders 01/01/81 11.K.2 Report submitted on
the ICS. Table C.2 08/17/79. ORNL con-
Item 9 for review. ORNL report
o } recefved 01/21/80.
(Licensees requested to report what actions Letter from R. Responses presently
they were taking based upon B&W recommendations) Reid to B&W undergoing review. .
‘ ‘ : _Licensees dated :
11/07/79
3. Upgrade the anticipatory reactor trip for loss A1l Orders 01/01/81 11.K.2 . Licensees given prelim
' of feedwater and turbine trip to safety-grade. : Yable C.2 inary design approval
o . ‘Item 10 for safety-grade design
12/20/79. Instructed to
o ‘ . S fnstall within 6 months.
4. Continued operator training and drilling to A1l Orders 01/01/81 1.A.3.1 Licensees have complied
assure a high state of preparedness 1.A.2.2 with the intent of this
' - 1.A.2.5 long-term portion of the
1.6.1 Order.
11.K.2
Table C.2
: ‘ : : Item 11
5. Continued attention to transient analysis Davis-Besse 1  01/01/81 1.C.1
and procedures for management of small breaks. Order only II.K.2
Table C.2

.......
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LONG-TERM AFW SYSTEM UPGRADE REQUIREMENTS SPECIFIED IN THE COMMISSION ORDERS OF MAY 1979 FOR B3W OPERATING PLANTS

ACTIONS REQUIRED OCONEE 1-3 ANO-1 RANCHO SECO CRYSTAL RIVER 3 DAVIS-BESSE 1

Install two motor-driven EFW pumps per
unit (in addition to present turbine-
driven pump). X

Connect motor-driven AFW pump to a
vital bus.

3.

Install AFW Automatic Control System
(developed by B&W) which is completely
separate from ICS.

Modify suction piping to improve
separation.

Provide control room annuncation for all
AFW automatic start conditions.

Add redundant pressure switch to the AFW
pump suction and a redundant low pressure
annunciation in the control roca.

Identify and implement any design changes
which relate to the short-term items
previously coapleted which would {mprove
safety. - '

Provide AFW flow rate verification in the
Control Room.

Continue to review perforaance of AFW
system to assure reliability and
performance.
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NOTES ON COMHISSIdﬂ ORDERS OF MAY 1979 (LONG-TERM REQUIREMENTS)

1.

AFW system upgrade: Although the short and Tong-term requirements of the Orders do not appear to be consistent,
the additional requ1rements generated during staff review of the AFW reliability study should bring each of the
facilities' AFW system up to a fairly equal level of reliability. (see requirement #1).

FMEA: The report submitted by B&W on 08/17/79 (BAW-1564) contained an operating history section as well as an
FMEA. One of the items {dentiffed by B&W in the report was a need to review and upgrade the ICS and NNI power
supplies as well as the NNI inputs to ICS. (see requirement #2).

Safety:grade reactor trip: - Although TMI-2 Act1on Plan has this item being implemented by 01/01/81, the 11censees
were informed to have the safety-grade reactor trip installed and operational in approximately six months from the

date they received the staff's preliminary design approval. That approval letter was sent to the B&W licensees on -
12/20/79 (see requirement #3)
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CATEGORY SOURCE:

NUREG-0565 (B3W SBLOCA EVALUATION)

Number Requirement Source Implementation Action Plan Remarks
1. Install automatic PORV isolation system and 2.1.2a 01/01/81 (I) 1I1.K.3
perform an operational test First Refuel- Table C.3
ing (test) Item 1
2. Evaluation of PORV opening probability during 2.1.2b 01/01/81 II.K.2 Same as requirement
overpressure transfents Table C.2 number 9 listed under
. o Item 14 Coamission Order (Short-
Table C.3 Term Requirements)
Item 7 .
3. Reporting of faflures and challenges to the 2.1.2¢ 04/01/80 I1I.K.3
PORV ) Table C.3
Item 3
4. Evaluation of safety valve reliability 2.1.2d 01/01/81 11.K.3
, Table C.3
Item 2
5. Reporting of faflures and challenges to 2.1.2e 04/01/80 Same as
the safety valves requivement
3 above
6. Revise and submit analysis methods for SBLOCA 2.2.2a 01/01/82 I1.K.3
for approval under 10 CFR 50.46 Table C.3
Itea 31
7. Plant-specific calculations to show 2.2.2b " 01/01/83 I11.K.3
compliance with 10 CFR 50.46 Table C.3
Item 32
8. Evaluation of effects of core flood tank 2.2.2¢ 07/01/80 1.Cc.1
(CFT) injection on SBLOCAs Table C.3

Item 36
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CATEGORY SOURCE:

NUREG-0565 (B&W SBLOCA EVALUATION) (continued)

_Number Requirement' Source Implementation Action Plan Remarks
9. Install automatic trip of RCPs during LOCA 2.3.2a 01/01/81 II.K.3
Table C.3
Item 5
10. - Review and upgrade reliability and redundancy ‘2.3.2b NONE I1.C.1
of nonsafety-grade equipment upon which SBLOCA . 11.C.2
mitigation relies 11.€.3
" Table C.3
Item 4
1. Minimum simulator training requirements for 2.3.2¢ 01/01/81 1.A.4.1
SBLOCA training Table C.3
Item 55
12. Additional staff audit calculations of B&W 2.4.2a As required I1.C.1
SBLOCA analysis ‘Table C.3
Item 37
13. Consideration of diverse decay heat removal 2.5.2a Not I1.C.1 - Consideration based upon
path for Davis-Besse 1 (low head HPI pumps) Scheduled Table C.3 ‘outcome of Davis-Besse
Item 8 IREP
14. Experimental verification of two-phase 2.6.2a 01/01/82 11.K.3
natural circulation ‘ Table C.3
Item 33
15. Instrumentation to. verify natural circulation 2.6.2b 01/01/81 1.C.1 Additional instrumenta-
: ' : I1.F.2 tion for accident
11.F.3 monitoring - 01/01/81.
* Table C.3 Complete balance per
Item 6 R.G. 1.97 by 06/01/82
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CATEGORY SOURCE: NUREG-0565 (B&W SBLOCA EVALUATION) (continued)

Number Requirement Source Implementation Action Plan Remarks
16. Analysis of plant response to an SBLOCA which 2.6.2.¢ 06/01/80 1.C.1
is isolated, causing RCS to repressurize to Table C.3
the PORV setpoint Item 38
"17. Analysis of plant response to an SBLOCA in 2.6.2d 05/01/80 1.C.1
the pressurizer spray line with a stuck open Table C.3
spray line isolation valve Item 39
18. Evaluation of the effects of water slugs in 2.6.2e 05 01/80 I.C.1
the piping caused by HPI and CFT flows Table C.3
Item 40
19. Evaluation of RCP seal damage and leakage 2.6.2f 06/01/80 I1.K.2 Same as requirement 11
during an SBLOCA v Table C.2 1isted under Commission
. : Item 16 Orders of May 1979
Table C.3 (Short-Term Requirements)
20. Submit predictions of LOFT Test L3-6 (SBLOCA 2.6.2g PRETEST 1.Cc.1
with RCPs running Table C.3
. Item 42
21. Submit information requested in NUREG-0565. 2.6.2h 05/01/80 I1.C.1
on effects of noncondensible gases ‘ Table C.3
Item 43
22. Evaluation of mechanical effects of slug 2.6.2i 06/01/80 II.K.2 Same as requirement 10
flow on OTSG tubes induced by transitioning Table C.2 1isted under Commission
from solid natural circulation to reflux Item 15 Orders of May 1979
boiling : Table C.3 (Short-Term Requirements)

Item 44
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CATEGORY SOURCE: NUREG-0578 (SHORT-TERM LESSONS LEARNED)

Number - Requirement Source Implementation Action Plan Remarks
1. Emergency power supplies for: pressurizer 2.1.1 01/01/80 11.G 11.G does not cover
heaters level indication, PORV and block valve ' pressurizer heaters
2. PORV and safety valve testing 2.1.2
Program and schedule 01/01/80 11.D0.1
- Complete testing 07/01/81 I11.D.2
3. PORV and safety valve direct position 2.1.3a 01/01/80 I1.D.3
jndication I11.F
4. Instrumentatfon for inadequate core cooling: 2.1.3b
Analysis and procedures 01/01/80 1.c.1
Dasign of new {nstruments, Install sub~- 01/01/80 I1.F.2
cooling meter
Install new instrumentation 01/01/80
5. Diverse contaimment isolation signal 2.1.4 01/01/80 11.E.A.2
6. Dediéated Hydrogen penetrations 2.1.5a v
Design o7 ' o : 01/01/80 I1I.E.4.1
Installation 01/01/81
8. Systems integrity for high radioactivity - 2.1.6a _ 111.0.1.1
Leak reduction program ' ‘ 01/01/80
Preventive maintenance program 01/01/80
9. Plant shielding review 2.1.6b ' 11.8.2
Design review ’ 01/01/80

Plant modifications

01/01/81
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CATEGORY SOURCE: NUREG-0578 (SHORT-TERM LESSONS LEARNED)

Number Requirement Source Implwenﬁation Actioti Plan Remarks
10. Automatic initfation of AFW 2.1.7a I1.E.1.2
Control-Grade 06/01/80 Al1 B&W plants have auto
Safety-Grade 01/01/81 initiation
11. AFW flowrate indication 2.1.7 11.E.1.2
Control-Grade 06/01/80 A1l B&W plants meet
Safety-Grade -01/01/81 control-grade
12. Post-acctdent sampling 2.1.8a 11.B.3
Design and procedures 01/01/80
Plant modificatfions 01/01/81
13. High range radiation monitors 2.1.8b
In containment 01/01/81 11.B.3
Effuent wmonitoring 12/01/81 - 111.D.2.1
14. lmproved Iodine Instrumentation 2.1.8¢c 01/01/80 I11.A.1
111.D.3.3
15. Transient and Accident Analysis , 2.1.9 1.C.1
© a. SBLOCA analysis and guidelines 09/30/79
b.  SBLOCA procedures and training 01/01/80
€. Analysis of ICC and guidelines 10/31/79
d. ICC procedures and training 01/01/80
e. Accidents & Transients analysis and 04/01/80
guidelines
f. Accidents & Transfents procedures and 07/01/80

trafning
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CATEGORY SOURCE: NUREG-0578 (SHORT-TERM LESSONS LEARNED)

Number _ Requirement

Implementation

Source Action Plan Remarks
16. Additional Accident Monitoring Instrumentation  Letter from ‘ I1.F.1
a. Containment pressure monftor H. Denton 01/01/81 11.B.1
b. Containment water level monitor to All 01/01/81
. ¢. Containment Hydrogen menitor Operating 01/01/81
d. RCS vents : Rx. dated 01/01/81
’ Design - : 10/30779 01/01/80
. Installatio 01/01/81
17. Shift Supervisor Responsibilities 2.2.1a 01/01/80 1.c.3
18, Shift Technical Adv‘lsor -2.2.1b . I.A.1.1
On Duty 01/01/80
Fully Trained 01/01/81
19. Shift Turnover Procedures 2.2.1c 01/01/80 1.c.2
20. Control Room Access' 2.2.2a 01/01/80 I.C.4
21. On-site Technical Support Center 2.2.2h IILAL2
Estabiish Center ' 01/01/80
Upgrade to meet all requirements 01/01/81
22. 2..2._2(: 01/01/80 I11.A.1.2

On-site Operation Support Center
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CATEGORY SOURCE:

NUREG-0585 (FINAL REPORT OF LESSONS LEARNED TF)

Number Requirement Source Implementation Action Plan Remarks
1. Personnel qualification and training:
1.1 Utility Management Involvement 2,3.1 06/01/82 1.8.1.1
1.2 Training Programs 2.3.3 Various 1.A.2
1.3 In-Plant Drills 2.3.3/8 01/01/81 I.A.2
1.4 Operator Licensing 2.3.1/2 Various 1.A.1/.3/8.1
1.5 NRC Staff Coordination 2.3.1/2/3 N/A 1.A.2
1.6 Licensed Operator Qualification 2.3.1/2 Various 1.A.2/.3
1.7 Licensee Technical and Management Support  2.3.1/2 06/01/82 1.B.1
1.8 Licensing of addftional operating personnel 2.3.1/2 N/A 1.A.3
2. Staffing of Control Rooms 2.3.5 07/01/81 1.A.1
3. Working Hours ‘ 2.3.5 07/01/80 I.A.1
4. Emergency Procedures 2.3.4 07/01/80 1.Cc
5. Verification of correct performance of 2.3.6 01/01/81 1.B.1
operating activities 1.C.6
6. Evaluation of Operating Experience 2.3.7 N/A 1.E
6.1 Nationwide network
6.2 Providing information to operators
7. Man-Machine Interface ‘ ,
7.1 Control room reviews 2.3.5/8 03/01/81/82 1.0.1 Short/Long-Term
7.2 Plant safety status displays 2.3.5/8 06/01/81 1.D.2
7.3 Disturbance analysis systems 2.3.5/8 N/A 1.D
7.4 Manual versus automatic operation 2.1/2.3.5 N/A 1.A.4
7.5 Standard Control Room Design 2.3.5/2.3/8 N/A I1.D
8. Reliability assessment of final design 3.2 07/00/80 li.c Crystal River
9. Review of safety classification and 3.2 11.C
qualifications
10. Design features for core-welt and core~damage 3.3 Varfous 11.8
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TABLE B.1

HISTORICAL SUMMARY OF NNI/ICS POWER FAILURES

Initial Source*

o Power . Feedwatar Reactor PORV ESF Plant of
Date Plant Problea Cause . Faflure Transient Trip ‘Opened Actuation Status Info.
A.  NNI/ICS Power Failures Which Resulted in Reactor Trip
1. O6DEC 74  Arkansas 1|  lost NNI-Y power  Water leakage into B NNI Yes Hi Press  Yes 8 4,10
. supply & condanser Main Chiller load
vaclum pumps controller ‘
2. 8JUL 76 Arkansas 1 Loss of NNI Power, Maintenance Personnal NNI Yes Hi Press Yes 94 1, 4, 10
trip on RC HI
Pressure
3. 02 MAR 77 Crystal Loss of ICS Powar Inverter Diode Failure ICS Sta dump CRD Power No; Hi 40% 1,7, 8,10
River 3 (RPS -~ did trip) open failure Cooldown
_ Rate (COR)
4, 26 FEB 80 Crystal loss of NNI X 24  +24 VDC NNI-X bus NNI Yes Hi Press yes ES-HPI 99% 1, 7
River 3 PORV opened (RPS - shorted causing the stuck
did trip) power supply to open open
‘ S1 and S2 discon~
nacting +24 VOC from
. VAC feed *
5. 12JANT79 Davis-Besse 1 Failure of Inverter Accidental grounding of NNI Yes Hi Press yes 100% 1,8,9, 10

to vital power

source (reactor
trip and turbine
trip) SFRCS trip

containment hydrogen -
analyzer causing
inverter fuse failure.

XSources of information:

Listed on page B-8.
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TABLE B.1 (Continued)

Feedwater Reactor

Initial Source

. Power PORV  ESF Plant of
- Date Plant Problem . Cause Fajlure Transfent Trip Opened Actuation Status Info.
A.  NNI/ICS Power Failures Which Resulted.in Réactor Trip _
6. 14 JUL 76 Oconee 1 i (3 power was Power receptacle incor- ) (n] Hi Press yes 100% 1, 5, 10
. lost (reactor rectly wired into ICS
tripped) . Power Source. When High
: Voltage power supply was
plugged in, line circuit
breaker tripped. . .
7. 14 DEC 78. Oconee 1 Lost power to Tave Shorted while trouble- NNI Yes Press-Temp ES-HPI 98% 5, 8
recorder : shooting alarm indication
8. - 25 DEC8 Oconee 1 Loss of all Power Inverter Fﬁse Failure ICS Yes Hi Press yes 10% 1, 5, 10
(ac) (RPS - did trip)
9. MNMJL7s Oconee II Lost ICS autopower Maintenace Personnel  ICS Low Press yes ES-MPI 80X 5
) - . Voo ’ stuck open
10. 23 SEP 74 Oconee 11 Loss of Power to - Inverter Fajliure ICS Yes Hi Press yes 95% 1, 5, 10
. - ICS Power Panel : : :
. Board 2K1. (Reactor
did trip) -
1. 10NV 79 . Oconee III'  Loss of power to ~ Loss of power to 120 (13 Yes Hf Press No No; Hi CDR

ICS. Manual VAC non-1E panel
transfer to backup (inverter fuse faflure)
power required.

After a loss of

feedwater (RPS -~ did

trip) .

99X 1,5, 8
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TABLE B.1 (Continued)

Date

Plant

Problen

Cause

Power
Failure

Feadwater Reactor
Transfent

Trip

PORV ESF

.Openad Actuation

Initial Source
Plant of
Status Info.

A.

NN1/ICS Power Failures Which Resulted in Reactor Irip

2.

13

4.

15.

16.

17.

22 NOV 74

26 DEC 74

3) DEC 74

28 DEC 74.

16 APR 75

20 MAR 78

Rancho Seco

Rancho Seco

Rancho Seco

Rancho Seco

Rancho Seco

Rancho Seco

Temporary loss of
powsr to KNI “Y*
and "ZI" busses
(Reactor did trip)

Vital power bus
Inverter “C*
Tripped. Lost
Power to ICS

Lost temporarily
power to “J*
fnverter, and
ICS/NNT power
(Reactor tripped)

Loss Power to ICS
bus "X* (Reactor
tripped).

Lost of poni- to
Inverter "B* Vital
Power Bus. .

Lost power to NNI
“¥Y* power supply
(Reactor did trip).

Due to Loss of *J"

inverter (fuses blew)

Equipment (SCR)
Tailure.

Inverter Fuse blew.

Unknown.

Unknown.

Oropped Light Bulb

NNI Yes

ICS Yes

ICs Yes

ICS input

NNI Yes

Hi Press

Hi Press

Yas

yes

Press-temp yes

Yes

Yes

Hi Press

Yaes ?

yes & Hi COR
safety
Tifted

73 1, 6, 10

40% 1,6, 10

35% 1, 6

= 1, 6, 8




TABLE B.1 (Continved)

Inftial Source

' Power Feedwater Reactor PORV ESF Plant of
Date Plant Problem ~ Cause Faflure Transfent Trip Opened Actuation Status  Info.
A. WNI/ICS Power Failures Which Resulted in Reactor Trip
18. 2 JA‘N"IQ Rancho Seco Loss of NNI Power Technician fnadvertently ICS fnput Yes Hi Press yes 100X - 1,6, 10
’ (RPS ~ did trip) shorted NNI power supply.
- 19, 0SJIAN TS " Rancho Seco Loss of one ICS  Electrical short by ) (+ Yes Hi Press yes Hi COR 100% 1, 6,8, 10
Power Supply Technician ’ . ) N
20, 22 APR 79 Rancho Seco Loss of RC flow A Inverter trip ICS input Yes Hi Press No 100% 1, 6, 8, 10
. Signal to ICS '
..- B. MNI/ICS Power Faflures Which Did Not Result in a Reactor Trip
& .. BNV 77 Arkansas 1 Loss of ICS Power Inadvertent shorting  ICS No No 1, 4
Supply by Shorting of ICS power supply
of ICS Power by Technician.
Supply. RPS did
not trip = Reactor B
Level reduced to 60X
and then returned to
normal level. ‘
2. 21ART7 Crystal River X-Power Supply to Blew Fuse in vital ICS . Yes " No No 46% 1, 7,10
o ICS was lost, SG  Bus "B",
level went to 50X :
Turbine bypass and
Atmos. dump valves
opened, lost MFW,
3. 2TnvV 79 " Oconee III ICS inverter Component failure ICS No No No No 99% 1,5
failura (defective inverter - C

Logic cards 1n 3K1)
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TABLE B.1 (Continued)

Date

Plant

Problem Cause

Power Feedwater Reactor

Faflure Transieat

Trip

PORV

ESF

Initial Source

Plant

Opened Actuation Status

of
Info.

NNI/ICS Power Failures Which Occurred During Testing or Refueling Outages

1. 29 T 75

2. 11 MAR 76

3. 24 wmAY 76

4. 11 FeB 76

5. 11 MoV 76

6. 3MaY 79

Davis Besse )

Davis Besse 1

Davis Besse 1

Davis Besse 1

Davis Basse 1

Oconee II1

Failure of Power Defactive Component
Supply Monitor

Module BCCO

#6625070A1

Failure of NNI
Powar Supply

Monitor Madule
BCCO #6625070A)

Defective Component

Failure of NNI

Power Supply Monitor
Module BBCO
#6625070A1

Defective Component

Failure of ICS
Power Supply
Monitor Module BCCO
#6625070A1

Defective Component

Summary of Power Summary of Faflure
Supply Monitor
Module Failures

ICS hand power Component failure
breaker trip, {pressurizer WR leve)
due to defective recorder)

recorder cord

and plug assembly

ICS NA

N/A

N/A

Cold
shutdown

1, 8




TABLE B.1 (Continued) -

: Inftial Source
Power Feedwater Reactor PORY ESF Plant of

Date Plant  Problem " .Cayse . Faflure Transfent Trip Opened Actustion Status  Info.
C. NMI/ICS Power Failures Which Occurred During Testing or Refueling Outages
7. 29MAR.78 . CTMI-2 . Loss of vital power Inverter fuse faflure NNI Yes Yes Yes 0 1,8
to NNI X bus, PORV _ ‘ ) stuck :
opened (RPS - did ‘open
trip)

NOTE: For sources of information see next page.



Table B.1 (Continued)

Sources of Information

1.  Letter from J. H. Taylor (B&W) to D. G. Eisenhut (NRC), Subject: Responses to Questions of March 4, 1980 concerning incident at CR-3, dated March 12,
» 1980. :

2. Letter from J. G. Herbein (Met-Ed) to H. R. Denton (NRC), Subject: Responses to NRC letter of March 6, 1980 concerning incident at CR-3, dated

March 13, 1980. .

3. Letter from R. P. Crouse (TECO) to'R. W. Reid (NRC), Subject: Responses to NRC letter of March 6, 1980 concerning incident at CR-3, dated March 13,
1980. . : |

4. Letter form C. L. Steel (AP&L) to H. R. Denton (NRC), Subject: Responses to NRC letter of March 6, 1980 concerning incident at CR-3, dated March 12,
1980.

5. Letter from W. 0. Parker, Jr. (Duke) to H. R. Denton (NRC), Subject: Response to NRC letter of March 6, 1980 concerning incident at CR-3, dated
March 12, 1980.

6. Letter from W. C. Walbridge (SMUD) to H. R. Denton (NRC), Subject: Response to NRC letter 6f March 6, 1980 concerning incident at CR-3, dated March 12,
1980.

7.  Letter from J. A. Hancock (FPC) to H. R. Denton (NRC), Subject Response to NRC letter of March 6, 1980 concerning incident at CR-3, dated March 12,
1980.

8. Licensee Event Report File
9. U..S. Nuclear Regulatory Commission, "Operating Units Status Report,® NUREG-0020 (Printed Monthly - commonly referred to as the "Gray Book").

10. Letter from G. C.Moore (FPC) to R. W. Reid (NRC), Subjeét: Information concerning the 1ift frequency of the PORV and safety valves, dated November 15,
1979.
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TABLE 8.2

REACTOR TRIP/PORV_ACTUATION DATA FOR BAW PLANTS

If Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident)ﬁ-'ANO-l
10-15-74 Loss of Feedwater Hi RCP* A" FWP Tripped on 45 No No No
High Vibration
12-6-74 Loss of Feedwater Pressure/ Loss of Vacuum Due 80 No No No
Temp to "B" Main :
Chiller Getting Wet .
and Shorting .
i A R N S il Commercial Operation - = = = = = = = = = = = = = =
1-6-75 Load Rejection Hi RCP Generator Tripped 98.5 No No No
' on Differential
Current Due to Loss
of Bus Cooling
5-15-75 ? PWR/ Flow Oscillations 100 No No No
Imbalance Occurred During
Flow - Maneuvering
6-6-75 Instrument PWR/ Loose Connection 99 No No No
Imbalance on Loop "B" Tc
Signal
7-3-75 Instrument Failure PWR Technician Grounded 95 No ‘No No
Imbalance T, Signal to ICS
Flow H

FHT RCP" indicates high reactor coolant pressure.
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TABLE B.2 (Continuad)

If Present Setpoints

Pzr, Had Been Used
Initial Safety -
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted  Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) ~ ANO-1 (continued)
7-23-75 Loss of Feedwater Pressure/ "Operator Lost Htr. Drain 50 No No No
Temp Pump Which Tripped FWP
7-8~76 Loss of Feedwater/ Hi RCP Inst. Techs Shorted NNI 94 No + No No
Power Supply Failure Power Supply
9-23-76 Turbine Trip Hi RCP Turbine Tripped When 99 No No No
Vibration Trip Module was
Reinserted by Technicfan
12-20-76 Rod Drop/Power Hi RCP Rod 8 in Group 4 Dropped 64 No No No
Supply Failure Coupled with Loss of Y-11
Inverter
6-19-78 Turbine Trip Hi RCP Technician or Operator ? No No No
Error in Opening Wrong
Feeder Breaker
9-16-78 Hi Flux - Burned Out Control ? No No No
Air Solenoid on MSIV
10-13-78 Instrument Failure Pressure/ RPS Channel “B" RC ? No No No
- Teap Flow Signal Failed
12-20-78 Instrument Failure Pressure/ Low Steam Pressure Caused 99 No No No
Texp by LVDT Linkage Breaking

Note: Based on Gray Book data, between 2/22/75 and 11/1/76,
8 automatic reactor trips not listed above occurred.
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TABLE B.2 (Continued)

If Present Setpoints

Valve FWV-30 Sticking Open
or Partially Open

Pzr. Had Been Used
Initial Safety
Transient Trip Power Valves PORV Lift Safety
" Date Classification Signa?l Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Crystal River 3
1-30-77 Instrument Failure/ Lo RCP Manual TT Due to Low Turbine 15 Mo No No
Turbine Trip Header Pressure Coupled
with Inoperable MW Meter
3-2-77 Power Supply Loss of 120 VAC-B Vital Bus was 40 No No No
Failure CRD Pwr Lost Due to Failure of
Diode in "B" Inventer?
3-9-77 ———- Manual Reactor - Turbine Trip 40 No No No
Test TP-800-14
T T T s Commercial Operatfon = = = = = = = = = = = - =
4-21-77 Power Supply None “X" Power Supply to ICS 46 No No No
Failure (No Lost Due to Blown Fuse
Reactor Trip '
4~23-77 =~ -~ = Manual Part of Test (Outside - 20 No No No
Control Room)
10-26-77 Power Supply Hi RCP Inverter "A" Tripped ' 100 No No No
Fajlure/Turbine Causing a Loss of Power
Trip/Loss of to vital Bus "A"
Feedwater
1-6-79 Turbine Trip Manual TT Followed by FW Block 71 No No No
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TABLE 8.2 (Continued)

If Present Setpoints

Pzr. Had Been Used
Initial Safety )
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Crystal River 3 (continued)
1-17-79 Loss of Feedwater Manual Solenoid Faflure on Iﬁlet 100 No No No
Seawater Block Valve to
Secondary Services Heat
Exchanger “A".
1-30-79 Loss of Feedwater Lo RCP Reason for Decrease in 100 No No No
FW Not Stated
7-17-77 Rod Drop Manual Grp. 1 Dropped During 90 No No No
Surveillance Test
11-13-77 Loss of Feedwater Pressure/ FW Upset While Passing 57 No No No
Temp Block Valve Pofint.

Note: Based on Gray Book data} between 3-18-77 and 2-28-79, 12 automatic reactor trips

not listed above occurred.

Cause is Operator Control
and Poor Control System
Operation/Performance
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TABLE B.2 (Continued)

1f Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient Trip _ ’ Power Valves PORV Lift Safety
Date ' (Classification ~ Signal Cause of Transient Level Lifted  Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Davis-Besse 1
9-2-77 Turbine Trip Lo RCP 0TSG Qverfed by Operator A7.5 No No No
9-24~77 Loss of Feedwater Manual "Half-Trip" of SFRCS. . ' 9 No No No
Isolated OTSGs
10-23-77 Loss of Feedwater Lo RCP SFRCS Caused Isolation 16 No No No
of 1 OTSG, Later Both
------------------ B T Commercial Operation - = = ~ = - = - =
12-16-77 ICS in Manual Lo RCP Overfed “B" OTSG. 1 No " No No
: Operator had MFW
Pump in Hand
12-30-77 Loss of Feedwater Lo RCP FWP Tripped on High 72 No No No
Exhaust Casing Water
Level . ‘
1-21-78 Loss of Feedwater Manual Malfunction in Turbine 70 No No Ro
Speed Control System
Led to SFRCS Actuation
1-31-78 Loss of Feedwater Hi RCP Sburious SFRCS Trip 67 No No No

after Performing SFRCS
Monthly Test
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TABLE B.2 (Continued)

If Present SetpointQ

Pzr. Had Been Used
Initial Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Sfgnal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Davis-Besse 1 (continued)
3-1-78 Loss of Feedwater Hi RCP SFRCS Actuated on FW/STM 49 No No No
Pressure AP; Deaerator
Level Cont. Valve Failed
Shut
4-2-78 Turbine Trip Lo RCP TT Test - During Runback, 75 No No No
Rx Tripped, Overfed
OTSG's
8-2-78 Overcooling Lo RCP FW Oscillations 40 No No No
9-10-78 Turbine Trip Lo RCP Tripped Turbine for Test ~75 No No No
TP-800-14
9-28-78 Turbine Trip Lo RCP Loop 2 RCS Flow XMTR Failed 90 No No No
Low, Runback @ 20%/Min
Initiated. Operator Lost
Control
10-3-78 Turbine Trip Lo RCP TT Caused by Starting 2nd 68 No No No
. EHC Pump. ICS Oversupplied
FW, O0TSG's Overfed
10-29-78 Loss of Feedwater Lo RCP EM Relfef Cycled and Stuck 4 No No No
Open Too Long
11-13-78 Power Supply Power to Fuse for RC Pump Control 99 No No No
_ Failure No Pumps Circuitry Blew

PORV Actuation
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TABLE B.2 (Continued)

If Present Setpoints

Pzr. Had Been Used
, Initial Safety .
Transient Treip _ Power Valves PORV . ‘Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Davis Besse 1 (continued)
1-12-79 Loss of Feedwater Hi RCP Technician Shorted 100 No No No
' Inverter Causing
Loss of Vvital Bus
Y2; SFRCS Trip
2-22-79 Loss of Feedwater Manual Malfunction in Turbine 87 No No No

Speed Control System
Led to SFRCS Actuation

Note: Based on Gray Book data, between 11-29-77 and 2-13-79, 12 automatic reactor trips not

listed above occurred.




91-8

TABLE B.2 (Continued)
If Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted  Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 1
5-5-73 Loss of Feedwater Manuat Operations Error Tripped 18 No No No
Main FW Pump
§-16-73 Loss of Feedwater Hi RCP Operator Error 15 No No No
5-23-73 Loss of Feedwater Hi RCP Operator and/or Procedure 25 No No No
Ervror
5-26-73 Loss of Feedwater Hi RCP Operator/Procedure Error 35 No No No
5-27-73 Loss of Feedwater Hi RCP Began at CRDM Fault 40 No No No
5-28-73 Loss of reedwater Hi RCP Attempt to Transfer from 40 No No No
B to A FWP
5-30~73 Loss of Feedwater Hi RCP Cleaning Hotwell Pump 40 No Neo No
: Strainer
6-9-73 Loss of Feedwater Hi RCP Switching Powdex Units 40 No No No
6-13-73 Turbine Trip Manual CRDM Fault Fo]lowihg 52 No No No
Turbine Trip Test and ICS
Runback Signal
6-14-73 Loss of Feedwater Hi RCP Maintenance Work on Hotwell 40 No No No

(?) Strainer
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TABLE B.2 (Continued)
If Present Setpoints

Pzr. Had Been Used
Initial Safety »
Transient Trip Power Valves PORV Lift Safety
Date Classfification Signal . Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 1 (continued)
6-21-73 Loss of Feedwatef RCP/Temp Tripped Hotwell Pump 19 No No No
: Ratio Initiated FWP Trip : ‘
---------------- e e e e e eeaecceatoo o< Commercial Operatfon -~ = = = = ='= = = = = =
7-15-73 Loss of Feedwater Hi RCP Faulty Speed Controller on 75 No No No
a Main FW Pump : 1
8-11-73 Turbine Trip - Loss PWR Inadvertent Closure of 85 No No No
to Pumps Turbine Intercept Valves
Ind. :
9-16~73 Turbine Trip Hi Temp Manually Initiated Turbine 40 No No No
Pressure Trip Decreased Closing
Ratio Setpoint of Bypass Valves
10-12—73 Turbine Trip Hi RCP Main Steam Bypass Valves 20 No No No
, B ' did not open: Operator : '
' Put Rods in Manual
10-26-73 Turbine Trip Hi RCP Loss of Condenser Vacuum 75 No No No
12-11-73 Turbine Trip Hi RCP Spurious MWe Signal 90 No No No

Detected by EHC System
Led to Turbine Trip
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TABLE B.2 (Continued)

If Present Setpoints

Momentarily Decreased
when Switching from
Auxiliary to Main Steam

~15

Pzr. Had Been Used
o Initial = Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal -Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI~-2 accident) -.Oconee 1 (continued)
'8-23-74 Load Rejection Hi RCP Unit Loss of Electrical 95 No No No
) Load Acceptance Test
3-12-75 Loss of Feedwater Hi RCP Shorted Transistor in -25 No No No
ATc Controller
4-22-75 Turbine Trip Hi RCP Loss of EHC Control Power 100 No No- No
4-23-75 Loss of Feedwater Hi RCP Rapid Feedwater Oscitlations 46 No No No
6-8-75 Turbine Trip Hi RCP Low EHC Hydraulic Pressure 100 No No No
6-9-75 Loss of Feedwater Hi RCP FW Flow Oscillation 30 No No -No
8-2~75 Instrument Failure Hi RCP Failure of Temperature 75 No No No
Switch on Stator Coolant
System
8-8-75 Turbine Trip Flux/ Positive Voltage Spike in 92 No No No
Flow. Turbine Speed Error Circuit
1-22-76 Turbine Trip Hi RCP Loss of Excitation on 100 No No No
Generator -
5-31-76 Loss of Feedwater Hi RCP FWP Turbine Speed No - No No
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TABLE B.2 (Continued)
If Present Setpoints

Pzr. Had Been Used
- ‘ Initial Safety
Transient Trip : - Power Valves PORV : Lift Safety
Date Classification Signal -Cause of Transient Level Lifted  Actuation Valves

Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 1 (continued)

6-27-76 Instrument Failure Hi RCP "Short in Signal.Amp for 100 No No No
: RPS Flow Indication:
Secondarily Flow Runback

7-7-76 g Hi RCP Personnel Error 99 No No No
7-14~76 Loss of Feedwater Hi RCP ICS Hand Power Circuit 100 No No No
and Power Supply Breaker Tripped When

Faflure Circuit was Overloaded
: with Calibration Equipment

8-14-76 Rod Drop Hi RCP Heat and Moisture Affected 60 No No No
’ . Electrical Components in
CRD System Cahinets
4-3-77 Instrument Failure Hi RCP Failure of ICS Component ~15 No No No

4-24~77 Turbine Trip Hi RCP Misaligﬁed Linkage Caused 68 No No No
High Moisture Separator
Reheater Drain Tank Level

§-24-77 Turbine Trip ' Hi RCP Loss of Condenser Vacuum 70 No No No

6-6-27 Turbine Trip Hi RCP Personnel Error 99 No No No
10-18-77 Loss of Feedwater Hi RCP Standby Condensate Pumps 15 No No No

ort
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TABLE B.2 (Continued)

If Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient Trip Power Valves PORY Lift Safety
Date Classification Signal Cause of Transient Level Lifted  Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 1 (continued
12-30-77 Loss of Feedwater Hi RCP Personnel Error ~ Inadver- 100 No No No
tent Closure of MFW Block
valve : .
6-1-78 Turbine Trip Hi RCP High Level in Moisture 95 No No No
Separator Drain Tank
Caused by Failure of MSOT
Oump Valve and MSDT Level
Control Valve
8-2-78 Turbine Trip and . Hi RCP EHC-DC Power Lost 100 No No No
Power Supply
Failure '
12-25-78 Power Supply Hi RCP Blown Fuses Led to Loss 10 No No No
Faflure of Feedwater
Startup FW Suzmer Module 100 No No No

3-23-79 Instrument Failure Hi RCP
. Failed -

Note: -Based on Gray Book data, between 3-13-75 and 12-26-78, -
11 automatic reactor trips not 1isted above cccurred.
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TABLE B.2 (Continued)
If Present Setpoints

_ P2y, Had Been Used
. . Initial Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification . Signal Cause of Transient Level Lifted Actuatfon Valves

Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 2

- 12-2-73 Loss of Feedwater Hi RCP Leak in 1" Line Around 15 No No No
: . One FWP, Operator . .

Manipulation of FW SU

Valves Led to LOFW

12-3-73 Loss of Feedwater Hi RCP Control Rod Groups . 9 - No No - No

6 and 7 Lost Proper
Overlap
12~12-73 Loss of Feedwater Hi RCP Too Large a Pressure Loss 30 No No No

in Powdex Units. Conden-
sate Booster Pumps Tripped

'1-4-74  Turbine Trip Hi RCP Erroneous Activation of 75 No No No

Breaker Failure Relay
System. : .
5-30-74 Manual Rx Trip Manua) Operator Mistakenly Infected 75 - Mo No No
HPI Water into RC System
6-13-74 Turbine Trip  Hi'RCP Turbine Intercept Valves ? No No No
Closed Due to Faulty Pot . .
7-11-74 InstrumentAFailure Lo RCP Loss of ICS Auto Power . 80 - - -
. : opened PORV
--------------------------------------- ~ Commercial Operation - - = = = = ~ =~
9-17-74 Turbine Trip Hi RCP TT During Testing of Thrust 100 No No No

Bearing Wear Detector
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TABLE B.2 (Continued)
If Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient Trip : Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
_Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oéonee 2 (continued)
9-23-74 Power Supply Hi RCP ICS Power Lost During 95 No No No
Failure and Loss Switching of Feeds to
of Feedwater Inverter. Main Feed
Pumps Tripped
3-27-75 Load Rejection Hi RCP Loss of Electrical Load 100 No No No
Test During Startup
3-27-75 Instrument Faflure Manual Loss of Condenser Vacuum 15 No No No
Led to FWP Trip
4-1-75 Turbine Trip Hi RCP Manual Trip as Part of 100 No No . No
Turbine/Reactor Trip Test
8-5-79 Loss of Feedwater Hi RCP Blown Gasket on Emergency 62 No No No
Governor Lockout Valve )
_ in Hydraulic Control System .
8~23-75 Loss of Feedwater Manual Malfunction of Condenser 14 No No No
. Vacuum Switches Tripped
FWPs. Reactor Manually
. - . Tripped
9-19-75 Loss of Feedwater Manual FWP Trip on Low Vacuum 10 No No ' No.

Manual Reactor Trip
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TABLE B.2 (Continued)

If Present Setpoine.

Pzr. Had Been lsed
o : : : : Initial Safety
Transient Trip Power Valves PORV i Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee~2 (continued) -
7-12-76 Turbine Trip Hi RCP FW.0scillation Occurred . 23 No No No
While Taking Main Turbine
_ Off Line
7-27-76 Loss of Feadwater Hi RCP Steam: Leak on Main Turﬁfne 20 .No No ' No
- : Caused Load to Hold at 20%. -
ICS Caused FW Oscillations
9-7-76 Turbine Trip Hi RCP Back=-up Spéed Control System 100 No No No
‘ Failed and Intercept Valves
Closed During TT Test i
5-4-78 Turbine Trip Hi RCP Moisture Separator Level 100 No - No No
. . Control Failed to Function
10-17-78 Loss of Feedwater Hi RCP Afr Line Blew Off Startup 100 - No No No
. - FW Valve
10-30-78 Loss of Feedwater Hi RCP Welding Crew Ignited 0i1 55 No No No
Around FW Pump with Sparks,
Causing FWP to Trip
10-30-78 Loss of Feedwater | Hi RCP FW Pump Leak. vSwitching of 12 No No No -

Pumps not Accomplished

Note: Based on Gray Book data; between 5-1-75 and 8-24-78, 7 automatic reactor tripsbnot
l1isted above occurred. .-
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TABLE B.2 (Continued)

If Present Setpoints

Pzr. Had Been Used
Inftial Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 3
10-13-74 Loss of Feedwater Power to Debris Obstructed Hotwell 15 No No No
Pumps Pump Strainer
10-17-74 Loss of Feedwater Hi RCP Debris Obstructed Hotwell 16 No No " No
Pump Strafiner
---------------------------------------- Commercial Operation = = = = - - - -
4-7-75 Loss of Feedwater Hi RCP Servicing Powdex Tripped 75 No No No
Condensate Booster Pump
4-30-75 Load Rejection Hi RCP Loss of Electrical Load 100 Yes No* No
Test
6-13-75 ===~ Low RCP While Shutting Down, Turbine 19 No No No
Switched to Manual at 19%,
Bypassed Valves Opened, ULD
Increased FW Demand » FWP
and OTSG Level Oscillations
7-1-76  Turbine Trip Power to TT on Low Turbine Shaft 011 98 No No No
Pumps Pressure
4-6-77 Turbine Trip Power to TT on Momentary Loss of 100 No No No
. Pumps DC Power to EHC
8-21-77 Hi RCP Manual Adjustment of FW 15 No No No

Loss of Feedwater

by Operators
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‘TABLE B.2 (Continued)

If Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient , Trip Power Valves PORV Lift Safety
Date Classification Signal -Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Oconee 3 (continued)
11-3-78 Loss of Feedwater Hi RCP TT Due to Low FWP Discharge 44 No No No
. ~ Pressure : .

2-21-79 Instrument Failure AH1 RCP Noise Spike on ICS Cable 99 No No No

After CRDM Testing

Note: Based on Gray Book data, between 4-27-75 and 11-7-78, 18
automatic reactor trips not listed above occurred. .

*Setpoint would have been reached, but block valve was closed.
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TABLE B.2 (Contfinued)

If Present Setpoints

Pzr. Had Been Used
Initfal Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Rancho Seco
11~19-74 Loss of Feedwater Manual FW Oscillation During 25 No No No
ICS Tuning
11-22-74 Loss of Feedwater Hi RCP Technician Misoperation. 32 No No No
Power Supply Power Lost to “Y" and
Failure “Z" NNI Busses
12-4-74 Loss of Feedwater Hi RCP Inadvertent Actuation of 40 No No No
Reheater Intercept Valve
12-15-74 Rod Drop (GRP. 6&7) Lo RCP CRDM Motor Fault: 39.5 No No No
Programmer Assembly
12-17-74 Rod Drop (GRP. 7) Lo RCP Same as Preceding Transient 41.3 No No Nq
12-26-74 Loss of Feedwater Hi RCP Failure of 2 SCR's in “C* 39.5 No No No
- and Power Supply Inverter
Fajlure
12-31-74 Power Supply Pressure/ Operator Error in Paral- 40 No No No
: Temp. leling Inverters
2-12-75 Turbine Trip Hi RCP Spurious Overspeed Trip 92 No No No
Signal
2-18-75 Manual Load - Lo RCP Poor ICS Tuning 75 No No No

Rejection
for Trip
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TABLE B.2 (Contfinued)
1f Present Setpoints

Pzr. Had Been Used
. Initial  Safety
Transient Trip Power Valves  PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves

Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Rancho Seco (continued)

4-14-75 Loss of Feedwater Hi RCP Startup Valve in Auto 15 No "No No
' : . : (Closed), but "A" OTSG

Blew Down
I R meeeececmaecccea e Commercial Operation = = = = = = ~ - -
6-15-75 Loss of Feedwater Hi RCP Transferring Steam Supply 13 No No No
: for FWP from Aux. to Main

Steam
10-10-76 Loss of Feedwater Hi RCP FWP Speed Control Lost * 13.6 No No No

FWP Governor was Dirty

10-10-76 Loss of Feedwater Hi RCP Same as Preceding Transient f No No No

1-13-77 Loss of Feedwater HY RCP Technicién Shorted Out FWP 98 No No No

- : . Thrust Bearing Indicator

1-5-78  Unknown Hi RCP Unknown 100 No No No

3-20-78 Loss of Feedwater Hi RCP - - Dropped Light Bulb Shorted 72 Yes No No
. NNI Cabinet '

12-31-78 Loss of Feedwater Hi RCP .Condensate Valve Failure 100 No No No
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TABLE B.2 (Continued)

Pzr.

If Present Setpoints

Had Been Used
Initial Safety
Transient Trip Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient - Level Lifted Actuatfon Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - Rancho Seco (continued)
1-2-79 Loss of Feedwater Hi RCP Loss of Vital Bus 1A 100 No No No
1-5-79 Loss of Feedwater Hi RCP Technician Shorted Wires 100 No No No

in ICS Cabinets

Note: Based on Gray Book data and Table B.1, between 12-28-79 and 9-3-78, 9 automatic reactor trips

not listed above occurred.
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TABLE B.2 (Continued)

If Present Setpoints

Pzr. Had Been Used
Initial . Safety
Transient Trip . Power Valves PORV Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation (pre-TMI-2 accident) - TMI-1
6-18-74 Loss of Feedwater Hi RCP “UAY Instrument air 7 No No No
‘ Compressor Tripped on
Thermal Overload

7-13-74 Loss of Feedwater Pressure/ LOFW Noticed Prior to 15 No No No

Temp 3-sec. Rod Withdrawal
7-14-74 Loss of Feedwater Pressure/ Technician Grounded 76 No No No

Temp TAVE Signal
8-13-74 Load Rejection Hi RCP Generator Trip Test 98 No No No
8-30-74 Tqrbine Trip Hi RCP Turbine Bearing Failure 75 No No No
---------- Sesesmssssscecceseniaecen o~ - - - Commercial Operation - - - - - - - -
3-30-75 Turbine Trip Hi RCP Erroneous Signal From 100 No No No

o -Faulty 701 Relay Indicated
~Loss of 125-V Supply to
] Turbine EHC Systems
Hi RCP “g* Moisture Separator 100 No No

5-9-75 Turbine frip

Drafn Tank High Level Trip
Device Shorted

~ No
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TABLE 8.2 (Continued)

If Present Setpoints

Failure. No PORV Imbalance Module Failed to Midrange
Actuation Reported

Note: Based on Gray Book data, between 5-22-7% and 5-27-76,
3 automatic reactor trips not listed above occurred.

Pzr. Had Been Used
Initial Safety :
Transient Trip Power Valves PORV Lift Safety

Date Classification Signal Cause of Transient Level Lifted Actuation Valves

Reactor Trips with a PORV Actuation (pre-TMI-2) - TMI-1 (continued)
. 6-18-75 Turbine Trip Hi RCP Voltage Spikes Transmitted 100 No No No

Into Turbine EHC System
11-14-77 ICS Component Flux/Flow 1cs Signal-Cohverter o R 100 No No No
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TABLE B.2 (Continued)
If Present Setpoints

Pzr. Had Been Used
Initial Safety .
Transient Trip ‘ Power Valves PORV - Lift Safety
Date Classification Signal Cause of Transient Level Lifted Actuation Valves
Reactor Trips with a PORV Actuation - TMI-2
' ~ No Pumps in Loop "A"
Signal. Fuse Blew in
2-1IV. RCP-2A Already
OQut ‘
4-19-78 Loss of Feedwater Hi RCP Operator Blew Down 15 No No No
Condensate Strainers
9-20-78 Loss of Feedwater Hi RCP Valving Error Tripped 24 No No No
, . Condensate Booster Pump
9-21-78 Low Feedwater Hi RCP ) Feed Pump and Feed Reg. 19 No No No
) Valve Problems
9-25-78 Load Rejection i RCP High Pressure Due to Y N Mo No
Reducing Load on Turbine. :
Incorrect Suction Pressure
Switch or Logic Error on C.B.
. Pumps Caused FWP Trip
10~-14-78 Loss of Feedwater . Lo RCP FWP-1A Lost 26 No No ' No

11-7-78 Loss of Feedwater Prassure/ TP-800-05 (Reactivity 92 No No No
) Temp Coefficients) was being
performed at T ~ 588F.
Heater Drain TQXE Low Level
Alarm Tripped FWP 1B.
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TABLE 8.2 (Continued)

If

Present Setpoints

Pzr. Had Been Used
Initial Safety
Transient Trip ‘ - Power Valves PORV Lift Safety

Date Classification Signal Cause of Transient Level Lifted  Actuation Valves
Reactor Trips with a PORV Actuation -TMI-2 (continued)
11-3-78 Loss of Feedwater Hi RCP Loss of Consensate Booster 90 No No No

Pumps
e A A N S B S B B Commercial Operation - - - - - - -
1-15-79 Instrument Failure Lo RCP Atmospheric Relief Bellows 5 No No No

] Failed
3-6-79 Turbine Trip " Power Turbine Trip PORV ?
Imbalance Actuation not Reported

3-28-79 Loss of Feedwater Hi RCP TMI-2 Accident 97 No ? ?
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TABLE B.3
REACTOR TRIPS SINCE TMI-2

Pzr. )
Initial Safety If 01d Setpoints Had Been Used
Transient ) Trip . Power PORV Valves PORV Trip on High Lift Safety
Date Classification Signal Cause of Transient Level Lifted Lifted Actuation? Pressure?  Valves
ANO-1.
8-13-79 Turbine Trip Hi RCP* Swifchyard Relay 75 No No - Yes No? : No
Faflure
7-8-79  Turbine Trip Antici- Governor Valve 75 No No Yes No? No
patory Control Failure
4-7-80 Loss of Offsite Power ? Tornado Downed - - - - - -
500 kv Lines
Crystal River-3
8-2-79 Loss of Feedwater -~ Antici- Dirt in MFP "B" Controller. 10 - - - - .-
. : patory Low Level both 0TSGs. . .
8-16-79 Loss of Feedwater - Hi RCP - FW Upset After RCP Trip 73 No No " Yes No No
8-16-79 Loss of Feedwater ﬁi‘RCP FW Valve Actuator 47 No No Yes No No
Failure. O0TSG underfed
8-17-79 Loss of Feedwater Hi RCP FW Going From One to 48 No No Yes No _ No
Two-Pump Operations;
"A" Pump Speed Lower
and "B" Higher Than
Required. O0OTSG underfed _
8-17-79 Loss of Feedwater Hi RCP Operator Went From 24 No No - Yes No No

~ Manual to Auto With ICS
With Off Normal Plant
Conditions. OTSG underfed

*THT RCP™ indicates high reactor coolant pressure,
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TABLE B.3 (continued)

-

Pze.
Initial Safety If 01d Setpoints Had Been Used
Transient Trip Power PORV Valves PORV Trip on High Lift Safety
Date Classification Signal Cause of Transfent Leve) Lifted Lifted Actuation? Pressure? Valves
Crystal River-3 (continued)
9-15-79 Steam Leak Welded Cap Fafled
on 3/4 in. instru-
wment connection on-
main steam chest
9-18-79 Loss of Feedwater Antici- FWP Regulator-Failed 72 Ko No Yes No No
- patory , .
Low Level
Both OTSG's ) -
12-21-79 Instrument Failure Hi RCP Incorrent ICS input signal
raised feedwater flow
2-26-80 Power Supply Hi RCP Lost NNI-X Power Supply 99 Yes Yes - -

Faflure
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TABLE B.3 (continued)

’ Pzr. .
: Inftial Safety If 01d Setpoints Had Been Used
Transient Trip Power PORV Valves PORV Trip on High Lift Safety

Date Classification Signal Cause of Transient Level Lifted Lifted Actuation? Pressure? Valves
Dav1$ Besse-1
9-18-79 Turbine Trip ) Antici- Perturbation In 99.8 No . No Yes . No No

patory EHC Fluid

Pressure

9-26-79 Turbine Trip . Hi ReP Failure of Power 100 Mo Mo Yes Mo No

Supply For Turbine
Throttle Pressure
Limiter XMTR

10-15-73 Turbine Trip ICS Pulser to
' : ENC Failed

10-25-79 Loss of RCP " PWR/ Blown Fuse in
: Flow RCP 2-2 DC

Power Supply

for Starting

3-27-80 Instrument Faflure Manual Two groups of Safety 72 No
R Control rods drifted in.
Manual rod control
attempt unsuccessful

4-7-80 ' C-HE flux Drop in Condenser
. ) Vacuum Changed -
Steam Plant Efficiency
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TABLE B.3 (continued)

During CRD Power Supply
Test

Pzr.
Initial Safety - __1f 01d Setpoints Had Been Used

Transient Trip - Powar PORV Valves RV rip on High Lift ety
Date Classification Signal Cause of Transient Level Lifted Lifted Actuation? Pressure? Valves
Oconee 1
6-11-79 Loss of Feedwater Antici- EHC Card Failure 99 No No Ko No No

patory
6~-11-79 mua’l Reactor Manual Low OTSG Level 1 No o No No No
P

6-17-79 Partial Loss of PMR/Pumps  Two RC Pumps Tripped 97 No No No No No

RCS Flow
8-6-79 Turbine Trip Antici- Valving-out of 40 No No No No No
. patory Pressure Switch
‘7-4-79 LPI Cooler Tube Leak
7-20-79 Pressure Transient Hi RCP Performing RCS

Leak Test

10-8-79 CRD Power Supply Personnel Error



]
-~

TABLE B.3 (continued)

Pzr, i .
Initial Safaty If 01d Setpoints Had Been Used
Transient Trip ) Power PORV Valves rip on High Lift Safety

Date Classification Signal Cause of Transient Level Lifted Lifted Actuation? Pressure? Valves
Oconee 2
5-7-79 Loss of Feedwater HY RCP Underfed OTSG 2A 15 No Mo Yes Yes o
6=3-79 Loss of Feedwater Hi RCP Malfunction of Main 30 No No Yes Yes No

) FW Block Valve ‘
7-18-79 Turbine Trip? Flux/ Lightning truck —ee No No No No No

Flow Substation Breaker '
10-23-79 Turbine Trip Antici- MSRH Drafn Tank

patory Level fnst failure

1-30-80

Error in 230 kV
Substation relay testing



TABLE B.3 (continued)

ge-g

Pzr. .
Initial Safety If 01d Setpoints Had Been Used
Transient Trip : Power PORV Valves PORV Trip on High - Lift Safety
Date Classification Signal Cause of Transient Level . Lifted Lifted Actuation? Pressure? valves
Oconee 3
10-31-79 Turbine Trip Antici- High Level in ?
patory MSRH Drain Tank
11-10-79 Loss of Feedwater Hi RCP Hotwell Pumps 99 No No
. Tripped, Lost
Power to ICS
3-14-80 Turbine Trip Antici- Turbine Trip ?
patory



TABLE B.3 (continued)

. : Pzy.
Initial Safety If 01d Setpoints Had Been Used
Transient - Trip . Power PORV Valves v rip on High Lift Safety
Date Classification Signal Cause of Transient Leve) Lifted Lifted Actuation? Prgssure? Valves
Rancho Seco .
4-22-79 Loss of Feedwater Hi RCP Loss of "A" Inverter 100 No No Yes Yes No
7-1-79 Loss of Feedwater Hf RCP Test of STP-070 ' 13 No No Yes . No No
7-12-79 Turbine Trip Antici- Spurfous Activity ’ 100 No No No No No
patory in Overspeed '
) Protection Circuit
9-12-79 Turbine Trip Antici- Spurfous Activity 100 No No No No ‘ No
: patory in Overspeed
Protection Circuit
"®  9-13-79 Unspecified PWR/Flow Imbalance on Rastart 30 No No No No No

o
0






g?g FORM 335 U.S. NUCLEAR REGULATORY COMMISSION

‘BIBLIOGRAPHIC DATA SHEET

1. REPORT NUMBER {Assigned by DDC)

NUREG-0667

4. TITLE AND SUBTITLE {Add Volume No., if appropriate)

TRANSIENT RESPONSE OF BABCOCK & WILCOX-DESIGNED REACTORS

2. {Leave blank)

3. RECIPIENT’'S ACCESSION NO.

7. AUTHOR(S) . . 6. DATE REPORT COMPLETED
B&W Reactor Transient Response Task Force MONTH [vear
R.L. Tedesco, Chairman April ‘1980

9. PERFORMING ORGANIZATION NAME AND MAILING ADDRESS (/nclude Zip Code) DATE REPORT ISSUED

MONTH | year
U.S. Nuclear Regulatory Commission May 1980

Office of Nuclear Reactor Regulation
Washington, D.C. 20555

6. Leave blank)

8. (Leave blank)

; .
12. SPONSORING ORGANIZATION NAME AND MAILING ADDRESS (/nclude Zip Code) 10, PROJE CT/TASK/WORK UNIT NO.

Same as 9 above -
: 11. CONTRACT NO.

13. TYPE OF REPORT PE RIOD COVERED (/nclusive dates)

14. (Leave blank)

15. SUPPLEMENTARY NOTES

16. ABSTRACT 200 words or less)

On February 26, 1980, the Crystal River Unit No. 3 'Nuclear Generating Plant, designed
by the Babcock & Wilcox Company (B&W), experienced an incident involving a malfunction
in an instrumentation and control system power supply. This resulted in a reactor
and turbine trip; the opening of the pressurizer power-operated relief valve, spray
valve and a Code safety valve; decreased feedwater flow; actuation of the engineered
safety features systems; and a discharge of approximately 40,000 gallons of primary
coolant into the containment building. .

Faced with the Crystal River Unit 3 incident and the apparently high frequency of

such near similar types of transients in other B&W-designed plants, a special Task
Force (1.e., B&W Reactor Transient Response Task Force) was established within the
Office of Nuclear Reactor Regulation to provide an assessment of the apparent sensi-
tivity of the B&W-designed plants to such transients and the consequences of mal-
functions and failures of the integrated control system and non-nuclear instrumentation.
This report provides an assessment of these issues. '

17. KEY WORDS AND DOCUMENT ANALYSIS 17a. DESCRIPTORS

17b. IDENTIFIERS/OPEN-ENDED TERMS

18. AVAILABILITY STATEMENT

Unlimited Availability

19. SECURITY CLASS (This report} 21.NO. OF PAGES
Unclassified .

20. SECURITY CLASS (Thispage) | 22. ;mcz
|

d

NRC FORM 335 (7-77)

‘sUS. GOVERNMENT PRINTING OFFICE: 1980 - 620-269/150 1-3















UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20553

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

NPT

E0ORC
o= TN
W BN

N e A

POSTAGE AND FEES PAID
U.3. NUCLEAR REGULATORY

ABILISTIC ANAL STAFF

DC 20555

COMMISSION




