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FOREWORD

The Systematic Evalua tion Progr:m Branch (SEPB) of the Nuclear Regu-

la tcry Co= mis sion (NRC) is res ponsible f or the conduct of the Systematic

Evalua tion Program (SEP) whose purpo se is to de te rmine the saf e ty margins

of the design and operation of the 11 c1 dest ope rating concercial nucle ar
i

power plants in the United States. These 11 plants are being reevaluated

in terms of present NRC licensing requirements and regulations. In addi- -

tion, SEP must:

1. establish documentation that shows how these operating plants compare
,

with current acceptance criteria and guidelines on significant safety

issues and provide a technical rationale for acceptabla departures

from these criteria and guidelines,

2. provide the capability for making integrated and balanced decisions

with respect to any required backfit ting, and
_

3. provide for the early identification and resolution of any potential

safe ty deficiency.
.

The SEP is evalua ting spe cific saf e ty topics (called the Topic List)

based on an integrated review of the overall ability of a plant to res pond

to certain design-basis events (DDEs), including normal ope ration, tr an s i-

ents, and postulated accidents. The evalua tion will result in a reas se s s-

ment of the overall safety margins for each facility and documentation of

the reassessment on the basis of current criteria.

The review approach with respect to operational events (forced shut-
.

downs and reportable occurrences) consists primarily of a three-step pro-

cess: (1) compila tion or informa tion on the events, (2) screening of

events for significance using selected criteria and guidelines, and (3)

.

__
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evaluation of, significance and importcnce of the svants fron a safety
'

standpoint. Trends in equipment failures and events where systems f ailed

to perform their intended function are identified. Other types of operst- .

,

ing information as noted in Sect. I are compiled to provide' an ove r all

view of the operating histories of the plants.

In this report, the operating experience of the Millstone 1 nuclear

power plant is reviewed for the purpose of compiling and interpreting data
,

on plant operations 1 occurrences and events for application and input to

the SEP. The results of this report will be used by SEPB in perf orming

the integrated assessment of overall plant saf e ty for Oyst er Cre ek.

_
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REVIEW OF THE OPERATING EXPERIENCE IIISTORY
OF MILLSTONE 1 'IIIRUUGH 19 80 FOR THE

NUCLEAR REGULATORY COMMISSION'S
SYSTDIATIC EVALUATION PROGRAM

>

R. D. Sea g r en * B. J. Weber
G. T. Mays *

ABSTRACT

A review of the operating experience of the Millstone 1

nuclear power plant from initial criticality through 1980 was

pe rf ormed by the staf f of the Nuclear Saf e ty Information Center

for the Nuclear Regulatory Commission's Syst ematic Evalua tion

Pro g r am (SEP). Under the SEP, the safety margins of the design

and operation of the 11 oldest operating commercial nuclear

power plants in the United States are being reevaluated.

The review of the operating experience for Millstone 1

included data collection and evaluation of availability and ca-

pacity factors, forced shutdowns, power reductions, reportable

events (reportable oc currence, license e event reports, etc.),
' and environmental considerations. As well, the review me thod-

ology and procedures as used in the review and evaluation are

discus se d. Data and information collected for forced shutdowns,

power reductions, and reportable events are presented in Appen-
!

dires.

*0ak Ridge National Laboratory, Oak Ridge, Tennes se e.
tJBF Associates, Inc. , Knoxville , Tennes se e.
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1. SCOPE OF REVIEW

The assessment of the operating experience review for Millstone 1

covered the time from initial criticality through 19SO. The review in- ..

~

cluded the folicwing aspects of operation: availability and capacity fac-

tors, forced shutdowns and power reductions, reportable events, events of

envi ro nme n t al importance and radioactivity releases, and evalua tion of the

operating e rpe rience in total. Tables in Chap. I show the codes assigned
.

to operational aspects of forced shutdowns, power reductions, and report-

able events. These codes are used in the reporting of data collected dur-

ing the review of operating e xperience.

1.1 Ava il ab il i ty and Caoneity Factors

Both reactor and unit availability factors were compiled for all

y e a rs . Starting with 1974, the unit capacity factors using the design

electrical rating (DER) in ne t me gawat ts (electric) and the maximum de-
.

pendable capacity (MDC) in ne t megawat ts (electric) were compiled as well.

Data for the capacity factors were not available from earlier years. )

The two availability and two capacity factors are defined as follows:

1. reactor availability =
,

|

| hours reactor critical + reactor reserve shutdown hours
* *

period hours

2. unit availability =

hours generator on line + unit res e rv e shutdown hours
* *

period nours

. .

.

.#

1

'
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net electrical energy generated-

3. unit capacity (DER =
.

x 0,
period hours x DER ne t

4. unit capacity (MDC) = "** * "" # ** * *#EI E*""#" *
z 100 .

~

period hours x MDC ne t

1.2 Review of Forced Shutdowns and Power Reductions

Forced shutdowns and power reductions were reviewed, and data were
.

collected on each incident. Scheduled shutdowns for refueling and main-

tenance were not included in the review. However, if a utility had a re-

fueling outage scheduled, the plant experienced a shutdown as a result of

an abnormal event prior to the scheduled refueling, the utility reported

that the refueling was being rescheduled to coincide with the current

shutdown, and the utility reported the cause of the shutdown as refueling,

then this shutdown was considered as forced. Only that portion of the

outage time conce rned with the abnormal event, no t the ref ueling ti=e , was ~

.

included in the compilations.

- The power reductions were included to provide information and de tails

that may have been associated with a previous or subsequent shutdown. The

power reductions are included in the proper chronological sequence with

the shutdowns in the data tables for the forced shutdowns and power reduc-

tions (see Appendizes).

The folicwing data were compiled annually for the forced shutdowns

and power reductions:

|

.

|
.
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Table 1.1. Codes and causes of forced
'

shutdown or power reduction and
'

methods of shutdown
.

Causes -

A Equipment failure

B Maintenance or testing

C Refueling

D Regulatory restriction

E Ope r at or training and license e xam s
'

F Administr a tive

G Operational error

H Other

Methods

1 Manual

2 Manual scram

3 Aut oma ti c sc r s=

4 Continuation

5 Load reduction

9 Other
-

. i

*
.

9

!

|
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Table 1.2. Codes and systems involved with the forced
shutdown, power reduction, or reportable event

System Code

Reactor RX

Reactor vessel int e rna l s RA
Reactivity control systems RB
Reactor core RC

Reactor coolant and connected sys t em s CX

Reactor vessels and appurtenances CA
Coolant recirculation systems and controls CD
Main steam systems and controls CC

,*

Main ste am isolation systems and controls CD
Reactor core isolation cooling systems and controls CE
Residual heat removal systems and controls CF
Reactor coolant cleanup systems and contrcis CG
Feedwa ter systems and controls CH
Reactor coolant pres sure boundary leakage de tection systems CI
Other coolant subsystems and their controls CJ

Engineered safe ty features SX

Reactor containment systems SA
Containment heat removal systems s.,d controls SB
Containment air purification and c t ruup systems and controls SC
Containment isolation systems and cortrols SD
Containment combustible control systems and controls SE _

E=ergency core cooling systems and controls SF
- Core reflooding system SF-A

Low pres sure saf e ty injection system and controle SF-B
High pressure safe ty injection system and controls SF-C
Core spray system and controls SF-D

Control room habitability systems and controls SG
Other engineered safety feature systems and their controls SH

Containment purge system and controls SH-A
Containment spray system and controls SH-B
Auxiliary feedwater system and controls SH-C
Standby gas tr e a tm ent systems and controls SH-D

Instrumentation and controls IX

Reactor trip systems ,LL
Engineered safe ty fea ture instrument syst em s IB
Systems required for safe shutdown IC
Sate ty-rela ted display instrumentation ID .

Other instrument systems required for safety IE
' Other instrument systems not required for safety IF

Electric power syste=s EX

Off site power systems and controls EA
AC onsite power systems and controls EB
DC onsite power systems and controls EC
Onsite power systems and controls (composite ac and de) ED

- Emergency gene rator syst em s and controls EE
Emergency lighting systems and controls EF
Other electric power systems and controls EG

_.
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Table 1.2 (continuad)

System Code ,

Fuel storage and handling systems FX

New f ue l storage facilities FA
Spent-fuel storage f acilities FB-

Spent-fuel pool cooling and cleanup systems and controls FC
Fuel handling systems FD

Auxiliary wa ter syst em s WX

Station service water systems and controls WA
Cooling systems for reactor auxiliaries and controls WB

Demineralized water makeup systans and controls WC ,

Potable and sanitary water systems and controls WD
, Ultima te hea t sznk f acilities WE
Condensate storage facilities WF
Other auxiliary water systems and controls WG

Auxiliary proces s system s PI

Compres sed air systems and controls PA

Process sampling systems PB
Chemical, volume control, and liquid poison systems and PC

controls
Failed-fuel de tection system s PD

Other auxiliary proces s systems and controls PE

Other auxiliary systems AX

Air conditioning, heating, cooling, and ventila tion syst ems AA

and controls -

Fire protection systems and controls AB
'

Communication systems AC
Other auxiliary systems and controls AD

,

,

Steam and power conversion systems HX

Turbine generators and controls HA
Main s t e am supply systems and controls (other than CC) HB

Main condenser systems and controls HC
Turbine gland sealing systems and controls HD

| Turbine bypas s systems and controls HE
; Circula ting water systems and controls HF

| Condensa te cleanup systems and controls HG

Condensate and fecowa ter systems and controls (other than CH) HH
Ste am generr. tor blowdown systems and controls HI
Other features or steam and power conversion systems (not HJ

included elsewhere)
Radioactive waste management sy s t em s MX

Liquid radioactive waste management systems MA

Gaseous radioactive waste management sy st em s MB
Proces s and ef fluent radiological monitoring systems MC

i

Solid radioactive waste management systens 50 -

~

..

|
|

|

|
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Table 1.2 (continued) .

System Code

Radiation protection systems BX

Area monitoring syste=s BA
Airborne radioactivity monitcring systems - BB

.

e

*

|
|
!

I

|
|

e

!
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Thble 1.3. Corponsnts involved with ths
'

forced shutdown er powar reduction

.

Component type Inc luding

Ac ensula tor s Scram accu =ula tors ,

Safe ty inj ection tanks
Surge t anks

Air dryers

Annunciator modules Ala rm s
Bells
Buz ze rs
Clazons
Horns *

Gongs
Sirens

Batteries and chargers Cha rge rs
Dry cells
Wet cells
Storage cells

Blowers Compressors
Gas circulators
Fans
Ventila t er s

Circuit c lo se rs / in t e r rupt or s Circuit breakers
Contac t or s
Controllers -

S ta rt e rs ,'
Switches (other than sensors)
Switchgear

>

Control rods Poison curtains *

Control rod drive mechanisms

Demineralizers Ion exchangers

Electrical conductors Bus
Cable
Wire

Engines, internal combu: tion Butane engines
Diesel engines
Gasoline engines
Natural gas engines
Propane engines

Fil ters Strainers
Screens

Fuel elements

Gene r a t or s Inve rt e rs
,

Heaters, electric
.

.-



_

1-9. .

Table 1.3 (continuad)

; Compo nen t type Inc luding

Hea t e xchangers Cond ense rs
- Coo le rs

Evapor a t er s -

Regenerative heat exchangers
Ste am gene rators

| Fan coil units

Instrumentation and controls

Mechanical function units Mechanical controllers
Gove rnor s
Gear boxes
Var idrive s
Couplings

Motors Electric motors
Hydraulic motors

Pneumatic (air) motors
Servo motors

Pene tr a ti on s, primary containment
air Iceks

Pipes, fittings

Pumps

Recombiners

Relays

Shock suppressors and supports

Transformers

Turbines Ste am turbines
Gas turbines

; Hydro turbines

Valves Val ve s
Dampe rs

Valve operators

|
Vessels, pressure Containment ves se ls

| Dry wells

| Pressure suppression
Pre s suriz e rs
Reactor ves sels

.

S
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1. dato of cccurrence, ,

2. duration (hours),
,

3. power level (percent),

4. notation of whe ther the shutdowns were also reportable events [e.g.,

a licensee event report (LER) or abncrmal occurrence report (AOR)],

5. sum =ary description of events associated with the forced shutdown or

power reduction,

6. cause of shutdown (Table 1.1), .

7. me thod of shutdown (Table 1.1),

8. syst em taken from NUREG-0161 (Ref.1) that was directly involved with

the shutdown or power reduction (Table 1.2),

9. component directly involved with the shutdown or power reduction

(Table 1.3), and

10 . categorization of the shutdown or power reduction.

Each shutdown or power reduction was placed in one of two se ts of signif-
- _ .

icance categories. The shutdowns and power reductions were first evalu-
'

ated against criteria for DBEs as described in Chap. 15 of the Stcndard
-

_

Revico Plcn.2 If the shutdown or power reduction could not be categorized

as a design-basis initiating event, then it was placed in one of a serie s

of Nuclear Saf e ty Information Center (NSIC) categories. For further dis-

cussions of the two se ts of significance categories, use of the categor-

ies, and a listing of them, se e Sect. 3 .1.

The listings f or the cause, shutdown me thod, system involved, and

component involved along with their respective codes are those used in the

NUREG-0020 se rie s (" Gray Books") on shutdowns. Note that the information

-

.

h O
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listed under the "Systea involvad" column in the data tables in the appon-

dizes indicates (1) a general classification or systems (fully written

out) and (2) a specific system, which is coded with two letters, within

the general classification.

1.3 Review of Reportable Events

The operating events as reported in LERs and LER predecessors [e.g.,

AORs, unusual events reports, reportable occurrences (R0s)] were reviewed.
.

These types of reportable events were retrieved frem the NSIC computer

f il e . Approximately five years ago, operating experience information for

operating nuclear power plants in the NSIC file for the period of time

before Lens was reviewed. Any documents that contained LER-type informa-

tion (such as equipment f ailures or abnormal events) were coded or indexed

so tnat they could be retrieved in the same manner as an LER. Prima rily,

this involved various types of operating reports and general correspon-

dence for the late 1960s and early 1970s.

The following information was recorded for each reportable event
,

reviewed:

1. LER number or other means of identification of report type,

2. NSIC accession number (a unique identification number assigned to

each document entered into the NSIC computer file),

3. date of the event,

4. date of the report or letter transmitting the event description,

5. status or the plant at the time of the occurrence (Table 1.4),

6. system involved with the reportable event (Table 1.2),

.

v
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7. type of equipment involved with the reportable event (Table 1.5),
'

8. type of instrument involved with the reportable event (Table 1.5),

9. status er the component (equipment) at the time of the occurrence

(Table 1.4),

10. abnormal condition as sociated with the reportable event (e.g.,

corrosion, vibration, leak) (Table 1.6),

.

11. cause or the reportable event (Table 1.4), and

12. significance of the reportable event.

As a step in the evaluation process, each reportable event was screened

using the criteria further discussed in Sect. 3.2.

Note that in the tables of reportable events in Appendix A for Oyster

Creek, comments and/or de tails on the events were included.

1.4 Events of Environmental Inmortance and
Releases of Radioactivity

.

Any significant or recurring environmental problems were s umma riz ed

based on the review of forced shutdowns, power reductions, reportable
,

5

events (environmental LERs), and operating reports. Routine radioactivity

releases were tabulated as well, and releases where limits were exceeded

were reviewed and are discussed in Sect. 4.6.

1.5 Evaluation of Operatine Experience

The operating history of the plant- was evaluated based on a review

that involved screening, categorizing, and compiling data. Judgments and

conclusions were made regarding safe ty problems, op e ra tions, trends (re-.

curring problems), or potential safe ty conce rns.

-

.

.#

v - f
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Table 1.4. Codss for data collected on plant i
s t a tu s , component status, cad causs of '

'

reportable events |

|
Component Cause of reportableCode Plant s t a tu s

s t a tu s event
,

i

A Construction Maintenance Adminsis trative error
and repair

B Ope r a tion Ope ra ti on Design error

C Refueling Testing Fabrication error

D Shutdown Inherent error

E Installation error .

F Lightning-

G Maint enanc e e rror

H Ope ration error

I Wea the r

.

.

$

I

r
|

|

1.

~

t
- - - __
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Table 1.5. Codes for equipsent end instrumants involved
in reportable sysnts

.

Code Code

Eauipment
,

A Ace nsnia t or W Internal combustion engine
B Air drier I Motor
C Battery and charger Y Nozzle
D Bearing Z Pipe and pipe f it ting
E Blower and dampers AA Power supply
F Breaker BB Pres sure ves sel
G Cables and connectors CC Pre s s ur iz e r
H Cond e nse r DD Pnmp ,

I Control rod EE Recomb ine r
J Control rod drive FF Seal
K Cooling tower GG Shock absorber
L Crane HH Solenoid
M Demineralizer II Steen generater
N Diesel generator JJ Storage container
O Fastener KK Support structure
P Fil t er/ sc re en LL Trans forme r
Q Flange SE! Tub ing
R Fuel element NN Turbine
S Fuse 00 Valve
T Generater PP Valve, check
U Hea t e xchanger 00 Valve ope r ator
V Ucater

_

Instrumentation -

,

A Alarm L Power range instrument
B Amplifie r M Pres sure sensor ,

C Electronic function unit N Radiation monitor -

D Failed fuel de tection instrument O Recorder
E Flow sensor P Relay
F In-core instrument Q Seismic instrument
G Ind ica tor R Solid state device
H Intermediate range instrument S Start-up range instrument
I Level sensor T Switch
J Meteorological instrument U Tempe rature sensor
K Position instru=ent

."

| .-

l
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Table 1.6. Codes used for reportable svents abnormal condition:

Mechan ic a l

AA Normal wear / aging /end of life: expect ed ef fect of normal usage

AB Exce s sive we ar/cle ar:nce : component (especially a moving co=ponent)
experiences excessive wear or too much clear =nce or gap exists be-
cause of ove ruse , lack o f lub rica tion

AC Det e rio r ati on/d ama g e : component is no longer at an acceptable level
of quality (e.g., high tenperature cause s rubber se als to chemically
break down er de teriorate, insulation breaks down)

AD Bre ak/ she ar: structural component physically breaks apart (not when
some thing " breaks down")

,

AE Warp /b end/def orma tion: shape of component is physically distorted

AF Collap se : tank or compartment has an external pres sure exerted that
results in deformation

AG Seiz e/b ind /j am: component has inhibited movement caused by crud,
foreign material, mechanical bonding, another component

AH Exces sive mechanical loads : me ch an ical load exceeds design limits

AI Mech anical fa tigue : f ailure due to repeated stres s
-

AJ 1mpact: the result of the force of one obj ect striking another

AE Imprope r lub rication: insuf ficient or incorrect inb rica tion

AL Mis sing / loose : component is mis sing from its prope r place or is

loose or has undesired free movement _.

AM Wrong pa rt : incorrect component installed in a piece of equipment

AN Wrong material: incorrect material used during fabrica tion or in-

stallation
.

A0 Weld-rela ted failure: failure cause d by defective weld or located in

the heat-af fected zone

AP Vibration other than flow induced: vibration from any cause other

than fluid flow

AQ Crud buildup: buildup of foreign material such as dust, st i cks ,
trash (not corrosion or boron precipitation)

AR Cor ro sion/ oxida tion: unanticipa ted a ttack

AS Droppe d : component is dropped (includes control rod that is
*"droppe d" into core)

AT Leak, internal, within syst em: leak from one part of a system to

another pa rt of the same sy st em

nU Leak, internal, be twe en syst em s: leak from one syst em to a dif fe rent

sy st em

AV Crack: defect in a component does not result in a leak through the
wall

.

_ _ _ _
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Tcbis-1.6 (continu2d)

AW Le ak, e xt e rna l: defect in a component results in a leak from the '

sys t em that is contained in an onsite building

AI Leak t o environment : leak not resulting from a cracked or broken -

component ,

AY Was opened / transfers open: component is/was opened by error or spur-
iously opens

AZ Was closed / transferred closed: compo nent is/was wrongly closed by
error or spuriously closes

BA Fails to open: componen t is in the closed state and fails to open on
demand (e.g., the circuit breaker " fails to open" when an overcur- ,

rent occurs)
BB Fails to close: componen t is in the open state and fails to close on

demand

BC Malposition or maladjustment: component is out of desired position
(e . g . , normally open valve is clo se d) or adjusted improperly (not

for instrument drift or out of calibrati on)

BD Fa il ur e to start / turn on: component f ails to start on demand

| BE Stopped /f ailed to continue to run: component f ails to continue run-
ning when it has previously started

BF Tripped: component automatically trips on or of f (desired or unde-

sired) (e.g., the turbine tripped because of overspeed, the circuit
4

breaker tripped because of overspeed, or the circuit breaker tripped
because of overload) .

.

'

BG Deenergized/ power removed: component on system lo se s its driving

potential but not ne ces sarily electrical powe r [e .g. , (1) a fuse
blows and there is no power to a sensor, and the se n s or is deene r-

,

s

siz ed; (2) a valve closes of f the steam supply to a turbine, and the
turbine has no driving power]

1

BH Energized / power applied: component or system gains its driving po-
tential but not necessarily electrical power (e.g., valve is opened
allowing ste am to turn a turbine)

BI Unacceptable r es pon se time: component does not respond to a demand
within a desired time frame but does not otherwise fail (e.g., a
diesel generator fails to come to full speed within the time con-
straint)

BJ High pressure: higher than normal or desired pres sura exis ts in a
component or syst em (does not include bas'trument misindica tions)

.

9 *
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Table 1.6 (co nti nus d )

BE Low pr e s s ur e : l owe r th an norm a l o r d e s i r ed pr e s s ur e e x is t s in a com-
ponent or systen (does not include instrument misindica tion)

- BL High tasperature: component experiences a higher than normal or de-
sired tempera ture

BM Low t empe r a tu r e : component ( or syst e= ) e xp e r ie nc e s a l owe r th an ner-
mal or desired temperature

BN Freezing: fluid medium (e.g. , water) freezes in or on a component
B0 Excessive the rmal cycling: f reque nt change s in tenpe ra ture that

could result in me t al fatigue or cracking

BP Unacceptable heatup/cooldown zate: heatup or cooldown rate exceeds
limits

BQ Thermal transient: sys t em experiences an undesired or unstable
thermal transient or thermal change

BR Excessive numbe r of pres sure cycle s: syst em experiences an undesired
number of significant pressure changes (e.g., pres sure pulses as
from a positive displacement pu=p)

BS High level / volume: higher than normal or desired level or volume
exists (actual or potential) in a component, such as t ank or s ump ,
or area, such as auxiliary builidag (no t f or instrument misindica-
tion)

BT Low level / volume: lower than normal or desired level or volume
exis ts in a component (no t f or instrument misindica tion)

,
BU Abnormal concentration /pH: an abnormal (either high or low) co nc e n-

tration of a chemical or reagent exists in a fluid systan or an ab-
normal pH exis ts (does not include abnormal boron concentrations)

-

BV Abnormal boron concentration: proces s system control rod has an ab-
normal boron concentration f rom burnup, dilution, or overaddition

BW Overspeed: spe ed in exc es s of design limit s

BX Cladding failure: cladding of a component f ail s (e.g. , the claddin g
of a f ue l pe l le t is breached, and radioactive f uel leaks out)

B Burning / smoking: component is on fire or smoking

B2 Engaged: component engages or meshes (this is not to be used when a
component binds or becomes stuck or j amme d)

CA Dis engaged / uncouple d: component disengages, lo se s r e qui r ed f ri c-
tion, or is no longer meshed (as in gears ): for e xamp le , the clut ch
on the motor disengages from the shaft (this should not be used for'

dropped control rods)

e

e
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Tebis 1.6 (continuid)
' Electric / instruments

,

; EA Excessive electrical loads; electrical loads exceed design rating

EB Ove rvol t a ge / unde rc ur rent : component f ailure produce s an over- ,

*

voltage / undercurrent condition other than open circuits

EC Unde rvol t a ge /ove rc ur r ent : component f ailure produce s an unde r-

voltage /overcurrent condition other than shorts

ED Short circuit / arcing / low impedance: electrical component shorts or
arcs in the circuit or has a l ow impedance including shorts to
ground

EE Open circuit /high impedance / bad electrical contact: electrical com-
,

ponent has a structural break, or electrical contacts f ail t o co n-,

tact and f ail to pass the desired current

EF Err: tic ope ration: component (espe cially electrical or instrument)
behaves erratically or inconsistently (if an instrument produces a
bad but con st an t signal, us e "EG", if an instrument produce s an in-
consistent signal use "EF")

EG Erroneous /no signal: electrical component or instrument produce s an
errone ons signal or gives no signal at all (not for out-of-calibra-
tion error)

EH Drift: a change in a setting caused by aging or change of physical
characteristics (does not include personnel errors or a physical
shift of a component)

EI Out of calibration: c omponen t (particula rly instruments) become out ,

of adjustment or calibration (does not include drift) -

EJ Electromagne tic inte rf erenc e : abnorma l indica tion or action rescit-
ing from unanticipated electromagnetic field;

,

EK Instrument snubbing: dampening of pulsating signals to an instrument
'

Hydraulic

HA High flow: higher than normal or desired flow exis ts in a compo-
nen t / syst em (does not include instrument misindica tion (see code
EG)

HB Low flow: lower than normal or desired flow exis ts in a component /
sys t em (does not include instrument misindica tion)

HC No flow or impulse: fluid flowing through a pipe, f il t e r, ori f ice ,

or trench or the fluid in an impulse line (e.g., instrument sensing*-

line) is blocked comple tely or decreased due to some foreign mate-
rial, crud, closed (either partially or comple tely) valve or damper,
or insufficient flow area

*

.

0 *

|
|

'w- - ~ ,. -- --
_ _ - .- _ _ .



-- _- . -. _ - . - . _ _ _ . . -. .

1-19
,

Table 1.6 (co ntinue d) f

HD Flow induced vibration
'

,e -

,

HE Cavitation

HF Erosion .

HG Vorte x formation
.

,

HH Wa t e r h a=me r ,

,

HI Pres sure pulse / surge

HJ Air / steam binding

HE Los s of pump section
. .

HL Boron precipitation
.,

Other
, -

OA Declared inoperable: component or syst'em is declared inoperable as
required by Technical Specifications but may be capable of partial-
ly or comple tely perf orming its desired duties when reque sted (a' '

component / system that is completelv fail ed should n'ot use this -

code)

OB Flux ancmaly: flux characteris tics of the reacter core are not as -

required or desired (e . g . , fluz spike due to xenon burnout)

OC Test not perf ormed: ope ra t or or test pe rs onne l fails t o pe rf orm a
~

required test within the required pe riod -

f

OD Radioactivity contamination: compo nen t , system, or area becomes more -

radioactive than desired or expected
.

; OE Temporary modifica tion: an installation intended _ for short te rs use
(usually this is f or maintenance or rodifica tion of installed equip ~ -

-

,.. ment)

0F Environmental anomaly

OG Airborne release
*

OH Waterborne release '

.

OI Ope ra t or communica tion

OJ Op e r a t cr incorrect action

OK Procedure or record error

i - ,

'
4

,

f

a
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From the' information provided through the various operating reports
,

and the review process, events were analyzed to determine their safety

significance, using the final safe ty analysis reports to provide spe cific

plant and equipment de tails when necessary,

s

|
|

.
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2. SOURCES OF INFOR!!ATION USED IN THE REVIEW

Several sources of information including periodic (annual, quarterly,

and nonthly) NRC publications were used in the review. Some sources con-

tained information relative to more than one area within the scope of the

review.

2.1 Availability and Capacity Factors
.

*

The availability and capacity facters were either extracted or calcu-

lated from data given in the Gray Books 8 from 1974 through 1980 (the first

Gray Book was issued in 7;ay 1974). Prior to 1974, annual or semiannual

reports were used to r,ompile availability factors only.

2.2 Forced Reactor Shutdowns and Power Reductions

Review of the forced power reductions involved checking the following

sources for accuracy and comple tenes s of de tails.

- 1. Nuc2 car Pouer Plant Operating Experience for 19XX, for the years 1973-

1979 (Ref s. 4-10) . The report for 1980 has not been published. How-
.

ever, because work on the section on outages in these reports has

been performed by NSIC since 1973, the draf t copy of this report for

1980 was available.

2. NUREG-0020 se rie s : (Gray Books).

3. Annual or semiannual reports of individual plants from the time of

startup through 1977. For 1977 through 1980, monthly operating re-
,

ports were used because the utilities were no longer required to file
|

I annual reports. The review of power reductions involved primarily

the annuals, semiannuals, and monthly reports.
.

e

|

.
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2.3 Reportable Ev*nts

The NSIC ccmputer file of LERs was the primary source of information
4

in reviewing reportable events. Material on the NSIC computer file con- .

sists of the appropriate bibliographic material, title,100-word abstract,

and keywords. When additional information on the event was needed, the

i original LER (or equivalent) was consulted by examining (1) those full-

sized copies on file at NSIC (for the years 1976-1980); (2) the
.

.

microfiche file of docket material at MSIC; or (3) the appropriate operat-

ing report (semiannual, annual,-or monthly).

2.4 Enviror.ments! Events and Releases of Radioactivity

Events of environmental importance were obtained as a result of con-

ducting the overall review of the plant's operating history, and the

sources of infor=stion involve all types of documents listed thus far.

The data for radioactivity releases were compiled primarily from
,.

Radicactsve Matericts Released from Nuclear P60er Plants - Annual Report
.

.

1977 (Ref. 11). This report presents year-by year comparisons for plants
,

in a number of different categories (such as solid, gas, liquid, noble

gas, and tritinm). Data for 1978 were taken from Radioactive Materfats

Released from Nucicar P6ver Plants -- Annual Report 1978 (Ref.12) . Data

for 1979 and 1980 were compiled from the annual environmental reports sdb-!

j mitted by the licensees.

.

e
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,

i 2.5 Use_ of Computer Files on RECON and Specist Publiestions

Two computer files on RECON (a computer retrieval syst em containing

j ~40 dats bases operated at ORNL) were used extensively for another purpose

| in addition to those indicated thus far. Printcuts were obtained from the
i

| files for Millstone 1 to provide coverage on other types of " docket ma-

terial" besides reportable events where the licensee may have been in cor-
*

.

respondence with NRC [or the Atomic Energy Commission (AEC)] concerning a '
.

3

i

!

j particular event. Licensees are of ten requested to submit additional in-

i

formation or perform further analysis. Before the LERs came into exist-
,

ence in the mid-1970s, it was not unusual for licensees to sdbmit on their

own or at the request of NRC or AEC more than one le tter transmit ting in-

formation on a particular event. Thus, these printout s provided addition-

!

! al sources of information.on reportable events.
:

*

| Several special publications were reviewed to provide details on
!

f events of significance. Af ter further analyses and examination of the
~

-
,

!

following publications, de tail s, evalua ti o ns, or assessments could be

found other than those provided in the appropriate NRC-requested transmis-

| sion.

I

1. Reports to Congress on Abnormat Occurrences, NUREG-0090 seriest *;

2. " Power Reactor Event Series" (formerly Current Event Series)

published bimonthly by NRC;

3. " Operating Experiences," a section of each issue of the Nuclear

Safety j ournal; and

.

4. the publications of NEC's Office of Inspection and Enforcement (IE),

such as operating experience bulletins, IE bulle tions, IE circulars,

>

and IE information notices.

.

O
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3. CRITERI A A"D CATEGORIZATION FOR EVALUATIONS
OF OPERATING llISTORY

!

Forced shutdowns (and power reductions) and reportable events were

'

th e two areas f ocused on in the review of the ope rating history of the

plants of interest. Given the large number of both forced shutdowns and

reportable events, it was necessary to develop consistent review proce-

dures th a t involved sc reening and categorizing of both oc currences. After

the events were screened and categorized, the study then as ses sed the
,

,

saf ety significance of the events and analyzed the categories of events

for various trends and recurring problems.

Shutdowns were evalua ted against the DBEs found in Chap. 15 of the

i

Standcrd Revieu PZan. 2 The DBEs are those postulated disturbances in

process variables or postulated malfenetions or failures of equipment that

the plants are designed to withstand and that license es are expected to

analyze and include in safe ty analysis reports ( SAR s) . The SAR provides

the opportunity for the ef fects of anticipated process disturbances and
-

postulated component f ailures to be exmnined to determine their conse quen-

ces and to evaluate the capability buil t into the plant to control or ac-

commodate such failures and situations (or to identify the limitations of

expe ct ed pe rf ormance) .
i

! The in t en t is to organize the tr an s ien ts and accidents considered by

the licensee and presented in the SAR in a manner that will:

1. ensure that a suf ficiently broad spe ctrum of initiating events has

been considered,

2. ca tegorize the initiating events by type and expected frequency of

oc cur r enc e so that only the limiting cases in es?h group need to be

!. quantitatively analyzed, and

.

- - _ _ . - - a w - n,, - - - - ,



4 -. u

1
'

3-2 .

|
~3. pe rmit the consistent application of specific acceptance criteria for

each postulated initiating event.

Each postulated initiating event is to be assigned to one of the fol-

lowing categories :

1. incr e as e in heat removal by the se cond a ry syst en (turbine plant),

2. de cr e as e in heat removal by the secondary syst em (turbine plant) ,

3. de cre as e in reactor coolant systen flow rate,

4. anomalies in reactivity and power distribution,

5. increase in reactor coolant invent cr y,

6. de cre as e in reactor coolant inventer).

7. radioactive rele as e from a snbsysten or component , or

8. anticipated transients without scram.

Typical initiating events that are representative of those to be con-.

sidered by the licensee in the SAR are presented in Table 3.1.
.

~

Those shutdowns identified as design-basis initiating events were

categorized as such. If the shutdown was not a DBE, then it was assigned
,

-

a category from a list developed by NSIC to indicate the nature and type

of error or f ailure. The NSIC categories for shutdowns not caused by DDEs

were examined as part of a trends analysis.

Reportable events were screened using the criteria presented in Sect.

3.2 and were categorized according to their significance. The informa tion

collected on the reportable events (as outlined in Table s 1.2 and 1,4-1.6)

was used to analyze trends for all reportable events, both significant and

not ssgnificant.

'

.

*
9
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The review approach with respect to operational events (forced shut-

downs and reportable oc cur r enc e s ) consisted primarily of a three-step pro-

cess: (1) compilation of information on the ev e nts , (2) screening of the

events for significance using selected criteria and guidelines, and (3)

evaluation of the significance and importance of the events frcm a safety

standpoint. The evalua tions were to de ternine those areas where safe ty
.

problems existed in terms ot systems, equipment , procedures, and human

error.

3.1 Sienificant Shutdowns and Power Reductions

For the purpose s of compiling informa tion and evalua tion, power re-

ductions were treated in the same manner as forced shutdowns.

3.1.1 Criteria for significant shutdowns and vower reductions

As indicated previously, the occurrences identified as DBEs were used -

~

as criteria to categorize and note significant shutdowns. These events

. are listed in Table 3.1 as they are f ound in Chap.15 of the Standard

Revieu Plan.s

3.1.2 Use of criteria for determinine sienificant shutdowns and vower
reductions

Generic design-basis initiating events s uch as "incr e as e in heat re-

moval by the secondary system" or " decrease in reacter coolant system flow

rate," were used as primary flags for reviewing the forced shutdowns (and

power reductions) . Once the generic type of event was identified, the

particular initiating event was determined from the de tail s associated

-

h

.
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Teble 3.1. Initiating event descriptions for DBEs es lists:d

. in ChEp.15, Standard Revieu Plan (Revision 3)

1. Increase in heat removal by the secondarv system

1.1 Feedwater system malfunction that results in a decrease in
feedwa ter tempe rature -

1.2 Feedwa ter system esIfunction that result s in an increase in f e ed-
water flow

1.3 Steam pressure regulater malfunction or failure that results in
increas ing ste am flow

1.4 Inadvertent opening of a stecs generatcr relief or safety valve
1.5 Spectrum of ste em syst em piping failures inside and outside of

containment in a pres surized-wa te rgreacter (PVR)
1.6 Startup of idle recircula tion pu=p

,

1.7 Inadgertent opening of bypa s s resulting in increase in st e cs
flow

2. Decrease in heat removal bv the secondarv system

2.1 Steam pressure regulator malfunction or failure that results in
decreas ing steam flow

2.2 Loss of external electric load
2.3 Turbine trip (stop valve closure)
2.4 Inadvertent closure of main steam isolation valve s
2.5 Los s of condense r vacuum
2.6 Coincident loss of onsite and external (of fsite) ac power to the

s t a ti on
2.7 Loss of nor=al feedwater flow
2.8 Feedwa ter p iping break

2.9 Feedwater system malfunctions that result in an incr e as e in f e ed-
,

wa ter t empe r a tu r e -

-

3. Decrease in reactor coolant system flow rate

3.1 Single and multiple reactor coolant pump trips .

3.2 Boiling-wa ter reactor (BWR) recirculation loop controller mal-
'

function that results in decreas ing flow rate

3.3 Reactor coolant pu=p shaft sei zur e
3 .4 Reactor coolant pump shaf t break

4. Reactivity and vower distribution anomalies

4.1 Uncontrolled control rod assembly withdrawal from a suberitical
or low power start-up condition (assuming the most unfavorable
reactivity conditions of the core and reactor coolant system),
including control rod or tanporary control device removal error
during refueling

4.2 Uncontrolled control rod assembly withdrawal at the particular
power level (as suming the most unf avorable reactivity conditions
of the core and reactor coolant system) that yields the most
severe results (low power to full power)

4.3 Control rod maloperation (system malfunction or operator e rror ) ,
including maloperation of part length control rods

|
*

.
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Table 3.1 (conti nue d)
'

4.4 Start-up of an inactive reactor coolant loop or recirculating
loop a t an incorrec t t em pe r a tu r e .

4.5 A palfunction or failure of the flow controller in a BWR loop
that results in an increased reactor coolant ficw rate

4.6 Che=ical and volume control system malfunction that results in a
de cr e as e in the boron concentration in the reactor coolant of a
PWR

4.7 Inadvertent loading and operation of a fuel assembly in an ic-
proper position

4.8 Spectrns of rod ejection accidents in a PER
4.9 Spectrum of rod drop accidents in a BWR

5. Increase in reactor coolant inventorv

5.1 Inadvertent operation of emergency core cooling systca.during
power operation.

5.2 Chemical and volume control system malfunction (or operatcr
e rro r ) that increases reactor coolant inventary

5.3 A nc=ber of BWR transients, including it em s 1.2 and 2.1-2.6

6. Decrease in reactor coolant inventorv

6.1 Inadvertent opening of a pressurizer safety or relief valst in
either a PWR or a BWR

6.2 Break in instrument line or other lines from reactor coolant
pressure boundary that pene trate containment

6.3 S t e am ge ne r a t or tub e f ailur e
6.4 Spectrum of BWR steam system piping failures out side of cont ain-

ment
6.5 Loss-of-coolant accidents resulting from the spe etrum of postu-

lated piping breaks within the reacter coolant pressure boundary,
including st e n= line breaks inside of containment in a BWR

6.6 A numbe r of BWR transients, including item s 1.3, 2.7, and 2.8
.

7. Radioactive release from a subsystem or cocoonent

7.1 Radioactive gas waste system leak or failure
7.2 Radioactive liquid waste system leak or f ailure
7.3 Postulated radioactive releases due to liquid t ank f ailures
7.4 Design basis fuel handling accidents in the containment and spent

fuel storage buildings
7.5 Spent fuel cask drop accidents

8. Anticipated transients without scram

8.1 Inadvertent control rod withdrawal
8.2 Loss of feedwater
8.3 Loss of ac power
8.4 Loss of electrical load
8.5 Loss of condenser vacuum

.

8.6 Turbine trip
8.7 Closure of main steam line isola tion valve s

These initiating events were added for BWRs to be more spe cific thaa
,

DBE events 5.3 and 6.6.

.
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with the snutdown. For example, if the reactor shuts down because of an -

increase in heat removal because a fe edwa ter reguis ter valve failed cren,
- '
.

| the shutdown is a generic type 1 DBE. Specifically, based on the initi a t-

ing event (valve failed open), it is a 1.2 DBE "fe edwa te r syst en mal-
,

function that results in an increase in f e edwa ter flow." Some shutdowns

were readily identifiable as spe cific DDEs , such as tripping of a main

.

coolant pump, a 3.1 DBE. Once categorized as a DBE, the shutdown was con-

sidered significant regardless of the resulting ef fect on the plant (be-

cause a DBE had been initiated) .

Loss of flow from one feedwa ter loop was considered suf ficient to

qualify as a 2.7 DBE " loss of normal feedwater flow." The closure of a
,

main steam isolation valve in one loop was considered suf ficient to qual-

ify as a 2.4 DBE " inadvertent closure of main steam is ola tion valve s."

3.1.3 Non-DBE shutdown and power reduction categorization -

_

Those shutdowns that were not DBEs were assigned NSIC categories
.

(Table 3.2) to provide more informa tion on the f ailure or error associated
~

with the shutdown. With these categories, more spe cific type s of errors

and f ailures could be examined through tabular summaries to focus the re-

viewer's attention on problem areas (safety related or not) that were not

revealed by the DBE categories.

The causes (Table 1.1) for non-DBE shutdowns taken from the Gray

Books are limited and very general, while NSIC cause categories are more

specific. Thus, as an example, the number of Gray Book causes noted as

equipment f ailure should not be expected to equal those identified as

equipment f ailures with the NSIC categories. Other NSIC categories, such '

.

. .
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Table 3.2. NSIC event entegories for non-DBE shutdowns

N 1.0 Equipment f ailure
N 1.1 Failure on demand under operating conditions

N 1.1.1 Design error
N 1.1.2 Fabrica tion error

N 1.1.3 Installation error
N 1.1.4 End of design life / inherent f ailure/rando= f ailure

N 1.2 Failure on demand under test conditions
N 1.2.1 Design error

N 1.2.2 Fabrica tion error
N 1.2.3 Installation error
N 1.2.4 End of design life / inherent f ailure/ random

f ailur e
.

N 2.0 Instrumentation and control ancmalies
N 2.1 Hardware f ailure
N 2.2 Power supply problem
N 2.3 Setpoint drift
N 2.4 Spurious signal
N 2.5 De sign inadequacy (system required to func tion out side de-

sign s pe ci f ica tions

N 3.0 Non-DBE reduct ions in coolant inventary (leaks)
N 3.1 In primary system

N 3.2 In se cond a ry sy st en and auxiliaries

N 4.0 Fuel / cladding failure (densifica tion, swelling, failed fuel
elements as indicated by elevated coolant activity)

N 5.0 Maintenance error
N 5.1 Fail ur e to repair component / equipment /systes

- N 5.2 Calibration error

- N 6.0 Op e r a t cr e rror

. N 6.1 Incorrect action (based on correc t unders tanding on the

part of the operator and prope r procedures, the ope rater
'

turned the wrong switch or valve - incorrec t action)
N 6.2 Action on misunderstanding (based on proper procedures and

improper understanding or misinterpretation on the
operator's part of what was to be done -- incorrec t action)

N 6.3 Inadvertent action (purpose and action not related,- for
i

example , bumping against a switch or instrument cabinet)'

N 7.0 Proc e dur al/ adm inis tr a tive error (incorrec t ope rating or testing

procedures, incorrect analysis of an event -- failure to consider
certain conditions in analysis)

N 8.0 Regulatory restriction
N 8.1 Notice of generic event
N 8.2 Notice of violation
N 8.3 Bac kf it / re ana ly si s

.

9
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Table 3.2 (continued)

.

N 9.0 External events
N 9.1 Human induced (sabotage, plane crashes ' into transformer)
N 9.2 Environment induced (tornado, severe weather, floods, '.

ea rth quake ) -

N 10.0 Environmental operating constraint as set forth in Technical
Specifica tions

.

+

.
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.

as component f ailure, could be clas sified a s an equipment f ailure if the

only available designations for cause were those listed in the Gray

Books. -

.

3.2 Significant Resortable Events

3.2.1 Criteria for s ignificant reportable events

Two groups of criteria were used in determining significant report-

able events. The first set of criteria (Table 3.3) indica tes those events

that are definitely significant in terms of safety; dhe y a re t e rme d s ig-

nificant. The second set of criteria (Table 3.4) indica t es events that

may be or potential concern. These events, which might require additional

informa tion or evalua tion to de termine their full implication, were noted

as conditionally significant.

3.2.2 Use of criteria for determinine sienificant reoortable events

'

The reportable events were all reviewed, applying the two sets of

criteria for significance rather liberally. A number of significant

events and conditionally significant events were noted. The events

initially identified as significant or conditionally significant were

analyzed and evaluated further based on (1) engineering judgment: (2) the

systems, equipment, or components involved; or (3) whe ther the safety of

the plant was compromised. The conditionally significant events were sub-

sequently " upgraded" to significant or " downgraded" to nonsignificant.

|

@

e
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Table 3.3. Raportable avant critoris -- significant

**E{7,,f,g Event description -

S1 Two or more f ailures occur in redundant syst an s during the -

same event

S2 Two or more f ailures due to a common cause occur during the
same event

S3 Three or more f ailures occur during the same event

S4 Compo nen t f ailures occur that would have easily escaped
'

de tec tion by testing or examination

S5 An event proceeds in a way significantly dif ferent from
what would be expected

S6 An event or operating condition occurs that is not envel-
oped by the plant design bases

S7 An event occurs that could have been a greater threat to
plant safe ty with (1) dif ferent plant conditions, (2) the
advent of another credible oc cur r enc e , or (3) a dif ferent
progres sion of occurrences

.
S8 Administrative, procedural, or operational errors are ecm-

mit t ed th a t r es ult ed f rom a f und ame nt al m is und e rs t anding
of plant perf ormance or safe ty requirements

S9 Other (e: plain)

.

e
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Table 3.4. Reportable svent criteria -- conditionally significant
.

Category of
conditional Event description
significance

C1 A single f ailure occurs in a notredundant systec

C Two apparently unrelated f ailures occur during the sa=e
event

C3 A problem results in an of fsite radiation release or ex-
posure to personnel

C4 A design or manufacturing deficiency is identified as the
cause of a failure or potential failure -

C5 A p oblem results in a long outage or major equipment
damage

C6 An engineering safety feature actuation occurs during an
event

C7 A particular occurrence is recognized as having a signif-
icant recurrence rate

C8 Other (explain)

>

e

9
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Thus, no evsnts in the tables in the Appendiz appe ar es having been cate-

'

gorized as e.onditionally significent. Ths final evaluation f or signifi-
.

cance considered whether a DBE was initiated or whe ther a safe ty f unction

was co= promised so that the syst em as designed could not mitigate the pro- .,

gression of events. Thus, the number of events finally categorized as

significant was reduced considerably by these st ep s in the review proces s.

3.2.3 Rero tt ab le _ events __t_ha t _we re_ _not _s ign i fie nn t

*

Tho se reportable events not identified as significant or condition-

ally significant were categorized as not significant (with an 'N' in the

significance column of the coding sheets in the appendizes) . These events'

and the events rejected during the additional review step were further
,

i

reviewed by compiling a tabular summary of the systems to detect trends

and recurring probites (Table 1.4 provides a listing of the syst em s) .

-
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4. OPERATING EXPERIENCE REVIEW OF MIL 1 STONE-1

4.1 Summarv of Operational Events of Safety Innortance

The operations 1 history of Millstone-1 has been reviewed to indicate

those areas of plant operation that compromised plant safety. The review

included a detailed examination of plant shutdowns, power reductions, re-

portable events, and events of special environmental impor t anc e . The c ri-
.

teria used to show degradations in plant safety were (1) events that ini-

tiated a DBE and (2) events that compromised safety functions designed to

mitigate the propagation of the initiating events.

Shutdowns and power reductions indicated the number and types of

DDE's ent ered. The reportable events and special environmental events

indicated the number of times each engineered safety function was com-

prom ise d. The results of the analyses identified 53 DBE's entered. Add i-

t i o na lly , two events were identified in which a loss of safety systes

function occurred in sane engineered safety features.

4.2 General Plant Description

The Millstone Nuclear Power Station Unit 1 is a General Electric

boiling water reactor (EUR) of 652 MWe net maximum dependable capacity,

owned by Northeast Nuclear Energy Company and located in Waterford, Con-

necticut. The Architect / Engineer was Ebasco Services Incorporated, and

the constructor was the General Electric Company. The condenser cooling

method is once-through, and Long Island Sound is the condenser cooling

water source. The Plant is subj ect t o lice n se DPR-21, is sue d Oct ob e r 7,

1970, pursuant to Docket No. 50-245. The date of initial reactor crit-

icality was October 26, 1970, and commercial generation of power began in

- March 1971.

.

-
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The nearest city is New London, Connecticut , 3.2 miles away. The

population within 6 miles is about 67,000, increasing in the anm=er to

S3,000. The population within 20 miles is estiested at 330,000. '

4.3 Ava il ab ili ty and Cavacity Factors

Table 4.1 contains the Millstone-1 availability and capacity factors.

The reactor availability from 1971 through 1980 stayed above 70% except

for one year,1973, when major outages were necessary for repairs (see '

Sect. 4.4). The ten full years of operation, 1971 to 1980, averaged

79.5% reactor availability and 75.7% plant availability. Capacity factors

were not available prior to 1973. The MDC and DER capacity factors from

1973 through 1980 averaged 66.2 and 65.3%, respectively.

4.4 Forced Reactor Shutdown and Power Reductions

4.4.1 Review of reactor shutdowns and power reductions

Table A1.1 through A1.11 in the Appendix provides a comprehensive

senmary of information concerning forced shutdowns and power reductions at -

Millstone-1. More complete information was provided when events generated

reportable events; in such instances, nore detailed descriptions are in

Sect. 4.5.

Tables 4.2 and 4.3 of forced shutdowns and power reductions summarize

Table A.1. Causes of forced shutdowns, item I.3 in Table 4.2 and it em I.2

in Table 4.3, are dominated at Millstone-1 by equipment f ailures. Shut-

downs reported to be caused by operator errors amount to only five of the

total, and no power reductions were attributed to operator error.

4.4.1.1 Year 1v summaries for Millstone-1 A discussion of shut-.

downs and power reductions for each year, 1970 through 1980 follows.
.

.
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Teble 4.1. Availability and esp: city factors for M111 stone-1

.

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
,

Reactor availability ND 74.1 89.2 47.3 80.9 79.0 84.0 96.0 89.0 79.1 76.0
Unit availability ND 69.3 88.1 45.5 79.1 75.6 76.1 89.6 87.6 77.3 69.0
Uni t capaci ty O!DC)* ND ND ND 33.8 63.1 68.4 66.1 84.1 81.3 73.7 59.0
Unit capacity (DER) ND M) ND 33.2 59.6 68.4 65.6 83.4 80.5 73.0 58.5

*MDC = maximum dependable capacity.

ND = No data.

DER = design electrical rating.

?
m
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Table 4.2. Forced shutdown summary for Millstone-1

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Total

1. farced shutdowes
I. Total number 8 42 % 20 7 11 8 14 6 7 1 112

2. Total hours down 102 1336 585 2892 91 976 624 738 117 424 13 7978
3. Cause*

4 E.lut poent failure 37 (1207) 8 (185) 16 (2594) 7 (91) 8 (502) 7 (519) 14 (738) 5 (97) 7 (424) 1 (13) llo (6'

B. mint enance or testing 3 (102) 3 (121) I (451) I (100) 13 (7?
D. Regulatory restriction I (236) 8 (2'
E. Operator trainteg/ license emme
F. AJetatstrative
C. Operational error 2 (8) 3 (62) 5 (7s
H. Ot he r 2(23) 1(105)

4 Shut't ewn met hod
A. Manuel 3 Il 4 II 2 7 5 2 2 2 50
s. Nnual scram I 4 5 6

C. Automatte scram 5 31 4 8 5 3 2 8 3 3 1 75

D. Ot he r I I i 3

II. Tatzt nonhet of t>BC relat ed shutdowns (these are 5 (53) 25 (882) 4 (218) 4 (ISI) 3 (23) 0 (0) 0 (0) 2 (65) 3 (39) 3 (85) 8 (13) ,1529 (5:

Itcluded in totals of Part 1)
1. Reactor vessels (CA) 6 6

2. Costant rectrculation system (CB) 2 4 I I 8

3. min steam systems anJ controls (CC) 1 8 3 1 2 5 1 2 I I 27

4. min stese isolation systems (CD) I 1 l I 4

5. neactor core isolation cnoling systes (CE) l I I 2 5

6. Rehtur coolant cleanup systems (CC) I 1 2

7. FeeJsater system (CN) 1 I 3 2 I I 9

8. Of f site power systess (EA) I |
9. AC onsit e power s yst ees (l.8) 3 2 5

10. Onsit e powe r systems (Ele) I i
ll. th r senc y light ing s yst ees (EF) 1 I
12. Turbine generator and cont rols (MA) 2 20 3 I l I l 1 30

13. N in ste+= supply systee (Hs) 5 I 6

14. fLiln confen.er systems (HC) I 2 )
15. Turbine byp4ss systees (lit.) 1 I
th. (t rculat ti 3 watv r systems (HF) 2 2

li. Con tensite and f eedeater systees (HH) I L

18. Stra s generator blowJawn systems (MI) 1 I
19. pc.ector trip systc=s (IA) I I L 3

20. t...cou s ra ds ist e en ge.ca t system (MS) 1 I
21. CmapresseJ air systems (FA) l I 2

22. h. *ctiet t y cont rols systems (RS) 2 2

21. ac4ctor core (RC) I I
24. Reactor cont.itn cat systems (54) 1 I I 3

2% terrgency core conting systee (SF) I 1

24. Iow preware saf et y in jection system (SF-8) l I
,

i 27. Core spray systee (SF-D) 2 I

28. Station service w4ter systees (W A) I I

*hber of hours associat ed with cause of shutdown is in parentheses.
.

.
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Table 4.3. Power reduction sucimary .for Millstone-1

i

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 19S0 Tota l j'

i
,

I. Power reductions '

; 1. Total number 7 3 1 3 10 3 1 28

i 2. Cause ,

A. Equipment failure 7 2 1 10 1 21 |'

B. Maintenance or 1 2 3 6 :

testing

j 11 . Other 1 'l

1
3. System involved

A. Turbine-generator 3 1 4 '

'

f (IIA)
B. Main condenser (llc) 2 2 10 3 17

'

C. Reactor (RB) 1 1

D. Reactor (RC) 1 1

E. Electric power (EB) 1 1 2 !

F. Reactor coolant (CC) 1 1 2 |
j 1 1
1 C. Reactor coolant (CD)
1 4. Total number of DBEs re- 3 3 |

lated power reductions
3

j (included in totals of
i Pa r t 1)

,;

)

1

* e

.
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1970
.

The Millstone-1 BWR went critical on October 26, 1970. Maintenance
,

'
and testing were the causes for all forced cutages. The reactor coolant -

syst em was involved three times, and the st e=m and. power syst em was in-

vcived three times.

Seven shutdowns tock place during startup testing. These were split

about evenly between instrumentation malfunctions and f aulty equipment ,

installations.

One shutdown was due to a cracked seal weld on the main condenser.

Oscillation of a pressure control torque tube tore a bypass valve linkage

away from it s support , necessitating a shutdown.

A problem, recurring in later periods, first surfaced during this

report period involved a momentary moisture separator drain tank high

level indication which subsequently trips the turbine resulting in a reac-

tor shutdown. -

.

.

1971
,

.

In 1971, the reactor and control syst em proved its capacity to oper-

ate under the severe transient conditions: 20 aut oma ti c sc ram s f rom 100%

power (652 M7e) occurred, and the plant responded as designed each

time.

During this year the reactor experienced 42 forced shutdowns, the

most in the 10 years of operation at M111 stone-1 (Table 4.2) . The shut-

downs are attribut ed primarily to equipment f ailures (37 times). Three of

the forced shutdowns were caused by maintenance and testing; 2 were for

operator error.
.

The longest forced shutdown occurred on October 10, when the unit was e

down for 10 d to repair a turbine control valve. The next longest forced ,
,

shutdown occurred on August 30, and lasted for 7 d. The traveling screens

.-. _ -- - . - . - -- - - . - _ _ . - --- -
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of the circulating aster system became clogged eith sea-need, causing the

loss of the main condenser vacuu= and a reactor scram.
~

One incident at the beginning of 1971, only two months af ter the ini-

tial criticality, exenplified the problems in maintenance and testing that

plagued Millstone-1 during its first full year of operation. A high level

indication in the moisture separator drain tank caused a st e am turbine

trip. This event recurred 11 more times during the year. These high ,

level indications were attributed to broken baf fle plate welds and level

control instrumentation malfunctions.

Another recurring event during this year first occurred on March 23.

The malfunction of the steem turbine control valve necessitated a 2-d

shutdown for valve testing. Six additional forced shutdowns occurred due

to malfunctioning of this valve.

There were six shutdowns due to miscellaneous isntramentation mal-

functions, and two to repair leaks in the main steam line.
.

1972
.

The number of forced outages dropped to 8 in 1972 (Table A.I.3), with

no reported power reductions. The total forced down time was only 585 h,

fourth lowest in Millst one-l's hist ory.

Two f orced shutdowns in Februa ry lasted for 12 d. These were due to

improper responses from the main steam line venturi differential pressure

t ran smit t ers , and the sensing tubes were replaced. On March 12, a reactor

scram occurred during plant heatup when a reactor feed pump was started at

10 in. level indication in the reactor vessel. Collapse of voids from the

cold feedwater resulted in a level decrease and the resultant low level'

1

-
s c r am .

.
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During the refueling outage which commenced September 1, the leaking
.

tubes in the main condenser were plugged and all in-core power-range de-

tectors were replaced. 7

1973

This year saw the second most forced shutdowns in Millstone-l's his-

tory: 20 forced shutdowns for 2892 h total (Table A.I.4) . Sixteen of

these shutdowns were attributed to equipment failures. The longest forced

shutdown occurred on April 18, and lasted for 89 d. At this time, all of

the feed-water spargers were replaced, due to cracks.

There was once forced shutdown of 10 d at the direction of the Atomic

Energy Commis sion ( AEC) to examine for possible inverted control rod in-

ternals. The General Electric Company had provided notice that seme of

the boron carbide poison pins were inverted during the blade fabrication

process of some control rods, and same of these rods might have been in-

'

stalled in the Millstone core. In this inverted configuration, it was .,

conceivable that axial downward shifting of the boron carbide powder could
,

.

occur, and that this shifting could result in a change in the reactor core

shutdown margin. A series of shutdown tests subsequently indicated noth-

ing remiss.

Four of the shutdowns were due to instrumentation malfunctions, and

four were due to lobe oil pressure alarms on the reactor recirculating

*

pump motor.

1974
.

This year saw the second least forced downtime in Millstone-l's his-

tory: seven forced shutdowns for 91 h total (Table A.1.4) . A total of
.

.

e
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.

seven power reductions care made which were at tributed to equipment f s.il-

ure. Sea water leakage in the main condenser was detected necessitating 2

power reductions to plug tubes.

A recurring problem of turbine trips accounted for 3 more power re-

ductions. These were again attributed to high level indication in the

moisture separator drain tank.

A refueling outage commenced on Sept ember 1, during which ti=e the
,

feedwater spargers were replaced due to exces sive vibration at reactor

power levels greater than 80%.

1975

This year M111s.one-1 suf fered the third most forced downtime in its

history. Of a total of 976 h forced out of se rvice , 56% were caused by ai

transformer failure that caused a 44 d shutdown.

On September 12, a combustible gas mixture was detected in the trans-

former, and a shutdown was made t o change-out the transformer. Refueling
,

was completed during this outage.
.

Five instrumentation malfunctions were the next largest contributor

to the total downtime.

On March 3, a blown valve stuf fing box on the low pres sure cooling

inj ection syst em oc curred, resulting in water blowing from the identified

leakage sump into the unidentified leakage sump.

1976

This year there were 8 forced shutdowns: with two of these due to

high winds depositing salt spray on the main transformer insulators, caus-

ing arcing and tripping the generator. At the same time the gas turbine

speed control became inoperable, necessitating the replacement of the

electronic governor..

. . . . ....
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On July 16, a shutdown was necessitated to repair the motor operater

of the isolation condenser isolation valve. On December 17, this same

valve malfunctioned, causing s shutdown in order to clean it. '

1977

There were 14 forced shutdowns due to equipment f ailure for a total

of 738 h.

In August, main condenser tube f ailures started to plague Millstone-1 -

again. Several power reductions were made to plug leaking tubes. On June

14, a mechanical pressure regulator malfunctioned, tripping the st e am tur-

bine and causing a five day shutdown. On December 13, the second of two

hydrogen explosions which occurred that day in the of f gas syst em caused

an 11 d shutdown.

197R

This year there were only 6 forced shutdowns for a total of 197 h. ..

Starting in June, main condenser leakage plagued Millstone-1 for the rest -

of the year. Ten power reductions took place in order to plug leaking
.

tubes. Again, level control malfunctions occurred in the moisture separa-

tor drain tank.

1979

Seven forced shutdowns occurred this year for a total of 424 h. The

most significant one occurred on January 6 and lasted for 11 d. Stress

corrosion cracking in the clean-up return line necessitated replacement of

this piping. Again, the plugging of leaking main condenser tubes caused

three power reductions. On July 2, a shutdown, due to low water level

from the feedwater regulator valve lockup, resulting from the loss of both
.

plant air compres sors. .

.
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Only one forced shutdown was reported in 1980. A water hammer was

experienced in the isolation condenser piping on Dece=ber 19, 1979, neces-

sitated put ting the isolation condenser out of service on January 5.

Power was reduced and restricted to 40% for 27 d during the modifications

made to the isolation condenser piping supports.

4.4.1.2 Svstems involved. There were 30 forced shutdowns involving |

turbine generator and controls, with 67% of these occurring in 1971.

Twenty-seven forced shutdowns involved the main steam systems and con-

trols. The next most involved systems were the feedwater systems and the

coolant recircula tion syst ems, with 9 and 8 forced shutdowns, respec-

tively.

Of the 28 power reductions, 61% involved the main condenser syst em.

Three of the power reductions were considered DDE events.

4.4.1.3 Causes of forced reactor shutdowns and forced power reduc-

tions. Of the 132 forced shutdowns, 83% were caused by equipment f ailures

for a total of 6770 h. Maintenance and testing accounted for 10% of the

shutdowns, for a total of 774 h. There were only 5 due to operational

error for a total of 70 h.

Of the 28 power reductions 75% were caused by equipment failures.

Maintenance and testing accounted for 25%.

4.4.1.4 Non-DBE shutdowns. Table 4.4 summarizes the NSIC categories

assigned to non-DDE shutdowns. Only the major NSIC categories are listed

in Table 4.5. Equipment f ailures accounted for 67% of the events with no

apparent decline during the first nine years of operation. Instrumenta-

tion and control problems accounted for 20% of the events, and these oc-

curred throughout the life of the operations.
.
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Table 4.4. NSIC primary category summary for non-DBE shutdowns for Hillstone 1

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Total

1. Equipment failures 3 11 3 9 a 9 7 6 1 3 0 55
2. Instrumentation and con- 2 1 6 1 1 16

*

trols anomalies
3. Non-DBE reductions in cool- 2 1 3*

dnt inventory (leaks)
4. Fue.1/ cladding failure'

,

5. Kiintenance error
6. Operator error 2 1'_

1 1
'

3
7.

' '
Procedura l/a dminis t ra tive.
error

8. Regulatory restriction 1 19. External events 1 1
'

10. Environmental operating 1 1 2
,

.,
i

constraf.nts Tech specs '
-

, .

,
- -- _ _ '_ _ _, _

-
_ _ _

TOTAL
'

'

3~ 17 4 16 4 11 8 12 3 4 0 82.
t

*

.
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| 4.4.2 DBE initiatine events

Of the 160 total forced shutdowns and power reductior s accumulated st

t
M111 stone-1, 53 fell into DDE initiating event categories as shown in

Tables 4.2 and 4.3. Nene of these events initiated any sequence that led

to any significant econcmic loss or safety hazard to the plant or the en-

f~ virons.

L
Note that the trend of total number of DBE's per year bears no cor-

,

.
*

relation with other trends, such as plant performance as measured by total

number number of shutdowns per year or total downtime per ti=e (Table 4.5).

4.4.2.1 DBE Sect. 1 events increased in heat removal. Six events

(12%) are categorized into this section. Four of the six were due t o in-

strumentation malfunctions. One was at tribut ed' to ope rator error.

4.4.2.1.1 D1.1 feedwater system malfunc tions re sult ine- in a de-

crease in feedwater flow. On May 25, 1971, an instrumentation malfunction

caused the closing of the feedwater control valve.

4.4.2.1.2 D1.2 feedwater system malfunc t ions that result in an

increase in feedwater flow. On March 12, 1972 an IRM trip occurred due to

cold water :.ddition resulting in a collapse of voids. On August 10,

1973, a ligh reactor water level trip was attributed to operator error in

starting A feedwater pump.

4.4.2.1.3 D1.3 - steam cressure reculator malfunction or failure

that results in an increasine steam flow. There were three events of this

kind, all attributed to instrumentation malfunctions. On November 19,

1970, a scram was caused by a momentary main steem line high flow signal.

On December 5,1970, an electrical pressure regulator pressure control

oscillation caused a spurious low level indication. On Sept ember 21,

.

. . . .. ..,
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Table 4.5. DBE initiating events at Millstone 1

'

IDBE ~ 1975 1976 1977 1978 1979 1980 Total '

1970 1971 1972 1973 1974
category ,

I

t

Feeduater systen entfunctions that result in a D-l.1 1 1

! decrease in f eeduater temperature

Feedwater system malfunctions that result in D-1.2 1 1 2
i

i an increase in feeduater flow
Steam pressure regulator malfuaction or fail- D-1.3 2 1 3,

i ute that results in increasing steam flow
j Steam pressure regulator malfunction or f ail- D-2.1 1 1 1 3

; ure that results in decreasing steam flow *>
toss of external electric load D-2.2 2 2 d, ,
Turbine trip (stop valve closure) D-2.3 2 18 3 4 3 2 32 s-
Inadvertent closure of main steam isolation D-2.4 1 1 2

valves-

' Loss of condenser vacuum D-2.5 1 1
~

loss of norma t f eedwater flow D-2.7 1 1 2

BLIR rectrculation loop controller malfunctions D-3.2 1 1

t ha t result in decreasing flow rate.
i

Control rod naloperation (system r.alfunction D-4.3 1 I
or operator error), including maloperation of

Ipart length control rods
'

Inatvertent opening of a pressuriser safety or D-6.1 1 1 1 3

rettet valve in a'19R or a safety or relief
valve in a E'JR

,

'

TOTAL 5 25 4 4 6 0 0 2 3 3 1 53

,

f
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.

1973, a fault in the EPR controls cpansd the turbins bypass valvas, drop-

ping the reactor pressure.

, 4.4.2.2 DBE Seet. 2 events deeresse in heat reenval, Thirty-nine
1

| events are categorized into this section. Twenty-nine of these 39 (74%)

i
! were caused by turbine trips. Three of these w-re as sociated with st e==

I
i pressure regulator =alfunction, two with loss of external electric load,

two with inadvertent closures of main steem isolation valves, two with
.

feedwater syst em, and one with loss of condenser vacuum.

4.4.2.2.1 D2.1 - stene pressure reculator malfunction or f ailure

that results in decreasine steam flow. On November 21, 1970, vibration of

the reactor mode switch resulted in main stean isolation. On January 19,

1971, the turbine control valve closed, causing the reactor shutdown. On

June 25, 1980, an electric pressure regulator malfunction induced an APRM

s c r am .

4.4.2.2.2 D2.2 - loss of external load. On June 24, 1971 and again

on J une 25, 1971, there were turbine full load rej ects due to lightning

causing loss of 383 kv line.

4.4.2.2.3 D2.3 - tu rb ine trip (ston valve closure) . Twenty-one of

the thirty-two events were attributable to malfunctions of the moisture

separator drain tank level control. This type of event first occurred on

December 30, 1970, and continued for the next eight years - 14 occurring

in 1971, 3 in 1974, and 3 in 1978.

Five turbine control valve malfunctions (5-27-71, 9-29-71,10-3-71,

10-10-71, 2-4-72) caused turbine trips.

4.4.2.2.4 D2.4 Inadvertent closure of main steam isolation

valves. The two events (11-4-74, 4-7-77) in this category were attributed

to mechanical failures in valve actuators.
.

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

__ _ _ _ _ _ _ . _ _
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4.4.2.2.5 D2.5 Loss of condenser vacuum. While this clas sifica-

tion of D2.5 deals with the complete loss of condenser vacuum, it was felt

that the only event (8-30-71) which dealt with low condenser vacuu= should ~

.

be included in this category.

4.4.2.2.6 D2.7 - Loss of nornal feedwater flow. Of the two events

in this category, one (3-6-73) was attributed to operator error in failing

to start a condensate booster pump in time. The other event (12-16-74)
,

was due to a broken stem on the feedwater control valve.

4.4.2.3 DBE Sect. 4 events - reactivity and vower dist ribution ance-

alles. On March 14, 1973, a blown fuse on the control rod scram solenoid

scrammed the Group II control rods a 4.3 DBE.

4.4.2.4 DBE Sect. 6 - decrease in reactor coolant inventorv. All

three of the following shutdowns were 6.1 DBEs. On March 2, 1971, a main

| steam safety valve started leaking, blowing steam. On November 29, 1977,

the automatic pressure relief valve lif ted prematurely. On February 26,

1979, the safety relief valve lif ted prematurely and failed to reseat.

-

,

4.4.3 Trends and safety implications of shutdowns
and power reductions

Over the more than 10 years of operation at Millstone-1, forced down-

time averaged 34 d/ year. Annual downtown was dominated by single large

events such as the 90-d shutdown in 1973 to replace the feedwater spar-

gers. Total annual hours of forced downtime followed no trend. Years

1971,1973,1975, and 1977 each recorded more than 700 h of forced outage

time; the other 6 years each recorded less than 700 h of forced outage

time.

.

.-

1
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Four cut of svery five forced shutdowns care caused by equipnent
.

failures. There were two reported operator errors in 1970 that caused

shutdowns and three in 1973. There were none reported thereaf ter.

All of the 82 forced shutdowns that did not fall into DBE categories

were put in NSIC categories (see Sect. 3.1.1). In NSIC event categories,

55 shutdowns were due to equipment failures, such as broken piping welds,

valve st e= packing failures, and condense r leaks. The next major type of
,

NSIC event was instru=entation and control anomalies, with 16 leading to

shutdowns. There were no fuel / cladding failures requiring shutdowns, only

2 shutdowns were due to environmental operating constraints.

Forced reductions in reactor power occurred 28 times. Twenty-one of

these were due to equipment failures, and 6 were to maintenance and tes -

ing. Forced power reductions were not reported until 1974, when 7 occur-

red. The causes were divided about equally between condenser leakage and

instrumentation malfunction. After 1974, reductions were reported about 3

times a year. They usually lasted only a few hours, and power was seldom

reduced more than 50%. In 1978,11 reductions were reported due to main

condenser leakage.

4.5 Reportable Event s

This study reviewed 310 reportable events from Millstone-1. The

events include t ele gr am s, l e t t e rs , abnormal occurrences (AO's), reportable

occurrences (RO's) and licensee event reports (LER's) that were filed by

the utility when a technical specification was violated.

The information contained in the reportable events has been synthe-

sized and coded as discussed in Sect. 1.3 . These tables, arranged by

year, are presented in Appendix A, part 2.

.

4

-- .
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4.5.1 Review of reportable events from 1970 thronch 1980

Figure 4.1 illustrates the number of reportable events filed per year

at Millst one-1. There are no yearly trends on the numbers of reports. -

The following sections presented a summary for each year of operating ex-

perience at M111 stone-1, emit ting environmental reports which are dis-

cus se d in 4.5.1.4.

4.5.1.1 Yearly summaries of recortable events.
.

1970

The plant went critical in October of 1970. As e xp e c t ed , several

design and installation errors surf aced during the first few months of

operation.

On Dece=ber 4,1970, problems were encountered when the isolation

condenser was placed into service during a startup test.14 This incident

is discus sed in Sect. 4.5.3.3.
.

Other design errors consisted of inadequate pipe support of the main ,

steam lines (RS-70-6) , inadequa te pump spe ed (RS-70-4), and an inappropri-
.

ate wiring change (RO-70-7) . All of these problems have been resolved by

design changes.

Installation errors included f aulty welds in the main condenser (AO-

70-8) and failure of the MSIV due to missing parts (RS-70-6) .

1971

Millstone-1 encountered several valve problems in 1971, most of them

occurring under test conditions. On January 19, 1971, the entire low

pressure ECCS was rendered inoperable during a test. This event (AO-71-1)

is described in more detail in Sec t. 4.5.1.2.3.
.

.
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- -- -n. -.. - - --



dI
*
eW-

.

-

0
7 8
1 9

1

9
6 7
3 9

1

' .8
8 7
2 9

-
1

-

7
7 : , 7*
3 - . 9

-

1

-

6
7 7
2 9

1

3
r,

5
5 7 a
2 9 e1

Y

4
I

5 7
1 9

1

3
.

9 7
1 9

1

' 2
7 7
2 9

1
'

1'-
7 7
2 9

1

0
o 7
t 9

1

,

- - - - - - - - --

5 0 5 0 5 0 5 0 5 04 4 3 3 2 2 1 1

3O*LOE0C WO ho.6aZ)U Cgy .
T C

.

;.I, if |! !t iil]14 ,

I .i'!
' ti



.-

4-20 * -

Problems with the gas turbine generator were first

experienced in 1971. The gas turbine generator problems surf aced in later

years as well and are discussed in Sect. 4.5.3.1. .

The plant also experienced several problems with the turbine electri-

cal and mechanical pressure regulators in 1971. These problems were elimi-

nated by replacing defective parts and only one serious transient resulted

from these malfunctions. This incident is discussed in detail in Sect.

4.5.2.4.

1972

The 1972 operating- experience was marred by salt water intrusion in

the main condense r ( AO-72-22) . Loss of the main condenser is not critical

for plant safety, but the presence of chlorine in the syst em m.nife st ed

itself in damage to other components in the reactor coolant system, some
l

of which were not discovered until 1976. Problems also arose from crack-
_

ing of feedwater spargers in 1972. All defective spargers were replaced.
'

1973
.

Several control rod system problems surfaced in 1973, none producing

serious problems. The problems varied in nature, the most notable inci-

dent involved degradation of the control rod drive accumulators due to

flaking of plating into the hydraulic system.28 Six of the 143 accumula-

tors had suf ficient flaking to impair the operation of the control rod

drive mechanism. These six were replaced and the hydraulic system was

flushed. A program for monitoring accumulator conditions was initiated to
;

|

prevent recurrence of the incident Other problems involved valve and.
4

i line leaks, none of which were serious and were easily repaired.l

.

O

e
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1974

The fewest number of reportable events occurred in 1974. Most r e-

ported events involved the reactor coolant system. In particular the 1-MS-

1D inboard isolation valve failed twice ( AO-74-9,10) in one month. The

cause of failure each time involved foreign matter on the slide valve for

the air operator. The slide valve was cleaned and the problem did not

return.
,

,

1

1975

Twenty-five reportable events occurred in 1975. In January, a hydro-

gen explosion occurred in the condensate demineralizer regeneration system

acid day tank. No one was injured. The hydrogen was formed by moisture

leaking into a tank of concentrated sulfuric acid and was ignited by a

spark from welders.

More valve problems occurred in 1975, in particular, two events in-

volved degradation of safe ty/ relief valves. In one incident (AO-75-9) a

safety / relief valve failed to rescat due to a malfunction of two pilot

valves.** The reactor pressure dropped to 160 psig. During the blowdown,

reactor cooldown rate reached 155 F/h, well above the limit of 100 F/h.

No damage to reactor components occurred. Both pilot valves were re-

placed. In a second izcident (AO-75-17) the bellows integrity of two

safety relief valves could not be verified. Instrument air lines were

*

fouled and had to be cleaned.

|

1976

Three events of a total of 27 reportable events which occurred at

Millstone-1 in 1976 are considered very significant. Millstone-1 e xpe r-

ienced several problems with the isolation condenser, beginning with a

,

.
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total failure of the condenser in February (see Sect. 4.5.2.1) and con-

tinuing throughout the year with various valve and control troubles.

Gas turbine generator problems also plabued the plant. One failure -

of the generator occurred during a total loss of offsite power (see Sect.

i 4.5.2.2). Gas turbine generator failures are discussed in detail in Sect.

4.5.3.1.

On November 17, 1976, a Millstone-1 operator caused an inadvertent
, .

criticality during a shutdown margin test. This event is discussed in

Sec t . 4.5.2.3.

It should also be noted that almost all (16/18) of the environmental

violations at Millstone-1 occurred in 1976. These events were attributed

to an unexpected increase in the abundance of marine life around the plant

during the year.

1977
..

The greatest number of reportable events were recorded in 1977. Sev-
'

.

9

eral of these involved failures of valves in the main steam lines. Two of
.

these f ailures af fect ed saf e ty/ relief valves at Millstone-1. The first

f ailure occurred on June 16 (AO-77-17) when the safety / relief valve B

opened at 555 psig and did not resent until pressure dropped to 180 psig.

No cause was reported. The second failure ( AO-77-18) involved saf ety re-

lief valve F which leaked due to a collapsed filter. The f il t er w as r e-

placed. Four failures involveed the emergency electrical power systems.
i

Three of these failures involvd the gas turbine generator. The fourth>

*.

event involved f ailure of diesel generator ( 0-77-7) due to a fuel oil

leak. The problem was resolved by replacing a cracked nipple.
i

o

.-
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There were two explosions in the of f gas systen on December 13, 1977,

in which two workers were injured but the safety of the plant was not

challenged. This event is discussed in more detail in Sec t . 4.5.2.5.

197R

Although there was a large number of reportable events is 1978 (30),

very few of them were significant. On March 10, 1978, the plant exper-

ienced problems with a saf e ty/ relief valve failing to seat af ter manual
.

ope r ati on, and then opening prematurely during an automatic test (AO-78-

4).

On May 29, 1978 the isolated condenser was renoved from the system

i due to f ailure of a steam trap (AO-78-13). Recurring problems with the

isolation condenser are discussed in Sect. 4.5.3.3.
~

On Sept ember 5,1978, one of four low-low water level sensors f ailed

due to lack of lubrication (AO-78-18) . The sensor is one of four used for
.

ECCS initiation. The sensor was lubricated and then satisfactorily test-

ed.
-

1979'

In 1979, the second highest number of reportable events (36) over the

operating experience of the plant were reported. On Sept ember 14, 1979,

it was discovered that a design error allowed loss of power to the ECCS to

go undetected under a certain electrical distribution arrangement. The

logic was changed to eliminate this possibility.

On December 19, 1979, a water hammer occurred in the isolation con-

denser piping. The operators had been instructed to maximize reactor ves-

| sel water level in order to minimize thermal stress to the feedwater noz-

zies. The water hammer was caused by the introduction of the excess water

.

*
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|

into the steam supply lines of the isolation condenser. Operating proced- |
.I

ures have been revised to avoid recurrence of this incident.

Pressure / relief valve problems continued with the valve lif ting pre- .

maturely and then f ailing to se at (Februa ry 26, 1979). The remaining re-

ports involved minor incidents which violated technical specifications and

were inconsequential with respect to plant safety.

1980 .

Seventeen reportable events were recorded at Millstone-1 in 1980.

Problems involving weld cracks in two main steam line and in the condenser

nozzle were reported. The cracks were discovered during the fall refuel-

ing outage. Pipe cracks at Millstone-1 are discussed in Sect. 4.5.3.2.

4.5.1.2 Systems involved in reportable events. A compilation of all
1

reportable events by system and year is presented in Table 4.6. Some sys-

tems which had no reports filed are omitted. There are no discernible

time-dependent trends mnong the syst ems identified. Most of the reports
'

.

involved the following systems: reactor coolant, instrumentation ar.d con-
.

.

trols, engineered safety features, and electrical power. Each of these

systems is discussed in the following subsections.

4.5.1.2.1 Resetor Coolant Svstemt The designation of reactor cool-

ant system encompasses a broad range of heat transfer related equipment in

the reactor. For Millstone-1, this system includes all steam line moni-

tors and valves, especially safety / relief valves; the isolation condenser

main steam isolation valves; pressure regulator; feedwater system and con-

trols; and recircula tion syst em. Over one-third of the reportable events;

(35%) involved the reactor coolant system. A large majority of reports |

involving the reactor coolant system concerned valve failures during ."

tests, failures of the electrical and mechanical pressure regulators, and
,

.
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Table 4.6. Summary of systems involved in reportable events
.

System 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Total

Reactor 1 1 1 4 4 5 1 17
Reactor coolant 5 8 10 8 8 9 10 15 6 11 7 97
Engineered safety 11 4 3 4 1 4 6 4 7 2 46
features

Instrumentation and 4 7 2 6 5 7 5 10 6 52
controls

Electrical power 2 7 4 2 3 2 4 4 2 30
Fuel handling 1 1

Auxiliary water 4 1 3 1 9
Steam and power 2 2 1 1 1 1 3 11
Radiation protection 4 2 1 7
Radioactive waste 2 2
management

No system applicable 1 1 2 1 1 1 2 9
_ _ _ _ _ _ _ _ _ _ ,

TOTAL 8 37 29 20 16 26 27 38 26 37 17 282 U

.
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failures of various coolant parameter monitoring components. Excessive
,

pipe movement was reported several times but no apparent damage resulted.

The isolation condenser provided several problems at Millstone-1. .

The isolation condenser isolation valves failed during testing nine times.

These failures are discussed in more detail in Sect. 4.5.3.3. The con-

denser itself had to be completely retubed in 1976. This incident is dis-

cussed in Sect. 4.5.2.1.
,

7he electrical or mechanical pressure regulator failed four times

from 1970 to 1972. Three of the failures involved only the electrical

pressure regulator (A0s 71-12, 71-27, 72-2) and were inconsequential be-

cause the mechanical pressure regulator served as a backup. A fourth

failure (AO-71-20) resulted in a reactor blowdown. This event is dis-

cussed in more detail in Sect. 4.5.2.4.

Eight weld related failures were reported for Millstone-1. Extensive

work was perforned on the feedwater spargers and all spargers have been
.

replaced at least once. Cracks in BWRs are a common problem and Millstone-
.

I has been no exception. Cracking at Millstone-1 is analyzed in greater

detail in Sec t . 4.5.3.2.

4.5.1.2.2 Ins t rumen t a t ion and control. This system is comprised of

all reactor safety and trip instrumentation as well as all control func-

tions for normal operation. Its frequent appe arance (18%) as the syst em

involved in reportable events can be attributed to instrumentation set
:

point drif t, miscalibration, and spurious trips. No safety functions were

compromised as a result of these problems.

4.5.1.2.3 Engineered safety features. Most failures of the engi-

neered safety features (ESP) system occurred during testing of the ECCS
,

-

and the isolation condense r. An unusually high number of reports appeared
*

.

I
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in 1971, when probisms surfaced during tests of the core spray velves. In

one incident (AO-71-1), the valves were tested at 1000 psig instead of the

core spray operating pressure of 300 psig. The valves all failed and the

ECCS was declared inoperable. The torque sitting on the switches was too

low and had to be reset. On March 31, 1971, the motcr operator on an LPCI

valve failed due to a short in its windings. The motor was replaced. On

September 18, 1971, another LPCI valve motor operator burned out and was
,

replaced by a larger motor.

4.5.1.2.4 Electrical power system. Almost all reportable events

concerning the electrical power systems were attributed to f ailures of the

gas turbine g e ne r a t or . These failures in the electrical power system com-

prised 10% of all reported events for Millstone-1. A detailed-discussion

of these failures is presented in Sect. 4.5.3.1.

4.5.1.3 Causes of report ab le event s. Table 4.7 presents a summary

of causes of reportable events at Millstone-1. Almost half of all report-
;

able events at the plant were attributed to inherent failure. Inherent

'
- failure includes set point drifts, wear out, and many of the failures for

which no cause could be found.

Over the operating experience reviewed, human error was responsible

for half of all reportable events. Administrative, design, fabrication,
,

installation, maintenance, and operator errors are all considered human

errors. Human errors played an important role in events categorized as

significant at Millstone-1. These human errors involved design, admini-

strative, and maintenance errors. An examination of causes of significa.nt

events reveals that only 24% of those events were attributed to inherent

failures.
,

4

|
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Tcble 4.7 Cassos of RIsported events for M111stena-1

-

Cause 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Total

Administrative 1 2 2 1 1 2 9

Design 4 7 3 2 4 3 6 2 2 2 2 37
Fabrication 0

Inherent failure 2 8 15 10 7 15 18 15 14 16 9 129
Installation 3 5 2 1 1 2 2 2 1 3 2 24

,

'

Lightning 1 1

Maintenance 1 6 7 6 4 5 9 2 8 2 3 53

Operator 1 2 1 1 1 2 8

Weather 1 1

! TOTAL 11 30 27 23 16 27 39 23 26 27 16 262

!

M
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4.5.1.4 Events af environmental importance.

4.5.1.4.1 Radioactivity release events. Eight events at Millstone-1

resulted in radioactive releases. Tcble 4.8 summarizes the e=ount of

radiation released annually from the plant. Three of the eight r epor t e d

release everts were caused by mishandling or failures of the waste dis-

posal syst em. The remaining five events involved inadvertent exposures of

maintenance workers. The quarterly release rate was exceeded four times

during the period of 1976 to 1979.

On March 25, 1974, two workers were overerposed to Co-58 and Co-60

due to poor ventilation in a maintenance area. Also, badge readings dur-

ing the f all 1974 refueling outage showed that three men had exceeded

their dose limits. An overflow of a surge tank onto the boiler room floor

contaminated the shoes of a worker on March 27, 1975. In Sept ember, 1975,

one worker ingested small amounts ((1500 nanocuries) of Co-60 and Mn-54.

In October,1975 five workers received excess doses of radiation while per-

forming maintenance on the feedwater spargers.

~
'

Throughout the ten years of operating experience there were eight

reports of excess radioactivity in plants and animals near the Millstone

site. Most of these involved high levels of activity in the oysters in

Niantic Bay. One report , however, revealed a high iodine activity in

cow's milk samples taken from the area. This was attributed to fallout

from the Chinese atomic bomb tests.

4.5.1.4.2 Nonradiological events. The only nonradiological environ-

mental events consisted of the impingement of species of fish on intake

screen above prescribed limits. There were 18 reports of excess fish

impingement, 16 in 1976, two in 1977. The unusually high numbers were

attributed to an abnormal increase in fish population in 1976 and 1977.
.

e e
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Table 4.8. Summary of r.idtoactivity released from Hillstone I
.

Release (curtes) 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
,

a

| Airborne
Total noble gases 4.lE+2 2.76E+5 7.26E*5 7.90E+4 9.12E+5 2.97E+6 5.07E&5 6.20E+5 5.66Et5 2.06E+4,

I Total 1-131 3.2E-10 1.23E+0 1.54E-1 3.18E+0 9.77Et0 2.19E+0 4.6 6 E+ 0 3.19E60 4.0lE-1
Total talogens NA 3.94E+0 1.23Et0 1.54E-l 3.18Et0 6.29Ett 3.65Ett 6.InE+1 3.19E+0 4. ole-1

,

Total particulates NA 5.87E-2 8. 7 5 E-6 4.10E-2 8.77E-2 1.88E-l 1.49 E-l 2. ole-l 1.36E40 1.89E-1
Total tritium NA 3.21Et0 4.21Et0 1.69Et0 7.85E+0 1.72Ett 2.87E+1 6.52Ett 3.36E+1 5.30E+1

Liquid:
*

Total staed producto NA 1.97E+1 5.15E+1 3.34E+1 1.98E+2 1.99E+2 9.65E+0 5.27E-1 1.74E-l 2.09E-1
i Total tritium NA l.27E+1 2.09Ett 3.70E+0 2.41Ett 8.03Ett 2.01Ett 4.41E+0 2.22E40 7.92Et0

Total noble gises NA NA 0 0 0 1.llEtt 3.56E-1 3.67E-1 7.65E-1 7.00E-1
'

. Solid:
'

Total 1.lE+0 2.61E+2 1.64E+3 1.51E+3 2.57E+3 2.58Et3 1.70E+3 3.03E+3 8.15E+4 1.16E+3
'

.
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4.5.2 Review of sienificant events

Each reportable event was screened using criteria as a step in the

evaluation process (se e Sect. 3.2). A compilation of the number of sig-

nificant events appears in Table 4.9. Events with serious safety implica-

tions are described in detail in subsequent sections. These events, which

degraded a safety function or initiated a DBE are: loss of isolation con-

denser (4.5.2.1), loss of offsite power with partial loss of emergency
, ,

power (4.5.2.2), inadvertent criticality (4.5.2.3), loss of pressure con-

trol followed by a blowdown (4.5.2.4), and hydrogen explosion in the off-

gas system (4.5.2.5).

4.5.2.1 Isolation condenser failure. On February 12,1976, the

plant shut down due to arcing of the main transformer during a' storm.17,18

Normal post shutdown pressure transients caused the main steam isolation

valves to close. As a result of this, pressure increased momentarily in

the isolation condenser, causing a tube in the condenser to f ail.

Steam leaked into the shell side of the condenser and was vented into.

-

the atmosphere. The operators did not recognize the cause of the steen

release until 1 h and 16 min af ter the shutdown, when the control room

received a high radiation alarm from the steam vent line. The isolation

condenser was then isolated and the steam releases halted.

An area of approximately one acre, all inside the fenced area, was

cont am ina t ed. No reportable personnel exposures resulted from the release

of cont aminants. Eight minutes after the reactor trip, the main condense r

was valved in to act as a primary heat sink. Recovery from the transient

proceeded smoothly.

Examination of the condenser revealed a tube with a 1-in. by 2-in.

hole. The failure resulted from stress corrosion cracking. The corrosion
.
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Table 4.9. Summary of significant events at Millstone-1j

j _ _.

Significance Total times
I 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

category assigned! ,

__

SI 1 1 2
i

1 1S2 -

|

S3 1 2 3
1

i

S4 0

SS 0

S6 1 1

S7 2 2 2 2 3 11

S8 1 1 2 2 1 1 8i

S9 1 1

_ _ _ _ _ _ _ _ _ _ p
'1UTAL 1 5 4 2 0 2 4 4 1 4 0 27 M!

i

.

:

(

.

m

*
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.

was attributed to the intrusion of chlorins froa o previcus f ailure of the
,

main condense r. Other tubes in the isolation condenser was retubed with
|

Inconel 600 tube material.

The isolation condenser at Millstone se rv e s as the reactor core iso-

lation cooling (RCIC) sy s t em for the plant and. thus, is considered an

engineered saf ety feature.

4.5.2.2 Loss of offsite power with partial loss of e=errencv nower.
,

"

On August 10, 1976 the Millstone-1 plant lost all offsite power due to

salt buildup on the 354 EV lines and insulators.2' Prior to the loss of

power the gas turbine generator and the diesel generator were running

without a load, as a precaution during storm conditions. The plant was

operating at 45% power and tripped during the loss of offsite power. The

gas turbine generator failed on the loss of normal power; however, the

diesel generator accepted load successfully. Ile gas turbine generator

restarted and ran for ~8 min before tripping again.

Investigation revealed that operator error caused both failures of

the gas turbine generator. The generator has both AC and DC auxiliaries.

The gas turbine generator is the primary source of AC power for its own

auxiliaries once it is up to rated speed and voltage. The design also

provides for an alternate source of AC power during testing. Transfer

between the two sources of power is accomplished by a manually operated

throwover switch.

|
l During precautionary operation of the gas turbine generator , the

operators perf ormed a bimonthly surveillance test using the alternate

source of AC power. At the conclusion of the test the throwaver switch

was not returned to its normal (primary source) position. Upon loss of

.

J
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offsite power and unit trip, the citernate scarce of AC power was lost

causing the gas turbine generator to trip.

In its normal position, the throwover switch also enables automatic -

transfer from the DC auxiliaries (only used to start the unit) to the AC

auxiliaries. The unit restarted af ter the initial trip. Transfer from DC

auxiliaries to AC was not accomplished. The unit ran for 8 min then trip-

ped a second time when the DC batteries f ailed. ,

Recurrence of the event was mitigated by the following corrective

actions:so

1. The procedure for testing the gas turbine was rewritten so that the

AC auxiliaries are energized from the primary source during surveil-

lance testing.

2. The throwover switch was locked into its normal position.

3. A breaker position monitoring circuit was installed to alert the op-
'

erators of an incorrect alignment of the power sources for the AC -

.

auxiliaries.

The gas turbine generator serves as the meergency power source of -

4.16 KV power for the feedwater coolant inj ection (FWCI), pumps and con-

trol, which are part of the ECCS. This event seriously compromised the

safety of the plant. For over 3 h the lone diesel generator was the only

source of power to Millstone-1. The isolation condenser, which requires

only DC power to place it in service,.was used to cool the core. The ise-

lation condenser had experienced severe problems only 6 months prior to

this incident (see Sect. 4.5.1.1). Had it failed during the loss of nor-

mal power, the diesel generator would have carried the entire burden of
.

S

9

!
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supplying power for cooling the core vin the low pressure ECCS. In gen-

eral, diesel generators have had historically high failure rates; however,
,

the love diesel one at Millstone-1 has a very good performance record.
.

4.5.2.3 Inadvertent eriticalitv. While perf orming a shutdown margin

test on Nove=ber 12, 1976, an inadvertent criticality and reactor trip

occurred. An operator error in selecting rods for the test caused the

unplanned criticality.81

'

The test is perf ormed by positioning the highest worth rod (46-23) to

notch position 10, the diagonal control rod (42-19) is then withdrawn to

notch position 10, followed by full withdrawal of the maximum worth rod.

The licensed reactor operater incorrectly notched out adj acent control rod

46-19 (instead of 42-19, the correct and designated rod). Without recog-

nizing his selection error, he then withdrew the highest worth rod. The

reactor tripped on high flux.

At the time of the incident the rod worth minimizer had been bypassed
i

and the operator was performing the test by himself - a violation of test

procedures. The circumstances of the trip were reported to the supervisor

who dismissed the condition as ' spurious noise. ' Per NRC, normal proced-

ures should be that the operator believe all instrument indications as

true, unless proved otherwise.88

A second test was performed contrary to procedural requirenents con-

cerning evaluation of instrumentation. Again, the operator erroneously

withdrew rod 46-19. Subsequent withdrawal of rod 46-23 resulted in a flux

increase, and the high worth rod was reinserted to avert a second trip.

Following the recognition of the previous rod selection errors, a third

shutdown margin test was successfully performed. Procedural requirenents

| were again violated as the third test was performed without assessing the
1

!
|
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potential for radiation exposure or fuel damage caused by the two crit-

icalities. The incident was not reported to the appropriate canagement

personnel until their arrival on the next werk day, another violation of

procedures.

Refueling and fuel movement were suspended for three days by the NRC.

licenses of the two operatory's in-No personnel exposures occurred. The

volved were suspended.

This incident represents the only maj or operator error committed over

the operating-experience of Millstone-1. The multiple procedural errors

resulted in a $15,000 fine to the plant management. This violation had

the potential for causing or contributing to an occurrence related to

health and safety.

4.5.2.4 Pressure transient and b lowdown, On October 19, 1971 the

M111 stone-1 plant experienced a pressure transient followed by a blow down

of 75,000 gal of water.2 8 With the reactor at 1005 power, the electric

F

pressure regulator caused pressure to rise to 1040 psig. The operator

placed the mechanical pressure regulator into service, but this did not

resolve the transient. The reactor scrammed on a high trip of the average
r

|

| power range monitor ( APRM) . The turbine tripped and the turbine bypass

valve opened. As the pressure of the vessel began to drop, the number one

turbine valve failed to close. The main steam isolation valves closed but

pressure continued to decrease in the vessel. It was then discovered that

a reliet' valve that opened at the time of the scram failed to reseat.

The stuck-open valve seated when pressure dropped to 263 psig. The

isolation condenser was then put into a service and normal cooldown pro-

ceeded.

.

.
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During the transient the reactor pressure dropped from 1040 psig to

263 psig and the moderator terperature dropped from 525'F to 390*F in 18

min. This represents a significant stress on the vessel even though no

technical specifications were violated. General Electric deter =ined that

the vessel blowdown conditions would not af fect the integrity of the

vessel.

Failure of the electric pressure relief valve was attributed to a
,

loose dashpot connection to the pressure regulator torque tube.
,

The relief valve it self experienced two f ailures. First, the valve

opened at 1040 psig, instead of 1095 psig. The se t point change was caus-

ed by relaxation of the se t pres sure-adjustment spring due to its exposure

to temperatures near 5500F. The valves had been insulated with asbestos

blankets, and the reduction in heat transfer ability caused th'e valve in-

ternals to be exposed to elevated temperatures. This insulation was par-

tially removed. Second, the relief valve failed to rescat after opening.
>

This was attributed to leaking of the pilot valve (caused by lower set-

~

point) and the erosion of pilot-valve disk. '

4.5.2.5 Hvdromen explosions in off-cas system. On December 13,

1977, two hydrogen explosions occurred at Millstone-1.84 The first explo-

sion occurred at 9:30 a.m. and was mostly confined to the off gas system.

Damage was minor and the plant reduced power while repairs commenced. A

second explosion occurred at 1:00 p.m., outside the off gas system, caus-

ing considerably more damage and injuring personnel.

; The second explosion occurred when the Millstone personnel were un-
!

successful in restoring water to the loop seals af ter the first e xplo sion.

Without these se al s, the gas accumulated and was ignited by a spark from

the liquid level switch in the stack base sump. The explosion propelled
.
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the door of the room into a cariheuss 60 e cucy, brecched the reinforced-
,

concrete ceiling of the room at the base of the stack, extensively damaged

the ceiling be am s, damaged supports of a radiation monitor for the st ack,

and ersched the stack. The cont:31 room was alert ed to the se cond de tons-

tion and the operators manually trip the plant, terminating the generation

of hydrogen in the core. The second explosion injured one man and result-

ed in a small, uncontrolled release of radiation.

This is a generic problem in BWR's, but most explosions are confined
'

inside the of f gas system, which is designed to mitigate the ef fects of a

de t o na ti o n. However, explosions outside the syst em have oc curred, result-

ing in f ar more damage to equipment and structures.* 8

Immediately after the event, the NRC required that all BWR licensees

-to take steps to correct five identified deficiencies in the of f gas sys-

tem, with particular attention being paid to the loop seals.

1. Review the operations and maintenance procedures of the of f-gas sys-
'

tem to as sure operation in accordance with all design pa rame ters. .

2. Rev ie w the adequacy of the ventilation of spaces and areas where
.

there is piping containing explosive gases.
-

3. For those spa c e s identified, describe what action has been taken to

ensure that explosive mixtures cannot accumulate, that monit oring

equipment would warn of such an accumulation should it oc c ur.

4. Describe the design fenbares that minimize and detect th e loss of

liquid from loop seals, and describe operating procedures that ensure

prompt detection and resealing of blown seals.
.

5. Review operating and emergency procedures to ensure that the operat-

ing staf f has adequate guidance to respond properly to of f gas systen

*

explosions.

.
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4.5.3 Trends and safety impliestions of recortable events

Using the systems involved in reportable events listed in Table 4.2,

specific trends and problem areas were identified for safe ty related func-

tions: (1) partial loss of energency power, (2) pipe cracks , (3) isola-

tion condense r valving problems.

4.5.3.1 Partial loss of emereener power. Millstone-1 has expe r-

ienced 31 failures of the energency generator syst ems and controls. Gas

turbine generater failure was the dominant contributor to degradation of
'

,

the meergency power system. The gas turbine generator failed to start or

run its mission 24 times. Five of these were failures on demand, the re-

mainder occurred under test co nd it io ns. Appendix B provides a description

of the 24 gas turbine generator failures, along with corrective actions

taken to rest ore the unit to se rvice .

An analysis of gas turbine generator failures reveals that 7 of the

24 failures were attribut ed to a faulty spe ed switch. This switch was

- totally replaced four times during the ten year history of the plant. The

c most recent replacement was required in February,1979. Five of the fail-
.

ures of the unit were attribut ed to operater or procedural error. Proced-

ural error caused the most significant failure of the gas turbine genera-

tor ( A0 7 6-29) described in more detail in Sec t . 4.5.1.2.

The emergency power system at Millstone-1 consists of one diesel gen-

erator and one gas turbine gene rator. If normal power to the plant is

lost, the FWCI can be powered only by the gas turbine generator. Failure

of the gas turbine, therefore, elimina t es the cooling capacity of the

FWCI. The plant does have the use of an isolation condenser at all times,

even during a loss of all AC power. Unit 1 currently has use of the

.
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; diesel gen 3rators et unit 2, but..tschnien1 specit'ica.tions do not taks

credit for these as a s'ource 'c'f meergen:7 power. -

; _ s

The plant is located en a point and all power lines must share the
,

same right of way for several miles. This increases the chance of lo!'ing

all of f site power due to common mode f ailures. In light of the numerous
,

f ailures of the gas _ turbine generator and the high potential for com=ot

mode loss of of fsite power, the performance of the energency power system e
,

, 'N .

should be examined in greater. de tail . Despite the potenti'al for loss of 3

emergency power, the Millstone-1 plant has experienced remarkably few '

failures of its diesel-generator and only one complete loss of offsite

]
power ( A0 7 6-29) .

4.5.3.2 Pine cracks. Millstone-1 report ed eight incidents of pipe

cracking. Pipe cracks have always been a generic problem in BWRs 88 The.

most significant cracking events ' occurred in 1972,197 6, and 19 80.
.

In 1972 the crac's were detected I'n the feedwater spargers. Sub s e-k
-

.

quently, all spargers were replaced, a task which resulted in excessive -|
'

.

down time for the utility. In 1976 a weld leak was found in the head
.

; spray syst em. The failure- was attributed to stres s corro sion, cracking and
,

i
'

.

-

'

cracked components were replaced. In 1980 cracks were found in two main
'

s t e am line supports and in a condenser nozzle. The co nd ense r noz zl e-t o-
1 .'_

steam supply weld cracked due to stres s corrosion and was replaced. The '

' i

two cracks in the main st e am line supports were attribut ed't o insfequa te

welds during inst a11a' tion. The supports were reinstalled.

It is beyond 'the scope of this study to analyze the potential ef fects
-

of the cracking at Millstone-1; however, no safe ty related. incident has ,
'' '

occurred at the plant as a result of pipe crackingr '

,

.
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'4.5.3.3 Tsolation condenser valve f ailu re s . M111ston2-1 has experi-

c.; 4 * in f:llur:: cf :Le i:clatien cend;n::: valvas ever the ti.me re riod |

frem 1970 to 1980. The condenser isolated twice as it was placed in oper-

ation (AO's 70-5, 73-4). Both times the inboard condensa te re turn valve

was opened too wide and caused czees sively high flow through the con-

dense r. This high flow condition automatically isolates the condenser.

After the first occurrence, the valve opening was restricted to reduce

- flow to the isola tion condense r. The second failure occurred when a main-
'

'

,

tenance worker f ailed to properly set the valve opening restrictor af ter

working on the valve.

Five failures have occurred with the inboard st eam supply valve (1-IC-

1) . On December 17,197 6, the torque switch actuator se tting was found to

be incorrect, actuating the torque switch prematurely and not allowing the

valve to move. On October 31, 1977 the breaker for the valve malfunction-

ed, causing the valve to be inoperable. On February 14, 1979 the valve

operator gear casing was fractured, causing inoperability of the valve.

On December 17, 1976, a faulty microswitch on the closing torque switch
-

caused the valve to f ail to close. This identical incident recurred on
.

Sept ember 4,1979. All of these tailures occurred during surveillance

s

testing and the plant was immediately shut down af ter each failure.

On October 19, 1978, the condensa te return isolation valve spuriously

opened causing an inadvertent initiation of the isolation condenser. The

{ initi~ation was then secured by an operator who closed the valve. The
1
r

spurious opening signal resulted from a set point drift of two switches in

separate logic channels. The se t points were subsequently readjust ed. On,

i

December 18,1976 the isola tion condense r inboard condensa te return f ailed

1

|
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|
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,

to closa during a test. Tha t or qu2 suitch se tting ons in:orrect and uns

readjusted.

,

,

4.6 Evalustion of onerstine Ezeerience
i

The overall review of Millstone-l's operating experience is based on

information contained in two generic sources reports of forced shutdcwns

and power reductions, and a compilation of reportable occurrences. Each

category was reviewed by a separate reviewer with periodic discussions of -

obse rva tions be tween reviewers.

Equipment f ailure was the dominant cause of forced shutdowns at Mill-

stone-1. This includes both component and instrumentation failures.

Rela tively few shutdowns were initiated by human errors. During the first

f e'w ye a rs of operation, problems with the level controller on the moisture

separator between the high an low side of the main turbine forced the

plant to shut down often. The plant was also plagued with corrosion f ail-

'

ures of tube bundles, beginning with chlorine intrusion of the main con-
.

denser in 1972. The chlorine was never completely purged from the coolant
.

<
.

system, causing corrosion problems in various other system components,

some of them appearing years later. General Electric installed comple tely

| redesigned equipment, built with a more prudent choice of me tals, and the

problem seems to have disappeared.

Roughly half of all reportable events were caused by human errors.

No discernable time trends appeared in the number of reportable events.

i

A majority of the significant events were caused by human-related error

involving maintenance and design errors. Maintenance errors disabled the

i gas turbine generator, an engineered safe ty feature. several times. Ope r a-
.

tor error caused an inadvertent criticality in 1976; however, no major
.

.

| transients resulted from human error.
,

,.
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Mechanical problems of greatest significance st em from failures of

the gas turbine generator spe ed switch, weld cracks, corro sion in por-

tions of the e=ergency heat removal syst em and a varie ty o,f valve problems

with the isola tion cond ense r. Pipe cracking in BUR's is a generic proble=

and corrective actions implement ed a t the plant should control the prob-

lem. The gas turbine generator speed switch has been replaced several

times, as recently as February,1979. No trouble has been reported since -

through 1980, but two years is insufficient to indicate that the problem

has been solved.

Further examination of the isolation condenser valves is warranted in

view the number of failuress of the various valves and the function of the

isolation condense r to provide ra= oval of ef terheat from the core.

Millstone-1 experienced a total loss of offsite power and was forced

to operate for 3 h on one diesel generater on August 19, 1976. No major
,

problems resulted during this event; however it has been identified as a
.

potential precursor to a = ore serious accident.27 The perf ormance of the

gas turbine generater should be examined in greater detail, based on its

poor reliability characteristics.

.
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Table A1.1 1970 Forced Shutdowns and Power Reductions for M111 stone'l

DEE(D)/ f
Date Duration Puer Reportab'*k Shet down System Component NSIC(H)

3 gpg ,,,,* Hethod Involved InvolveJ Event(1970) Otrs) (%) Event
Category

1 11/19 16 NA Homentary main steam line high B 3 Reactor Instrumenta- D1.3
flow signal. Coolant tion &

(CC) Controls i,

2 11/21 11 NA Reactor mode switch wiggling B 3 Reactor Instrumenta- D2.1
resulted in main steam iso- Coolant tion &

lation. (CD) Controls

3 12/5 2 0 Electrical pressure regulator B 3 Steam & Instrumenta- DI.3
pressure control oscillation Power tion &

caused spurious low Ic. vel (ItA) Controls ,

Indication.

4 12/22 2 15 C4 Packing leak on isolation con- B 1 Reactor Valves N1.1.4 y
! denser steam supply valve. Coolant n

H(Ct;)

5 12/23 24 0 C4 Cracked weld on main condenser. 5 1 Steam & Ile s t N1.1.4
Power Excliangers
(IIC) (It iln

>

Condenser)

6 12/29 23 0 Pressure control bypass valve B 1 Steam & Valves N1.1
'

linkage torn from its support. Power
(llE).

7 12/30 1 13 Turbine trip due to high level B 3 Steam & Turbines D2.3
in moisture separator drain tank. Power

(llA)

.

%

.

.
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Table A1.2 1971 Torced Shutdowns and Power Reductions for Millstone 1
.

DBE(D)/
Date Duration Power Reportable Shi.td own System Component NSIC(ti)

D 1ptin Case
(1971) (fir s) (%) Event Method involved involved twent*

Category

1 1/2 1 40 Turbine trip due to high level in A 3 Steam & Turbines D2.3
moisture separator drain tank. Power

(llA).

2 1/2 7 11.5 Turbine trip - high level in A 3 Steam & Turbines D2.3
moisture separator drain tank. Power

(ITA)

3 1/14 16 64 Turbine manually tripped to fix A 1 Steam & IIca t 14 3 . 1

condenser leak. Power Exchangers
(llc) 0ta in

*

Condenser)

4 1/19 109 0 C1 Reactor shutdown - turbine A 1 Engineered Valves D2.1 f
control valve closed. Safety Features N

(SF-D)

5 1/25 33 0 C4 Reactor shutdown to repair B 1 Engineered Valves N1.0
, core spray injection valves. Safety Features

(SF-D)

6 1/27 85 0 Traveling screen damaged cir- B 1 Steam & Pumps N1.1.4
culating water pump - damaged Power.

shaft. (11F)

? 2/12 24 0 Spurious indication of low A 3 Reactor Instrumenta- D3.2
,

reactor water level trip of Coolant tion &
ECCS. (CB) Controls

8 2/15 3 30 Turbine trip - high moisture A 3 Steam & Turbines D2.3
'

separator level. Power
(llA)

9 2/21 21 75 Turbine trip - high moisture A 3 . Steam & Steam D2.3 .

separator level. Power Turbine
(IIA)

a
*

10 3/2 65 16 Main steam line safety valve A 1 Steam & Valves D6.1
blowing steam. Power

(Ill)

I

.

e

_ - _ . ___
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hableA1.2 (Continued)
'

i

'l

DBE(D)/ I

5fi tdown System Component NSIC(t:)
^

Date Duration Power Reportable
Des ription Ca m Method Involved Involved Eventy,,

(1971) (It r s) (2; Event
Category

,

11 3/12 5 100 Turbine trip - high moisture A 3 Steam & Turbines D2.3
Powerseparator drain tank level.
(llA)

13 4/14 3 0 Repair commutator rin5s on M-C 8 1 Reactor Generators N1.1.4
Coolant

sets.
(CB).

13 4/19 6 90 Main steam line low pressure A 3 Reactor Instrumenta- N2.1
Coolant tion &trip sensing line broke.
(CC) Controls

,
,

14 4/21 8 45 Turbine trip - high motsture A 3 Steam & Tutbines D2.3 -

Pwe r oseparator drain tank Icvel. >
; (llA) |

Ld

15 4/22 1 100 Turbine trip IMSDTL. A 3 Steam & Turbines D2.3 *
.

Power,

(llA)

16 4/22 - 100 Turbine trip INSDTL. A 3 Steam & Turbines D2.3,

Power
(ifA)

b

17 4/22 1 100 Turbine trip INSDTL. A 3 Steam & Turbines D2.3,

.Power
(llA)

18 *4/22 1 100 Turbine trip IMSDTL. A 3 Steam & Turbines D2.3
Power
(11A)

*

19 4/22 1 100 Turbine trip IMSDTL. A 3 Steam & Turbines D2.3
'

Power
(ItA)

20 5/1 39 60 Repair condensate test A 1 Steam & Pipes. N1.1.4
Power Fittings

Itne.
( 1111 )s

t

-i
* *

- . <
.

.

9
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Table A1.2 (Continued)

DBE(D)/

Date Duration Power Reportable - Shetdown System Component NSIC(H)
g,,

(19 71) (fir s) (2) Event Meti.od in solved Involved Lvent
Category

21 5/12 17 70 Repair air leak in Jryve11. A 1 Enginected Ver.sels, N1.1.4
Safety Features Pressure

. (SA)

22 5/25 7 70 Feedwater control valve closed. A 3 It ea c to r Instrumente- D1.1
Coolant tion &

(Cll) Controls

23 5/27 57 80 Turbine control valves failed A 3 Steam & Valves D2.3
shut. Power

(IIA)

24 5/30 12 20 Steam leak in main steam line. A 1 Reactor Pipes, N3.1 *

Coolant Fittings

(CC) I
25 6/11 1 100 Turbine trip 10!SDTL. A 3 Steam & Turbines D2.3

Power
(ItA)

1

26 6/11 2 100 Turbine trip INSDTL. A 3 Secom & Turbines D2.3
Power
(llA)

27 6/24 2 100 Turbine full load reject due A 3 Steam & Turbines D2.2
to lightning causing loss of Power
333 line. (t|A)

28 6/25 3 100 Turbine trip due to lightning A 1 Steam,& Steam D2.2
causing loss of 383 line. Power Turbine

(llA)

29 6/26 3 0 Spurious IRM trip. A 3 Instrumenta- Instrumenta- N2.4
tton & tion &
Controls Controls

(IA)

30 I 8/12 4 45 Turbine trip INSDTL. A 3 Steam & Turbines D2.3
Power
(HA)

.

~

.

.

I

9
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' Table A1.2 (Continued)

DBE(D)/
Date Duration Power Reportable Shutdown System Component tas t C (it)

Description Cause
(1971) (Hrs) (%) Event Method Involved Involved Event

Category

31 8/29 7 45 Traveling screen failure caused A 3 Steam & Pumps N1.1
loss of circulating water pumps Power
and turbine trip. (llF)'-

,

32 8/30 168 0 Main condenser low vacuus A 3 Steam & 11ea t D2.5
trip. Power Exchangers

.

(HC) (HJin
Condenser)

33 9/23 134 80 850 PSI low pressure trip. A 3 Reactor lustrumenta- N1.1.4
Coolant tion &

,

(CC) Controls

34 9/29 83 0 Turbine control valve mal- A 3 Steam & Valves D2.3 y
function. Power 4

(llA)

35 10/3 60 0 Turbine control valve mal- A 3 Steam & Valves D2.3
function. Power

(llA)

36 10/10 248 77 Turbine control valve mal- A 3 Steam & Valves D2.3
function Power

(IIA)*

37 16/22 20 0 Failure of automatic pressure A 3 Reactor Valves Hl.l.4

relief valve to seat due to coolant

scored pilot valve disc. (CC)

38 10/24 10 0 APR bellows leak. A 3 Reactor Valves N1.1.4
Coolant .

(CC)

39 12/11 4 100 Instrument error on main A 3 Reactor Instrument 4- N1.1.4
steam line flow detectors. Coolant tion &

(CC) Controls

' - 40 12/12 4 100 Reactor pressure switch in. C 3 Reactor Instrumenta- N6.1 -

advertently tripped. Coolaut tion &

(CC) Controlu

. - .

$

. .

9 4

9
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l . Table A1.2 (Continued).|

DBE(D)/..g
Date Duration Powe _- 5eportable Shutdown System Component ilS IC (ti),' I No*

-

D 1ptin N se Method Involved Involved Event(1971) (Hrs) (%) Event
Ca t e go r y

41 12/11 4 100 Inadvertent make-up of reactor C 3 Reactor Instrumenta- N6.1
pressure switch. Coolant Lion &

(CC) Controls
.

42 12/20 57 100 Faulty isolation condenser re- A 1 Reactor Valves N1.1.4
turn valve. Coolant

(CE)
'

.

1

>
1

Os
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4 Table A1.3 19[2 Forced Shutdowns and Power Reductions for Hillstone 1
'

4 DBE(D) /

D.ite Duration Power Reportable 5httdown System Component I: SIC (ll)
Debcr1Ption Cause i d Im1M ImM M(1972) (If r s) (2) Event*

Category
,

i 1 2/4 149 70 Turbine stop valve testing A 3 Steam & Valves D2.) ;
'

induced pressure oscillations Power

j resulting in turbine trip. (ifA)
, ,

2 2/11 43 0 1.eaky main steam line A 1 Reactor Pipes. N3.1
,

gaskets. Coolant Fittings2

(CC)

3 2/14 129 30 Improper response from main A 1 Re.se t o r Instrumente- 131.1.4
steam line venturi differential Coolant tion 6.

pressure cells. (CC) Controls. .4

4 2/23 168 100 Degraded main steam line venturi. A 1 Reactor Instrumenta- N1.1.4,

Coolant tion & |p. -
} (CC) Controls (
i 5 3/9 62 20 Faulty operation of thrust A 3 Steam & Turbines D2.3

bearing wear detector in- Power
duced turbine trip. (llA);

'

6 3/12 2 30 Void collapse from cold feed- A 3 Reactor Pumps DI.2
water increase in flow. Coolant

(CII) f.
'

7 8/18 5 100 Testing of thrust bearing A 3 steam & Ins t rumenta- D2.3
wear detector tripped tur- Power tion &
bine. (llA) Controls

8 8/29 27 100 C4 Drywell floor drain sump A 1 Engineered vessels, 111.1.4 ,

''leakage. Safety Features Pressure

j (SA) .

t

!

!
4

2

1

*8
i

! .
,

*
.

I
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Table A1.4 1973 Forced Shutdown and Power Reduction for Millstone 1

' DRC(0)
D.i t e Duration Power Reportable "" * " " " " " "Description Cause*

(1973) (tir s) (1) Event Hethod Involved Involved Event
Category

1 3/6 53 0 Condensate booster pump not started C 3 Reactor Pim ps D2.7
in time - low water level. Ceolant,

(CC),

2 3/14 83 80 Blown fuse on CRD scram solenoid A 3 Reactor Circut D4.3
scrammed Croup 11 control rods. (RB) Closers /

Interrupters

3 7/30 12 60 Reactor vessel water level trans- A 3 Reactor Instrtmenta- 13 2 . 1

mitter failure. Coolant tion &

(CR) Controla
*

4 8/10 14 76 Reactor vessen water level trans- A 3 Reactor Instrtnenta- N2.1
mitter level malfunction. Coolant tion & >

(CB) Controls $
5 8/10 4 0 tilgh reactor water level due to C 3 Reactor Pumps DI.2

starting feedwater pipp.' Coolant
(CD)

6 8/13 26 76 Fa ult in mode switch caused a A 3 Reactor Instrimenta- N2.1
sc ram . Coolant tion &

(CD) Controls
.

7 9/21 11 50 Fault in EPR controls opened A 3 Reactor Instrinenta- bl.3
turbine bypassa valves dropping Coolant tion &
reactor pressure. (CC) Controls

8 12/7 5 80 Person bumped level instriseent C 3 Reactor Inscrinenta- 11 6 . 3

rack. Coolant tion &
(CR) Controls .

9 1/11 31 40 Repaired main steam isolation post- A 1 Reactor Valves 142.4
tion indication switch. Coolant

(CD)

10 3/13 6 75 low lube-oil pressure alarm on A 1 Reactor llotors N1.1.4
rectre. pinp motor. Coolant*,

(CA)

i . .
.,

_

. >

|
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Table A1.4 (Continued) ,

1

! I
onr<n)/ :

'
u n stem Component WW

Date Duration Power Reportablo Description Cause
(1973) (Hrs) (%) Event Method involved InvolveJ Event

Category

11 3/19 40 58 tow lube oil press. alare reactor A 1 Reactor Pisaps N1.1.4
recirc. pump. Coolant

(CA)
.; -

,

,

. 12 4/18 2152 18 Replaced feedwater sparger. A 1 Reactor Pipes. N1.1.4
Coolant Fittings

]
! (CH)

.

13 7/14 64 0 Leak on vent line for recircula- A 1 Reactor Pipes. N1.1.4
tion pump discharge. Conlant Fittings

.(CA)

16 7/16 236 0 Examine for inverted control rod D 1 Reactor . Control N8.3 f
1

internals. (RB) Rod s f'
15 9/19 36 0 Leaking instrisnent tap in feed- A ' 1, Reactor pipes. N1.1.4

'
water line. Coolant Fittings

(Cit)

16 9/20 25 0 1.eaking automatic pressure relief A 1 Reactor Valves N1.1.4
.

valve. 'colant

! 'CC)

17 . 10/6 16 67 Rectre pump motor failed. A 1 Res tor Motors N1.1.4
Cootntj

(CA)i

18 10/14 20 68 Tested recirc. pump motor. A 1 Reactor Hotors .N1.1.4 '

Coolant'

(CA)
-

19 10/28 42 67 Opened and tested recirc. lo p A 1 Reactor Valves N2.4
cross-tie valves. Coolant' ,

; (CA) [

i 20 12/30 16 0 Isolation condenser flange leak. A 1 Reactor Pipes. N1.1.4

|
Coolant Fittings ,

(CE)'

.

i

*
-- ...

M e m
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Table A1.5 1974 Forced Shutdowns and Power Peductions for H111 stone 1 ,

DBE(D)/

Date Duration Power Reportable Shutdown System Component NSIC(N)
""* Description Cause

(1974) (lles) (%) Event tie t hod Involved Involved I: vent
Category

1 3/2 4 50 Power reduction - Suspected A 5 Steam & lio t 111.1.4

leak in main condenser. Pwe r L:u hanger
(llc) (fl.s in

Condenser)

2 3/3 7 50 Power reduction - Leak in main A 5 Steam & lleat Hl.l.4

condenser. Power Exchanger
(ItC) (Main

Condenser)

3 3/6 13 50 Excessive dryvell leakage from A 1 Engineered Valves N10
**

stem packing of reactor recircu- Safety

lation equalizer valve. Features >
(SA) 1

4 6/11 7 65 Rectre. purnp speed control fault. A 3- Reactor Instrumenta- N1.1.4
Conlant tion &

(CB) Controls

5 11/3 15 35 Turbine trip caused by maintenance A 3 Steam & Ins t rissen t a- D2.3
on feedwater transmitter. Power tion &

(llA) Controls

6 11/4 9 35 MSIV malfunction due to moisture A 3 Reactor Valves D2.4
in the slide valve that controls Coolant

,

valve accion. (CC)
|

7 11/5 5 40 APitM high flux due to pressure A 3 Reactor Instrisncnta- N1.1.4
oscillations. Coolant tton &

(CC) Controls

8 11/15 8 0 Power reduction - MSIV failed to A 5 Reactor Valves N1.1.4
close. Coolant

(CC),

9 11/18 15 0 Power reduction - Main generator A 5 Electric Cenerators N1.1.4
exciter ground fault. Power

(EB)

.

4

* .

s
e
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Table A1.5 (Continued)

DBE(D)/
Shutdown System Component ilS1C(ti)Date Duration Power Reportable Description Cause

(1974) (strs) (2) Event +%d hvolnd Imlnd Ev m*

Category

10 12/16 8 97 Broken stem - feedvater control A 3 Reactor Valves D2.7
valve - prevented flow of Coolant
feedwater. (Cil)

.

11 12/27 34 95 Repair main feedwater control A 1 Reactor Valves N1.1.4
valve. Coolant

(Cil)

13 12/27 1 15 Power reduction - turbine trip A 5 Steam & Tierbine D2.3
due to high level in moisture Power
separator. (IIA)

13 12/29 2 10 Power reduction - turbine trip A .5 Steam & Turbine D2.3 y
due to high level in moisture Power i

separator. (IIA) [
16 12/29 3 10 Power reduction - turbine trip A 5' Steam & Turbine D2.3

due to high level in moisture Power
separator. (IIA)

.

O

e

D

*
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Table A1.6 1975 Forced Shutdowns and Power Reductions for Hillstone 1 ,

DEE(D)/
Date thira tion Power Reportable Shutdown System Component NSIC(1)

g, s tl Ca m
(1975) (llrs) (1) Event itethod Involved Involved I'ven t

Category

1 2/15 9 20 Power reduction - drywell entry A 5 Reactor Ins t rinen ta- N2.1
made to perform maintenance on (RC) tion &

TIP index. Controls
.

2 3/11 87 60 Blown valve stuf fing box - LPCI A 1 Engineered Valves N1.1.4
system. Safety

Features
(SF-B)

3 5/20 55 100 .C-4 Pressure relief valve f ailed to A 2 Reactor Valve N1.1.4
seat. Coolant

"*(CC)
>

4 6/20 35 15 Service water pump repairs. A 1 Auxiliary Pumps N1.1.4 I

Water [
(WA).

5 8/13 16 80 Power reduction - arcing on A 5 Electric Circuit N1.1.4
B-phase disconnect. Power Closers /

(EB) Interrupters

6 8/18 5 96 C-4 Power reduction - APRs failed to B 5 Reactor Valves N1.1.4
meet Tech Specs. Coolant

(CC)

7 8/30 8 0 Pressure regulator transient H 3 Reactor Filters N1.1.4
caused APRM scram due to plugged Coolant
moug valve filter. (CC)

8 9/12 451 94 Transformer insulation breakdown. B 1 Electric Transformer N1.1.4
Power -

(EH)

9 10/25 15 2 Installing insulating bolts on H I Electric Trans forme r N1.1.4
main transformer. Power

(EB)

10 10/27 19 60 Maf rtenance on transversing incore A 1 Reactor Instrinenta- N1.1.4
probe system. (RC) tton &

Contauls
.

* * e

%&
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Table A1.6 (Continued)

DBE(D)/
" " 'I' '" "E "'"Date Duration Power Reportable

No* Description Cause
(lam) (llrs) (?.) Event Hethod Involved Involved Event

C.ittgury

11 11/13 223 90 C-4 Crack in jet pump break detection A&B 1 Reactor In st r ment a- N1.1.4
sensing line. Coolant tion 6

(CC) Controls

12 11/23 9 0 oscillations in pressure regulator A 3 Reactor T n st rinnent a- N1.1.4
due to dirt in sensing lines. Coolant tion &

(CC) Controls

13 11/26 8 60 Pressure spike occurred while A 3 Reactor In st rment a- N1.1.4
switching to mech, pressure Coolant t ion &

regulator. (CC) Controls

14 12/11 66 90 Installed missing part on main A&B 1 Electric Transformer N5.1 >
transformer. Power ,8

(FB) u
.

t
*

.

4

e
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Table A1.7 1976 Forced' Shutdowns and Power Reductions for Hillstone 1

DfiE(D)/
Date Duration Power Reportable Shetdown System Component falC(N)

g p,,e,gpggy,
(1976) (Hrs) (%) asnt Method Involved Involved Event

CateEory

.1 2/12 42 100 Arcing across high voltage A 3 Electric Transformers N1.1.4
bushing on main transformer. Power
Tripped generator. (tB)

,

2 3/8 85 100 Inoperability of gas turbine A&B 1 Electric Turbines N1.1.4
8- generator due to governor out Power

of adjustment. (EF)

Inoperability of gas turbine. A&B 1 Electric Turtaines U1.1.43 3/15 132 20 .

Replaced electronic governor. Power
(EF) .

..

4 7/16 64 90 Repaired motor operator of isola- A 1 Reactor Valve 131.1.4 f
tion condenser isolation valve. Coolant Operators "

#
(CE)

5 8/10 105 95 liigh winds deposited salt on Il 3 Electric Transformers N9.2
main transformer insulators. Power
Arcing. (1:B)

6 8/10 100 95 Problems with speed control A N/A Electric Turbines H1.1.4 ,

of gas turbine generator. Power
Outage extension. (bE)

,

7 8/22 0 65 Power reduction. Adjust it 5 Reactor Control N1.1
'

6* *
control rod pattern. (RB) Rods

8 12/1 45 100 Problems with main turbine A 1 Steam & Instrumenta- N1.1.4
generator pressure regulator Power tton &

* causing it to open. (ilA) Controls .

9 12/17 51 100 Halfunction of isolation A 1 Reactor Valve Hl.1.4
condenser isolation valve, Coolant Operators
cleanup isolation valve. (CE) 6

I
Is .

,

r

S

. . ,
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Table A1.8 1977 Porced Shutdowns and Power Reductions for Hillstone 1
i
: DBE(D)/

Shetdcun Systen Component USIC(N)
| Date Duration Power Reportable Cm

(1977) (Hrs) (2) Event Hethod Involved Involved Event pp,*

Category
!
;

! 1 1/3 49 100 Halfunction of main generator A 3 Steam & Instruments. N2.1

electric pressure regulator due Power tion &

I to plugged line. ( 11 8 ) Controls
,

4

2 1/26 13 100 Increasing coolant conductivity A 2 Reactor ik-minera11 ers N1.1.4
^ due to demineralizer malfunction. Coolant,

(cc)
I

3 3/6 36 100 Repair of small steam leak on A 1 Steam & Pipes. N1.1.4
- main line drain line to main Power Fittings ,

condenser. (!!B)
.

4 4/7 9 100 W ile performing reactor water A 3 Instrumenta- Valves N2.4 p
level surveillance, an inadver- tion & g ,

tent reactor scram occurred. Controls [
(IA)

5 4/23 0 100 Power reduction. Repair steam A 5 Steam & Valves Hl.1.4
leak on extraction non-return Power

' valve. (IIA)*'

6 5/14 11 100 Steam leak on an extraction non- A 3 Steam & Valves N1.1.4
return valve. Power

(HA)*

*

7 6/13 0 0 Faulty test solenoid prevented A 3 Steam & Instrumenta- N2.1
HS valve from returning to Power tion &

open position. ( 11 5 ) Controls
,

*8 6/14 132 0 Hechanical pressure regulator A 2 Steam & Circuit U2.4

,

swing tripped turbine. Power Closers / j.

1 (IIB) tuterrupters ,

4 9 6/19 6 100 Hechanical pressure regulator A 3 Steam & Circuit N2.4 !

j did not take control - bypass Power closers / ,

5 valves failed open. ( 11 5 ) Interrupters !
'

,8 .

,

* e

.

' . i

* i

f
*

.
2$ e. .

- -

- _ _ _ . _
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~ Table A1.8 (Continued)

DBE(D)/

, (1977) (It r s) (%) Eveat
,

Shctdown System Component !; SIC (N)D.ite Duration Power Reportable
No* He t tiod Involved Involved I. vent

Category

10 7/12 10 100 Bent actuator on main steam A 3 Reactor Circuit 11 2 . 4

isolation valve allowed valve Coolant closers /
'

to close. (CD) Interrupters
,

11 7/22 37 100 False signal tripped breaker on A 3 Reactor I ns t i ume n t.s- !!2.4
lube oil pump for recirculating Coolant tion &'-

HG set. (CB) Contfuls

12 8/6 37 100 Loss of plant air due to loss A 3 Auxiliary Blowers N1.1.4
of cooling water to air com- Process
pressors. (PA) .

.

13 8/27 0 100 Power reduction. Plug tubes B 5 Steam & Itest N1.1.4 f
in main condensers. Power Fachangers -

*(llc) (ttain
Condenser)

14 9/21 0 90 Power reduction. Condenser B $ Steam & lleat N1.1.4
tube maintenance. Power Exchangers

(llc) (itai n
Condenser)

15 11/22 66 100 Leak in feedwater heater. A&B 1 Reactor lle at N1.1.4
* Coolant l'xchangers

(Cit).

16 11/29 55 50 Automatic pressure relief A&B 2 Reactor Valves D6.1
valve lifted prematurely. Coolant

(CC)
~

17 12/13 269 80 Hanual scram in response to A 2 Radioactive Other N1.1.4
a second hydrogen explosion Waste
in offgas stack. flanagement

(Mti)

,

*

O-

.

9

8
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Table A1.9 1978ForcedhihutdownsandPowerReductionsferHillstone1

DBE(D)/

Date Duration ?oue; Reportable Shutdown System Component i:5IC(N)
Delp tin Nw Hethod Involved Involved twent,,,

(1978) (tt r s) (Z) Eysnt
Category

1 1/31 14 90 Steam leak on 2 inch steam A 1 Reactor Pipes, N1.1.4
line. Coolant Fittings

(CC)
,

2 5/19- 22 100 Malfunction of level control A 3 Reactor Inst ..nm:nta- D2.3
system for moisture separator Coolant tion &,

tripped turbine. (CC) Controls ,

3 5/29 16 100 Broken air supply tube to A 3 Steam & Pipes, D2.3
moisture separator level con- Power Fittings

troller tripped turbine. ( 11 4 )
.

4 7/14 100 100 Replaced containment isolation B 1 Electric Electrical fl10 y
valve cable splices with those Power Conductors

N
that are environmentally (ED)'

qualifled.

i 5 7/20 1 100 Malfunction of moisture separator A 4 Steam & Instrumenta- D2.3
,

drain tank level controllers Power tion & !

tripped turbinc. 0 111) ControlsI

6 12/12 44 100 Main steam line flow instruments- A 3 Ins t rumen t a-- Instrumenta- N2.4
tion check out. tion & tion &

* Controls Controls*

(IA)

7 6/10 0 100 Power reduction. Plug m. tin A 5 Steam & llea t N1.1.4'

condenser tubes. Power Fxchangers ;

(llc) (tfa in
Cun.lenser) *

I 8 7/3 0 90 Reduced power to plug main A- 5 Steam & llea t 13 1 . 1 . 4

condenser tubing. Power Exchangers

|
(ItC) (Pfalo

Condenser)

a
!

*

J

*
e

*

*-

e

*

. ' I
j * . , ,se
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' Table A1.9 (Continued)

DRE(D)/
Date Duration Power Peportable Shs;tdown System Component 11 SIC (ti)

D 1ption Ce,,* Method Involved InvolveJ Event(1978) (fir s) (2) Event
Category

9 7/25 0 80 Reduced power to plug main A 5 Steam & llea t N!.1.4*

condenser tubing. Power Exchangers
(IIC) (Main

"

Condenser)*

10 * < 7/26 0 80 Reduced power to plug rain A 5 Steam & If ea t 131.1.4
condenser tubing. Power Exchangern

(IIC) (fla in
- Con. lense r)

11 7/27 0 80 Reduced power to plus pain A 5 Steam & Ilca t Ill.1.4
,,

condenser tubing. Power Exchangers
(t|C) (ftain f

Condenser) -
00

12 7/29 0 97 Reduced power to plug main A 5 Steam & llea t N1.1.4 L

condenser tubing. Power Exchangers
(11C) (Main

Condenser) |

13 8/18 0 95 Reduced power to plug main A 5 Steam & ticat N1.1.4
condenser tubing. Power Exchargers

(IIC) (Ita i n.

Condenser)

14 8/28 0 40 Reduced power to plug main A 5 Steam & llca t N1.1.4
condenser tubing. Power Exchangers

(IIC) (Hain
Condenser)

15 9/4 0 70 Reduced power for main A 5 Steam & Ilcat N1.1.4
condenser maintenance. Power Exchangers

(IIC) (Main
Condenser)

16 12/25 0 75 Reduced power for main A 5 Steam & Ileat N1.1.4
condenser maintenance. Power Exchangers

(IIC) (Hain
Condenser)

- .

!.

.

f

___ _ _ _



___

_ .- - . _ _ . -

t

il

!

|
t

.

'

.

, .

Table A1.10 1979 Force *d Shutdowns and Power Reductions for H111 stone 1

:

!
DBE(D)/

i

Date Duration Pove- Reportable Shetdown System Component NSIC(H)
D m iptin Ceh* Hethod involved involved- Event(1979) (lir s) (1) Event

Category

1 1/6 269 100 Stress corrosion cracking of A 1 Reactor Pipes, !!!.1.4

clean-up return line. Coolant Fittings

(CG)
,

2 1/19 30 70 Change automatic pressure relief A 1 Engineered Valve N1.1.4
valve topworks. Safety Operators

* Features
(SF)

; 3 1/22 0 97 Reduced power for main B 5 Steam & lies t N1.1.4
' condenser maintenance. Power Exchangers

(ilC) (Main
condenser) f

4 2/26 33 100 Safety relief valve lif ted A 2 Reactor Valves D6.1
prematurely and failed to Coolant
rescat. (CC)

5 3/10 0 97 Reduced power for main B 5 Steam & Iles t N1.1.4'

, condenser maintenance. Power Exchangera
(IIC) (Main

Conlenser)
*

6 3/17 10 100 MSIV position indicating A 9 Reactor Instrumenta- N2.4
problems. Coolant tion &

(CD) Controls

7 6/28 0 15 Turbine trip due to feed- A 3 Resctor valves D2.3
' water regulating valve Coolant

lock-up. (Cil) ,

8 7/2 30 90 1.oss of both plant air A 3 Auxiliary Blowers N1.1.4
'" ' compressors. Process (Compressors)

(PA)

9 .8/15 0 70 Reduced power for main B 5 Steam & condenser N1.1.4
.' condenser maintenance. Powers

,
~ (HC)

+ . -
,

t

,

b

O

O '
. . - a-

,

- ' '
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Table A1.10 (Continued)

DRE(D)/

Date Duration Power Reportable Shetdown System Component NSIC(t!)
D s ription causeNo (1979) (Hrs) (%) Event tie t t.od involved Involved Event

Ca t .e go r y

10 12/19 52 100 Main generator loss of A 3 Steam & Generators D2.3

excitatlon. Pewer (H a1n

(llA) Cenerator
Exciter)' *

l'

e

>
1

N
O

.

O

\

.

.

s

.

O

e
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Table A1.11 1980 Force Shutdowns and Power Reductions for Hillstone 1

DBr.(D)/

Date r3^,tig Power Reportable Shetd own System Component risIC(II)
Description Cause" ' ' '

(1980) (L , (:;) Event Flethod Involved Involved F. vent
Catersry

. - ~

l 1/5 f' / ?-40 Reduced power to 40% due to A 5 Reactor Heat 131.1.3
isolation condenser out of Coolant Exchangers
se rv ic u'. (CE)

,

3 6/25 13 13 Electric pressure regulator A 3 Reactor Instrumenta- D2.1
,

malfunction induced APRtt Coolant tion &

(CC) Controlsneram.
-

i

,e n.-

.

>

4

9

h

9

-

%

\

e

s

' }.
#
* %

!

\

9 e .t *

.

'
?

( ,
, ,

,

0p *
,

. . . .
,
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Appendix A: Millstone 1
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Part 2. Reportable Event Coding Sheets
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Table A2.1 Coding Sheet for Reportable Events for Millstone 1 - 1970

'#" ' # E" #" "*P '#" ^ " ' " ' E" 'I#'"** Corme n t
x,.mber Acc ton System Equipment Ins t r umen t Cause

Date Date Status St a' us Condition Category
Lr-b e r

__--
,_,

RS-70-4 58005 11/8/70 11/17/70 B EE DD.NN M C BK B - Cas turbine generator
f ailed during test due
to 1.TA pressure in lube
oft pas.p.

A0-70-5 60225 12/3/70 12/14/70 B CE H.00 M C BJ B - Isolation cendenter isolat-
ed Juring tests due to de-
sign error (NS 12:3 p 248).

RS-70-6 58011 11/19/70 11/25/70 B CD 00(2) - C 03 C.H - Steai isolation valve ,

57474 failure improper main-

tenance ProceJure and )*
operator ertur combined bJ

'd(Reactor Shutdown).

RS-70-06 59927 12/9/70 12/19/70 B CC Z - B AH B C3 Facessive pipe movement
during trenstent due to
design error.

RS-70-06 59927 12/9/70 12/19/70 B CD 00(2) - B AL E HSIV closcJ due to miss-
ing spring in solenoid
v.alve

RS-70-06 59927 12/9/70 12/19/70 B HE 00 - B AC D - 4 Steam bypass valve caused
* malf unction of pressure

control.

AO-70-7 59595 12/23/70 1/2/71 B PB J K C AM B - Approved viring change
' not tested resulting in

loss of full rnd control

A0-70-8 59595 12/23/70 1/2/71 8 HC II.Z - C A0 E - L'e1 Jing crror caused
decicase in condenser
v ac ussa (Reactor Shutdown)

i

.

8 W

e

.

Ig . . B p g



.

.

*
.

.

Table A2.1 (continued)

' SIC" '

Event Report Plant C'wp ncn t Abnormal SI " C "S
;;innb e r Accession System Equipment Instrument C*"5' Cormen t

Datt Date Status Status Condition CateEony
Nu-ber

. ._

A0-70-9 59594 12/29/70 1/6/71 8 !!E QQ - B Al D - Plain steamline bypass
valve fatture caused by
broken linkage on valve
operatur (M Jctor
S hut Juwn ) .

A0-70-10 59593 12/31/70 1/8/71 B EE 7,DD - C HK E - Slow turbine start due to
reinstallation error in
lube oli peep lisc.
Ilnk.

>
I

N
(J

.

f

a

4

%

.

h

.

|

______ __ __
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Table A2.2 Coding Sleet for Reportable Events for Hillstone 1 - 1971
1

I
frent Report Plant Cnsponent Abnormal Significance

3'** 9"IP**" "* '"" " **** """*""
! U"*I"' ' ^*##""I"" Y St.itus Coudition Categoryn.i t e Date Status
q %nber

AO-71-1 62296 1/19/71 2/1/71 B SF-D 00 T C E! E S7 Four efauttaneous valve
63204 SF-B failures render ECCS

inoperable. Reactor shut*

1 down. C.suse-torque
switcl.cs set too low,

i

; A0-71-2 61450 1/19/71 1/25/71 B SF-B 00 - C AK D - Called threals on valve
cause tuibine control valve
to cicse.

,

QS-71-17 62298 2/12/11 3/9/71 B SF.IA 00 I A 03 H - Error during :aintenance .

! on level indicitor. 3
Reactor scram an low level /,;

j A0-71-5 62279 2/21/71 3/3/71 B EE S.T.NM T.P B D - Cas turbine ge serator z>
fails to startg

i A0-71-6 62100 3/25/71 4/2/71 B CC 00,NN - C 51 5 - 1.oss of pressure to valve
during test reactor shut-
down.

A0 71-7 63140 3/31/71 4/8/71 B SF-B X 00 - C ED D - Hator f ailed on LFCI,

valve due to short in ji

windings. '

L

n0-71-8 63139 4 /22/11 4/27/71 B EE NN.00 T A OK A,C - ' Cas turbine Eenerator
',

i Inoperable due to a

! switch being left in t he

]
wrong position.

A0-71-9 63125 5/1//1 5/12/71 B CC .WA DU - B AU.AT D S2 Three simultaneous
A0-71-10 5/2/71 EB x.00 failures in motor

] cont rol center due to
1 moisture.
1

A0-71-11 64435 5/25/71 6/4/71 B CH 00 K B IfD B.D NS 12:6 (1971) p. 619-

feedwater control valve
9

' probices..

|. .e. ..;,

*
!

.

1 ey
-

j
-

. . .. . .
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Table A2.2 (continued)

-..

* Frent Report Plant Component Abnormil S ign i f ic a nc e*

Leel.c r Accession SY" ** 9" E**" * " " " ' " * C"
Date Date Status Status Condition Category

?:.r t.c r
_

_ .__

A0-71-12 64436 5/27/71 6/4/71 B C 4EE 00,NN T B EE.ED E,D St NS 12:6 (1971) p. 619
Failute of mechanical
anal electric valve re-
gulator (Reactor Shutdown
also, sto r t circuit in

spee t :. ult ch on gas
t ur t.ine geuc r.it or .

- 64810 6/24/71 7/12/71- B EA - P B EG,0F F - Offsite relay tripped
teactor inrdvertently
during thunderstorms
(Hea. tor ShutJ,wn).

>
c

A0-71-13 65552 8/13/71 8/19/71 B SA .lA - T C - E,C - Pryvell high pressure swi- w
tch hat loose bold down u
screws.

A0-71-14 66469 8/30 /71 9/9/71 B CD 00 - B AG D - Plunger in air slide valve
resistcJ movement.

- 67211 9/22/71 9/22/71 B WA SF DD - C OA D - Insufficient I.ead
service water pumps.

A0-71-15 67459 9/17/71 9/28/71 B SF-8 X - C All B 2 maturm burned out for

67460 smne test

A0-71-16 67459 9/18/71 9/28/71 B SF-8 00 - C AC D - LPCI outboard cont,

spray valve f aits due to
pins in wrong position.

AO-71-17 67461 9/27/71 9/30/71 B SF.WA DD - C OA D - Emergency service water
pines provide 1.TA liead.

A0-71-17 68264 9/21/71 9/31/71 B SF VA DD - C OA B - Service water pinps 1.TA
head,

A0-71-18 67993 9/23/71 10/4/71 B lie t:N 00 - B AB B - Turbine bypass valve fails

\ Brittle fracture of
stnts on linkage ,

'
- reac t o r sc r.ensmcil .

- .

.

.
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Table A2.2 (continued)
,

j

=
_

; Frcnt Report Plant Cawnponent Abnormal SignificanceSIC '

; Ninebcr Accession 3Y8 ** 9" P" " ""' " '"' c "'"
Date Date Status Status Condition Category

Lr-icr

A0-71-19 67992 9/29/71 10/8/71 B HE NN.00 M B - C - Failure of steam turbine
bypass valve. reactor j

shutdown. See NS 13:2
p. 137. |

A0-71-20 66996 10/10/71 10/22/71 B CC.NE NN.00 M B AP,BL B S7 Failure of steam turbine
bypass valse reactor
blmatown (see NS 1322

! p . 117) .

I

. A0-71-21 68303 10/13/71 10/20/71- D lE DD N B AA.BL E - Two stack gas sample

}
pumps fall off, third -

tagge1 out. y
|

to

A0-71-22 68304 10/13/71 10/20/71 D SF 00 - C AP B
- RigtJ air-lines should tb

leave been flexible.'

i A0-71-23 68305 10/16/71 10/20/71 D CF 00 - C AP G - Valve actuator failed
due to loose part s f rom

vibration.

A0-71-24 68788 11/2/71 11/11/71 B EE NN T C A1. E/C - Cas turbine generator "

faits to start due to
loose connectton.

',
,

1%unp in standby liquid
- 68307 - 11/16/71 B RB DD - C AT E -

control system leaked.
,

A0-71-25 68308 11/30/71 12/9/11 B EE NN.T U C 118. 0 3 H S8 Cold luse oil caused gas
turbine trip off. Op.
did not turn on oil hers.

A0-71-26 69199 12/10/71 12/20/71 B CE H - C AN 5 - Stripped threals on yoke
sleeve causcJ tsol, cond.

I valve to fait closed.
1

AL C - Electric pressure
-A0-71-27 69318 - 12/27/71 B IB - M.P B;'i regulater falls

1 '

* . . (Reacts.r Shut down).

.

i
(

|
* e

-
<

.
-

O9 9 . $ g

, - , . .
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Table A2.3 Coding Sheet for Reportable Events for H111 stone 1 - 1972

._

I Event Report Plant Component Abnn r ail Significance*

N "=he r Accession Syst em Equipment Instrument *"'" ** "'
Date Date Status Status condition Category

Xu-t e r
. .-

A0-72-1 - 2/3/72 2/15/72 B CC.lB - H C OA B - Main steamline
dif ferential pressure
sensors do not meet
manufacturers specs.

A0-72-2 39368 2/4/72 2/15/72 B IB QQ P H B AQ C - Filter clogged in
electric pressure
regulator pilot valve

.

(Reactor Shutdown)..

1

A0-72-3 39314 2/4/72 2/15/72 B EE NN - B EF E - Cas turbine vibration
~

monitor falls. >
daA0-72-4 39195 2/8/72 2/29/72 B CC QQ H C EI C - Set point drift in presure
'd

relief valve controller.

A0-72-5 39317 2/11/72 2/15/72 B SF-8 QQ H B EG D - Failure of LPCI low
pressure suitch.

A0-72-6 39177 2/18/72 2/28/72 D CC !! H C Ell D - Set point drift causes
pressure sensors in
condenser to trip too
high.

D CC - H C Ett D -
*

Set point drift in mainA0-72-7 39177 2/19/72 2/28/72*
steamline pressure
sensors.

AD-72-8 39218 2/23/72 3/2/72 B CC - H C Al B - op sensor failed. reactor

shutdoan.

A0-72-9 55348 3/3/72 3/13/72 B SF-8 00 T C - D - Cleanup aux 11 t ary pump
bypiss valve inoperable.

A0-72-10 55347 3/6/72 3/11/72 B CE QQ.DD T B E! D - Imss of monitoring
capability of cont.
isol. valves.g

*
.

e

.

_ _ _ . - - - - -
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Table A2.3 (continued)
!

I
;

#" '#E ' #" "*F "'"* ^ " ' "" I IE"I I'*"#' !Coraent
5.mber Acc ton System Equipment Instrument Cause

Date Date Status Status Condition Category
y _,

I
. . . _

A0-72-11 55353 3/9/72 3/20/12 B EE NN T B EG C - Cas turbine generator

i
f ails to start-f aulty

.

speed switch. [

j A0-72-12 70045 3/11/72 4/20/72 B '1A - T B EH D - Set point drift of

1 ao-72-13 70045 4/12/72 4/20/72 B 04 - T B Elf D - level sensors.

i

! A0-72-14 70045 4/18/72 4/20/72 B CC - H.T C EH D - Set point drift of
pressure sensors in
main steamline. t'

! *

Improper assembly ofI A0-72-15 71716 6/8/72 6/8/72 B CE QQ.H. - C - C -

3,

6/19/72 00 valve. 3' N
O

T C EH D - Set point drift of high-no-72-16 72424 6/24/72 7/5/72 B 1A -

flow switch.

A0-72-17 72561 7/13/72 7/14/72 B 1A - H C El D $3 Three pressure sensors
trip above tolerance

; limit.

- 72562 6-12-72 7-13-72 8 ZZ .EK - B AE D - pipe hangers shifted.

,

A0-72-18 72774 7/19/72 7/20/72 B SF - P C El C S3 4 of 5 time delay relays
do not meet specs.

- 73637 - 8/9/72 B EE N M.T C Ett D - Set point Jrtit causes
DC to f all to start.

I
| A0-72-19 7363 8 8/10/72 8/11/72 B RA - 1 C Elf D - Set point drift of

reactor vessel low
|' level switch.
1

A0-72-20 75492 8/15/72 8/23/72 B CE H T C Ett * D - Isolat ion condenser flow'

switcles set point drift.

I
s

j . - .
..

.

*

4

1,
-

.

'
**

. . .; . ,, ,
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Table A2,3 (continued)

.

NSIC SI nificance
'nt er rt Plant C<*ponent Abno r m t,

C Cor entCase ,

:4.*nt.cr Accession System Cquipment Ins tr wnen t
Date Date Status Status Cond it ion Category

yg,y
..

AO-72-21 75398 8/31/72 8/31/72 B CB DD FF - B AW D - Excessive coolant rate
leak due to bad pianp
seals.

,

A0-72-22 75078 9/1/72 9/11/72 B ffC H - B AR,AU,0F B S7 Main condenser tubes
75399 leak salt water into

75755 coolant seals.
,

77519

An-72-23 75400 9/11/72 9/13/72 C TA - T.I C El C - I.ow-low water level
detector out of
callierat f un.

>
I

A0-72-24 75345 9/25/72 9/6/72 B SC 00 - C A0,AV E - Crack in header of N
*atmospheric control.

A0-72-25 75795 10/12/72 10/25/72 C CE !! TM C Elt D - Isolation condenser
pressure switch set
point drif t on 3/4

scusors.

A0-72-26 75910 - 10/21/78 C Cl! Z - C AV - - 2 feedwater sparrer
leaks.

A0-72-27 75902 - 10/28/72 C CA 00 - C OA C - 1 Penettation leaks and
'

isolatton valve leaks
durtny, testing.

- 76011 8/25/72 9/23/72 B EA LL - B - - S7 l' lane cr' ashes into
p uer transformer.

76071 10/13/72 C CE H T U Elf D " Set point drift of 3
isolar ton coni!. sult ches.

i
t

.

.

.
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Table A2.4 Coding Sheet for Reportable Events for Hillstone 1 - 1973

5

" SIC Feent Report Plant Component Ahno r ma l S gn f cance,'

L, t.c r Accession System Equipment Instrument Cause Comment
Date Date Status Status Condition Category

N.el c r
- - - - - -

'
- 77956 - 1/26/73 8 RB 1A - B AT AR B,C S7 Accumulators for control

rod drive found to be baJ,

all replaceJ (see NS

.

14:4 p.'373).

|

! A0-7 3-1 80136 3/7/73 3/8/73 B RB I - C BI D - Excessive scram time
i 2/145 C.R.'s.
! -

! A0-73-2 79560 3/14/73 3/21/73 8 RB.EE S.T H. P B EI C _ Scram on blown CRD fuse;

| NN gas-tusblue fails to
start.

A0-73-3 80118 3/21/73 3/27/73 8 CH DD.D - B AB C - InboarJ bearing failure. {"
La

A0-73-4 80274 4/5/73 4/12/73 B CE II,QQ T B BC.HA, C $7 Isolation conJenser C3

OK isolated o's high flow

Jue to incorrect
maintenance.

AO-73-5 80275 4/5/73 4/13/73 B EE T,NN - C OJ.OA H - Cas turbine generator
falls to start after
tsalation condenser
failure. Operator made'

wrong adjustment during
startup.

A0-73-6 80728 4/18/73 5/18/72 D CF QQ - B AD.AI.AM B - Valve operator broke on
shutdown cooling system

l isolation valve improper

sized motor.

4
- 80710 - 5/21/73 D Cll Z - C AV D - Report on spargers crack

in feedwater system.

- 84795 7/18/73 7/18/73 C ZZ CC - C AT C - Shock suppressors leakeJ
' byJraulic fluid,

i deterlot at ion of seals.
i '
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Table A2.4 (continued)

SSIC .
" I"#E I#"E "*"t " II" I I''""

X. t.cr Acression System Equiper Instrument Cause Comr.ic n c
at Date Status Status Condition Category

g,,, r
.. _ .

- 82972 - 7/13/73 C CB 00 - B BA D - Rec.tre, vent valve line

leaks.

A0-73-8 82957 8/2/73 8/2/73 C SF-B - M,T C E!! D - Set point drif t on DP

sensors of LPCI.

- 82966 - 8/8/73 C PB J - C CA D - Control rod uncoupled.

- 82968 - 8/6/73 C CH Z H C AU D - Ieak in pressure sensing
line.

A0-73-9 83225 8/13/73 8/20/73 C IA - I B AM - Level sensors read wrong p
due to mismatch in a

ventilation around sensor y
- 84017 - 8/30/73 C SF-D DD,QQ - C BA,EC D - Failure of core spray

valve to open.

A0-73-10 84491 9/21/73 10/1/73 5 IA 00 I B AT D - Hismatch in level
inJicators due to valve
leak.

A0-73-11 84497 9/22/73 10/1/73 B CH D - A BL C - Condensate booster ptap
I, car ing over lit at s-.,

rework t,carings.

- 84551 - 11/4/73 B SH-B - .T.I C - D - level switch failed to
trip.

RO-73-12 88079 12/30/73 1/7/74 8 CE Q - B AU D - Steam leak in isolatton
condensor flanr.e
(Reactor Shutdown).
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Table A2.5 Coding Sheet for Reportable Events for Hillstone 1 - 1974

55tC Fvent Report Plant C'"opon en t Abno r m t 8IE"III''"''
'

N,nel.. r Acre nton System Equipment Instrument C'"** Comment
liate Date Status Status condition Category

N.cber
. . -

- 93695 1/6/74 2/1/74 B CA 00 - B AB D - Pressure rettei valve
Itit- due to worn
p r e '.. aJ a:.s ' y .

- 89258 - 3/8/74 8 ZZ CC.FF - B AT B - Snubbers leak.

A0-74-1 89340 3/6/74 3/15/74 B CB BB,00,FF - 5 At! D - Drywell leak due to seal
packing failure

(Reactor Shutdown).

- 89663 - 4/1/74 B CB DD,QQ,00 P B BB,0K C - Pirup suction valve on
*

recirc. pisap f alls to

close. i
w
"

Inboard bearing IVCIA0-74-2 92184 5/17/74 5/28/74 5 C11 DD,D - B AB B -

conJeusate pis,p 2nd
fa!!ure.

A0-74-4 95140 8/28/74 9/5/74 5 Sll-D FF - C AW D - Tear in seal at Rx bld g-

turbine blJg interf ace.

A0-74-6 95426 9/18/74 9/25/74 C CB Z - C A0 BD - Weld cracks in rectre.
loop discharge byp. ass
lines.

.

A0-74-5 97077 10/31/74 11/6/74 C WA, 00 - C BA B - 1.mergency setvice water

SF-B valve fails dtm: to manual
oveitorqueing.

00-74-9 97076 11/4/74 11/12/74 5 CD QQ,P - C llc C - Foreign material in air
sltde valve disables
v.nlve operatur

(Ne. actor Shutdown).
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Table A2.5 (con t inued)

M It'
tvent Report Plattt Component Abnorm 11 "*

Limt.cr Acrc e lsn System Equipment Instrument Cause " " "
page Date Status Status ConditJon Category

5 r-ber
.

A0-74-10 97506 11/15/74 11/18/74 B CD QQ,P - C IIC C - Air sitdc valve clogs-
second time in one month
(Reactor Shutdoun).

A0-76-11 98161 12/13/74 12/19/74 B CC QQ - A AB,BC D - Misalignment of gear
train on valve motor op.

A0-74-12 98582 12/20/74 12/30/74 B SD 11 I C Elf D ._ Set point drift on level
sensur in isolation
e nn.le n se r. Set point
lock installcJ.

fCO-74-13 98581 12/20/74 12/30/74 B It 11 H C Fil D - Set point drif t on
condenser vacuum swtiches u

u

A0-74-14 98705 12/23/74 1/2/75 - 8 SF-B HM I B ltC.BT C - level sensor tubing
blocked. Blowout tube
installed.

A0-74-15 98706 12/28/74 1/2/75 B ZZ CC - C AT E 2 snubbers liad no fluid.
Improper installation.
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Table A2.6 Coding Sheet for Reportable Events for Hillstone 1 - 1971

.

8"f,''"^ "
I ' ","# " ' CommentCause

["e System Equipment Instrument::n=twr Ace ton C iin g3D e St s
N .-t c r

..

- 99684 - 1/24/75 B WC M - B 07 D S9 Hydrogen explosion in
acid day tank due to
moisture.

A0-75-2 93569 1/25/75 1/30/75 B CC Z E B AD D - Flow indicator reading
decicase due to veld
crack in sensing tube.

Spurious operation ofA0-75-4 93515 1/29/75 1/31/75 B EE NN.T P B EF D -

*

relay causes turbine
startup bequence to
I.c g i n . *

>
A0-75-5 101408 3/27/75 4/3/75 B WF.MA V - B AW.0D E -- Wirtug earor caused flow da

of contaminate into 8"

boiler system.-

A0-75-6 101701 . 3 / 30 /75 4/8/75 B MA - - B OD,0K A S8 Inadvertent discharge of-
radioactive Itquid due
to procedure error.

A0-75-7 102297 4/18/75 4/24/75 B EE T.C P B EB D - Oscillator board trips
inverte r operat ion.

A0-75-8 103148 5/20/75 5/29/75 B EE NN.T.QQ T,U C EI.BL C - Incorrect valve position
plus temp. sensor error
cause gas turbine trip.

A0-75-9 104066 5/20/75 7/11/75 B CC 00 - B BP,BB D - Safety /rettef valve falls

to reset - no cause found

(Reactor Shutdown).

A0-75-10 103074 5/21/75 5/28/75 8 ZZ CC.FF - A BT B,E -
No fluid in two snubbers
due to improper assembly.
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Table A2.6 (continued)
..

"* I#'E #"" "#" " I#'"#*Nu,.b e r Ac ton system Equipment Instrument Cause Cot. ment
, flate pate Status Status Condition Category

A0-75-11 103879 6/26/75 7/2/75 B CC - T.M C AR.AU C - Holsture fron leak
causes switch failure.

Ao-75-14 105835 7.14/75 7/22/75 B CE H E.T C Ett D - Set point drift in flow
sensnrs on isolation
candenser.

AO-75-15 104868 7/22/75 8/1/75 B CC tet H B lid 8 - Variation in diff.
pressure data due to
sent.ing t ube f ailure.

.

Ao-75-16 106457 8/16/75 8/22/75 B 1A - M.T C EH D - Set point drift on vessel y
high pressure switch.

viAn-75-17 105547 8/18/75 8/26/75 B CC QQ - C AQ C - Safety / relief valve
1,el l ow s integrity could
not t>e verified due to
grit in air lines.

A0-75-18 106343 9/8/75 9/15/75 B 18 BB M.T C Elf D - Set point drif t of dry-
well high pressure
sw i t c he s .

A0-75-19 107502 10/12/75 10/21/75 C 1A - UT C Eit D - Set point drift on steam
tunnel tenp. sensors.

A0-75-20 107501 10/13/75 10/22/75 C IE - N.T C Fil D - Set point detrt of
ventilation radiation
monitor.

A0-75-21 108248 11/13/75 11/25/75 B CB Z -
B_ A0.A1.AW B - Inst rutent pipe weld

es ack due to latigue.

A0-75-22 108520 11/24/75 12/3/75 B 5tC - H.T C EH D - Set point drift in
condenser low vacuum
switch.
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Table A2.6 (continued) "

* .

" " " '#E"'" I'"" I""#" ^"" E" I##"#*Cause Cowmentm t cr Ac . lon System Equipment Instrument
Date Date Status Status Comlit ion Category ,g,a

..

A0-75-23 108d89 12/9/75 12/18/75 B IB BB M.T C E11 D - Set point drif t of dry- |
well high pressure i

switches.

A0-75-24 108988 12/19/75 12/23/75 B CD - P.T C BC C - Valve position switch out
of position causcJ MSIV
close relay to f all.

!

AO-75-25 109191 12/17/75 12/23/75 B IB - P C Ell D - Relay set point drift.

. An-75-26 109454 12/30/75 1/7/76 - B WA P - C AQ C.A - Crit in strainer caused
'

emergency si.rvice water

l pisar t rip. >
I
La

A0-75-27 109459 12/23/75 1/7/76 B SF-B - M.T C Ell D - Set point drift in 1.PCI os
pressure switch.

R0-75-28 110932 12/28/76 B CG JJ - B AR D - Itale in cleanup filter
sludge tank.

I i

t

I

i

I
.

.I

,

!

l

;
'

.

,
- -

- .

i
*

t
t

e

e

i ' '
. ., , ,



______ , - . _ - - _ - - . .
-___ _ - _ _ _ _ _ _

.

* .

e

.

Table A2.7 Coding Sheet for Reportable Events for Millstone 1 -1976

. . . _ _ _ _

' E * ' ^ * ''' , ' " "' " , ' System Equipment Instrument Cause CermentL enher Ac lon g C n g

Lr-t c r

. _ _ -

R0-76-2 111648 1/26/76 2/25/76 B SA F - C AA D - . Vacuin breaker fails
due to teflon bushing out

of round.

00-76-3 111658 2/10/76 3/9/76 5 rc H M.T C EH D - Set point drift on
condenser low vacussa
switch.

R0-76-4 111647 2/12/76 3/5/76 B CD H - B AR AB S7 Isolation condenser tube
120080 9/28/76 failure Jue to corrosion

cracking .

f35 1724 pp. 494-495. f
La

R0-76-5 112163 2/12/76 3/12/76 D CH QQ M B AT D - Feedwater regulation N

valves lock due to
diaphrarm failure in
I e gt3 I a t Or .

R0-76-7 112308 2/19/76 3/15/76 B CC NN H.T C EH D - Instrtment drift caused
t urblue relays to trip.

R0-76-8 1111911 2/29/76 3/15/76 B EE !!N .T - C BC C - Cas turbine governor out
of adjustment.

RG-76-10 112309 3/8/76 3/22/76 B EE hH .T - C BC C - Cas turbine generator
governor out of a.!just-

inent. (Reactor Shutdtun).

RO-76-11 112162 3/9/76 3/23/76 B ZZ CC - C BT.AU C - Shock suppressor low on
f I tiid .

RN76-la 113541 4/22/76 5/4/76 B CD 00 - C AC D - Primary containment
isolation valves fail
to close Jue to internal
binding.
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Table A2.7 (cent inued)
-

i

Event Report Plant Cneponent Abnor ma t Significance
! I '

""'' "''"
88 '" 4" P"#" "' ""*"

Date Date Status Status Cundition Category7Numt.c r Accession
| .%-ber
; .___.

R0-76-17 113540 4/23/76 4 /30 /76 5 RB R - B OG B C3 Excess stack gas release
due to fuel clsJ perfora-
tions,

i .

H - B BU E - Increase in chloride ion
j R0-76-23 114643 5/28/76 6/11/76 B CD

concentration in cond.
i return leg.
-

R0-76-27 11572~ 6/23/76 7/9/76 B IA - M.T B EH D - Set point drif t in
pressure switcle.

j
! *

00-76-28 116269 7/14/76 7 / 30 /76 D RC QQ - C CA E - Isolation condenser
inboard isolation valve iff inoperable due to La

i 00
i

previous fix for leak.

l.
I R0-76-29 116780 8/10/76 8/24/76 B EE NN.T - C EA.BF B 58.57 Cas turbine generator

trips out on incorrect
i AC feed. Complete caps.

RO-76-30 117678 8/31/76 9/8/76 B EE NN.T - C BF D - Cas turbine generator
trips on overspeed.
Speed switch faulty,

i

Set point drift inR0-76-11 117679 8/13/76 9/9/76 D IA - L C DI D -

6intesmediate range
4

4 monitors.

R0-76-32 118795 9/25/76 10/8/76 B SF-B PP - B AW C - Packing leak in LPCI
testable check valve.

J

R0-76-33 120533 10/28/76 11/23/76 C RB R - C AD D - Neutron source rod '

f1 Iroken.
,

i R0-76-34 120436 11/12/76 11/24/76 C RB I - C OJ.OK A.H - $8 Inadvertent criticality
due to operator error

i during sleutdown maigini

'
I test.
< .. .

7 . e
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Table A2.7 (continued)
'

!
.

" #I "" "*P " " "* E" ' * * " "
L mher Ac c - fon System Equipment Instrument Cause Comment

Date Date Status Status Condition Category
g

, .

; R0-76-35 120272 11/9/76 12/3/76 C CC - U.T C Elf D - Set point drift of
j steam tunnel temp.
j switch.

| R0-76-36 120228 11/22/76 11/27/76 C SF-D Z - C AO,AV B - Weld joint leak in' head
! spray system due to

j sticss corrosion.

90-76-37 120670 12/7/76 12/30/76 B IA - H,T C Eli D - Set potut drif t of dry-

| well pressure switches. -
\

.

| R0-76-38 120669 12/18/76 12/30/76 B Sit-B - H.T C Elf D - Set point drift of >
| containment spray b ,

; pressure switches. e

1 R0-76-40 121055 12/14/76 1/12/77 .B CC - M.T C UI D - Set point drift in main
$

! stcain line flow switch.
| .

* R0-76-42 121034 12/17/76 1/14/77 8 CE QQ T C BB.EI C - Isolation condenser .

1

steam supply valve fails
f to close due to incorrect
j torque suitch setting

,

J (Reactor fimtdown).
\

R0-76-43 121035 12/18/76 1/14/77 8 CE QQ T C DB,EI C - Isolation conlenser
7 co:Wensato return valve

torque switch miscalibra-
ted. i

, R0-76-44 121036 12/18/76 1/14/77 8 CC QQ,X - C All.BA.0K C - procedural error caused
]

overloail of motor on
valve.

,I .

. . . t
,.

,

; .
I; r

|*

.

e *

p

- -



_ _ . . . _ _ . . _ . . . - _ . . _ _ _ _ . _ _ _ _ -. ._ . _ _ _ _ _ _ _ _ . _ . . _ _ _ _ _ ._o . . . . _. _ ._- - _ . . _ . _ -_

*
4

:

'
.
4

5
1

1

!

Table A2.8 Coding Sheet for Reportable Evente for Millstone 1 - 1977
4

!

! -

I ''S i C
Frent Report Plant ""P*"'"' " ' " ' ' E"' **"#**

Cause Comment
xi.mt.c r Accession System Equipment instrument'

Date Date Status Status C ndition Category
3c t+c t

..

30-77-2 122206 1/8/77 2/7/77 B BB AA.S N B EA B S1 Both stack gas monitors
inoperable due to blown
fuse in power supply

.

| D0-77-3 122174 1/12/77 2/10/77 8 'I A - M.T C Elf D - Set point drif t in dry-
well pressure svtich.

;

j R0-77-4 122136 1/25/77 2/23/77 B SA QQ.MM - B AQ.BB C - Drywell vent bypass valve
f ai ts to close due to
grit in air operator line i

,

1 .

2/24/77 5 CB M - B BU C
~

lligh coolant conductivity ).
.

!
,

RO-77-5 122137 1/26/77
j due to improper rinsing j,
i of resin in domineralizer c)
j (Heactor Shutdown).
a

e

'R0 -7 7-6 122138 1/28/77 2/28/77 8 CE H - A 0F I - Impending storm condi-

i tions balted maintenance
1 of isolat ion condenser.

R0-77-7 122429 2/1/77 3/1/77 B EE Y.T - C OA.AT.AV D - Diesel generator in-
aperable Jue to fuel oil
leak-cracked nipple.

R0- 7 7-8 122139 2/1/77 2/28/77 B CE H - A BU B
~

liigh chloride ion ;

concentration in
isolation conJenser.

.

'
R0-77-9 123022 2/11/77 3/11/77 B IA - I.T C EH D - Set point drift in

)

) reactor water level
a switch.

!
R0-77-10 123023 2/14/77 3/11/77 B IA BB M.T C EH D - Set point drift in dry-

f
*

well pressure swtich,

D0-77-11 129462 2/14/77 3/14/77 5 CC - M.T C EH D - Set point drift in mainq

steam line riessure! i

'

j
, , ,. awitch.

, ,

.

*
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; . . \
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Table A2.8 (cont inued )

Camponen t Abnormal Sig;nif icance55fC
' Sy st em Equipment Instrument "''

*

[g'",1; val.cr Accession Status Conditlan Category3g ,,
Nir,1 cr

R0-77-12 123024 2/15/77 3/14/77 5 llc 11 H.T C Ett D - Set point drift in
condenser vacuisa
sw i t cle

R0-77-13 124872 3/18/77 3/30 /77 5 'SF-B - - C BV A - I.ow concentration
in staudby liquid
control systos due to
low temp in storage
tank,

R0-77-14 125214 5/3/77 5/17/77 - B IA - H,T C Elf D - Set point drift in
reactor low pressure ptamp
start permissive switch p

V

R0-77-15 125177 5/14/77 6/7/77 B Sil-D S - B DI,0A D - StanJby gas treatment - e

system circuit blown
fuse.

R0-77-16 125594 6/14/77 6/27/77 B CB Z - A AW D - leak in recirc loop
diain - caiue unknown

E0-77-17 130698 6/17/77 6/17/77 B CC 00 - C AY - - Safety /relli:f valve
a. pens - no caise known

R0-77-18 126008 6/18/77 7/1/77 B CC 00,P - B AT D - Safety / relief valve
seat leakage due to

. filter failure

Ro-77-19 126489 6/15/77 7/15/77 B CE H H.T C Ell D - Set point drift in

isolation conJenser
actuation press. switch

Ro-77-20 143504 7/14/77 7/26/77 B BB DD - C AC D - rooling f an deteriorat ion

causes loss of stack
s.a mp l e r

R0-77-21 143468 7/13/77 8/5/77 .B Cil 00 - .B'- AC D S7 Degradation of valve
.itaplivage causes loss
of t ut t IUCI capabilit y

.
- . >

*
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Table A2.8 (continued) ,

.

?; SIC SI "IIIC# C'Component Abno r m.11* EC""'' Cornent
N salier Acrer.ston System Eigulpment Instrument

Status Condition Categoryt ie St s
x..-l.c r

..

LER 77-22 143507 7/21/77 8/19|77 B CC 00.C A B ED D - Safety / relief valve

bellows alare received
due to wiring shart
circuit.

RO-77-23 143469 8/5/77 8/31/77 B IC F - B AB B - Three vactana breakers
f ail to close due to
fuiction

B AC B - Reactor scram on loss90-77-24 143470 8/6/77 8/30/77 5 IX 00 -

of instrienent air.
*

*Lisk e t failure (Reactor
shutduvn) f

5~
"

LER 77-25 143509 8/7/77 8/30/77 B CC 00 K.T C AC D - Pressure switch on
bellows monitor falle

LER 77-27 143511 9/9/77 10/7/77 8 EE NM - C EC D - Spurious noise halts
gas turblue StJrtup
tests.

LER 77-28 143512 9/12/77 10/11/77 B SD H M.T B EH D - Set point drift in
j isolation coialenser

pressure switches
'

t

R0-77-29 143561 9/27/77 10/14/77 B EE N.Mi - B AT D - Diesel generator
inoperable due to'

fuel utt leak

R0-77-30 143471 10/12/77 11/2/77 5 SH-D FF - C' AV D - Standby gas treatment
system inoperalile due
to leak in seal

i 1.ER 77-32 143555 11/01/77 11/15/77 8 BB DD - B AA D - Stack s.imple pasar trips

due to noimal pimap

LER 77-34 143546 10/28/77 11/23/77 5 CC 00 A Bi ED E - Bellows leakage
5 alarm sounJ2 due to

wiring short circuit. . ,

a | e

'

.

e
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.
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Table A2.8 (continued)

Kmber Ac ( lon #I#' #" **P "#"" "* E" "'#"'##"
System Equipment Instrument Cause Cee. cat

. bate Date Status Status Condition Cattgary

R0-77-35 143472 10-31-77 11-29-77 B CE QQ - B OA _ . Isolation conlenser
ste.m supply valve
Inoperable Jue to
unknuvi cause

LER 77-36 143547 11/7/77 12/2/77 8 1A - 1.T C AC,AQ C - Iw-low level switch
f aits to trip due to

grit.

FO 77-37 144121 11/30/77 3/3/78 C 2Z CC - C OA E - Two snubbers declarcJ
inoperable

RO 77-38 143485 11/10/77 12/9/77 B SF-B QQ - C ED C 58 Haintenance l'oreman f
inadvertently short c-
circuits valve operator W
on LPCI valve

RO 77-39 144187 12/10/77 12/12/77 B EE N, - C OA - - Diesel generator
declared inoperable -
cause unknwn

RO 77-40 144186 12/13/77 12/14/77 B SC - - - - - 59 Two byJrogen explosions
in off-gas system
tractor shutd an

RO 7 7-4 3 133684 12/19/77 1/18/78 D BB FK N A BC 11 e Stack gas sampler
and structure damaged
due to hydrogen explosion.

\
. -

e

9
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Table A2.9 Coding Sheet for Reportable Events for Millstone 1 - 1978

| ..

" E"III*'"'"I ""' #I"'" I'"" "P""#"' #['"* ' *' I cause Coraent
::. t. r Acr. lon System Equipment Instrument

pate Date Status Status t.ondition Caterary-
, . . , , ,

R0-78-1 134979 1/16/78 2/14/78 B CC - M,T C Ell D - Setpoint drift in
riain steam line low
picssure .witclws

R0-78-2 134961 1/17/78 2/14/78 B ' Sit-D P - C AA p - Pressure drop limit
exceeded due to normal
wear uf filter

R0-78-3 136464 2/14/78 2/28/78 B ltA QQ P C EH D - Set Point drif t in
turbine control time
delay relay

.

R0-78-4 142572 3/10/78 3/24/78 C IB 00 - B BB - - Safety / relief valve fails
to meseat. Cause e

Dunknown

R0-78-5 137251 3/19/78 4/3/78 C CB 00,Z - A AO.AI.AT B - Fatigue caused weld
leak in recirc discharge
valve vent line

. R0-78-6 137252 3/20/78 4/3!78 C CD 00 - A AT D - Containment isolation
valve excess leakage

R0-78-7 137504 3/11/78 4/10/78 C CE II,Z A BS C - Pipe movement in isol.
condenser due to'

water in steam lines

R0-78-8 137504 4/17/78 4/20/78 B SF-B EK - 5 All B - Degradation of core

SF-D spray and 1.PCI piping-
support st ructure due.
to poor design

M.T C Ett D - Set point drift inR0-78-9 138250 4/3/78 4/25/78 B CC -

steam tunnel temp.' .

hw i t eles .

*

.. . .
-

.

9
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Table A2.9 (continued)

.

"#"' #I#' #" nmp n nt Abnorm 11 Significance

N..mber Acr Ion System Equipment Instrument g,,,, Comment

Date Date Status Status Cond it ion Category
,

Q0-78-10 138838 4 /24 /78 5/23/78 B R8 J.00 - C B1 E - Scram time too slow
for control rods.

* Due t o t i ght packing
on valve

RD-78-11 139384 5/8/78 6/6/78 5 IA - M.T C Ett D - Set point drif t in
containment pressure
switch

R0-78-12 139640 5/19/78 6/16/78 D EE NN.T - C Bl.EI D - Cas turbine falls to
complete startup sequence
due to incorrect governor.

setting 3,
t

RO-78-13 139817 5/29/78 6/20/78 D CE 11 - B BL C - Steam trop blow by [[
causes isolation
enndenser to be removed
fria system.

RO-78-14 139876 6/13/78 7/12/78 B EE NN.T T B BW D - Cas turbine trips out
due to overspeed switch

failure

R0-78-16 140261 7/5/78 8/4/78 B IIC 11 H.T B Ett D - Set point drift in
condenser low vacusan,

switch

1.ER 78-16 140386 7/25/78 8/9/78 B S11-A - A B OK C $8 procedural error
allowed containment to
be purged without high
radiation monitor.

R0-78-17 140032 7/10/78 8/4/78 B FB - N C El C - Calibration error in
spent fuel stoiage air

nion i t or s .

R0-78-18 141762 9/5/78 10/4/78 B IA - I C AK C - Lack of lubrication
causes low low water'

i

- .. ,
level sensors to fail

.

Y

e

I
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Table A2.9 (continued)

I " " **"#*E""" E '' I#"" P "*"" "*
N..nl.cr Ac ton System Equipment instrument Cat.se Comment

Date Date Status Status Conditson Category
,,

. . . _ _

RO-78-19 141763 9/12/78 10/10/78 8 1A.HA NN P C Elf D - Set point driit in
turbine control time
delay relay

RO-78-20 148110 10/10/78 10/10/78 5 'WC M - B OA - Chlorine capacity of
deistneraltrer less
than tech. Specs.

R0-78-21 141139 9/14/78 10/12/78 8 EE NN T C BF D - Faulty speed switch
trips cas turbine

RO-78-22 141149 9/14/78 10/13/78 8 ZZ QQ.BB - B AQ C - Drywell vent bypass -

valve f alls to close :t.
due to Jf rt in mir [
operator. m-

E0-78-23 141726 10/11/78 11/6/78 B 1A BB H.T C Ell . AK D - Setpoint drift in
drywell high pressure

,

switch

RO-78-24 141729 10/19/78 11/16/78 8 CE QQ.It T B BF C - Spurious opentog of
isolat f an con.leuser

- isolation valve due to
set point drift

i

RO-78-26 142286 11/6/78 11/30/78 B IA BB M;T C Elf D - ' Set point drift in
drywell high pressure
swttch

RO-78-27 142285 11/6/78 12/1/78 5 IA - I C Ell D - Set point Jrlft in
reactor low Jewel switch

i
PO-78-29 142849 11/22/79 12/22/78 5 EE NN.T C C OA.AA C - Can tuibine inoperable

when siaint. crew hat to
sepair daisaged Indicator
l a glet socket

1.ER-78- 30 146505 12/18/78 1/17/79 8 ZZ BB
'

'
- - OK.BU. A - Excess oxygen tii drywell

due to proccJus at ertor -
, ,

*
,

e

*{
. t

*
,a
I $
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s I , e a j

.
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Table A2.10 Coding Sheet for Reportable Events for Hillstone 1 - 1979

nt er rt tant "*E "#" ^" E" "'"#**
Cause Cocaen t

N..nher Acc lon System Equipment Instrument
Date Date Status Status Condition Category

y,
..

LER-79-1 146774 1/6/79 1/18/79 D CC Z - A AO AV D - Stress corrosion
cracking of cleanup
system rs: turn line

-weld (reactor shutdown)

SBCT system "A*'LER-79-2 146643 1/7/79 2/6/79 D SH-D - P B BC,BD E .

f. alls to start due

to misalignment of
startup relay

LER-79-3 146644 1/8/79 2/7/79 D CC ID - HT C Ell D - Setroint drift in -

main steam line >
pressure switch [

N

-LER-79-4 147428 1/25/79 2/23/79 8 RB I - C AC - - Control rod sticks.
Cause unknown. . , .

LER-79-5 147414 2/26/79 2/26/79 8 CC 00 - D AB D St Pressure relief
valve' lifts prema-

tutely and fails to.

seat d ue to steam
intting of dise

(reactol' Shutdown)
\

LER-79-6 147295 2/1/79 3/2/79 B RB I - B OJ 11 S7 Two control rods
Inoperable dtw
to operator error

LEG-79-7 147413 2/14/79 3/9/79 B EE NN T T C BD D - C.ss t urbine gener-

ator falls to start
due to faulty speed
swi t c h.

LER-79-B 147415 2/14/79 3/14/79 5 CE,lD QQ K A AD' D - ItCIC valve loses
position inil ica t ion

due to f ailure of
.'
i valve operatur

. . . .. . casing
- . . ..

.

&
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Table A2.10 (continued)

. . -

"" ^ " ' "I''

']P*{{' ' '[P{'*
C'"'' C "'"'''System Equirment Instrumentmesher Acc lon 3 , 7 di n t ore t

Nu-t cr

LER-7 9- 9 148229 2/22/79 3/22/79 D CC 00 0 C OA.AV D - safety / Relief valve
bellows moattor inoper,
due to crack in air
tut.e fitting

LER-79-10 149268 4/3/79 4/18/79 8 RC - - B OJ H - Core tlictmal power

en,ceeds tech specs due
to operatcr error

L ER-7 9-11 149267 3/17/79 4/17/79 5 CD 00 P 'C BB.FC D - -itSIV relay fails
to deenergire due

to maladlustment -

of relay limit switch O*

(reactor shutdown) 2,
en

R0-7 0 -11 15230) 5/14/79 5/18/79 C SA Z- - A AA D - l_eak rate of
penetrations exceeded

i

Set point drift inLER-79-12 149544 4/23/79 5/21/79 B BA - N C Ett D -

reactor building
' radiatloa monitor

6'22/79 0 RB J K C All D Control rod out blockLER-79-1) 150110 5/28/79 /
-

- f unct ion f ails due to
l' worn limit sw1&ch

. LER-79-16 150109 5/30/79 6/29/79 C 1A - M.T C Ett D - Set point drif t in
reactor. lou pressure

switch.

LER-79-17 15010S 6/2/79 6/28/79 C 1A - UT C Elf D - Set point drift in
steam tunnel
temperature switch'

.

4

f 9

|
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Table A2.10 (continued)

%5tc
.'

* SI "IIIC*"C, pg,ng C,wponen t Abnormil E
L.mber Accession System Equipment Instrument Cause Come n t

it e Status Status Condition Category
Lrb e r

.

IIR-79-18 150748 7/13/79 7/26/79 B S F-8 - - A OK BU A SS Concentration in
Stan.lby It<luid contrnt.

system I.TA due to
procedursl error

LER-79-19 150782 6/28/79 8/3/79 D CE 00 - C AA.AU D - Contatoiment isolation
valve leabase due to
normal wear

~

150990 2/16/79 3/19/79* B 1A - C B BU.OK 4 - thaormal exygen levels
in enntairveent due to y
cancellat ion of shut down a

>
*LED-79-20 151245 7/11/79 8/9/79 B 1A - 1.T C ESI D - Set point drift in

reactor low-low level
bwl t c h

IFR-79-21 151244 7/12/19 8/10/79 5 1A - 1,7 C AQ C tou lov vater Icvel-

switch f alls to trip due
to grit on shtt assembly

LER-79-22 151211 7/23/79 8/22/79 B SC QQ - B BB - - Containraent vent
bypass valve falls to
close - cause unknown

I.ER-79-23 151207 8/8/79 8/24/79 B SC QQ - B BB - - Same as al,ove

I.tR-79-24 151425 7/31/79 8/30 /79 B BA - N C Fil D - Set point drift in
refueling floor
radiation monitor -

IIR- 79-2 5 151913 9/13/79 9/25/19 8 RB - - B OK B - Tot al peaking f actor

in error due to Jesign
*

ove r s t y.ht
,

.

e
*

- e

G

6

0

0
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Table A2.10 (continued)

E" ' **"*'"#"" #P#'* 'I#"* ""E "'" ^" "
xi t...t Acce. ton System Equipment Instrument Cause Comment i

Date Date Status Status Cemd t t ion Category i

gf[* * " ' ' ' ***
- - B OK B 57LER-79-26 151912 9/14/79 9/27/79 B SF ,,, g ,

Ea undetecteJ-Jesign error

LER-79-2 7 151758 8/27/79 9/24/79 8 AB - - B OC C - System not tested
ace'd to scheJule

LFR-79-28 151911 8/28/79 9/25/79 B CC QQ - C BB,AR D - Pressure suppression
chamber vent bypass
valve falls to close
due to rust butidup

LER-79-29 151930 9/4/79 10/4/79 B CE QQ.H T C BB D - Isalat ion conJenser 3
isolat ten valve f ails to j,,

i close due to f ault y C3 ,
''

microswitch

LER-79-30 152940 10/9/79 11/8/79 8 EE KK.N - 8 AL E - Service water system
pipes to DC not
restrained due to
installation error

LER-79-31 153647 10/16/79 11/15/79 B SF-C KK - B OA.AL E - Feedwater coolant
inlection system
declared inoperable
d iee to missing

support structure

LFR-79-32 153362 11/6/79 12/3/79 5 1A - H.T C EH D - Set point drift in'

dryvell pressure
swi t c he s

) LER-7 9- 33 153160 11/11/79 12/4/79 8 IA.CC - H.T C Elf D - Set point Jrlft in
main steam line
de l t a P mwi t c h

|

IER-79-34 153749 11/15/79 12/14/79 B SF-B QQ.X - C '. OA.ED D - I.FCT Valve inoperable
* .t .ur to elettstral fault

, ,

! In mutur contaulter
,

t
.

.

*

.

t g
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Table A2.10 (continued)
.

*
Ivent Peport Plant C =ponent Alanormal Significance

Leelcr Accession I ' '" "'P"*" "" " #" '"' "# "
Date Date Status Scatus Condition Category lLrtcr j

- i

LER-79- 35 153906 12/4/79 12/20/79 8 IA - H.T C FJI D .- Set point drift in
main steam low j

rressure switch

R0-79-36 153942 12/19/79 1/18/80 D CE Z.H - B I!H D - Water Iamser in
isolat lon cimJenser ,

piping I

I

|

>
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Table A2.ll Coding Sheet for Reportable Events for Hillstone 1 - 1980 +

. . _ .

"#" " "# F' " #I'"" C=ponent Abno m i Signtricance i
x. l.cr Ac ton System Equipment Instrisment e,,,, c,,,,,,

Date Date Status Status Couilit ion Category
g, , ,,

,

I R-80-01 154444 1/3/80 2/1/80 8 CB DD - B Im - rump speed mismatch f.

during recirc pisap }
runback |

i
LER-80-001 155196 1 /31 /80 2/14/80 3 - - - - - B - Hart.IICR wrong

iER-80-3 154614 1/4/80 2/4/80 8 CB KK - B All B - Structural DefSciency
in isolation cond,

aystem sutply line .

(React or alient down) [

LER-80-4 155195 1/21/80 2/I'4/80 B IA.CC - E.7 C Ett D - Set point drift in
[

main steam line high >
flow switch bI

to
LER-80-5 156005 2/20/80 3/17/80 B SF-D KK - C AC. Hit D - Core spray supports

damaged by water
hamuner. 4

LER-80-6 156157 4/7/80 4/21/80 B IA - H.T C OK E - Pressure sensor isolated
due to installation
error !

LER-80-8 158283 6/5/80 7/2/80 B SA - H.T C EH D - Set point drift intw
,

teactor pressure
switches

LER-80-9 158276 6/5/80 7/2/80, B IA - H.T C EH D - Set point drift in f

reactor 'totection lowp
pressure switches .

LER-90-10 159128 6/11/80 7/11/80 3 RA RK - B. AC D.E - Bolts on penetration
b.ase plate faulty

due to Install.it ion '

herror,

IJR-80-Il 160233 8/3/80 8/15/80 B 88 00 N C BC.0A C - Off gas radiatton

\ eionttuttnr, system t
inoperatele due to [, ,,

g va l ve m i s.n l l .n"** ntt .

.

4

.e

9
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Table A2.11 (continued)
.

" '#I#' "" Coinp nent Abnorm 11 SI "Ifi''"''ENerateer Act ion System Equipment Instrument Cause Come tDate Date Status Status Condition Category
3.,

. . _ _

LER-80-12 159289 7/25/80 8/22/80 B IC - N C El C - APR'l reads Icw due to
calibration error

LER-80-13 160459 9/8/80 10/3/80 B 1A - M.T C Elf D -
. Set point drift in

hir,h pressure muitch

LER-80-14 160060 10/05/80 10/16/80 C CD 00 - C - D . I.eak rate test failure
of two itSIV's

LER-80-15 160923 10/7/80 10/24/80 C 1A - 1.T C AQ C - Set point drift in
low water level scram
switch - grit.

, *

>
LER-80-16 161870 10/23/80 11/6/80 C CB DD.KK - C AH C - Cracks foun.1 in i

jet pirp support beams W

LE3-80-18 161470 11/5/80 11/19/80 C CC Z - C A0 D - Weld failure in
two main steam lines

LER-80-19 161471 11/6/80 11/20/80 C CC Y - C A0 D - Condenser Nozzle
veld cracks due to
stress corausion

.

$

4

e
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Appendiz B (Continued)

*[ Event description and problem solution
'

da e

A0 76-8 2-29-76 GIU did not start due to improper governor
setting. Governor readjusted.

A0 76-10 3-3-76 During daily testing of GTG, nnit failed to
start due to improper governor setting. Gov-
ernor readjusted.

R0-76-12 3-15-76 GTU declared inoperable due to governor fail-
'

ure. Switches replaced.

A0 76-29 8-10-76 GTU became inoperable when it could not accept
plant load on reactor trip. Cause was incor-
rect AC feed to GTG anziliaries. AC feed re-
structured.

A0 76-30 8-31-76 GIU inoperable on overspeed condition due to
faulty speed switch. Switch replaced.

LER 77-27 9-9-77 Spurious noise causes GTU to fail to complete
startup sequence. No repair reported.

LER 78-12 5-19-78 GTU failed to start due to incorrect fuel
scheduling. No repair reported.

LER 78-14 6-13-78 GTU trips on overspeed due to defective speed
'

switch channel. Speed switch assembly re-
placed.

LER 78-21 9-14-78 GTU tripped due to f aulty speed switch. No -

repair reported.

LER 78-29 11-22-78 GTU inoperable due to opening of lube oil
pump dircuit breaker. Breaker indicator
bulb replaced.

LER 79-7 2-14-79 GTG fails to start due to faulty speed switch.
Switch replaced.

.

9
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Appen61x B. Gas turbine generator failures
i

Repo t E ent Event description and problem solution
, ,

RS 70-4 11-8-70 Gas turbine generator (GTU) fails to start due
to low pressure in the lube oil punp. Start-
up governing system adj ust ed.

RS 70-4 12-4-70 GTU fails to start due to low pressure in lube'

(reported) oil pump. Two additional immersion he aters
installed, set points readjusted.

RS 70-4 1-8-71 GTU f ail s to st art within 48 s due to instal- !
'

(reported) lation error of lube oil discharge line.

Line reinstalled.

A0 71-5 2-21-71 GTG f ails to start af ter main turbine trip due
to blown fuse and faulty relay. Fuse and
relay replaced.

A0 71-8 4-22-71 GTU inoperative due to procedural errors. An
operator lef t a switch in the wrong position.
Operator s instruct ed as to proper procedure.

,

AD-71-12 5-27 -71 GTU f ailed to reach startup speed due to a
short circuit in spe ed switch. Switch re-
placed.

A0 71-24 11-2-71 GIU failed to ignite due to loose solde r con-
nections on a transistor speed switch.
Transistor replaced.

,

A0 71-25 11-30-71 Procedural error caused a loss of heating of
the lube oil for the GTU. Ope ra t or s in- ,

structed as to proper operation.

A0 72-3 2-4-72 GTU failed to start af ter plant trip due to
wiring errors in vibration monitor package.
Errors fixed.

A0 72-11 3-9-72 GTU failed to start af ter plant trip due to
f aulty transistor in spe ed switch. All
transistors replaced.

A0 73-5 4-5-73 Operator disabled GTU by turning wrong con-
troller. Cove'r placed over controller.

A0 75-4 1-29-75 GTU removed from service to replace faulty
relay.

A0 75-8 '5-20-75 High generator lub e oil t emperature due t o i n-
correct valving caused trip of GIU. Valves
locked into correct position.

.
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