- - A it 4 e P e i 4 4 e P a3

NUREG /CR.0462
ORNL/NUREG /NSIC.149

ANNOTATED BISLIOGRAPHY ©
SAFETY-RELATED "‘/r‘JJ [o JJ‘J
SOJLING-WATER NUCLEAR » /_,; PLANYTS
AS HEPORTED [N ‘J-’J/'/

R. L Scoit . R. B Gollogher

NUCLEAR SAFETY INFORMATION CENTER

[

1=
i




"
:

!j'
e
i
-
Pf .
, A
;
! .
| |
- |
i
k
é
_ !
1 :
I
3 Printed in the United States of America Available from
| National Technical Information Service :
’ U S. Department of Commerce : i
5285 Port Royal Road, Springfield, Virginia 22161 ;
1 2 \
i This report was prepared as an account of work spensored by the United States |
| Government Neither the United States nor any of its employees, nor any of s ! .
! cONtractors, subcontractors. Or thewr empioyees. Makes any warranty 2xpress or i . 3
implied. Or assumes any legal hiability oOr responsibility for the accuracy '
-ompleteness Or usefulness af any information apparatus produc! Of process ’

aisclosed. or reprenent: that (s use wouid not intringe privalely owned rights

P s TGV P AT

|
?
|
is |
A il is it R s o TR P ]




NUREG/CR-0462
ORNL/NUREG/NSIC-149
Dist. Category Rl

Contract No. W-7405-eng-26

Engineering Technology Division

ANNOTATED BIBLIOGRAPHY OF SAFETY-RELATED EVENTS AT
BOILING~-WATER NUCLEAR POWER PLANTS
AS REPORTED IN 1977

R. L« Beott
R. B. Gallaher

Manuscript Completed — October 27, 1978
Date Published — November, 1978

Prepared for the U.S. Nuclear Regulatory Commission
Office of Nuclear Regulatory Research
Under Interagency Agreements DOE 40-551-75 and 40-552-75

NRC FIN No. BO126

Prepared by the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennesseze 37830
operated by
UNION CARBIDE CORPORATION
for the
DEPARTMENT OF ENERGY



144

CONTENTS

FOREWORD (B R O Y e B W R R S MR R R I R ) v

PARTS AND METHOD OF INDEXING ABSTRACTS sccscossssosnuasaastnsasons vii
PREVIOUS REPORTS IN THIS BERIES ..icivsvocatsnasassnnintossnsnanses ix

ABBTRALT oo snswasawnn R R AR N R k8 PR N PRI 1
ENERODUCTEON oo enwicani 0 A R B e A 0 S E A 1
SUMMARY OF SAFETY~RELATED EVENT DATA .isvvvecscsssance PECP L B 3
REVIEW OF SELECTED SAFETY-RELATED EVENRTS .cicevsinnsantes I i e L2
Unanticipated Short Periods During Shutdown Margin Tests ..... 12
Tyo ‘Random Fallures Caupe BHULAOWND <avssesncsanannsansdonainns 14
Short Periods During Reactor Startups ....... PSPPSR 55 15
QORGIEBTUN 50 a s s s naamnsatnsain BB Nl S A e A el 17
REFERENCES < scvs0ae AR A PRI Tl TR 1Y I e 18
MICROFICHE {(Inside of back cover)
Bibliography

Keyword Index
Permuted-Title Index



FOREWORD

The Nuclear Safety Information Center (NSIC), which was established

March 1963 at Oak Ridge National Laboratory, is principally supported
by the U.3. Wuclear Regulatory Commission's Office of Nuclear Regulatory
Research. Support is also provided by the Division of Reactor Develop-
ment and Demonstration of the Department of Energy. NSIC is a focal point
for the collection, storage, evaluation, and dissemination of safety in-
formation to aid those concerned with the analysis, design, and operation
of nuclear facilities. The Center has also developed a system of key-
words to index the information which it catalogs. The title, author,
installation, abstract, and keywords for each document reviewed are
recorded at the central computing facility in Oak Ridge. The references

are cataloged according to the following categories:

1, Ceneral Safety Criteria

2. Siting of Nuclear Facilities

3. Transportation and Handling of Radiocactive Materials
4. Aerospace Safety (inactive ~1970)

5. Heat Transfer and Thermal Hydraulics

6. Reactor Transients, Kinetics, and Stability

7. Fission Product Release, Transport, and Removal

8. Sources of Energy Release under Accident Conditions
9. Nuclear Instrumentation, Control, and Safety Sysi_ems

10. Electrical Power Systems

11. Containment of Nuclear Facilities
12, Plant Safety Features -— Reactor
13, Plant Safety Features — Nonreactor

14, Radionuclide Release, Disposal, Treatment, and Management
(inactive September 1973)

15. Environmental Surveys, Monitoring, and Radiation Dose Measure-~
ments (inactive September 1973)

16, Meteorological Considerations

17. Onerational Safety and Experience
18, Design, Construction and Licensing

19. 1Internal Exposure Effects on Humans Due to Radiocactivity
in the Environment (in&ctive September 1973)



vi

20. Effects of Thermal Modifications on Ecological Systems
(inactive September 1973)

21. Radiation Effects on Ecological Systeme (inactive September 1973)
22, Saieguards of Nuclear Materials .

Computer programs have been develcped that v:.able NSIC to (1) operate
a program of selective dissemination of information (SDI) to individuals
according to their particular profile of interest, (2) make retrospective
searches of the stored references, and (3) prcduce topical indexed bibli-
ographies. In addition, the Center Staff is available for consultation,
and the document literature at NSIL offices is available for examination.
NSIC reports may be purchased from the National Technical Information
Service. All of the above services are free to NRC and DOE personnel as
well as their direct contractors. They are available to all others at
a nominal cost as determined by the DOE Cost Recovery Policy. Persons
interested in any of the services offered by NSIC should address inquiries

to:

J. R. Buchanan, Assistant Director
Nuclear Safety Information Center
P.O. Box Y

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37830

Telephone 615-483-8611, Ext. 3-7253
FTS number is 850-7253
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ANNOTATED BIBLIOGRAPHY OF SAFETY-RELATED EVENTS AT
BOILING-WATER NUCLEAR POWER PLANTS
AS REPORTED IN 1977

R. L. Beott R. B. Gallaher

ABSTRACT

This bibliography contains 100-word abstracts of reports
sutmitted to the U.S. Nuclear Repulatory Commission concerning
operational events chat occurred at Loiling-water reactor
nuclear power plants in 1977, The 12.2 abstracts included in
the bibliography describe incidents, failures, and design or
construction deficiencies that were experienced at the
facilities. They are arranged alphabetically by reactor
name and then chronologically for each reactor. Keyword
and permuted-title indexes are provided to facilitate loca~-
tion of the abstracts of interest, and tables that summarize
the information contained in the bibliography are alec pro-
vided. Th~. intcrmation listed in the tables includes instru-
went fa’t ures, equipment failures, system [ailures, causes of
failurs:, deficiencies noted, and th~ time cf occurrence
(i.€., curing refuelirg, operation, testing, or construc-
tion). ‘Three of the more interesting events that occurred
during the year are reviewed in detail.

INTRODUCTION

This repdrt (along with ORNL/NUREG/NSIC-150) is the tenth of a series,
issued annually by the Nuclear Safety Informaticn Center (NSIC), pre~-
senting abstracts of reports of safety-related events submitted tn the
U.S. Nuclear Regulatory Commission (NRC) by light-water reactor licensees
in the United States during the previous year. In particular, this
report contains abstracts cf 1222 events reported by licensees of
boiling-water reactor nuclear power plants in the United States duting
1977, The abstracts ar: presented on microfiche which are filed in an
envelope attached to the back cover of the report. The eleven previous
reports in the series! 1! covered the period 1967 through 1976. In
addition, five related NSIC reportalz‘-16 contain information on reactor
operating experiences reported by the U.S. Nuclear kegulator r Commission

(formerly the Atomic Energy Commission) for the period 1966 through 1977.



Previous repc:ics in this series contained abstracts of reports of
safety-related events ¢.cuxring at both pressurized- and boiling-water
reactor facilities; however, due to *he cortinual growth in “he 7 .mber
of facilities and consequently in the number of events reported, it has
been necessary since 1975 to compile abstracts of the events in two
separate documents., The 1977 events occurring at pressurized-waier
reactor nuclear power plants are presented in ORNL/NUREG/NSIC~150,

i notated Bibliography of Safety-Related Evente in Pressurized-Water
Nuclear Powey Plante ae Reported in 1877.

Tne r«ports of safety-related events abstracted in the bibliography
«wtre submitted by power plant licensees to the U.S. Nuclear Regulatory
Commission (NRC) in accordance with federal regulations. llLie reporting
requirements for nuclear facility licensees are included in Title i0,
Code of Federal Regulatione, Parte 20, 40, 60, 70, and 73, and described
in detail in NRC Regulatory Guide No. 1.16 (Ref. 17). The requirements
for reporting design or construction deficiencies in nu lear facilities
that have been granted construccion permits are given in Title 10, Jode
of Federal Regulations, Part 50, Section 66, Paragraph e (Ref. 18).

The information for this report was obtained from the computer files
of NSIC in the form of 100-word abstracts ~f the reports .ubmitted by the
reactor licensees to the NRC. The abstracts, together with appropriate
keywords used for computer storage and retrieval, were prepared by tech-
nical specialists at NSIC. nput to the computer is a continuing process;
therefore, persons desiring an updating of the information on cperating
experiences at nuclear power plants may c. vain a literature search by
contacting the NSIC. (The NSIC computer contains about 7% more abstracts
of 1977 evonts than are contained in the bibliography because the reports
of some of the events occurring late in the year were not received in
time to be included in the bibliography.)

The NSIC computer also provides a bimorthly printout of those events
which resulted in reactor shutdown #nd their causes; these are published
in each ! 3sue of the bimonthly journal, Nuclear Safety.

The 100-word abstracts in this report are arranged alphabetically
according to the name of the reactor and then chronologically for each

reactor. In addition, tables are presented that indicate the number of



times a piece of equipment, an instrument, or a systef was reported as

having been involved in a malfunct’on. Included in the tables are
cau:ses, deficiencies, and time of occurrence (i.e., during operation,
testing, refueling, or construction). This summary ie followed by a
brief discussion of three events that were considered to be the most
interesting of those reported during the year.

In addition to the abstracts describing each event, keyword and
permuted-title indexes are provided on microfiche for quickly locating
the abstracts in which a particular item of interest is discussed. For
example, persons interested in the problems experienced with dierel
generato.s can find the relevant & stracts listed under the keyword
generator, diesel; or using the permuted-title index, they can find the
abstracts listed with the word diesel or the word gemerator.

Before reviewing the bibliography, it may also be helpful to review
"Parts and Method of Indexing Abstracts" (p. vii), which shows a typical
abstract with its component parts identified. Note the list of keywords,
which gives a quick indication of the contents of the abstrac. . The
availability of the original material is indicated for all abstracts
except where it appears in sources such as technical journals. which are
available in most technical libraries. In these cases, the name of the
journal, issue, date, and page numbers are given above the abstract.
Generally, :he ma‘erial related to licensed facilities may be found in
the NRC Public Docume:.c Room, 1717 H Street, Washingt.n, D.C. 20545,

. 4/or the material may be purchased from the National Technical Informa-
tion service, U.S. Department of Commerce, 5285 Port Royal Road, Spring-
field, Va. 22151.

SUMMARY OF SAFETY-RELATED EVENT DATA

The 1222 abstracts in the bibliography were reviewed and tabulations
made of significant items to indicate the total number of reports con-
cerned with those items. These tabulations indicate items that should
receive more attention by reactor operatc:r, designers, or other inter-

ested parties.



Table 1 lists the number ¢/ r.ports concerned with the various
systems. As in 1976, the three systems mcst frequently reported on were
the main cooling system, the containment isolation system, and the reactor
protection system. One reason that t.e containm2nt isclation system was
reported on more often than others may be thzt it encompasses many of
the other systems listed, such as high-pressure coolant injection,
reactor-core isolation ccoling, core spray, etc. This system ~onsists
of vaives and controls required tc isolate the many lines penetrating
the containmont, and it follows that most of the reports on this system
involve malfunctioning valves and controls. It should also be pointed
out that the major or critical systems were reported on more often than
the less important systems; however, this only reflects the attention

given to these major systems by the utilitie: in the form of surveillance

Table 1. Number of reports coucerned
with the listed systems

Percent of total

Systea ausber of veports Number of repo.ts
Main cooling 11 134
Containment isolation 9 114
Reactor protection 8 95
High-pressure coolant injection 7 86
Electric power 6 77
Pressure relief 6 74
Emergency power 6 70
Shutdows cooling 5 67
Reactor core isolation <coling 5 58
Radiation monitoring 5 56
Core spray 3 34
Low-pressure coolant injection 3 34
Waste disposal . 30
Coolant purification 2 a7
Ventilation 2 21
Emergency cooling 2 19
Service water 1 18
Pneumatic 3 17
Feedwater 1 14
Secondary shutdown 1 14
Condenser cooling 1 13
Standby gas treatment 1 13




testing, etc. as well as the emphasie which the NRC has placed on them
in its reporting requirements.
Table 2 lists the number of reports concern.d with various items of

equipment. Again this year, as in previous years, valves, piping, aud

pumps were the equipment items that experienced problems most frequen‘ly.

These three items accounted for over one-third of the reports. Diesel
generators, valve operators, and seals accounted for another 16% of the
reports; thus, the first six items in the list accounted for 50% of the
reports.

Table 3 is a list of various kinds of instrum-ntation which pre-
sented problems during the year and the number of reports concerr 4 with

each item. Since 1971 when similar table, were first prepared, switches

Table 2. Number of reports concerned
with the listed component

Percent of toteil

Equipment aunber of reports Number of reports
Valves 20 241
Pipes and fittings 9 106
Pumps 7 80
Diesel ¢enerator 6 76
Valve operators 5 58
Seals 5 55
Cables &ad connectors > 55
Support structures 4 50
Turbines 4 49
Control rod drives 4 48
Breakers 3 35
Fasteners 3 34
Shock absorber 2 29
Solenoids 2 26
Heat exchangers 3 25
Storage container 2 23
Filiers 2 23
Contsinment vacuum breakers 2 21
Batteries and chargers 1 i8
Pressure vessels 1 37
Check valves 1 14
Bearings 1 13
Contrui rods 1 13
Demineralizers <1 12




Table 3. Number of reports concernad
with the listed instrumentatioun

Percent of total

Instrumentation number of reports Number of reports
Switch 25 309
Pressure sensor 10 123
Level sensor 5 60
Raciation monitors 5 56
Relays 4 44
Flow sensor 4 44
Temperature sensor 3 38
Power-range instrument 3 36
Stack monitor 1 16
Recorders 1 16
Pos '+ ion instrument 1 15
Intermediate~-range instrument <1 18

have been at the top of the list, accounting for more malfunctions than
any other initruments. Apparently, the reason for this is the large
number of switches in safety-related systems as well as their delicacy
end sensitivity. Various monitors and sensors account for most of the
remaining reports on instrumentation problems.

Tible 4 lists the identified causes of the safety~related events
reported and the number of reports concerned with each cause. Forty-
eight percent of the events involved inherent failures; these are failures
for waich there was no obvious reason. Examples of items considered to
be inherent fai ures include (1) excessive fish impingement on intake
screens (2) instrument set-point drift, and (3) spurious trips of instru~
ments or equipment. Approximately 10% of the reports did not give a
cause of failure, and, in most of these cases, an investigation was
continuing.

Table 5 lists the various time poriods ir which the events took
place and the associated number of vapnrts. The 651 events which were
discovered (or occurred) during testing could be remedied with little or

no effect on operation.



Table 4. Number ¢f reports concerned with the
listed cause of safety-related events

Percent of total

Cause number of reports Number of reports
Inherent failure 48 584
Maintenance error 12 145
Administrative error 9 110
Design error 7 89
Operator error | 67
Installation error 5 63
Fabrication error 3 38
Weather 1 15

Table 5. Number of reports for the
listed time of occurrence of
of f-normal events

—

Percent of total

Time of occurrence
number of repor's

Number of reports

Operation 29 350
Testing 53 651
efueling 13 159
Construction 5 62

Table 6 is a list of deficiencies considered to be of interest and
the associated number of reports submitted. As in previous years, instru-
ment calibration and set-point drift were the most frequently reported
items followed closely by piping s«nd seal leaks. Procedural deficiencies
most frequently invoived inadequate procedures, but failure of operators
to follow procedures is also included. Deficiencies in communication
covers those event. involving a misunderstanding between personnel; it
also includes misintvrpretations of procedures or techuical specificatiins.
Table 7 is an alphabetical listing of the nuclear reacter units from
which reports were received and the associated number of reports. Those

nuclear units which were in commercial ovperation all .~ ar are listed



Table 6. Yumber of reports concerned
with the listed deficiency

Percent of tctal

Deficiency ousber of reports Numbor of r:ports
lostrument calibration 18 223
Set-point drift 16 200
Leak 12 144
Procedures 8 100
Crack 4 52
Crud 3 40
Welds J 39
Response time 2 28
Age effect 2 21
Communication 2 21
Wear 2 20
Lubrication 1 17
Vibration 1 16
Airborne release 1 33
Corrosion <1 12

firct, followed by those which were in the power-ascension pi.ase part of
the ye.r, and then by those which were under construction all year. The
total number of nuclear units listed in the table is 42. For the 23
nuclear units which were operable all year, thr~re are i093 reports - an
average of 48 reports per unit. For the 2 units in the power-ascension
phase, there are 93 reports — an average of 46 reports per unit. For
the 17 units which were under construction during the year, there are 76
reports — an average of 4 reports per year. The total number of reports
listed ir Table 7 is 1262, whereas the bibliography contains abstracts
of 1222 reports. The reason for this discrepancy i= that a few of the
reports involved more than one uait of a multiple-unit plant, and this
is particularly true of those units which were under construction.

Tab.es Ba and f5 tabulate the number of reports for the listed units
which were commercially operable all year. In Table Ba the tabulation
is by age, and in Table 6b the tabulation is by power — design electrical
rating (DER) in megawatts (electrical) [MW(e)]. These tables were pre-

pared to see if age or power level was a factor in the number of events



Table 7. Number of reports involving the
alphabetically listed units

Design
" ti:::e:;mg:r Number of Age electrical
of reports reports (years) rating
[net MW(e))
In commercial operation ali year
Arnold 8 97 3.6 538
Big Pock Point 5 57 15.1 72
Browns Ferry 1 3 33 Wik 1065
Browns Ferry 2 1 16 3.3 1065
Brunswick 2 7 80 8 821
Cooper 5 66 3.6 778
Dresden 1 3 36 17.7 200
Dresden 2 6 76 9 809
Dresden 3 5 58 6.4 809
Fitzpatrick 4 43 2.9 821
Hatch 1 7 85 3.1 786
Humboldt Bay <1 5 14.7 63
LaCrosse <1 8 07 50
Millstone 1 2 29 7.1 650
Monticello 3 34 6.8 545
Nine Mile Point 1 3 41 8.2 610
Oyster Creek 2 27 8.3 650
Peach Bottom 2 6 75 3.9 1065
Peach Bottom 3 6 77 3.3 1065
Pilgrim 1 3 36 2.3 655
Quad Cities 1 4 51 8. 789
Quad (Cities 2 3 41 5.6 789
Vermont Yankee 2 22 5.3 514
In power ascension part of year
Browns Ferr: 3 2 26
Rrunswick 1 5 67
Under construction all year
Clinton 1 <1 1
Clinton 2 «] 1
Grand Gulf 1 i 13
Grand Gulf 2 <l 10
Hartsville 1 <l 4
Hartsville 2 <l 4
Hartsville 3 <1 4
Hartsville 4 4 ! 4
Hatcn 2 <1 8
Perry 1 <1 3
Perry 2 <1 3
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Table 7 (continued)

Design
Percent of ,
Name total number Number of Age 21¢thicua
of reports reporte (years) rat’ug
g [net MW(e))
Under construction all year (continued)
Phipps Bend 2 <1 1
River Bend 1 <1 1
River Bend 2 <1 1
Shc,teham 1 12
Susquehanna 1 <1 3
Susquehanna 2 <1 3
reported by : nuciear unit. ioth appear to be factors, although it may

not be readily apparent from just looking at the tables.

The total number of reportx for the 11 oldest reactors was 422,
whereas the number of repoi.s for the 11 most recently built reactors
was 630 — 49% more reporits than for the older reactors. “his teads to
in¢ ate that there will be fewer failures or malfuunctions oi .afety-
related equipment as the unit ages and experience is gained in operation.

The same type of count was made bused on power level. Th~ number
of reports for the 11 smallest units was 392; the uumber of reports for
the 11 largest units was 635 — almost 62% more reports than for the
smaller units. This seems to indicate that fewer roblems céi b= expected
with smaller units.

While it should be recognized that the data presented is not abso~
lute, especially when you con.ider that reporting habits throughout the
fncustry may not be uniform, the tables and data do seem to indicate
that a low-powered, older reactor will probably have fewer problems than
a high-powered, newly built reactor. However, one fa ir to be consid-
ered in this conclusion is that the newly built reactors are the larger
units and, to date, the feedback of operating information from the
operators to the designers of the larger units has been limited. Also,
the newer, larger units are more complicated than the o'der, smaller

units,
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Table Ba. Number of reports for the listed units
which were commercially operable all year
(by age since first electrical generation)@

Name Age (yeurl)a ::;;::to?fr::;::. Number of reports
Dresden 1 3121 3j 36
Bi, Rock Point 15.1 5 57
Humboldt Bay 14.7 <1l 5
LaCrosse 9.7 <1 8
Oyster Creek 8.3 2 27
“ine Mile Point . 8.2 3 41
Uresden 2 9 6 76
Millstone 1 / % | 2 e
Monticello 6.8 3 34
Dresden 3 6.4 5 58
Quad Cities 1 8.7 4 51
Quad Cities 2 5.6 3 41
Pilgrim 1 5.5 3 36
Vermont Yankee 5.3 2 22
Browns Fe:z:y 1 4.2 3 33
Peach Bottom 2 3.9 6 75
Arnold 3.6 8 97
Cooper 3.6 5 66
Browns Ferry 2 3.3 1 16
Peach Bottom 3 §.3 6 77
Hatch 1 2.1 7 85
FitzPatrick £.9 4 43
Broio-wick 2 3 7 80

aAv.rnge age — 6.5, median age — 5.6.

Tabe 8b. Number : ' reports for the listed units
which were cummercially op. rable all year
(by design electrical rating)?

DERA Percent of total
o [net MW‘e)) number of reports Nusbar of pepo¥te
Browns Ferry 1 1065 3 33
Browns Ferry 2 1065 i | 16
Peach Bottom 2 1065 6 75
Peach Bottom 3 1065 6 77
Brunswick 2 821 7 80
Fitzpatrick 821 “ 43
Dresden 2 809 b 76
Dresden 3 809 5 58
Quad Cities 1 789 4 51
Quad 1iies 2 789 3 41
Hatch | 786 7 85
uooper 778 5 66
Pilgrim 1 655 3 36
Milistone 1 650 3 29
Oyster Creek 650 2 27
Nine Mile Point 1 61¢ 3 4l
Mon. cello 545 3 34
Z Arnold 538 8 97
Vermont Yankee 514 2 22
Dresden 1 200 3 36
Big Rock Point 72 5 57
. Humboldt Bay 63 <1 5
Lz 'rosse 50 <] 8

@average DER — 661; median DER — 778,
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The final bit of information gleaned from reviewing the bibliography
is that, of the 1.?7 rc¢ports, 44 indicated that a reactor shut-down

occurred or was required because of equipment failure or malfunction,

REVIFW OF SELECTED SAFETY~-RE.ATED EVENTS

A revicw of the reported events indicated that most of them were of
a routine and inconsequential nature; however, a few were significant or
unique. Three events that were considered to be the most interesting
are presented here to illustrate the types of experiences that occurred
in 1977.

Unanticipated Short Periods During Shutdown Margin Tests

During two shutdown margin tests on May 4 and 6, unexpected short
neriods occurred at Un’t 1 of the Ouad Cities Nuclear Power Station.
Commonwealth Edison Company owns this boiling-water reactor (BWR), which
is located in Rock Island, I1l. Two nuclear engineers were presecnt
during tbe first test, which involved four rods; there was a written
procedure (QTS 1104-5), but it was not rigorously followed in withcrawing
control rod H-9 from position 06 to 08, and control rods F-8, H-8, and
K-8 were all at position 48 (position 00 is all the way in, and position
48 is all the way out). This action caused a period that was too short
to be properly indicated by the period meter. All that could be said
with certainty at the time was that the period was possibly shorter than
30 sec. The operator immediateiy returned contrel rod H-9 to the 06
position,

During an investigation later the same <.v, it was decided that the
writteu procedure had not been followed; however, it was also decided
that criticality had not occurred. This opinion was based on a close
inspection of the recorder chart of the startup-range recorder, which
was the only available data, Because of the very short duration of the
incident (less than 1 sec for control rod H-9 to move from position 06
to O8 then bac% to position 06), it was impnseible to see anythiug more
than the normal "prompt jump'"; there was »nc ... . ~~4 stable period

indicating criticality. Al=o, just pr. e 6 st under discussion,
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another test had shown subcriticality with control rod H-8 at position
48 and control rod H-9 at position 08, The only difference ::ctween the
two tests was that, in the latter test, control rods F-8 and K-8 were
at positien 48, and each of these two control rods is one control cell
away from control rods H-8 and H-9. This difference wa: not considered
significant enough to cause critirality.

Two days later, control rod maneuver sheets were prepared and
approved for another shutdown margin test using the same control rods
as before, and a step~by-step procedure was written for the control
room operato: A nuclear engineer was present during the tesi. Again,

a short period occurred as the operator withdrew control rod H-8

continuously from pusition 08 to 22, with coutrol rod H~9 at position 08
and control rods F-8 and K-8 at position 48. Once more the opcrasor
quickly inserted control rod H-8, this time from position 22 to 14, and
the reactor period decreased tc¢ 75 sec. The reactor was maintained at

a critical level while the desired data for this test were taken, and
then the test was terminated.

Because of the experience with the second test, the station person-
nel reevaluated both tests and concluded that periids of less than 5 sec
occurced in bo-h instances. Fai.ure of the nuclear engineers tu foilow
approved procedures caused the first incident. Although failure to fol-
low the approved procedure did not contribut- 7> the second occurience,
the nuclear engineer exercised poor judgment in allowing the operator
to continuously withdraw a control rod during the approach to criticality.

A contributing cause of these occurrences was the inadequacy of
procedure QTS 1104-5 and its corresponding data s'ieet QTS 1104-83. The
data sheet calls for readings from the source-range monitoring instru-
mentation and the control room operator's ini fals at specific control
rod configrrations. However, the control rod movements performed in
attaining those specific configurations are governed by procedure QTS
1104-5. Using only the data sheet was misleading owing tc the required
control rod maneuvers between specified rod configurations. A previously
success ful d¢uwonsetration of a two-rod face adjacent shutdown margin was
performed using procedure QTS 1104-1 and checklist QTS 1104~84, both of
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which specify exact control rod maneuvers. The inconsistency involved
in going from QTS 1104~1 to QTS 1104~5 was unnecessarily misleading.

The final cont-ibutiny factor was a misunderstanding between the
nuclear engineers and the control room operators. The control room
operators, who were performing shutdown margin deronstrations for the
first time, should have been made aware by the nuclear engineers of the
potentially high notch worths of the control rod mancuvers they were
performing. The uniqueness of shutdown margin criticals should have
been discussed and the operator cautioned in each case. Failure to do
80, along with the successiul previously completed two-rod face adjacent
shutdown margin demonstrations, lulled the operators into a false sense
of security when they performed the other shutdown margin demonstration
tests,

The nuclear group of the technical staff was given additional specific
training in the performance of shutdewn :argin demonstrations, and
emphasis was placed on interacting with tne control room operator and
on technical specification implications when the tests were being per-
formed.

The procedures and checklists used to perform shutdown margin tesi-
ing were revised to be consistent and to include a complete step~by-step
sequence of control rod maneuvers for the control room operator. Further-
more, the procedures weie generally reviewed for esafety and current
applicability.19

Twe Random Failures Cause Shutdown

The Coopur Nuclear Station in Brownville, Nebr., wis shut down when
an unexpected loss of feedwater occurred in Augurt 1977. This BWR is
owned by the Nebraska Public Power District. Before the shutdown, a
contactor on a relay for power switching was known to be out of service,
but it was thought to be needed only in the manual mode. However, when
a fuse blew or the no-break prwer panel, it vecame apparent chat the
inoperative contactor was needed in transferring this panel to an alter-~
nate alternating-current (ac) power source. Consisting of two inverters,

an ac line, ~nd solid-state transfer switches, this no-break power panel
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supplies 120-V ac power for the con:rol of feedwater flow and various
control and indicating instruments. Loss of the power caused the feed-
water pumps to decrease to minimum speed, with a corresponding decrease
in flow. When the reactcr water level dropped to the scram set point,
the reactor automatically shut down, and partial isolation of the con-
tainment occurred. Since the mainstream isolation valves remained open,
the water level continued to drop 1.25 m more, at which point the main-
stream isolation valves closed. The pumps for both reactor core isola-
tion cooling and high-pressure coolant injection started as required but
went to full speed. The high-pressur:z coolant injection system had
troubles that had previously surfaced, but control of the reactor core
isolation cooling system was inhibited by the failure of the no-break
power panel. Naturally, the reactor-vessel pressure increased, and, at
approximately 7.95 MPa (approximately 1080 psig), one relief valve opened.
The minimum level reached by the water in the vessel was 1.15 m above the
set point for initiation of the systems for automatic depressurization,
iesidual heat removal, and core spraying. After about 15 min, power

was restored ranually to all circuits on the no-break power panel. The
only corrective actions required were replacement of the blown fuse and
repair of the defective contactor. There were no adverse consequences

fror. the standpoint of public health and safety.zo

Short Periods During Reactor Startupe

In April 1977 the NRC c.cculated information to all licensees of
operating BWRs concerning short periods that had been experienced in the
startup of two BWRs, Dresden and Monticello. At Dresden 2 on Dec. 28,
1976, during a reactor startup following a scram from unrelated causes
about 9 hr earlier, a rod withdrawal of one notch resulted in a rapid
power rise within a pe:/od of about I sec. Commonwealth Edison Company
owns this BWR, which is located in Grundy County, Ill, On its most
sensitive scale, the intermediate-ranze monitor scrammed the reactor.
At the time of the startup, the moderator was essentially without wvoids
and at a temperature of 170°C (338°F). A similar event occurred at
Dresden on Aug. 17, 1972.
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Similarly, at the Monticello Nuclear Power Station on Feb. 23, 1977,
following a reactor scram about 10 hr earlier, again from unrelated causes,
a reactor period of about 1 sec occurred during startup when a single rod
was pulled one notch. Northern States Power Company owns this BWR, which
is located at Monticello, Minn. 1In this instance also, the intermedis‘e-
range monitor was on its most sensitive scale and terminated the power
rise. Few voids existed in the moderator, where the temperature was
249°C (480°F).

The two most recent events were similar in the following respects:

1. Prior to the earlier, unrelated scram, both plants had
been operating at or near full power, with axial flux peaking in the
bottom portion of the core.

2, The time from the earlier scrams to the subsequent start-
ups maximized the xenon concentrations in the core.

3. High-worth rod locations were similar, and both plants were
using the same generic control rod pattern (identified as Bl).

4. Prior to the intermediate-range-monitoring scram at both
facilities, dramatic indications of high notch worth had been seen, with
rod withdrawals resulting in periods ranging from 10 to 30 sec, which

were terminated by reinsertion of the rod.

All the systems, including the reacror prote. ion system, functioned
as required. The combination of essentially no voi': in the moderator
and high xenon concentration accounted for the rondit: -=s that resulted
in the control rod notch acquiring an unusually high differenii«l reac-
tivity worth, which approximated 50% Ak/k at Monticello. This excessive
worth of rod notch was the result of essentially no voids in *“'- modera-
tor and peak xenon conditiuns, which necessitated the wi.hdrawal of
significantly more control rods than are normally req.ired te reach
crit{cality. The resultant flux distribution at cri.icality magnified
the normal axial peaking at the top of the core becaise of the heavy xeron
concentrations at the bottom. In addition, tb ~adi.l contribution to
flux peaking was enhanced owing to the withe? _wsal of peripheral rods.

NR™ records show that, after the earlier event at Dresden 2 on Aug.

17, 1972, corrective measures were taken for the subsequent startup,
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consisting of notchwise withdrawal of the group of rods. This corrective
action was taken only for that operating cycle.

An evaluation of these events indicates that essentially .-ouble-
free startups can be accomplished by avoiding peak xenon with no modera-
tor voids or poesibly by the use of a rod pattern developed for these
particular conditions.

These events indicate a need for all licensees of operating BWRs to
review theii startup procedures and practices o ensure that their operating
staff has adequate information to perform reactor startups avoiding such
short periods. Operators should be made aware that extremely high rod
notch worths can be encountered under these conditions. The procedures
should include requirements for a thorough assessment following the
occurrence of a short period before any further rod withdrawals are made.
The considerations should be included in the operator training and

requalification training programs.?’

CONCLUSION

We can all profit by the experiences of others as long as there is
free communication among the interested parties. This compllation was
prepared with this objective in mind and is intended to provide some
guidance as to where additional effort can be expended to minimize the
occurrence and the recurrence of off-normal incidents. in this way, the
safety, reliability, and availability of nuclear f.:ilities should be

improved.
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