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ADDENDUM TO TESTIMONY OF MARC W. GOLDSMITH
ON BEHALF OF SUFFOLK COUNTY REGARDING

SUFFOLK COUNTY CONTENTION 4 - WATER HAMMER

This addendum addresses two reports on water hammer provided

by the NRC Staff on April 8, 1982: " Evaluation of Water Hammer

Events in Light Water Reactor Plants," March 1982, by the Quadrex

Corporation and " Compilation of Data Concerning Known and Sus-

pected Water Hammer Events in Nuclear Power Plants," April 1982,

by EG&G Idaho, Inc. ("EG&G").-1/ The EG&G report compiles water

hammer event data while the Quadrex report evaluates these

compiled data and provides recommendations for minimizing water

hammer. These reports, although in draft form, provide recent

water hammer event data, along with new solutions and recommenda-

tions for preventing water hammer occurrences in nuclear power

plants. These reports also illustrate the importance of incor-

porating past water hammer experience i to plant procedures and

the need for design modifications to prevent water hammer events.

NUREG-0582, " Water Hammer in Nuclear Power Plants," lists

water hammer events that have occurred through 1978. The two

reports mentioned above, however, include water hammer experiences

through April 1981. Recent events, many of them serious, occurred

at plants similar in design to Shoreham during pre-operational or

1/ The Quadrex Report (minus Chapter 5 concerning PWR events)
and the EG&E Report are attached as Exhibits 1 and 2,
respectively.
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startup experience at similar plants and incorporating this

lexperience into Shoreham's program.

Included in the EG&G report was an evaluation of more PWR

plants (44) than BWR plants (26). However, the BWR plants had

approximately twice as many water hammer events (81) as the

PWR plants (40). Approximately half of the events occurred

within a two year period. This period included one year prior
,

to commercial operation and one year after commencement of

commercial operation.

All of the BWR plants were General Electric BWRs except

one (13 were GE-Model 4, 7 were GE-3, and 6 were "others") . Out

of the 81 BWR events, forty-eight occurred at GE-4 plants, twenty-

nine occurred at GE-3 plants, and four occurred at the "other"

plants (Shoreham is similar to a GE-4 design). Approximately

three-fourths of the BWR events occurred in safety-related systems.

One-third of the events occurred in the Residual Heat Removal

System (RHR) . In a BWR plant, the RHR has many functions, not

all of which are directly safety-related, but which are connected

to safety systems. One-fourth of the events occurred in the High
,

!

Pressure Coolant Injection System (HPCI) .'

I

|
For both BWRs and PWRs, a third of the event reports indicated

! damage to piping-related systems. The damage involved welds,

| junctions, pumps, and other system components but valves were not
|
|

| damaged. The damage was significant, however, since it occurred
t

in portions of the piping that could allow coolant leakage, if

sufficiently damaged.

_ _ _ . .- . _, . - _ _ ____ _ - - _
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Water hammer events discussed in the reports were caused by'

either design and/or procedure-related failures. EG&G determined

that BWR plants attributed the causes more to procedure-related

problems than PWR plants. Therefore, preoperational and start-

up experience at other plants with similar systems is important

to BWRs in arriving at procedures that minimize water hammer.

The Quadrex Corporation report, an extension of previous

evaluations performed by EG&G, evaluated the implications of the

water hammers that occurred. Jone of the water hammer events

placed a plant'in a faulted or emergency condition. However, 18

of the water hammer events rendered a safety system inoperable.

These included two events when flooding caused by 1.onsafety-

related water hammer caused safety systems to become inoperable.

Of the 82 reported events, 72 were considered to be unplanned

safety-related events. Sixty of the 72 safety-related water hammer
1

events occurred in four systems: RHR (24 events) , ITCI (20 events) ,

core spray (9 events) and service cooling water (7 events). Three

of these systems are of General Electric design and the fourth

(service cooling water) is an architect / engineer design. Based on

the frequency of BWR water hammers in the preoperation and startup

phase, it appears that Shoreham could potentially have many water

hammer occurrences during pre-operational or startup testing in

safety-related systems.

Quadrex evaluated the water hammer events and found pumping

water into a line containing voids to be the largest single cause

_ _ _ _ _ _ _ _ _ _ _ _ - __J
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of BWR water hammers, and responsible for 43 events. This

generic cause includes flow into voided lines, column separation

and steam bubble collapse events.-2/ Because of the large number

and severity of void related water hammer impacts, Quadrex states

"the most serious concern is line voiding and should be a subject

of regulatory action."

Quadrex also determined that current designs do not provide

the operator with information concerning the existence of voids.

For example, one concern is that certain safety systems may be

more prone to water hammer under unplanned (i.e., accident condi-

tion) actuation than the reported data indicate. These systems

are often vented prior to planned periodic testing or other usage

to eliminate voids. An unanticipated start, such as would occur

following a postulated accident, may occur with voids in lines and

result in a water hammer.

Quadrex stated that " void caused water hammers could be

greatly reduced or eliminated by the use of void detection and

alarm, keep fill and modified venting systems." While Shoreham

has keep fill and modified venting systems on the Emergency Core

Cooling System (ECCS) and alarms on the keep fill system, it is

unclear as to how these are to be used. The 2/1/82 version of
the Shoreham Technical Specifications deletes channel checks on

2/ voids can occur through many means, including improper line j

filling during maintenance, gas evolvement, improper venting,
leakage of water, in leakage of steam, and column separation
following pump stoppage or valve closure.

. .

. _ _
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keep fill alarms and a cursory review did not indicate any

technical specification limits on operation. The keep fill

; system operability, or the system operability without keep fill
i
,

operating, are unclear. The Quadrex report states that if voids

are suspected then the system should be declared inoperable.

Many of the water hammer events were reported as having

been caused by procedures. This was to be expected since operator

actions are controlled by procedures. Therefore, it is essential

that procedures be correct and complete. Certain good practices

that aid in preventing water hammer, such as gradual line warmup,

controlled valve opening, and draining and venting, are usually

covered by procedures. However, as discovered by Quadrex during

discussions with procedure writers and approvers, the potential
,

for water hammer is generally not considered in procedure writing

or review. It was also learned from these discussions that piping

drawings such as isometrics that show relative piping and component

elevations are not used in the writing of procedures or work

instructions.

The Quadrex report contains specific recommendations for

minimizing water hammer events. It is recommended that operating

and maintenance procedures for systems in which safety-related

water hammers can occur be reviewed for their effect on water

hammer occurrence. Additionally, it is suggested that the

relative elevations of system lines and components be considered

in the writing of operating and maintenance procedures.

__ _ ___________ 1
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The foregoing information supports suffolk County Contention

4 which suggests that LILCO incorporate similar BWR pre-operational

or startup tests into Shoreham's program not only for design but

also for operator training and procedure development.

Other recommendations for preventing water hammer are dis-

cussed in the Quadrex Report. Because past BWR (GE-4) water

hammer experiences were numerous, preventive measures should be

taken at Shoreham to minimize potential water hammer events. LILCO

has taken some of these measures such as installing a keep fill

system and a venting system. If Shoreham uses the keep fill alarm

as an indicator of voids, then an important step will have been

taken in reducing a key cause of water hammer. This requires a

technical specification commitment. In addition, other plant

startup and test data should be reviewed and that data should be

used in procedure development and training operators to prevent

water hammer. Therefore, many measures still remain to be taken

at Shoreham to minimize water hammer.

_. .
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.

EVALUATION OF WATER HAMMER EVENTS IN LIGHT

WATER REACTOR PLANTS, MARCH 1982, BY THE

QUADREX CORPORATION
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ABSTRACT
r

This document presents the results of evaluations of water hammer events
in LWR power plants. The evaluations were based upon reports of actual
events, typical plant design drawings and operating procedures. Included

C in this report are design and operating recommendations for the prevention '

and mitigation of water hammer occurrence.
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1. 0 INTRODUCTION

This report presents the results of an evaluation of actual and potential
water hammer events occurring in LWR power plants. This work was performed
by the Quadrex Corporation for EG&G, Idaho Incorporated and is an extension
of previous evaluations performed by EG&G, Idaho.

The objectives of the work reported herein are to evaluate water hammer
events that have occurred in commercial nuclear reactors and to develop
methods for their prevention and mitigation. The evaluations are based
upon the incident reports contained in reference 1, reviews of licensing
event reports (LER), FSARs, typical plant design drawings, system
descriptions and operating instructions and the operating and design
experience of the authors. Event numbers used in this report are the

'

same as those used in reference 1.

Steam generator water hammers (SGWH) are not included in the scope of
this report. .

C .

A summary of the findings and recommendation of this study is presented
in section 2.0. Generic and overview findings, evaluations and recommen-
dations, that are based upon the individual system evaluations are
contained in section 3.0. Individual system evaluations are contained

| in section 4.0 and 5.0 for BWR and PWR systems respectively. Section 6.0
presents recommended mechanisms and regulatory requirements for the
prevention and mitigation of water hammer events.

|

|
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2.0 SUMMARY

An evaluation of water hammers occurring in light water reactor plants
was performed using the category I events listed in reference 1 as a
basis. Recommendations for the mitigation and prevention of water
hammers were made.,

Water hammer damage for most instances was limited to the piping support
systems.

.

The frequency and saverity of water hammer in PWR plants was low. None

of the 40 reported events disabled a safety system, had an adverse
safety effect on the plant, or placed a plant in a faulted or emergency
condition.

,

.

The frequency and severity of water hammer in BWR plants was higher than
in PWR plants. Eighteen of the reported 82 events in BWR plants disabled
a safety system. However, no event disabled more than one train or

system with.the possible exception of flooding. events caused by water * '

hammer in a nonsafety system. No event placed a plant in a faulted or
emergency condition.

i The predominant cause of water hammer events was the presence of voids
or steam bubbles in pumped water lines. The presence of these voids was
not readily detectable by operators. Other major causes of water hammer

events were water entrainment in the HPCI turbine inlet and outlet
lines, and in the isolation condenser inlet lines, and inadequate PWR
feedwater control valves. The causes of several events were unknown.
The damage from several events was the result of inadequate support

.

design for loads resulting from anticipated valve closure induced steam
hammers and safety / relief valve discharge. A detailed overview and
generic evaluation are presented in section 3.0.

|
|

|'
.
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Recommendations for prevention and mitigation fall into two categories.
The first category includes recommendations, often peculiar to a particular
system or problem that should not be considered as regulatory items, but
rather as suggestions to aid in prevention and mitigation. These recommendation
are presented in the generic evaluation of section 3.0 and the individual

-

system evaluations contained in sections 4.0 and 5.0. The second category
of recommendations are those deemed significant enough to be a regulatory
concern and are presented in section 6.0. These include:

! Mandatory void detection, keep fill and venting provisions foro
I

several systems
o Operator training

Feedwater control valve design verificationo

o HPCI inlet line valve design features
f o HPCI inlet line drain pot level detection

HPCI and RCIC turbine exhaust line vacuum breakers, ando

Main steam and PWR - RCS support and component design basis.o

C The regulatory requirements should be implemented by a SRP or Branch
Technical Position for plants in the design phase and by an IE bulletin
or generic letter for operating plants.

1

! -

|

.

c
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3.0 GENERIC EVALUATIONS

This section contains generic evaluations of water hammer events and

their causes and recommendations of measures for their mitigation and
prevention. The evaluations contained in this section are based upon
the individual systems evaluations contained in sections 4.0 and 5.0.,

3.1 General Overview
_,

|

3.1.1 PWR Systems
| r _.

There were 40 category I events reported in reference 1. None of the
water hammer events had any adverse safety effect on the plant. No

water hammer event rendered a safety-related system inoperable or damaged
the integrity of the reactor coolant boundary. For most of the events<

damage was limited to the piping support system.

'

The frequency and severity of safety-related water hammer events in the

c PWR systems are low with the exceptions of steam generator water hammer .

(SGWH) which is not within the scope of this study and feedwater contol
valve (FCV) induced water hammer events.

; Of the 40 reported events only 25 are considered to be unplanned safety-
related water hammer events. See table 3-1. Four of the events (three
in the Reactor Coolant System (RCS) and one in the main system) are
considered relief valve discharge reaction forces (see sections 5.2
and 5.3) and five of the events, all in the main steam system, (seei

I section 5.3) were valve closure initiated steam hammers which should be
'

included in the design basis of the support system. Two RCS events

(section 5.2) were not water hammers but the results of valves sticking
open. Four events in the condensate and condenser system (see
section 5.7) are not regarded as safety-related. Furthermore, three of

| these condenser events were not water hammer but jet impingement force
incidents. Event 28 (section 5.8) in the circulating water system and

. event 11 (section 5.7) in the condensate system were considered to be
'

| neither safety-related nor water hammers.
,

I
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Of the 25 safety-related water hammers, 13 occurred in the feedwater
system (see section 4. land table 3-2). Eight of the feedwater system
water hamers were related to the feedwater control valve. One other
event was due to an improper procedure in opening a valve and another
was due to a design error. The cause of three of the feedwater events

I were unknown. The damage reports indicate that the greatest forces were
due to events occurring in the feedwater system. This is to be expected
due to the large line size and the high fluid velocities and density in

- the feedwater system. The feedwater system, especially, the FCV requires
( regulatory measures.

Of the non-FCV events in the various systems (including FW); seven
involved the presence of voids in a line, two involved improper valve

f usage, and one involved a design error. The causes of five of the
events were unknown.

Of the five events with unknown causes; two in the CVCS system may not
C have been water hamer and were of low safety significance. Another

event in the st'eam generator blowdown line is of low safety significance.

|

Regulatory action, discussed in section 6.3 is recomended to address

(" feedwater control valve design (nine events) line voiding (seven events)
operator training (two valve usage and perhaps the unknown events).

3.2 BWR Systems
_

T The frequency and severity of safety-related water hammers in the BWR

systems are moderate and are greater than for PWR systems.
.

There were 82 category I water hammer events reported in reference 1.
t None of the water hamer events placed a plant in a faulted or emergency

condition. However,18 of the water hamer events rendered a safety
system inoperable. These included two events when flooding caused by
nonsafety-related water hamers caused safety systems to become inoperable.

C A water hamer in conjunction with a stress induced condenser tube

i 3-2
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rupture caused an isolation condenser to become inoperable. No events
damaged the integrity of the reactor coolant boundary. For most of the
events, damage was limited to the piping support system.

Of the 82 reported events 72 are considered to be unplanned safety-
related water hammer events. One event in the main steam system (see
section 4.6) is considered a relief valve discharge force. Two main

steam events (see section 4.6) were valve closure initiated steam
hammers, which should have been included in the design basis of the

r support system. One event in the RCIC system was a pump cavitation

event (section 4.5). Six of the events, four in the condenser system,
one in the auxiliary boiler (section 4.9) and one in the reactor water
cleanup system (section 4.8) are not considered safety-related water
hammer events.,

Sixty of the 72 safety-related water hammer events occurred in four
systems RHR (24), HPCI (20), and core spray (9) and service cooling

c water (7).
.

Two of the RHR events were actually initiated during HPCI turbine inlet
line warmup. Other systems in which events occurred include isolation

; condenser (four), RCIC, (one) main steam, feedwater (three).

.

Pumping water into a line containing voids was the largest single cause
| of BWR water hammers and was responsible for 43 events. This generic

cause includes flow into voided line, column separation and steam bubble
collapse events. A generic discussion of line voiding is provided in
section 3.3.

I Seven events in the HPCI system (section 4.4) were caused by failure of
drain pot systems. Six events, five in the HPCI system and one in the
main steam system were caused by improper valve operation or warmup of
the inlet line. Three events were caused by feedwater valve controller

. instabilities. Three events in the isolation condenser were caused by
t

|
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reactor water surginy into the isolation condenser inlet line. Two

events, one in main steam and one in the isolation condenser were caused
by improper line s' ope.

The most serious concern is line voiding and should be a subject of
regulatory action. A void indication and alarm system in combination
with a requirement that a system be considered inoperable if there are
voids in its pumped water line would essentially eliminate these water
hammers. See section 3.3. Certain design modification and increased

( operator training would eliminate or greatly reduce the various turbine
steam line water hammers. See section 3.5.

3.3 Line Voidinc
_.

I

Line voiding has been the single greatest cause of water hammer events
identified in this report. Fifty-four percent (52 of 97) of the unplanne.d
category I safety-related water hammer events were caused by pumping
water into a line containing voids. The generic line voiding cause

I discussed in this section includes flow into'v'oided lines, steam bubble ~
collapse and column separation. The one common denominator in each case
is that the event could have been avoided had the operator been aware of
the void. Voids can occur threugh many means including improper line

' filling during maintenance, gas evoirement, improper venting, out leakage
of water, in leakage of steam and column separation following pump
stoppage or valve closure.

E Voiding can generally occur in standby systems that are normally idle.
Systems that continually run such as feedwater are started slowly and
kept full by continuous operation. BWR systems are more prone to voiding
than similar systems in PWRs. There are two main reasons for the
differences between the BWR and PWR voiding frequency. The first is the-

elevation of the safety system's water source. The PWR pumps are
supplied by the refueling water storage tank (RWST) which is maintained
at an elevation above the pump discharge lines. The BWR safety systems

L most prone to line voiding, namely RHR and core spray, receive their
supply from the suppression pool which is maintained at a level below
the elevation of the pump discharge lines. Other systems which have

3-4
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experienced less voiding are supplied by the condensate storage tank
which in many plants is maintained at a level above of the pump discharge
lines. The open service water systems for both BWR and PWR plants are
supplied by sources below the level of the system lines. The second
difference between BWR and PWR plants is the presence of steam water

interfaces in BWR's permitting leakage of steam bubbles into the water
lines.

The comparative studies of the RCIC, HPCI and AFW systems (section 3.4)
indicate that line size is a factor in line voiding and its effects.
Smaller lines appear to be less prone to observable water hammar than
larger lines. This might be due to the fact that less leakage occurs
through the valves of smaller lines. Another factor is that forces
resulting from water hammers in small lines are smaller than those
resulting from larger lines. Thus water hammers occurring in smaller
lines may not be considered reportable or even detected if no damage
occurred.

'

. . .

The addition of keep fill systems to BWR systems has reduced frequency
of water hammers. (The water supply system for a PWR essentially acts
as a keep fill system.) However, venting is also required to remove
voids. In many plants venting is a difficult procedure due to the-

location of the vent valve. Venting may require wearing anticantamina-
tion clothing, entry into moderate radiation areas, considerable climbing
and personal discomfort. Operations involving such difficulties are '

generally performed only to meet specific requirements or needs rather
than routinely and frequently.

.

There is a concern that certain safety systems may be more prone to
water hammer under unplanned (i.e., accident condition) actuation than the,

reported data indicates. These systems are often vented prior to planned
periodic testing or other usage to eliminate voids. An unanticipated
start, such as would occur following a postulated accident, may occur

t with voids in lines and result in a water hammer. Current designs do
not provide the operator with information concerning the existence of
voids.

3-5
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Void caused water hammers can be greatly reduced or eliminated by the
use of void detection and alarm, keep fill and modified venting systems.

3.4 Comparison of HPCI with Similiar Systems
_ . _ _ _ _ _ _ . _ _ . . _ _ _ . _ ,

This section compares HPCI (BWR) with the RCIC (BWR) and the AFW (PWR)

systems in order to determine causes for the high frequency of water
hammer events in the HPCI system. The RCIC and AFW systems are approximately
one-tenth the size of the HPCI system, but are similiar in the following

'

respects:

The system pumps are driven by steam turbines that are normally ina.

a standby condition.,

b. The systems are infrequently used.

c. The systems are surveillance tested monthly.
.

<
.d. The systems pump ambient temperature water through normally unused

lines to the feedwater lines at feedwater pressure.

Twenty water har.mer events were noted in the HPCI system compared to
only one in the AFW system and one in the RCIC system.

3.4.1 Steam Supply Lines
_ . _ _ _ _ .

( The supply lines for all three systems are normally kept warmed with
'

steam up to the turbine stop valve and contain steam traps and drain
' pots. No steam supply events were noted in either the AFW or RCIC

system. Eight steam supply incidents were noted in the HPCI system,

| three caused by valve operation and five caused by the failure of the
steam trap level control and drain system.

There are two significant differences between the HPCI steam supply line
and the RCIC and AFW steam supply ifnes. The first is the presence of a

'

" seal in" feature on the HPCI inboard isolation valve. A seal in is a
control feature, that causes the valve to open continuously to the full

3-6
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open position upon actuation. This feature precludes using this valve
for gradual line warmup or venting. The RCIC and AFW isolation valves
generally do not have the seal in feature.

The second significant difference is size. The HPCI line is sized for
approximately ten times the flow rate as the AFW and RCIC lines. The

HPCI line thus is subject to considerably more steam condensation than
the AFW and RCIC lines. It is possible that the drain pots of the AFW

and RCIC systems have sufficient capacity to accommodate occasional
'~ malfunctions of the drain systems that may occur between periodic technical

specification testing. Water hammer forces are also larger in a larger
line. The events in the HPCI line have only caused minor damage. If

these events had been scaled down by the 10:1 ratio of the RCIC and AFW
' systems, their effect may have gone unnoticed and thus unreported.

3.4.2 Steam Exhaust Lines

There were six events reported in the HPCI steam exhaust lines and only.

'

one in the RCI'C and one in the AFW lines.
,

The HPCI and RCIC lines discharge into a water interface (the suppression
pool), but the AFW line discharges into the atmosphere. Many of the
HPCI events and the RCIC event occurred prior to the addition of vacuum
breakers to the exhaust lines. The vacuum breakers prevent a vacuum
from drawing suppresion pool water into the lines. The HPCI line is
sized for ten times the flow rate of the AFW and RCIC turbines.

The reasons for the higher frequency of HPCI events may be size and the
presence of the water-steam interface without vacuum breakers in some
early installations.

3.4.3 Pumo Discharge Line

Three water hammer events were noted in the HPCI pump discharge lines
but none were noted in either the RCIC or AFW pump discharge lines.

.

3-7
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The HPCI and RCIC lines are similar except for the HPCI lines being
larger (10:1' flow area) and longer. Both pumps are normally aligned to
the condensate storage tank for suction and in the systems reviewed
discharge to the feedwater lines. The AFW lines are approximately the
same size as the RCIC lines and are aligned to the refueling water
storage tank and and discharge inta the feedwater lines. A more detailed
discussion of line voiding is provided in section 3.3.

3.4.4 Conclusions of Comoarison _ _ _

.

Although there are several features that distinguish the HPCI system
from the RCIC and AFW system, the difference that occurs in all three
line types (turbine inlet, turbine exhaust and pump lines) is size.
Larger lines may have a greater propensity for condensation (steam
lines) and leakage caused voiding (water lines), which makes them more
susceptible to water hammers. Water hammer forces and damage, increase
with line size. Therefore, smaller water hammers occurring in the RCIC
and AFW system may not be significant and thus not detected or reported.

' : -
.

3.5 Mitigation and Prevention of Water Hammer . " _ __

This section provides a discussion of various generic methods to prevent
and mitigate water hammer events. The inclusion of a method in this
section should not imply that it is to be applied to all systems. The

regulatory means for implementing these measures are discussed in section 6.0.

3.5.1 Line Void Detection, Filling and Venting
_ _ _ .__

Fifty-four percent of the category I safety-related water hammer events
reported in reference 1 occurred because water was pumped into a line

| that contained voids. These were primarily flow into void line events
| but also included steam bubble collapse and column separation. (See

section 3.3 for further discussion of voiding.) All of these events
could have been prevented if the operators had been aware of the existence
of the void. A properly designed void detection and alarm system combined

.

with a technical specification requirement that the system be considered

3-8
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inoperable if voids were present would have eliminated these events.
The following systems should have void detection and alarm:
o BWR:

Core spray (pump discharge) 10 events-

RHR (all liquid lines) 22 events-

HPCI(HPCS) pump discharge 3 events-

Cooling Water _8 events
-

43

o PWR:

ECCS (safety injection) 4 events-

Cooling Water _2_ events
-

6

In addition due to their requirements for rapid start or frequency of
events the following systems should be provided with keep fill systems:
o BWR:

Core Spray-

RHR-

HPCI-

RbIC
* *

-

Keep fill systems are not required for PWR systems because the refueling
,

water storage system acts as an intrinsic keep fill system. The use of
a keep fill system for open loop service water systems is impractical
due to the continual and large line losses. The service water lines
are generally very large and very long. Furthermore, much of the line
is remote from the main safety areas where the ECCS keep fill system is
located, and there is considerable branching and many components served.
The use of the ECCS keep fill system for a service water system is
impractical. Therefore, the following recommendations are made for
filling of open loop service water systems. For these systems it should
be shown that either:

a. voids can be filled within prescribed time using a manually initiated
fill system,

i
'
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b. neither column separation nor voiding will occur during standby or
following pump shutdown once the line has been filled and vented,

c. the system is designed with a startup mode that slowly fills and
vents the discharge lines in such a manner as to prevent water
hammer on pump startup. Low flow bypass valves or slow opening
discharge valves are examples of features that can permit the
system to meet this requirement. Analysis and testing would be
required to show that slow fill and system minimum startup time

f requirements can be achieved or

d. analysis has determined that the system including its supports, is
designed to maintain function following a postulated water hammer

'

event.

Additionally, venting provisions should be provided at all points where
voids could form either through maintenance, operating, draining, outleakage,

t gas evo3vement, or in-leakage of steam or flashing fluid. The venting
system shall be readily operable during all modes of plant operation.
Suggested types of venting systems are remotely operated valves and
valves located for ease of access. For some systems the use of vacuum
breakers may be a desirable feature.

i
! 3.5.2 Operator Trainina

. _ _ _ _ _ _ _ . _

Most of the reported water hammer events involved plant operators and
| maintenance personnel to a varying degree. The reduction of water

hammer events will require the participation of plant personnel. They

frequently write the plant operating procedures, and ultimately approve
them. The operators start the pumps, open the valves and place systems
in operation, test, and maintain them. They would not knowingly initiate

| events that would cause a water hammer event.
i

i
Over 50% of the events occurred during plant startup and the twelve
months following commercial operation. This indicates there is a learning
period during which plant personnel and management become familiar with

1
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the systems operation, change procedures, correct design errors, add
equipment such as vents and drains, and make fewer errors. To be most
effective, efforts to reduce water hammer events should start before
plant operations and the learning by experience period starts.

,

An investigation of the general causes for the events, that involve
plant design, training, operation and management, indicates the following:

There is often a lack of awareness among plant operators concerningo,

1
' the possibility of water hammer events occurring in a particular

system or sub!y:t r , t.hwir causes, and what the results of those
events would be. Discussions with various plant operators reveals
that they know from experience that water hammers occur, but in no
case have they had specific training as to why or where wate'r
hammer events happen, what types of systems are susceptible, or-

what types of corrective actions are possible.
o There is a lack of information available to the operators, concerning

the existing conditions in the systems before the water hammer

events. occur. A review of the 82 BWR events and the 40 PWR events-

,

on the LER category I list of reference 1 reveals that in only
13 out of the 122 events was applicable instrumentation mentioned
as part of the original design to give warning or as part of the

*

repair effort to mitigate further events.
o The implications of equipment malfunctions and maintenance related

failures of compor.ents such as shutoff valves, steam traps, and
check valves, are not fully considered as part of the causes of
water hammer events by designers and plant operators.

Many water hammer events can be eliminated by design changes that provide
the operator with more information (e.g., void detection and improved
steam drain pot level indicators), preclude adverse conditions (e.g., vacuum
breakers and keep fill systems) and minimize the potential for operator
error (e.g., valve interlocks and operability requirements). However,

there are many operations such as line warmup and venting that require
'

operator knowledge of system conditions. Therefore, all plant operators

3-11
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including personnel responsible for the writing of maintenance instructions
and the supervision of maintenance activities should receive training in
the causes and prevention of water hammer.

3.5.3 Turbine Exhaust Line Vacuum Breakers _ _ _ _ _ _ . _ _ _ _ _ _ . _

The turbine exhaust lines of the HPCI and RCIC systems interface with
the suppresion pool. Water hammers have been caused by suppression pool
water being drawn into these lines due to vacuum formation (see sections 4.4
and 4.5).

<

Vacuum breakers should be incorporated on both the upstream and downstrean

sides of the exhaust line stop/ check valves for the following BWR systems:
o HPCI

*

o RCIC

3.5.4 Turbine Steam Line Drain Pots __ __ _ _ _

The only system in which drain p't operation is considered.a,.significanto

water hammer concern is the BWR HPCI system (see section 4.4). A comparison

of the HPCI, RCIC and AFW systems (sections 3.4), indicates that the
problem may be related to line size.

The adequacy of steam turbine inlet line drain pots sizing should be
reviewed for all HPCI systems. If the size is determined to be inadequate,

! additional or larger drain pots shall be installed.

The operability of the steam line drain pot level switches should be
verified monthly for the HPCI systems. Those systems in which level
switch verification of operation and required maintenance can not be
performed with the system in service shall be modified to permit such

l ~ verification and maintenance.

3.5.5 Steam Supply Line Inlet Valves
_ . . _ _ . __ _ -.

Water hammer events have been caused by operation of the HPCI outboard
,

,

steam line inlet valve. To prevent this the following is recommended.

| 3-12
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An interlock should De provided that will preclude opening of the inboard
isolation valve unless the outboard isolation is fully open. Neither
valve should contain a seal-in feature on opening. The inboard valve
should be designed for throttling and must be opened slowly to permit
gradual line warmup and draining of all liquid. These requirements
should apply to the following system:
o HPCI (BWR)

3.5.6 Anticioated Loads

( Certain loads such as steam hammer due to rapid valve closure"or forces
caused by safety and relief valve actuation can not be prevented. As an

example turbine stop valves close in approximately 0.1 to 0.2 seconds.

The forces generated by these loads should be considered in determining
the design basis for the piping, its support system and other components
such as valves. The inclusion of these loads in the design basis for
piping is required by NUREG-0737, ASME B&V Code Section III and ANSI -

' - 831.1 (references 2, 3, and 4).

3.5.7 Ooerating and Maintenance Procedures
. _ . _

Many of the water hammer events were reported as having been caused by
procedures. Additionally, other events may have been avoided had different
procedures been available. This is to be expected since all operator

actions are controlled by procedures. Therefore, it is essential that

procedures be correct and complete.
,

Certain good practices that aid in preventing water hammer, such as
gradual line warmup, controlled valve opening, draining and venting, are
usually covered by procedures. However, discussions with procedure
writers and approvers indicate that the potential for water hammer is
generally not considered in procedure writing or review. It was also
learned from these discussions that piping drawings such as isometrics
that show relative piping and component elevations are not used in the
writing of procedures or work instructions.

3-13
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It is recommended that operating and maintenance procedures for systems
in which safety-related water hammers can occur be reviewed for their
effect on water hammer occurrence. Additionally, it is suggested that
the relative elevations of system lines and components be considered in
the writing or operating and maintenance procedures. Isometric piping
drawings, sufficiently scaled to show relative elevations, would be
useful in writing procedures and performing maintenance. It is suggested
that the isometric drawings be available to operating and maintenance
personnel as part of the system procedure package.

<

3.5.8 Line Sloping
_ _ _ _ .

A few events have been caused by the inability to properly vent or drain
a line due to the location of hig'h and low points. These conditions,
however, are detected early, generally during plant startup. To prevent
such incidents it is suggested that the design of lines be reviewed for
proper slope, and the location of high and low points in both hot and
cold conditions. A similar as-built review of the lines should be

C performed during startup and any necessary adjustments or modifications
to the lines and their supports be made. Line isometric drawings should
be updated to reflect as-built conditions.

.

|

|

1
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TABLE 3-1

PWR CATEGORY I EVENTS
.___ ._

Total Category I events 40
1

o Safety-related water hammer events 25

o Not safety-related water hammer events:

Relief valve reaction forces 4- -

Steam hammer, not safety-related 3
-

Water hammers, not safety-related 1-

Neither water hammers nor safety-related 5' -

Switch open relief valve _2
-

15
.

.

.

l Includes three events that are of low safety significance and may not
have been water hammer.

L
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TABLE 3-2

PWR SAFETY-RELATED WATER HAMMERS ___.

Total 25

Feedwater System 13

o FCV related 9

o Other and unknown 4
<

Main Steam 1

Auxiliary Feedwater Turbine 1
1 '

5 team Generator Blowdown 1
2Chemical volume control 2

Residual heat removal 1

ECCS (Safety Injection) 4

Cooling Water 2

<

,

'

,

%

1Event of low safety significance
2Events probably not water hammer and low safety
significance
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TABLE 3-3

BWR Category I Events
_.

Total BWR Category I Events 82

o Safety-related unplanned water hammer events 72

o Nonsafety-related water hammer events:

Relief valve discharge force 1-

Steam hammer bounded by design case 2-

'

Pump Cavitation 1-

Not safety-related _6
-

10 ,

.

e

,

|

|
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4.0 BWR SYSTEM EVALUATIONS

This section contains evaluations of BWR plant system water hammer
occurrences. Separate evaluations are provided for each system and are
based upon events reported in reference 1. In addition to the information
contained in reference 1, Licensing Event Reports (LERs), typical system
P& ids, physical drawings, system descriptions and operating instructions,
and the design licensing and operating experience of the authors have
been utilized in performing the evaluations and developing recommendations.

'

The evaluations of the safety significance of the systems were based on
the following factors:

o System redundancy,

o System operability requirements,
o Effects of a system failure on safe shutdown and the integrity of

the reactor coolant and containment boundary, and
o Ability to inspect the system.

Recommendations specific to the system being evaluated are presented in
each evaluation. Generic recommendations that affect all systems such
as those concerned with operator training and procedure writing are
presented in section 3.5. The recommendations presented in these evaluations

,

are not necesserily intended to be regulatory requirements but rather
aids in preventing and mitigating water hamraers. Recommendations deemed

significant enough to be regulatory requirments are listed in section 6.3.

!

4.1 Core Spray System
_ ___ ._

4.1.1 Svstem Description
___ . _ _ _ _ _ _ _ _ _

The core spray system is an ECCS system designed to remove decay heat

from the core following a postulated design basis LOCA. The core sprayI

system, in conjuction with the automatic'depressurization system, is
| capable of cooling the core independently of any other core cooling

| system.
|
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The core spray system consists of one or two independent loops. Each

full capacity loop includes, one or two pumps, piping and valves that
convey water from the suppression pool to a spray sparger in the reactor
vessel above tre core and associated controls and instrumentation. A

low flow bypass line is provided for pump protection.

A full-flow test line allows water to be circulated to the suppression
'

pool for system testing during normal plant operation.

One testable check valve and one motor operated valve in each loop
isolate the core spray system from the reator coolant boundary during
normal plant operation. Most core spray systems have a keep full system
and venting provisions to assure that the pump discharge line is always
full of water. The keep full system generally consists of a continuously
running low flow " jockey" pump that supplies water to the core spray
pump discharge line. The venting system generally consists of manually
operated valves that vent the discharge line high points.

4.1.2 Water Hammer Evaluation
__ _

4.1.2.1 Event Review
_ _ _ _

Table 4.1-1 lists the core spray water hammer events reported in reference 1.

The cause listed for most (nine of ten) is flow into a voided line. The

other event (steam-bubble collapse) would be initiated by similiar
conditions as will be discussed later. However, it should be noted when
using this data for cause evaluation that only five of the ten events
were observed. The previous occurrence of a water hammer was surmised

for the other five . events on the basis of observed damage.

! 4.1.2.2 Causes of Water Hammer
_ _. _ _ _ _ _ _ _ _ ._

i The following mechanisms can initiate a water hammer event in a system
without proper keep fill operation or . venting:

l
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a. Flow into voided core spray oumo discharge line - The relative.
_ _ _

elevations and valving arrangement can cause voiding of lines due
to normal system leakage over a period of time. Draining can occur
because the high point of the pump discharge lines are usually
60 to 90 feet above the suppression pool. The pump suction valves
must remain open to minimize equipment operation following a core
spray actuation signal. Thus, water can drain back to the pool
either through a leaking pump discharge check valve or leaking or
inadvertently open valves in the bypass test line. The resulting

- voids may approach vacuum conditions, containing small amounts of
*

gas and water vapor. In this case, there is practically no cushioning
effect due to air compression. Thus, large water hammer pulses
following pump start can be generated when water is stopped by a
closed or partially closed valve.

A properly sized keep fill system, that is continously in operation,
will replace the drained water and prevent vacuum conditions from
occurring.

.

Voids containing either air or steam, however, can be introduced
into the piping through many means. This is especially true during
shutdown or maintenance periods. Voids will not be eliminated by-

the use of a keep full system alone, but must be removed by venting.
Water hammer can occur when a slug of water is accelerated through

I a void and suddenly stopped even if the void consists of compressed
gas or steam.

! b. Leakage oast core soray check valve and infection valve - Hot water

from the reactor can leak into the core spray pump discharge line,
then flash into steam, creating a steam void. When the puip starts,

j the steam-bubble collapses, causing a water hammer in the discharge
line. Plants having a keep fill system probably will not experience
this kind of incident, as the incoming water will condense the
water as it flashes, thereby preventing the formation of a steam
bubble. However, if the leak causes the sum of the line pressure
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and elevation head to become greater then the jockey pump discharge
pressure, the pump will not provide water to $he ?;ne. Systems

with high pressure alarms provide, the operator with a warning of
this situation. Also valve leakage can cause a steam bubble to
occur downstream of an isolation valve. This portion of the piping
is generally not serviced by the keep fill system.

4.1.3 Safety Sionificance
_ _ _ . . -

The core spray system has a high safety significance because it is an
ECCS system and is connected to the reactor coolant boundary. For most
postulated accidents ECCS redundancy is provided by the HPCI (HPCS)

system and the LPCI systems. There are, however, some postulated accidents,
,

which in combinati06 with a single active component failure, would
require the use of the core spray system. Several water hammer incidents
rendered the core spray system inoperative.

The connection to.the reactor coolant boundary would only be of significance
during an incident when the isolation valve outside of containment was -

open, because the closed isolation valve and the flued head restraint at

the containment would prevent the transmission of the water hammer

forces to the line inside containment. However, failure of the line2

outside of containment in combination with a leaking or failed check
valve would violate the integrity of the reactor coolant pressure boundary.
Water hammer events reported in the core spray system have not had

| sufficient energy to damage piping. Based on the above discussion, the
| safety significance of the core spray system connection to the reactor

coolant boundary is small.

4.1.4 Recommendations for Prevention and Mitigation _ _ . . . _ . - . _ _ _ _ _ _ _

4.1.4.1 Desian Phase ..

a. All core spray systems should be provided with keep fill system,
; preferably a jockey pump, that is continuously operating. This is

currently standard for most plants.
I
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b. A vent system should be provided that vents all portions of the
'

piping between the pump discharge and the RCP boundary. All venting
should be at the line high point. Any portion of piping that is

isolated from the system high point by a valve should have a separate
vent point.

W'

c. The vent system should either be automatic, remotely operated or
designed and located in a manner to maximize the ease of line
venting.

( *

d. A monitoring / alarm system should be provided to detect voids.

e. The system should be considered inoperable when voids are present
,

in the piping. ci

f. A thorough design review should be made that identifies all portions
of piping in which voids or steam bubbles can form under any operating
condition. The operating conditions reviewed should include valve-

alignments that might occur during maintenance or through operator
error.

- 4.1.4.2 Operational Phase
._ _ _ _ _ _ _ _ .

a. Valves should be leak checked at every fueling outage. When projected
valve leakage is deemed to be large with respect to the keep fill

,

system or void formation, repairs or replacements should be made.

b. Any time the system is to be maintained or aligned in a manner not
covered by existing procedures, an evaluation of water hammer and

,

venting requirements should be made. .
,

.

?-
; u.

.
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4.2 Evaluation of the RHR System (BWR)
_. _

4.2.1 System ')escription

The combined RHR system is a group of related subsystems that share

.

common components to perform separate functions at different times
during normal plant operation, shutdown, and following postulated
accidents. The primary system function is to remove heat from the fuel
and the Nuclear Steam Supply System (NSSS) during plant shutdown and
refueling operations, and following a postulated loss of coolant accident

I (LOCA). The system consists of two or more heat exchangers and three or
more pumps, depending on plant size, and required piping, valves, and
controls. The components are arranged in three separate subsystems,

' located in the plant's lower elevations, that circulate the coolant
water between the fuel, NSSS, suppression pool and the heat exchangers.
The most severe system temperature and pressure operating conditions are
150 psia and 350*F, which occur during the plant shutdown cooling and
steam condensing modes.

-
. . .

4.2.1.1 Operatina Modes
_ _

The system has seven principal operating modes, plus a test mode, which
are described below.,

4.2.1.1.1 Shutdown Coolinc __

This function of the RHR system removes decay and sensible heat from the
nuclear boiler system after reactor shutdown. When reactor pressure is
reduced to approximately 150 psia, an interlock allows the operator to
realign the RHR pumps, to pump water from one of the reactor recirculation

'

loops, through the RHR Heat Exchanger (Hx) for cooling, and return it to

the reactor vessel through the recirculation lines,the feedwater systems
'

or vessel penetrations.

4.2.1.1.2 Reactor Vessel Head Spray

( This subsystem is an extension of the RHR shutdown cooling mode. During

reactor cooldown, water is pumped from the reactor recirculation system
through the RHR Heat Exchangers (Hx) and cooled. The water is then
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sprayed inside the top of the reactor vessel head and condenses the
_

steam that forms there during cooldown. This action expedites the
cooling of the vessel head and helps to lower temperature induced
stresses.

'

4.2.1.1.3 Containment Spray
__

This mode of RHR operation condenses steam and removes heat from the

containment to prevent overpressuring the containment. After operator
actuation, suppression pool water is pumped through the RHR Hx's by the,

RHR pumps to either or both of the independent containment spray piping
headers, which are installed in an elevated section of the containment.

4.2.1.1.4 Low Pressure Coolant Injection (LPCI)

This subsystem is part of the Emergency Core Cooling System (ECCS)
network, and in conjunction with the HPCS, LPCS, and ADS systems, will
restore and maintain the reactor vessel water level required for core
cooling following a loss of coolant accident. When the reactor vessel,

'

pressure reaches the low pr' essure setpoint value, the RHR pumps auto-

matically pump water from the suppression pool directly into the vessel.
One pump is a spare. The RHR system is aligned in the LPCI configuration
during normal plant power operation.

4.2.1.1.5 Fuel Pool Cooling
-_.. . . _

This mode of the RHR system supplements the regular fuel pool cooling
system when it is necessary to provide additional cooling capability,
such as when a complete core is unloaded and stored in the fuel pool.
Generally, removable piping spools are installed to connect the two
systems. Water from the fuel pool is pumped through the RHR Hx by the

t RHR pumps, cooled, and then returned to the fuel pool.
.

4.2.1.1.6 Steam condensing

This RHR system mode is operator actuated, and is used when the reactor
L coolant system is isolated from the main condenser. It may be used in

conjunction with operation of the RCIC system, to remove decay heat from
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the reactor. Steam is drawn from the main steam line, reduced in pressure
and directed to the shell side of the RHR Hx where it is condensed by
cooling water. The condensate flows to the suction side of the RCIC
pump, which returns it to the reactor vessel or to the suppression pool.
Noncondensibles are vented to the suppression pool.

,

4.2.1.1.7 Suppression Pool Cooling
.__ ____

This operator actuated mode of the RHR system ensures that the suppression
pool temperature does not exceed a predetermined limit after heat from
the reactor has been transferred into the pool. The heat transfer could
be from a LOCA, an SRV discharge, or exhaust from the HPCI or RCIC
turbines. Suppression pool water is pumped through the RHR Hx by the
RHR pumps, where it is ccoled and returned to the suppression pool.

-

4.2.1.1.8 Isolation Condenser _ _ _ . _

The isolation condenser system, which is a design feature ic:luded only
in older BWR plants, has been removed from the evaluation of the RHR

,

" system. The isolation condenser has different design and operational
requirements than the RHR system and is not connected to it. Therefore,

the isolation condenser will be evaluated separately in section 4.3.

4.2.1.2 System Interfaces
_ _ _ _ _ _ .

The subsystems interface primarily with each other; however, there are
system connections to the reactor vessel, the NSSS, the feedwater system,
the fuel pool cooling system and to the RCIC system. The RHR steam

condensing mode, using the system heat exchangers, interfaces with the
RHR pumped water subsystems. See figure 4-1 for typical steam and water

|
interfaces. The steam-water interface during all power operation modes

| except steam condensing occurs at valves -13 and -6 on figure 4-1.
,

During the steam condensing mode the interface is at valve -7.
<

i

-
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4.2.2 Water Hammer Evaluation

4.2.2.1 Event Review
_. _

Three types of recorded water hammer events have been noted in the RHR

system, namely, " Flow Into Voided Lines" (FIVL), " Steam Bubble Collapse",

(SBC), and " Steam Water Entrainment" (SWE).

a. The most common type of recorded event is FIVL (12 of 24), which
.

occurs primarily at high point locations in the piping of pumped,

water systems. FIVL events result from poor venting and filling
practices and procedures; eleven of the twelve events occurred
because of venting or filling problems, or both. The cause of the
twelfth event was unknown. Voiding of the lines occurs primarily
due to leakage of water from the system.

BWR event item 42 is an example. Following an RHR pump start, flow
in the fuel pool cooling line, entered a pipe section not completely

C full of water, causing'a FIVL event. Pipe supports were damaged

and a piping section was overstressed. Procedural deficiencies
such as indadeqt. ate operating instructions and test procedures, and
an installation that did not ensure proper venting were the causes

'C of the event. The operator was unaware of the void when the pump

was started.

The installation of keep fill systems in almost all BWR plants has
C reduced the incidence of FIVL events, but some still occur.

b. The second most commonly recorded RHR system water hammer type is

SBC (7 of 24). SBC can occur at steam water' interfaces such as the
C junction of the RHR steam condensing and shutdown cooling lines, or

where a pressure drop could cause hot water to flash such as in the
RHR pump suction lines.

t
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BWR event item 33 is an example of the latter case. The plant was
near shutdown conditions and RHR surveillance testing was in progress.
The reactor side of the RHR Hx is normally kept in wet layup. Over
a two-month period the "B" Hx had partially drained due to valve
leakage (see figure 4-2). After the. pump suction valves were
opened (2A, B, C), a steam bubble was formed in the pump suction
header when the pressure of the hot fluid entering the partially
voided "B" Hx was reduced. The operator was unaware of the steam
bubble, the opening of valve 1A pressurized the suction header and
the steam bubble collapsed, causing a water hammer.

When handling water at or close to saturation, any appreciable
pressure drop can cause flashing, as happened in event 33. Sub-

sequent pressurization will cause a SBC unless valves are opened,

very slowly, or a small bypass around the valve is used. Venting

of the steam bubble would have also eliminated the event or reduced
its severity.

,

-

c. The third type of recorded water hammer is SWE. Two SWE events
occurred in the RHR Hx steam condensing inlet line during warmup'of
the HPCI steam line, which shares portions of piping with the RHR

'

steam line. (BWR event 50). A gradual steam line warmup, slowp
HPCI valve opening and inspection of steam line drains could have
prevented the event.

For a compilation of RHR system events and causes, see table 4.2-1.

4.2.2.2 Water Hammer Causes _ __

The specific causes of the 24 cz'.egory I water hammer events in the RHR
system have been separated into two classifications; those that occur ins

,

subsystems where water is pumped, and those that occur in steam condensing
subsystems.

s
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a. Pumped Water Subsystems
__ _

In the RHR, Head Spray, Containment Spray, LPCI, Fuel Pool Cooling
and Shutdown Cooling subsystems, twelve of the sixteen events
involved flow into a voided line (FIVL), two resulted from steam
bubble collapse (SBC), and two were from unknown causes. Eleven of

'

the twelve FIVL events resulted from poor venting and filling
j practices. One of the two SBC events was caused by the collapse of

steam that flashed when hot water entered an RHR Hx that had become
voided because of valve leakage.

One SBC event was caused by steam leakage into the water side of
the RHR steam condensing / suppression pool cooling interface. For
example, it is possible for a water hammer to occur on RHR pump

C start (see figure 4-1) when initiating suppression pool cooling.t

| Isolation valve (-5) and vent valve (-13) can be leaking steam and
bubbles could be formed and entrained at the junction of the RHR

iC steam condensing and suppression pool cooling line near valve (-7)..

The pressurization induced on RHR pump start could collapse the
steam bubbles and result in a water hammer.

b. Steam Condensing Subsystems
. _ . _ _ _ _ _ _ _ _ _ _ .

! In the RHR steam condensing subsystem, six of the eight events (14,
1

| 15, 16, 17, 20, 25) involved SBC and two (41, 50) were caused by
steam water entrainment (SWE). The six SGT events occurred at the

| Brunswick plants, and were caused by steam leakage through valves
into the RHR Hx steam inlet piping and the subsequent steam bubble
collapse when water was admitted to the line. Five of the six SBC
events occurred at the Brunswick 1 plant. The events occurred over
a period of fourteea months, and were indicative of unsatisfactory
maintenance and operating procedures. None of the events occurred

j during the steam condensing mode.
|

. The two SWE events were caused by condensed steam that entered the

RHR steam inlet piping, during the HPCI steam supply line warmup of
the common piping.

|
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For the overall RHR system, eleven of the twelve FIVL events and
'

six of the eight SBC and SWE events resulted from poor procedures
or operator error or both. Additional causes (more than one for
some events) were lack of venting, incomplete inspection, the need
for a keep fill system, and system leaks primarily through valves.

'

In only two events was inadequate design cited as a cause. All of
the above reported causes, except those caused by the need for a
keep fill system, involved plant operators and maintenance people.
o The implications of equipment malfunctions and maintenance

related failures of components such as shutoff valves, steam
traps, and check valves, are not fully considered as part of
the causes of water hammer events by designers and plant
operators. For example, in eight of th'e 24 RHR system events,
valve leakage in water and steam systems was a major cause of
the event.

|

Venting, filling, and draining of piping were not sufficiently
: considered in plant procedures prior to subsystem operation,

particularly during testing and sytem startup operations. In
15 of the 24 RHR system water hammer events, inadequate venting
and/or filling was stated as a contributing cause.

.

System components have been used in an unintended manner. For

example, using gate valves for throttling flow results in
valve damage and subsequent leakage. A review of operator
practices indicates that this is a common occurrence in pumped
water systems, such as the RHR, when throttling valves are not
supplied in the proper system locations.

i - Procedures and procedural controls do not fully include consideration
of the causes and effects of water hammer. In 16 of the 24 RHR
system water hammer events, procedures and procedural controls were
stated as a cause of the event.

! -
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4.2.3 Safety Sionificance
. .__ _

Evaluations of the safety significance attached to the water hammer
events for each of the RHR subsystems are presented below. Each subsystem

has been categorized as having either a high, medium, or low safety
significance.,

4.2.3.1 RHR - Head Soray: Medium
_ _ _ _ _ _ . _ _ _ _ _ _ _ .

The subsystem is nonsafety related. It is operator actuated, and is
: used only during plant shutdown to condense steam inside the RPV head.

Subsystem failure would result in a longer, slower RPV cooldown; however,
in an extreme case it could threaten the integrity of the primary coolant
pressure boundary. Inspection can be done only during plant shutdown.

; The single head spray subsystem event item 46 caused a crack in the
piping, disabling the subsystem.

4.2.3.2 RHR - Containment Spray: Medium
._

i The system is nonsafety related in some BWR flants, and safety-related -

in others. It is operator initiated and used as a backup to pressure
l suppression in a pressure suppression type of containment. In dry

containments it is used to reduce post-accident pressure. If the system
is safety-related, there are two redundant containment spray subsystems,

| either of which can accomplish the system objective. The systems can

only be inspected during reactor shutdown, and are tested during surveillance
testing. There were four containment spray system water hammer events (37,
48, 49, 75, all FIVL). One event, No. 75, disabled one of the two
subsystems, leaving one operable.

4.2.3.3 RHR-LPCI: High
_ _ _ _ _ _ _ _ _ _ _

'

The system is safety-related and is automatically actuated as part of-

the ECCS. There are three separate LPCI subsystems, two of which can
accomplish the system objective. Failure of one subsystem due to a
water hammer would cause loss of system redundancy but still permit

|
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system function. A large water hammer could threaten the integrity of
'

the reactor coolant boundary or primary containment penetrations. The

single water hammer event did not cause piping damage.

The system can be inspected during operation, and is tested during
f surveillance testing. The single system event, No. 53, caused damage to

p'pe supports and moved some piping but was not severe enough to damage
piping. The system remained operable.

C 4.2.3.4 RHR - Fuel Pool Cooling: Low .__f__ _. . . . _ _ . _ _ .

The system is nonsafety-related. It is operator initiated, and is used

only during plant shutdown as a backup to the Fuel Pool Cooling System
whenever extra cooling capacity is needed. If the system fails to

operate, there are other cooling means which can be used. Inspection
and testing can be done at any time.

There were three system water hammer events (42, 76 45). Followirig two
C events radiographic inspection of the piping was performed. In the

third event a valve was damaged. In all cases the system remained
operable.

|0 4.2.3.5 RHR - Shutdown Cooling: Medium
___. _ ___

The system is safety-related. It is operator initiated, and is used for

low pressure reacter heat removal. The system has spare capacity available
G

, which could be used in any made if one of the subsystems failed to
j operate or was disabled. In the shutdown cooling mode, the system is
'

connected to the reactor co.olant boundary and attached to the primary
containment. A severe water hammer event could threaten the integrity

, of those boundaries. No events have been severe enough to damage either
'

boundary. The system is inspected during operation and is tested during
surveillance testing. There were seven system water hammer events, one
of which, No. 33, caused damage to a pump suction valve, putting the
valve out of service. An alternate suction line was available.

4-14
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4.2.3.6 RHR - Steam Condensing: Medium
,

The system is nonsafety-related. It is operator initiated, and is
designed to be used when the reactor is on hot standby or being shut
down and is isolated from the condenser. The system has two 50% capacity
loops. Failure of one-half of the system could cause a slowdown in,

cooling the NSSS, or require reactor blowdoisn to the suppression pool.
The system is inspected during plant operation and tested during surveillance
testing. There were eight water hammer events that involved this system.

', None of the events occurred while the system was in the steam condensing
mode. One of the events, No. 41, caused a possible Hx inlet piping
overstress condition. In all cases the system was returned to service.

4.2.3.7 RHR - Suppression Pool Cooling: High
.

The system is safety-related and is part of the ECCS. It is operator

actuated, following a postulated accident for long term cooling of the
suppression pool, using the RHR pumps and heat exchangers. The system

, is used to keep the pool water below the technical specification limit
of 170*F, during plant operation, after SRV discharge or during steam
exhaust from HPCI or RCIC system operation. There are two separate
loops, either of which can achieve the system objective if the other
were disabled by a water hammer event. The two loops will be used,

alternatively during the long term cooling process. The system is
connected to the primary pressure boundary and to containment penetra-
tions. An extreme water hammer event, could threaten the integrity of
those boundaries. The system is inspected and tested during plant

'

operation. No water hammer events were noted during this mode of RHR
operation.

4.2.4 Recommendations for Prevention and Mitigation
0

4.2.4.1 Design Phase

All liquid filled lines should be provided with a keep fill system,a.
.
'

preferably a jockey pump that is continuously operating. This is
currently standard for most plants.
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b. A vent system should be provided that vents all portions of the
liquid filled piping between the pump discharge and the RCP boundary.
All venting should be at the line high point. Any portion of
piping that is isolated from the system high point by a valve
should have a separate vent point.

-

The vent system should either be automatic, remotely operated orc.

designed and located in a manner to maximize the ease of line
venting.

d. A monitoring / alarm system should be provided te detect voids.

The system should be considered inoperable when voids are presente.
' in the piping.

f. A thorough design review should be made that identifies all portions
of piping in which voids or steam bubbles can form under any operating

c condition. The operating conditions reviewed should include valve
alignments that might occur during maintenance or through operator
error.

g. Where compatible with the system design, provide slow closing and
opening flow regulating valves in manually started pumped water
systems, instead of gate valves, for throttling service.

h. Establish a leak reduction maintenance program for all system,

valves in the discharge lines of the LPCI, containment spray and
head spray subsystems, where experience indicates water hammer
events are likely to occur.

|r -- . __

i. Special filling and venting procedures should be used following
maintenance outages that empty portions of the piping.

.

'
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4.3 Evaluation of the Isolation Condenser System (BWR)
,

4.3.1 System Description

The isolation condenser system removes decay heat from the reactor core

when the main condenser is not available. The isolation condenser,
located outside containment, consists of two tube bundles immersed in a

large water tank. Make-up water is available from the condensate storage
tank or station firemain storage tanks, pumped by either condensate!

transfer or fire pumps.,

The isolation condenser system is included only in the earlier BWR
plants; those with dry containment, and a few of the first pressure
suppression containment designs. Plants using isolation condensers are,

~

no longer being designed or constructed.

When the isolation condenser is in operation, steam flows from the

reactor, through the t.ubes of the condenser. After condensing it returns
>

by gravity to the reactor. The isolation condenser is located high in -

the reactor building to facilitate natural circulation. The valves on
the steam inlet lines are normally open so that the tube bundles are at

: reactor pressure. The isolation condenser is placed in operation by
opening the closed condensate return valves to the reactor system. This
is done automatically by a high reactor pressure signal or it can be '

done manually. During operation, the water on the shell side of the
condensers will boil and vent to the atmosphere while condensing the
steam inside the tube bundles.

Radiation monitors and alarms are provided on the shell vents so that in

the event of abnormal radiation levels, the tube side of the heat exchangers
C can be. isolated from the reactor by closing isolation valves. Two

l
l isolation valves.are provided in the lines connecting the isolation

condenser and the reactor. One of the isolation valves is located
inside the primary containment, and the other is located outside.

s

(

I
,
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The system interfaces with the nuclear steam supply system through
connections to the reactor recirculation piping and to the reactor

_
_

vessel.

4.3.2 Water Hammer Evaluation
,

4.3.2.1 Event Review

Steam water entrainment (SWE) was the single type of water hammer event
(4 of 4) that occurred in the system. There was some conjecture that
Steam bubble collapse (SBC) may have also taken place in the tank water
caused by the rupture of tubes in the condenser at the same time in one

event (55).
,

In three events (55, 56, 58) water entered the steam inlet line ando

impacted the piping and condenser after transient reactor high
water level caused water carryover into the steam line to the
condenser.

o In one event (62), during system start, the lack of venting and
,

improper drainage caused condensed steam to initiate a water hammer.

For a list of isolation condenser events and causes see table 4.3-1.

4.3.2.2 Water Hammer Causes

Of the four water hammer events occurring in the Isolation Condenser
Systems (all SWE), two occurred during plant power operation (55, 62) and
two during plant shutdown (56, 58).

.

In three of the events (55, 56, 58) a reactor high water level transient
caused water carryover to enter the steam inlet line.

f
'

Based on the reported events, the system is susceptible to water hammers
caused by transient reactor high water level during isolation condenser
operation. For example, in event 58, reactor normal water level had
been maximized in accordance with TMI experience and requirements.

,
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Following a scram, when the system was actuated, slugs of water entered
the steam inlet piping and caused the event. As a result, instructions

directing operators to maximize water level were revised.

Event 55 may have been a hydraulic transient caused by a stress corrosion
'

induced condenser tube failure rather than a water hammer. However, a
surge in reactor water level caused water to enter the isolation condenser
inlet line. Damage was noted in both the condenser and its inlet,line.

Three events 55, 56, and 58 all involved water entering the isolation
condenser and occurred at one plant (Millstone 1) over a period of
almost four years. No other plants have reported isolation condenser

| iricidents. This indicates that there is a need for Millstone 1 to
review their operating procedures with respect to isolation condenser
operation and high reactor water levels. It should be noted that except
for the damage caused by the tube rupture in event 55 which was attributed
to stress corrosion, no damage was noted in an isolation condenser

(; event. The only design related event 62 occurred-during power testing.
The design faults were corrected and the system has run for twelve years
without accident.

The isolation condenser system is highly susceptibile to hydraulic
transients. The system undergoes a series of mild hydraulic transients
each time it is operated. Actuation of the system during high water
level in the reactor vessel (above the isolation condenser steam supply

, connection) will result in a slug of water entering the steam filled
piping causing momentum, impingment and water hammer forces impacting

elbows and the condenser tube sheet. These forces can be more severe
for an automatic actuation than for a manual one, because the rate of
valve opening is not controlled during automatic initiation. If condenser,(

tubes are weakened from stress corrosion, they can rupture, allowing a
large steam bubble to form in the water side. The bubble collapses and
forms again. This " chugging" can cause large vibrations and noise in
the tank.

.

6
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4.3.3 Safety Significance - Medium

The isolation condenser system is often safety-related. It tarves as a
replacement heat sink for the main condenser for decay heat removal
after reactor scram. For wet containment plants this system can be
replaced by reactor blowdown to the suppression pool and the RHR system
cooling (all reported events were in wet containment plants). The

system is connected to the reactor coolant pressure boundary and penetrates
the containment. The RCP boundary and penetrations could be threatened
by a severe water hammer. However, none of the water hammers damaged
piping.

4.3.4 Recommendations for Prevention and Mitigation

4.3.4.1 Design Phase

No recommendations, since isolation condensers are no longer being
considered for use.

4.3.4.2 Operational Phase

Check cold to hot movements of plant components, particularlya.

piping and supports. Adjust supports as needed to reduce vibration
,

and eliminate low spots in drain lines.

b. Procedures should be reviewed with respect to isolation condenser
operation and high water levels.

4.4 Evaluation of High Pressure Coolant Injection (HPCI) System

4.4.1 System Description
_

The HPCI system consists of a steam turbine driven pump along with
j appropriate piping, valves, and controls and is part of the ECCS. It is

designed to remove heat from the reactor following a postulated loss-of-
coolant accident (LOCA) which does not rapidly depressurize the reactor.

'

The HPCI system operates until the reactor pressure is below the pressurec

1
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at which either LPCI or the Core Spray system can maintain core cooling.
If HPCI is unavailable, the Auto Depressurization system in conjunction

~
'

with Core Spray or LPCI can provide the required core cooling.

4.4.1.1 Steam Turbine and Steam Lines
.

Steam, drawn from upstream of the main steam line isolation valves,

drives the HPCI turbine. The two isolation valves in the steam line to
the HPCI turbine are normally open to keep piping to the turbine at
elevated temperatures and to permit rapid startup of the HPCI system.

To prevent the HPCI system supply line from filling with water, a condensate
drain pot is provided upstream of the HPCI turbine stop valve. The

l

I'
drain pot normally routes condensate to the main condenser through an -- -

orificed line. The drain pot contains a level switch. A drain pot high
level signal opens a bypass line to reduce the drain pot level and
actuates an alarm.

Exhaust steam from the HPCI turbine is discharged to the suppression
pool. The turbine exhaust line contains check valves to prevent.back-

flow from the suppression pool. A drain pot at the low point in the
exhaust line collects condensate which is discharged to a barometric
condenser or the suppression pool.

4.4.1.2 Pumo and Pumo Discharge Lines

| The HPCI system pumps water from either the condensate storage tank
| (normal alignment) or the suppression pool to a feedwater line in the

steam tunnel. A minimum flow bypass to the suppression pool, is provided
|- _ for pump protection. A system test line recirculates the pump discharge --~

to the condensate storage tank during system testing.
,

_ . . . _ _ _ _ -

The pump discharge line is provided with a vent system' consisting of
manually operated valves that vent the discharge line high points. Some

of the HPCI systems are provided with a keep fill system that generally
consists of a continuously running low flow " jockey" pump that supplies

| water to the pump discharge line to compensate for line leakage.

4-21
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In BWR 5 and 6 plants, the steam turbine driven HPCI system has been
replaced with an electric motor driven HPCS system. Thus, water hammer

incidents associated with steam lines can not occur in these plants.

4.4.2 Evaluation of Water Hammer Events _

4.4.2.1 Event Review

| Table 4.4-1 presents a summary of HPCI system water hammer events reported
in reference 1. The cause listed for most events (twelve of twenty) is
steam-water entrainment. The other events were caused by steam-bubble
collapse (four) and flow into-voided-line (three), and unknown (one).
When using these data for cause evaluation, it should be noted that
water hammer was actually observed in only ten out of nineteen cases.
The previous occurrence of water hammer was surmised for the other

events on the basis of observed damage.

4.4.2.2 Causes of Water Hammer

Possible mechanisms of observed water hammer occurrences are discussed
below.

4.4.2.2.1 HPCI Turbine Steam Sucoly Line Water Entrainment

During normal reactor operation, both the inboard and outboard isolation
valves are kept open to maintain steam in the line up to the closed stop_

_

valve at the turbine. The drain pot located upstream of the turbine
stop valve routes condensed steam to the main condenser through the
outlet steam trap. When a high drain pot level occurs, the steam trap
bypass valve is automatically opened by a level switch. During HPCI

turbine operation, the drain pot valve remains closed.

a. Failure of Steam Supoly Line Drain System
| The drain pot can fail to drain through the outlet steam trap

because of plugging of the steam trap orifice. If the drain pot

high level switch fails to open the steam trap bypass valve, water
will accumulate in the drain pot and steam line. Under these

4-22
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conditions, initiation of steam flow can cause a steam water entrain-
ment water hammer. During' normal HPCI standby conditions, the
drain pot will be nearly empty. The level switch and bypass valve
are rarely cycled. Such infrequent usage is conducive to the level
switch or valve sticking. If the level switch is inoperative, a - - - -

high water level can occur in the drain pot without any indication
to the operator. Events 9, 10, 12, 68, and 69 are covered by-this-
scenario.

:

~
b. Sequence of Isolation Valve Operation

There are no provisions for draining the steam line upstream of the
outboard isolation valve. Therefore, if an isolation valve is

closed, water will accumulate in the line upstream of the valve.
Normally, the outboard valve is opened; then the inboard isolation
valve is opened slowly for gradual admission of steam. The outboard

isolation valve has a seal-in feature that causes the valve to open
or close fully; thus the valve cannot be opened gradually. When

^
the outboard valve is opened, with the inboard valve fully orien,
the steam flow rate builds up rapidly. Entrained liquid in the
line flows rapidly through the line and is suddenly stopped at th:
first obstacle (the turbine stop valve) and large water hammer

| forces are generated capable of causing significant damage. Events 8,
30, 40, and 51 are covered by this scenario.

4.4.2.2.2 HPCI Turbine Exhaust Line

The turbine steam exhausts into the suppression pool after passing
through two check valves, one located outside the drywell in a horizontal
piping run inside the containment boundary and the other located inside
the drywell in a vertical piping run. A drain pot at the low point in

'
the exhaust line upstream of the check valves collects condensate which

is discharged to a barometric condenser or the suppression pool through
~

a drain pot valve. A level switch automatically opens the drain pot
valve on high level.

.
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a. Failure of Steam Exhaust Line Drain System
'

If the level switch fails to open the drain pot valve on high
level, condensed steam will accumulate in the exhaust line. Under
such a circumstance, the flow of steam will move this accumulated
water, thereby causing a water hammer. This event is less severe

f than a similar one in the steam supply line, because the exhaust

( pipe ends in the suppression pool which has a free surface. Event 24
is covered by this scenario.

f b. Rapid Steam Condensation

After turbine shutdown, rapid steam condensation in the exhaust
'

line, can create a vacuum condition,. drawing a water slug from the
suppression pool into the exhaust line. The water slug, traveling
at a high velocity, impacts the check valve disc resulting in ar

fast valve closure that can cause a water hammer. The resulting
pressure differential can cause a rupture of the turbine exhaust
rupture disc. The short operational periods during testing (less

( than two minutes) are particularly conducive to condensation,
because the. turbine housing and exhaust line inside walls remain
cool and provide a subcooled condensing surface for the stagnant
steam remaining in the pipe and turbine after shutdown. Events 7,

( 11, 61, and 81 are covered by this scenario,

c. Water Entrainment
| The vacuum conditions, discussed in b above, can cause a slug of

c water to be trapped between the line check valves. On a subsequent

turbine start, the water slug entrained between the two check
valves can be propelled past the 90 degree elbow in the exhaust
line to impact the suppression pool water ints. face causing a water

( hammer and reaction forces at the piping elbows. Event 2 appears

to be covered by this scenario.
.

M

|
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4.4.2.2.3 HPCI Turbine Gland Seal Condenser Steam Inlet Line,
. - - . . . . - . - . .

The labyrinth seal steam from either end of the turbine exhausts into a
line which drains into the gland seal condenser feed line. The turbine
gland seal leak-off drain pot drains both the feed line condensate and
the turbine lower casing drains to the suppression pool through a
thermostatic trap. If the drain has a high level, an air operated valve
automatically opens and drains the pot to the gland seal condenser.

t

Failure of the turbine gland seal leak off drain pot to remove all the(
water in the line can result in accumulation of liquid in the gland seal
condenser inlet line. Subsequent opening of the isolation valve can
result in rapid condensation of steam in the line resulting in water
hammer. Event 82 is covered by this scenario.

4.4.2.2.4 Pump Discharge Line

In some plants, the relative elevations and valving arrangement can
j.C cause voiding of lines due to normal' system leakage over a period of

time. The draining problem is primarily due to the difference between
the elevation at the pump suction and the pump discharge line. The pump

suction valves to the condensate storage tank must remain open to minimize
the number of valves to be operated following an actuation signal.,

Thus, water can drain back from the discharge line to the source through
a leaking check valve or leakirg or inadvertently open valves in the
bypass test line or leaking through the minimum flow line. ~The resulting
voids may approach vacuum conditions, containing small amounts of dissolved
gas and water vapor. In this case there is practically no cushioning
effect due to air compression. Thus, large water hammer pulses following
pump start can be generated when a slug of water is accelerated through
a void and suddenly stopped. Draining to the source is not a problem in
plants where the condensate storage tank level is higher than the high
point in the discharge piping.

C

l

I
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A properly sized keep fill system, that is continuously in operation, _

- _ _

replaces the drained water and prevent vacuum conditions from occurring.
Low pressure alarms alert the operators of excessive leakage.

Voids containing either air or steam, however, can be introduced into
'

the piping in many ways. This is especially true during shutdown and
maintenance periods. Voids will not be entirely eliminated by a keep
fill system, but must be removed by periodic venting. Events 13, 19,
27, and 29 are covered by this scenario. The frequency of these incidents

C in HPCI, is considerably less than in the Core Spray system. This is to
be expected because the elevation difference between the pump suction
and the pump discharge line is less than that of the Core Spray system
and the line sizes are smaller. Also for some plants, the condensate

C storage tank level is higher than the high point in the discharge piping.

4.4.3 Safety Significance
~

By virtue of being a part of the ECCS and a part of the reactor coolant
C pressure boundary (the steam side is c~onnected upstream of the main

steam line isolation valves), the HPCI system, has a high safety signi-
ficance. If HPCI is inoperable, the Auto Depressurization system will
provide adequate coverage through depressurization and subsequent use of

C Core Spay and Low Pressure Coolant Injection sytem. However, certain
postulated accidents in combination with a single component failure
require the use of the HPCI. It should be noted that some events (rupture
disc activation, events 7, 11, and 61) rendered the system inoperative.

(

The connection to the reactor coolant pressure boundary would be of
significance, if both isolation valves failed to respond to a containment
isolation signal, subsequent to damage caused by water hammer or if the
line was damaged upstream of the valves. However, no incident hasi

occurred that caused piping damage. Based upon the above information
the safety significance of being connected to reactor coolant pressure

I boundary is low.

|
|
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4.4.4 Recommendations for Prevention and Mitigation

4.4.4.1 Design Phase

A design review should be performed that identifies all portions of
piping in which voids or steam bubbles can form or collapse under any,

operating condition, including valve alignments that might occur during
maintenance or through operating error.

4.4.4.1.1 Pump Discharoe Line

a. All high pressure coolant injection systems should be provided with
a keep fill system, preferably a continuously operating jockey-
pump. For most plants this feature is already provided.

c

b. A vent system should be provided that vents all portions of the
piping between the pump discharge and isolation valve at the connection
with the feedwater piping. A11 venting should be at the'line high

C points. Any portion of piping that is isolated from th'e system
high point by a valve should have a separate vent point.

The vent system should either be automatic, remotely operated, orc.
C

designed and located for easy access and manual operation.

d. A monitoring / alarm system should be incorporated to detect system
leakage and void formation.

c.

4.4.4.1.2 Steam Supply Line

| a. Normally the inboard steam line isolation valve is used for throttling.
L To cover all possible operating situations, the seal-in feature (if

any exists) should be removed from the outboard valve ~ opening

i circuit logic. This will permit slow opening and consequently

L~

gradual draining of entrained water. As an alternative, interlocks
should be provided such that the inboard valve cannot be opened,
unless the outboard valve is fully open. Another alternative would

i

l
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be to provide for adequate and prompt draining of all portions of ._ _ . _..

the steam supply line for all isolation valve positions. Removing

the seal-in feature will be the least expensive solution, as it.
only involves disconnecting control wirings. Provision of interlocks,
will be the best solution because it will minimize the probability

'

of operator error.

b. Suitable provisions should be made to allow drain pot level switch
maintenance during normal plant operation.

,. - . - . . . ..

c. Adequacy of drain pot sizing should be reviewed. It may be advisable
to increase the size of the drain pot or place two drain pots in
parallel.

(
.

4.4.4.1.3 Steam Exhaust Line

c

_ Vacuum breakers should be incorporated both on the upstream anda.

downstream sides of the exhaust line stop/ check valves.
-

..

,

| b. It is desirable to install a condensing sparger at end of the
exhaust line in the suppression pool to reduce noise and vibration.

4.4.4.1.4 HPCI Turbine Gland Seal Condenser Steam Inlet

The gland seal leak-off drain pot should be sized adequately and should
be designed for ease of maintenance during normal plant operation.

(

4.4.4.2 Operational Phase
__._. ____.

a. Procedures should be reviewed for prcper warmup of the steam inlet
line to minimize steam condensation.-

b. Valves should be leak tested at every refueling outage. When

projected valve leakage is deemed to be large with respect to the
keep fill system capacity, repairs should be made..-
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c. The drain pot level switch and steam trap bypass valve should be
'

exercised periodically.

d. Any time the system is to be maintained or aligned in a manner not
covered by existing procedures, an evaluation of potential water

'
hammer conditions and venting requirements should bt performed.

4.5 Reactor Core Isolation Coolino System

4.5.1 System Description-

The reactor core isolation cooling system (RCIC) provides makeup water
to the reactor vessel, following a reactor vessel isolation from the

; main condenser accompanied by a loss of feedwater flow. The system is
I used to cool down and depressurize the plant to the point where the

shutdown cooling mode of the residual heat removal (RHR) system can be
.

utilized. If for any reason, the RCIC system is incapable of supplying
! sufficient flow for core cooling, the emergency core cooling systems

C (HPCI, ADS, CS, LPCI) are available to provide the required' reactor
coolant pressure boundary protection.

The RCIC system consists of a steam turbine driven pump unit, associated
f valves and piping capable of delivering makeup water to the reactor

vessel. The steam is supplied to the turbine from a point upstream _of_
__ . __

the main steam line isolation valves. The pump is normally aligned to
the condensate storage tank but can take suction from the residual heat

f removal system heat exchangers or the suppression pool. The pump discharges
into a feedwater line outside containment on earlier model plants and
into the reactor head spray line on later model plants. The pump discharge
line is provided with venting provisions consisting of manually operated

I : valves that vent the discharge line high points.

A full flow test line to the condensate storage tank and a minimum flow
line to the suppression pool are also provided. The minimum flow valve

j ; automatically opens on a low flow signal and automatically closes on a
high flow signal.

|
'
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The two isolation valves in the steam line to the RCIC system turbine
are normally open to keep piping to the turbine at main steam temperature
and to permit rapid startup of the RCIC system. To prevent the steam
supply line from filling with water, a condensate drain pot is provided
upstream of the turbine stop valve. The drain pot normally routes
condensate to the main condenser.-

Exhaust steam from the turbine is discharged to the suppression pool
through a line containing a check valve. A drain pot at the 1ow point'~~

~~ ~ ~ ~ ~~

in the exhaust line collects condensate which is discharged to a baro--

metric condenser. In most plants, the exhaust line contains a vacuum ~
~

breaker to prevent the formation of a vacuum from steam condensation.

4.5.2 Evaluation of Water Hammer Events7

4.5.2.1 Event Review

Table 4.5-1 presents a summary of reactor core isolation cooling system .

C water hammer events reported.in reference 1. Two events were observed,
- one was a steam water entrainment water hammer, the other event was a

pump cavitation incident.

4.5.'2.2 Water Hammer Causes

Possible mechanisms of observed water hammcr occurrences, because of

system design, equipment orientation, and operating procedure are inves-
tigated here.

/

4.5.2.2.1 Steam Side Event

After turbine shutdown, unless the line contains a vacuum breaker, rapid
steam condensation in the exhaust line can create a vacuum condition.

'

The vacuum can cause water from the suppression pool to be drawn intoi

the exhaust line. The water slug, traveling at a high velocity, ' impacts
the check valve disc resulting in fast valve closure, thereby causing
water hammer due to sudden stoppage of the slug.

.

1
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Short operational periods l'ess than 2 minutes) are particularly conducive
to keeping the turbine housing and exhaust line inside walls cool thus
providing a subcooled surface for condensation of steam remaining in the
pipe and turbine after shutdown. Subsequent restart could cause the
exhaust steam to expel the water slug and cause large forces when the

f slug impacts the suppression pool. Event 60 occurred due to this scenario.

4.5.2.2.2 Water Side. Event
,

If the pump is started with the test return line valves fully open, the
required discharge head is much lower than at the normal operating
point. Under such conditions, the pump can cavitate. This could create
excessive loading conditions and can cause severe damage to individual
pump stages, particularly, if their axial movements have not been restrained.

r
Event 79 is covered by this scenario. This event appears to b'e a pump

~

cavitation event and not a water hammer event.
_.. .

The various water hammer events that have occurred in the HPCI system
C (section 4.4.2), can conceivatily happen in RCIC system. However, only

"

one water hammer incident and one pump cavitation incident has been
observed in the RCIC system. The smaller line size and length, and the
recency of introduction of the RCIC system'may be the reasons for the

C fewer incidents. -

4.5.3 Safety Significance

By virtue of having to provide a core cooling function and being a part
,

of the reactor coolant pressure boundary (the steam side is connected|

upstream of main steam line isolation valve), the reactor core isolation---
.

cooling system has a moderate impact on overall plant safety. If RCIC
is inoperable, ECCS systems will provide at least two levels of redundancy.

The connection to the reactor coolant pressure would only be of signifi-
cance, if both isolation valves failed to respond to the containment
isolation signal subsequent tc damage caused by water hammer. However
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no water hammer incident involving the steam supply line has been observed.
'

Based upon the above reasoning, the safety significance of being connected .

to reactor coolant pressure boundary is low.

4.5.4 Recommendations for Prevention and Mitigation
r

4.5.4 1 Design Phase

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

4.5.4.1.1 Steam Line

C
*

For relieving vacuum conditions in the turbi.ne exhaust line, vacuum
breakers should be incorporated on the downstream side of the exhaust
line check valve.

C 4.5.4.1.2 Water Line
,

a. The reactor core isolation cooling system pump discharge side
should be provided with a keep-fill system, preferably a continu-

;C ously operating jockey pump.

b. To simulate normal operational discharge head and flow conditions
during testing, a restricting orifice should be installed on the

C full flow test return line to the condensate storage tank.

c. Adequate provisions should be made for venting all portions of the - - -

piping between the pump discharge and connection with feedwater
piping. All venting should be at the line high point. Any portion'

'

of piping that is isolated from the system high point by a valve
shall have a separate vent point.

0 4.5.4.2 Operational Phase

a. Any time the system is to be maintained or aligned in a ranner not
covered by existing procedures, an evaluation of potential water

. hammer conditions and venting requirements should be performed.
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b. The RCIC pump should not be started with the test return valve to
condensate storage tank fully open. Because a minimum flow linee

has been provided, there is no danger of overheating if the pump is
started against a closed discharge valve.

r 4.6 BWR Main Steam System ~

4.6.1 System Description -

i

The main steam system supplies steam from the reactor vessel to the
.

,C turbine generator system. The system consists of main steam piping,
safety relief valves (S/RV), main steam line flow restrictors, turbine
stop valves (TSV) and main steam isolation valves (MSIV). The steam

bypass system bypasses flow to the condenser to control steam pressure
C during load rejections, reactor heatup, turbine start-up and reactor

cooldown.

4.6.2 Evaluation of Water Hammer
,

C -
.

4.6.'2.1 Event Review

Four transient events that occurred in the main steam system are discussed
below. Additonally, one event occurred in S/RV discharge line and one4

C event in the steam bypass line. Of these six events, only three can be
considered unanticipated water hammer events.

The water hammer events are summarized in table 4.6-1. The following
C comments are the result of a review of these events:

o Four events (events 52, 63, 65, and 71) occurred in the main steam
lines. Events 52 and 71 were caused by turbine stop valve closure,
resulting in piping support damage due to inadequate support design.

!( In event 63, condensate in the main steam lines caused water hammer

when the isolation valves were opened during the power escalation
testing. The condensate in the line was caused by inadequate line
drainage. A steam-water entrainment type water hammer probably

C occurred in event 65, when an isolation valve was suddenly opened

i 4-33
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during start-up valve timing test. In event 65, a valve operator
component was damaged due to inadequate valve design and poor line,

warmup procedure.

Event 18 occurred in the S/RV discharge line. In event 18, it haso

been postulated that a sequence of S/RV openings resulted in damage
to snubbers on a discharge line in the drywell. The pos_tu_ lated,

scenario is that, following a reactor scram, reactor pressure

| increased to the point that an S/RV opened. As a result of the .
. _

S/RV opening, the manifold pressure increased causing the water
|g, initially in the adjacent discharge line sharing the same exhaust

header to be pushed upward. The safety relief valve on the line in
which the water was pushed upward was then actuated. The expulsion
of this water slug from the discharge line caused high loads which
resulted in damage to the snubbers. Analysis indicated that damage

i to the snubbers should not have occurred if they were functional,
Event 67 occurred in the steam bypass line. Steam hammer waso

| caused by cycling of the bypass valves due to an out-of-calibration
control, resulting in damage to snubbers.

'C ,

.

4.6.2.2 Water Hammer Causes

Of the six main steam events, three (events 63, 65, and 67) can be

c considered unanticipated water hammer events for which preventive measures
are required.

|

Two events (events 52 and 71) were anticipated steam hammer events.

c Events 52 and 71 were caused by turbine stop valve closure.

Event 67 was attributed to cycling of the bypass valves due to an out-of-
calibration control.

1L
Event 63 was an unanticipated water entrainment in steam lines, which

! was caused by inadequate drainage.

1.
t .
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Event 65 was considered a steam-water entrainment type water hammer due
to sudden opening of the main steam isolation valve, which allowed hot'

steam to flow into insufficiently warmed downstream line.

Event 18 was a hydraulic transient in the S/RV discharge line with an
entrained water slug in the discharge line. The pipe support system wasr

determined through analysis to be able to withstand the loads, if proper
inspection and maintenance procedures were followed.

! o Two steam hammer events (events 52 and 71) were caused by sudden

( valve closure and inflicted damage to pipe support system components
because of inadequate design. These events occurred just prior to
or shortly after commercial operation, indicating that inadequate
pipe support designs were found early and corrected. Rapid closure

c of the turbine stop valves and isolation valves is necessary in the
main steam lines. Therefore, the design of the pipe support system
components for the main steam lines should include consideration of
steam hammer dynamic loads due to valve closure.

(
I' event 67, ste'am hammer was caused by valve cycling due tb ann

out-of-calibration valve control. To prevent the control valve- -

instabilities and fluctuations, inspection and calibration procedures
should be followed to detect and correct control valve malfunctions.

In event 65, water hammer due to poor line warmup procedure caused a
valve operator component to fail. Inadequate valve design contributed
to the valve failure. Event 63 was caused by water entrainment is
steam lines due to inadequate drainage. Water hammer due to water

entrainment should be eliminated from the main steam by proper
draining design and operating procedure for warmup.

|C
t

Event 18 was not a true water hammer but a relief valve discharge
i

hydraulic transient with a water slug in the S/RV discharge line
and resulted in damage to the snubber due to inadequate inspection

|, and maintenance procedures. It should be noted that BWR S/RV
|' discharge lines normally contain a water slug at the exit.
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4.6.3 Safety Sionificance

Safety significance of the main steam system is considered high. The

main steam lines are safety-related up to and including the outboard
isolation valves. The main steam system must be isolated to prevent
radiological release during reactor accidents. Any pipe rupture upstream,

of the inboard isolation valve will result in a LOCA. The safety relief
valves are a safety-related means of reducing the reactor pressure and
removing the reactor heat. The reported water hammer events in the main

steam system have resulted in damage to the pipe support system components
due to either inadequate component design or improper inspection and
maintenance procedures. One event caused damage to a valve operator
component due to inadequate design. No events occurring in the main
steam lines have been severe enough to cause piping damage, nor was any

I damage noted upstream of the MSIV.

4.6.4 Recommendations for Prevention and Mitigation
.

C 4.6.4.1 Design Phase *
*

The following preventive measures should be implemented during the
| design phase:

l
ic

a. The design of pipe support system components in the main steam'
lines should consider steam hammer dynamic loads due to valve
closure.

b. Develop inspection and maintenance procedures for the pipe support
system components in the main steam system, including S/RV discharge
lines.

' c. Develop inspection and calibration procedures to detect out-of-
calibration valve controls and make necessary corrections as required.

d. Select valves with the components that are proven to be compatible
' with the duty cycle and service requirements.

4-36
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Review the system design and operating procedures for the possibilitye.

of water entrainment in steam lines.

4.6.4.2 Operational Phase *

Pipe support system components should be inspected periodically for
'

evidence of wear and damage. Appropriate repairs or replacements should
be made when reouired.

4.7 BWR Feedwater System '

c

4.7.1 System Description '

The major components of the feedwater system are feedwater pumps, feedwater
regulating valves, and high pressure heaters. Condensate is pumped from

(
the low pressure heaters by the feedwater pumps into the reactor vessel.
The feedwater flow passes through the feedwater regulating valves which
are automatically control the reactor water leve' iut 50 percent of
the plants use turbine speed control for feedwa. .iow control. During

'C
startup, the' low flow by~ pass valves are utilized to control feedw'ater -

.

flow rate. At a flow rate typically about 20 percent of full flow rate,
the control is transferred to the feedwater regulating valves and the,

| low flow bypass valves are closed. Feedwater leavirig the valve.s at a
C controlled rate',' enters the final stages of the heating cycle (high

pressure heaters) before entering the reactor vessel.
,

4.7.2 Evaluation of Water Hammer
(

4.7.2.1 Event History

Three unanticipated water hammer events, occurred in the feedwater system.

The water hammer events are summarized in table 4.7-1. In events 73
and 80, water hammer was triggered by feedwater regulating valve insta-
~ ility_due to inadequate operator and controller design and/or poorb

inspection and maintenance procedures. Although damage was fairly
extensive in both plants, the plant safety was not affected (see

'

table 4.7-1). In event 35, water hammer was triggered by the feedwater
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regulating valve closure due to malfunction of the control system.
Damage was also fairly extensive in this event but the feedwater line,

was not damaged nor was plant safety effected. It is noted that the
plants using the turbine speed control for feedwater flow control.did __
not report water hammer.

.

4.7.2.1 Event Causes

| The three events occurred after start of commercial operation. A logical
'

explanation of the feedwater regulating valve instability and. malfunction.
is that the valve operator and controller of these valves may have
gradually deteriorated over the years. Therefore, periodic inspection,
testing and maintenance procedures may be necessary to ensure that the
valve operator and controller are performing properly. One additional
consideration is inadequate design of the valve operator and controller.e

Plants have been plagued with excessive control system hunting and
continuous valve cycling for many years. Many plants are now installing
new types of regulating valves with improved performance. Some plants

,

.,- are also using a one element rather than a three element controller
under steady-state conditions to reduce valve cycling. Three element
controller causes valve cycling at low feedwater flows because the steam
flow signr1 is not accurate enough at low flows; thus causing errors in

c three element control.

4.7.3 Safety Sionificance

The safety significance of the feedwater system is considered.bigh._ ___..__.____._ _
Loss of feedwater will lead to an emergency shutdown of the reactor.
Pressure waves or vibrations have potential to damage check valves.and_.._.
the connected safety-related RCIC and HPCI lines and to overstress the

reactor pressure vessel nozzles on the feedwater line. The reported
water hammer events in the feedwater system have resulted in fairly.

extensive damage, although none of the events involved safety of the

{ plants. All of the events were attributed to feedwater valve instability
or malfunctions, resulting from valve operator and controller malfunctions.
Therefore, the preventive measures should be taken to alleviate the,.

valve operator and controller malfunctions.
s
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4.7.4 Recommendations for Prevention and Mitication
,

4.7.4.1 Desian Phase

Three unanticipated events occurring in the feedwater system were attributed
to the feedwater regulating valve instability and malfunction, which,

caused fairly extensive damage. Therefore, it is appropriate to take
preventive measures during the design phase. The occurrence of spuiious"

- ~

signals in a plant is not uncommon. The feedwater control system should
be designed to prevent harmful response to such a signal. The following,

preventive measures should be implemented during the design phase:

Select feedwater regulating valves that are properly sized, havea.

balarced trim and are resistant to internal damage.
r

b. Select a valve operator that can meet the feedwater regulating
valve performance and response requirements. Installation of a
hydraulic dampener on the valve stem should be considered for

C ' solution of the operator problem. Maximum valve operation speed
,

under any signal should be limited to five percent /second.

c. Oeyelop periodic inspection, testing and maintenance procedures to
C ensure good performance of the regulating valve operator and controller.

4.7.4.2 Preocerational Phase

The preventive measures that were incorporated into the feedwater system
'

during the design phase should be verified during the preoperational
phase. The feedwater regulating valves should undergo operability
checks prior to being placed in service. Valve operator testing shnid
be performed under all conditions to demonstrate that no controller

'
action, including those from spurious signals, can cause water hammer or
excessive vibrations.

.
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4.7.4.3 Operational Phase
..

- --- - . . ...- . -.

The feedwater regulating valve operator and controller should be periodi-
cally inspected and tested to ensure that they are in good working
condition. Appropriate repair or replacement should be made when required.

,

4.8 Reactor Water Cleanup System

4.8.1 System Description

The reactor water cleanup system (RWCU) removes various impurities from

the reactor water and provides a means for water removal from the primary
system during startup, shutdown or refueling.

Primary water from the reactor recirculation pump suction line and the,

reactor vessel is pumped through regenerative and nonregenerative heat
exchangers where it is cooled, and then through the filter-demineralizer
units. The flow then continues through the shell side of the regenerative
heat exchanger where it is heated before returning to the reactor through,

,

~

the feedwater line. During times'of increasing water volum2, excess
water is removed from the reactor by blowdown through the cleanup system
to the main condenser or alternatively to the radwaste system.

<

4.8.2 Water Hammer Evaluation

4.8.2.1 Event Review
- - . . . . - . - - -

Table 4.8-1 presents a summary of the only RWCU water hammer event
reported in reference 1. It should be noted that water hammer was not
actually observed in this case. The previous occurrence of water hammer

was surmised on the basis of observed damage.

,

4.8.2.2 Cause of Water Hammer

a. A possible mechanism of water hammer occurrence based on reported
events is discussed below:

4-40
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o During standby periods, reduced watue temperatures can cause
shrinkage and create voids in the system. Subsequent rapid
opening of isolation valves can create a flow-into-voided-line
water hammer. The resulting forces can damage the piping and
adjacent components. Event 38 could have been caused by this

e scenario.
_ ___. __ _ __ ._

b. The snubber damage noted in event 38 could have been. caused by
line vibration induced by improperly installed valves or
inadequate pipe supports. The crack in the affected pipee

-

might have resulted from vibration or an existing material
defect or both,

,

c 4.8.3 Safety Significance

The reactor water cleanup system has no safety function. However, the
system is connected to reactor coolant pressure boundary and the observed
event damaged this part of the system. Based on the above reasonings,
t.he overall safety significance is to be rated as moderate. *

4.8.4 Recommendations for Prevention and Mitigation

C 4.8.4.1 Design Phase
_ _ _ _ ___.

The isolation valve control should permit gradual opening.
_ . . _ _ __

4.8.4.2 Operational Phase '

While initiating the reactor water cleanup system, the isolationa.

values should be opened gradually, to avoid a sudden surge of water,

flow.
-

b. Valves should be leak tested periodically. When prcjected value
leakage is deemed to be large, repairs should be made.

%
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c. When the system is to be maintained or aligned in a manner not
covered by existing procedures, an evaluation of potential water
hammer conditions and venting requirements should be performed.

4.9 BFR Condenser System

.

4.9.1 System Oescription

The main condenser is the steam cycle heat sink. During normal operation,
it receives and condenses main turbine exhaust steam, feedwater pump
turbine exhaust steam, and turbine bypass steam. The main condenser is'

also a collection point for other steam cycle miscellaneous flows,
drains, and vents. Hot well level controls provide automatic makeup or
rejection of condensate to maintain a normal level in the condenser hot
wells. The non-condensable gases contained in the turbine exhaust are -- -
collected in the condenser and removed by the condenser air removal
system. The condensate pumps take suction from the condenser hot wells

and pump water through the trains of heaters to the feedwater system.

.

4.9.2 Evaluation of Water Hammer Events

Four events occurred in the condenser system. These events are-summarized-
in table 4.9-1. Two out of the four events (event 77 and 78) occurred
in the circulating water line to the condenser. Event 77 was the first ---
of two similar events, caused by inadvertent butterfly valve closure in
the circulating water line during maintenance work. In event 77, a
rubber expansion joint in the condenser water box ruptured, flooding the
condensate pump room and damaging the RHR service water pumps and motors
and other equipment. Event 78 was the second of the two similar events
again caused by inadvertent valve closure during maintenance work.
Events 54 and 72 occurred in the steam bypass line due to bypass valve

. opening. In both of these events, water hammer was caused by condensate
accumulation in the header (or spargers). In event 54, the end cap of,

steam bypass header in the main condenser failed. In event 72, the
condenser internal spargers and baffle were broken.
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All of the four events appear to have been water hammer events, which
occurred prior to or shortly after commercial operation. The cause of
these events were detected early and corrected. Two of the events
(events 77 and 78) were caused by inadvertent valve closure in the
circulation water line during maintenance. The other two events _(events 54 _'

and 72) resulted from steam bypass valve opening because of steam-water
entrainment in the header (or spargers) located inside in the..condenset. _.__

4.9.3 Safety Sionificance
' r .

The condenser system has no safety related function. However, the

failure of the main condenser should not preclude operation of any
essential system.

4.9.4 Recommendations for Prevention and Mitigation

The condenser system is not safety related. However, events 77 and 78

have safety significance, because a rubber expansion joint rupture in

c the condenser caused damage to engineered safety equipment due to flooding.
,

Flooding of safety equipment is a safety issue. The Systematic Evaluation
Program (SEP) and pipe rupture criteria (SRP 3.6.1 and BTP ASB-3-1,- ---- ---

references 5, 6, and 7) require analysis for flooding caused by postulated
pipe ruptures. Protection is provided by level switches that are installed
to cause trips of the circulating water pumps should pit flooding occur.
Events 54 and 72 in the condenser should not be considered a safety
issue.

;

4.9.4.1 Design Phase '

Although the condenser system is nonsafety-related, in events 77 and 78

the rupture of rubber expansion joint in line caused flooding and damaged
; engineered safety-system equipment. Adherence to pipe rupture criteria

and SEP requires that safety related equipment be protected from flooding
| resulting from postulated pipe rupture. Therefore, the following preventive
|

| measure (item a.) is safety related and should be considered during the
design phase. The other preventive measures (items b. and c.) would be
desirable during the des 1gn phase.

4-43
1106

.

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



..

e o

a. Select proper locations and design enclosures for engineered
safety-system equipment in the turbine building such that the-

safety equipment will not be damaged from flooding or other types
of accidents. Provide level switches to detect flooding.

b. Develop inspection and maintenance procedures for the circulating-

water valve hydraulic system that prevent inadvertent valve closure,
while circulating water is flowing. It is desirable that valve
controls and the piping system be designed so that all portions.of. ._

the piping and condenser can withstand valve closure.e

c. Design steam bypass header (or spargers) to prevent condensate
formation and accumulation. *

r
.. -

4.9.4.2 Operational Phases

The condenser internals should be periodically inspected to verify that
all components are in good working conditions (inspection procedure is

c required). Appropriate repair or replacement shoQld be made when required.

4.10 BWR Cooling Water Systems

This section evaluates water hammer events occurring in several BWR
'

cooling water systems that are important to safety. These systems

include essential service water, RHR service water and component cooling
water. Also included is an event in the cooling tower water system.

C 4.10.1 System Description
'

--- - -

The service water and component cooling water systems provide essential
cooling to safety-related equipment and may also provide cooling to
nonsafety-related auxiliary components that are required for normal

'
'

plant operation.

The service water system is an open loop system consisting of two or
| more pumps taking suction from the ultimate heat sink. The component

cooling water system is a closed loop, solid water system with redundant
heat exchangers that are cooled by the service water system. A surge
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tank is connected to the pump suction headers. The pump discharges into
a header with appropriate motor-operated valves in the line that allows-

the pumps be isolated from each other and the redundant trains from each
other. Each train provides cooling to one or more of the redundant heat
exchangers in the essential safety systems. The nonessential loads are
isolated during accident conditions from the essential trains by quicke

acting isloation valves. Essential loads needed for shutdown or accident
conditions, but not necessary during normal plant operation, have quick
acting valves to bring the equipment on-line when needed.

<
'

4.10.2 Evaluation of Water Hammer Events

4.10.2.1 Event Review

c Table 4.10-1 presents a summary of cooling water systems water hammer
events reported in reference 1. No incidents were observed in a component
cooling water system. This is to be expected, since each component
cooling water system is a closed loop, solid water system and has a .

c surge tank on the suction header. The cause listed for most events
(five out of eight) is flow-into-voided-line. Two other events were
caused by column separation and the causa for one event was not_ known. _

_

When using these data for cause evaluation, it should be noted, that
q water hammer was actually observed in event 47 only. The previous

occurrence cf water hammer was surmised for the other events on the
basis of observed damage.

; 4.10.2.2 Cause of Water -Hammer Events
- - - .

Various possible mechanisms of observed water hammer occurrences, because

of system design, equipment orientation and operating procedure are
investigated here.

C

4.10.2.2.1 Flow-Into-Voided Line

a. During standby periods, the pressure on the discharge side of a
, pump can gradually decay, causing voids to form at the high points

in the discharge line. On subsequent pump start, the water is

4-45
. 1106
s

- --



.__ _

,

. *

O a

accelerated through a void and then is stopped upon impact with the
-

upstream water column causing water hamer. Open loop service
water systems, supplied by an open source, are particularly prone
to this type of incident. Events 3, 4, 5 and 6 may have been
caused by this scenario.

c

b. As the pump manual discharge valve is normally left open, the
discharge side could drain through a leaking check valve during a
prolonged standby period. On subsequent pump start, with the

r system partially drained, water hamer can result. Event 47 may
have been caused by this scenario.

. . . . . - - - . - . -

The cooling water line to the RHR service water pump motor coolerc.
l g is tapped off of the pump discharge header. The water flees through_

the motor cooling water jacket to a floor drain. Manually operated
isolation valves, located before and after the cooling water jacket,
are opened after pump start and closed after pump stop. If the

7 operator forgets to close these valves after pump stop, the discharge
side will start draining. On subsequent pump start, severe water -

hamer can result. Event 47 may have been caused by this scenario.
! Similar incidents are not expected to occur in plants where these
!, valves close automatically following pump shut off.
i

4.10.2.2.2 Water Column Separation

Pressure transients propagated through a liquid system by sudden changes
in, valve position or pump failure can cause void formation if the pressure,

drops below the liquid vapor pressure. IfthevoidsformoveracoIsiderable
fraction of pipe the cross-section, the phenomenon is called column
separation. Subsequent pump start er valve opening causes the water

,

,

'

; slug to accelerate through the void, then stop suddenly upon contact
with the downstream water column. The resulting water hamer can cause
severe damage. Events 70 and 74 may have been caused by this. scenario.---

|
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4.10.3 Safety Significance
,

Water hammer induced failures in both redundant trains common headers or
a water hammer failure in one train and a single active failure in the
other could result in the loss of core and containment cooling following
normal shutdown or postulated accidents. These failures would alsor

cause loss of long-term cooling following a postulated LOCA. Based on
the above reasoning, the safety significance of essential service water
systems is high.

'
4.10.4 Recommendations for Prevention and Mitigation

4.10.4.1 Design Phase
.

#

A design review should be performed that identifies a'il portions ofa.

piping in which voids or column separation can occur under any
operating condition, including pump trip and valve alignments that
might occur during maintenance or through operating error.

C -

b. A fill system should be incorporated to prevent void formation on
the pump discharge side unless it can be shown that either voids

j can not form in the system or that the system can be safely started
!' with voids present. Vacuum breakers should be installed in systems

in which startup with voiding is deemed acceptable.
_ _ - _ _-

c. Manually-operated isolation valves for cooling the RHR service
: water pump motor, should be replaced by automatic valves that open

on pump start and close following pump shut off.

d. A monitoring / alarm system should be incorporated to detect system
leakage and void formation.,

| e. A vent system should be provided that vents all portions of the
piping. All venting should be at the line high points. Any portion

. of that is isolated from the system high point by a valve should
have a separate vent point.
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f. The vent system should either be automatic, remotely operated.or _
'

_ . _ _

designed and located for easy access and manual operation.
I

4.10.4.2 Operational Phase

a. Valves should be leak tested periodically. When projected valve
'

leakage is deemed to be large with respect to the keep fill system
capacity, repairs should be made.

b. Standby pumps should preferably be started using either a low flow<

bypass line or against a closed discharge valve and then the discharge
valve should be gradually opened.

. _ _ . _ _ _

c c. Any time the system is to be maintained or aligned in a manner not
covered by existing procedures, an evaluation of potential water
hammer conditions and venting requirements should be performed.

4.11 BWR Plant Process Steam System-

.

4.11.1 System Descriotion

The plant process steam system supplies steam to various parts of the
,

' plant for heating purposes.

4.11.2 Cause of Water Hammer

One water hammer event (event 1) occurred in the plant process steam
'

system. Event 1 was reported as a steam bubble collapse type water
hammer in reference 1 and was caused by marginal design and procedural
deficiency. The design allowed RCS water to backflow into the plant
heating system external to the containment causing a water hammer in the

- steam supply line from the heating boiler. Operating procedures were
either inadequate or not followed in lining up the valves.

|
|

.
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4.11.3 Safety Sionificance
.

The safety significance of the plant process steam system is low. The

plant process steam is not safety-related. The probability of damaging
the safety-related systems due to a process steam pipe break is very . _ _

low. The water hammer event in the plant process steam (event 1) was
'

plant specific and caused no apparent physical damage.,

4.11.4 Recommendations for Prevention and Mitigation

Event 1 occurred about 15 years after commercial operation. This impliese

that the water hammer was a rare event which was probably caused by
operating error. This event is plant specific in that the plant process
steam is connected to the RCS in this plant. The water hammer in the
steam supply line from the heating boiler caused no apparent physical

C
camage. Furthermore, the plant boiler system is not safety-related.
For these reasons, consideration of preventive measures is not necessary
for the other BWR plants.

C
.

|

- - . . - . . - - - . ...-- .. -.

,

e

4-49
1106,



.

..

: . . . .
7 uf Ei si 82 vs6

* 2,3 3 l a Et3 Ett g 37 :- . EE_s.-s : rs :- s_g i.T= s_ge :*
qc.1

.,js =gd g:t ~-:.si
s* =]. 2 s -s y fr[*e

' t e3.-jm *3.,js 2 2 :=_g :

-
e .- .

=:; {
,

t* 5* >
: e

te ,. :sjei- 4 .g = =. - e2:sx-3: .s . :::j eee 5,::ee. . . =ge st:g. m -

. 2. :. 3. E C. i.t I;=. ; 5_. j %. a- a'- 2. _8 t "s a
'

.sr.tv:::=-ss-2 : -:. 4-

*2s sT- *-,o, ; ..a -,s .

s 8 . g_8
- m_

5I' 8 - i.

e et :
1 =22:

,

3- z-s.. 8.u e . s v 9 54t58 t E 3e
25 3 W t' 42314 3j ] . _ . _ _ .[,..___ .__

"
.

8 am
| 1 l.:2

-= .

_| e:--- -

B g
- --

5 85 8 8 28
.

2.

8 is r32 8 i ;g- a !i i 1 s
82 . : ii - x= -

2 : 3 12 -==1 3 .:r .2
.:- .- --

3- c : el e.ics s2e.g ::. 3
_

-
.

evi.e , 2**Esat=, r- z..e ee -

Re 4 !~ -.3 2.
7.Ea&>1-2 2 et-x

*-
a e .: .2

i
; 222: 2: 222E =3 = - = : ., 2 3 5 83 *5a

f4.:8m
i.e s.

- -

a _2s.s a _s a t. .e . 4 _s -2 z. . --
- - .m

.
s : = = =

$s : : - : : .:,-
,- -

. to . _r : . _r : . _r : . _r : . _r=-

. ai |:t g:* g25g: * g[-

mE m:em:E m:._
e r- m:e-

E =
- g . . .

3 3. E.~ =
2 ] .2 =j =_j .=

|~ ~U 22 34 52 39 54
3: 2:1 ._ ..-

"O ;ag j4 04. Udg j4=

m _4 - 5, 2 _1 _5 8 53 8
#

,x m_._a - ->- -
x

N
,J-

=g r r I r
n : : -

8'g .E- -

-

C 5 C ~18--

= ,- .
W % % % N %*"g 2 ; tg

k k k :

.

U O O @ N T

tgg t t. t e, = . - -
i u
I

N N N M

25 e . a
53 4 4 5 4 3g

a .]
gW C E C .

a a a a

E.
g3 M M * A
m

%

4-49

- __ __ _ -- --



I-*
'

: I !
,

g s , ,

|
* q -

* * '' "'

|
,

,

i I .'

I a
' i

'

i 1

I
,

TABLE 4.1-1 (Continued)
' .

'

2f I

! ,
.

| |
! HATER llN94[R EVElliS IN BWR CORC SPRAY SYSTEM'

| |i

I | !
,

-
:.

| - ! ! i ! 1
,

; i ! : .

|
'

)'
EVENT , PLANT / COM.0P. EVENT ' OPERAllNG WKTfifilAMUI MCilANICAE~ 7iiTTTAETiiUTEATIDill .

C0mtN15
.

'

30 0 . IDESIGN DA1E DAIE HDDE IVPE FUNC110N DAMAGE CAUSE AND EVENT BA515 ,

,

! '

43 Duane 5/74 2/11/77 851 Power Flow-into- Pump start / Inadvertent initla- Procedural deficiencv. Check adequacy of,

Arnold volded-line valve tion of core sprav. keep fill and went
openinn Loud noises heard. systems anainst

Notor operated clutch systen leaka;*.
housinn of soray
injection valve
fractured.

I

I 57 Mlitstone I 12/70 4/11/78 50s Power Unknown Valve Degradation of CS and Unknown. Evidence of Existence of water
opening / ,LPCI pleing support dynamic loading. hanumer condition was
closing systems. inferred from the!

| evidence of large
dynamic loadino.I '

| Note 1

4

En
59 Millstone 1 12/70 2/20/80 1001 Power Steam-bubble Pump start Ploe sunport damane Seat leaksee past spray Review adeovacy of

collapse water hammer during injection valve and keep fill system to IO

sprav pump oper- check valve, prevent accumulation
ability surveillance. of steam bubbles

past the injection
valve. However, keen ,

fill svstem cannot |

orevent formation or (
steam bubble between
check valve and |
Injection valve. Some
sort of sanitorinn
device needs to be
incornorated.

! I | I ! ( ! ! l .

|!971
~

flow-into- Pimp start / Nater hassmer on ptemp !Inadequatedesignand Jockew neun svsten |ITesting!'

! 64 . Oyster 12/69
volded-line valve start. ioperational nrocedures. was installed as ,

ICreek I i p ning ,Ploe movement and , Pump dischargina on to corrective measure.
f I

,
>

:
!

;possible over-stress : empty pine possibly due,
.

! | condition at several itoleakvcheckvalve. | i,

8 ; 'i points. ;|
, ,

ii g ,

f I| I
'

i
*

,

i ,

! ;
,

I i r
!| { !'I

!

l ! !'

I -|
; - |

,
|

- - - - - -
i . . . . . .
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i TABLE 4.2-1 (Continued)
) {

-

j ! WAIER HAlmER EVENIS IN BWR RE5100AL HEAT R[MOVAL SYSTEN (RHR) |,

t
.

.
i !

- ! i
I . .I ,

| f ! |
'

EVENT ! PLANT / CDM.0P. EVENT OPfRAlllIG WAfWHMRR MECHANICAL lNITI O llBTCATION/
'Is0. ' DE51fd DATE DATE M)DE TYPE fuNC110ll DAMAGE CAUSE AIID EVENT BASIS COINENT5

j
< i

' 76 Quad Cities 2/73 4/72 Shutdown Flow into Pump Start Damage found during Deficient design and Fuel pool cooling !

I Volded .L ine Valve routine inspection. procedures. Improper mode. Change fill
Opening Valve motor housing venting upstream of and went procedures.

failed. Damaged pipe check valves and of tie Use condensate
1
' restraints and line to fuel pool transfer system to
! hangers. cooling system. replace jockey pump.

Note 1.

45 Duane 2/75 9/79 441 Power unknown Valve Damage found during Apparent water hammer. Fuel pool cooling
Arnold Opening special inspection. mode, leote I.

Damaged pipe supports
, and restraints.

u
2n 21 Brunswict 2 11/75 9/75 Shutdown Flow into Pump Start Water hammer heard. Inadequate operational Shutdown cooling
N Cooling Volded Line Valve Pipe supports and test, maintenance, mode. Revise

Operation snubber damage, pipe inspection and reporting procedures for venting
movement. procedures. Insufficient and keep fill system.

venting.

!

l 22 Brunswick 2 11/75 9/75 Operational Flow into Pump Start Water hanner heard. Inadequate operational Shutdown cooling
Surveillance Volded Line Damage same as 21. test, maintenance, mode. Add went
Test. Inspection and reporting points. Revise

procedures. Insufficient procedures toi

l venting. minimize valve
cycling.

;23 Brunswick 2 11/75 9/75 Shutdown iIow into Ptamp Start Damage noticed during Same as 21, 22. See 21, 22.
; |

'

Cooling Volded Line Valve inspection. Damage | Note )..

pperation same as 21.i
,

''
! t,

. . . ,

33 Oresden 2 6/10 9/il At Power Steam Subble Valve Water hammer. Neutron , Inadequate operating Shutdown cooling ;

! ,! j Se veillance Collapse Opening - flus spikes. procedures. Valve mode. Valve test
t i Iest I

i Vibration alarm. leakage drained RHR to be run only at
i i '

| [ Valve operator and . heat exchanaer. Hinh normal teap.
' I

; j i insulation damage, water temperature.
.

i !
,

.

j i, . ..

I i ! L ! |.

!. : 4 -. ,

j ;
.

I i j .
'

I i t I | 1 , i i,
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! N0lE 2: Repeat svents'14, 15, 16, IF, 20,
i 25, 26 Risult from common caus?, i~,

stsamIrakage,throughstsam !

,
i t

I condensing system valves into RIE.
i ,

j
'

TABLE 4.2-1 (Continued) piping and Hz. Steam vold
! detection needed. -

WATER HAPNER [VENi$ IN BWR RE51 DUAL HEAT REMOVAL SYSTEM (liHR)
|

!
!

I t
,

| !
'

EVENT PLANT /. 'COM.0P. EVENT, OPERAIING V5fER HMtER HECHANICAL INITI O NDICATION/ .

N0; DESIGN DATE DATE I HDDE , TYPE IUNCil0N DAMAGE i CAUSE AND EVENT BA515- 00PNENTS !

I |

66 Peach 7/74 11/75 Shutdown Unknown Pimp Start Damage found during Unknown Shutdown cooling
Botton 2 Depressur- Valve routine inspection. mode. Note 1.

tred Opening Broken rigid pipe
support.

26 Brunswick 2 11/75 4/77 121 Power Steam Bubble Pump Start Snubber damage. Adelnistrative controls. RHR torus cooling
forus Collapse Valve leproper installation. mode. Venting
Couling Opening Steam leak in vent valve. required prior to

manual psamp start.

44 Duane 2/75 12/78 Cold Flow into Pump Start Damage noted during Defective procedure. RHR mode. Need
Arnold Shutdown Volded Line Valve special inspection. System not maintained better review of

Opening Snubber damage. full during outage. procedures. Note 1.

> ~

|,, 20 Brunswicl61 3/77 4/81 751 Power Possible Steam Valve aund snubber damage Possible water hammer. Steam condensing
w Bubble Opening 3 a steam condensing Lack of venting. system leak.

Collapse | Ine to RlR Hz. Steam leak. Increased venting
to every 4 hours.

Note 2.

14 Brunswick I 3/77 3/77 96% Power Steam Bubble Pump Start Snubber damage. Inadequate operation and Steam condensing
Collapse Valve inspection procedures. system leak.

Opening Lack of venting. Steam Increase venting of
leak, steam condensing

line. Note 2.

15 Brunswick 1 3/77 3/77 Torus Steam Bubble Pump Start Snubber damage. inadequate operation and Steam condensing
Cooling Collapse inspection procedures. system leak,

tack of venting. Steam increased venting of
| | |

1 ; leak. | RIR steam condensing, 3

I
'

line. Note 2. !, i ,
*

!' '

: i

!
. I

17 Brunswick I 3/ 7 7 ,' 12/77 91% Power Steam Bubble Unknown | Broken pipe restraint. Inadequate detection and Steam condensing |

{
Collapse f | adelnistrative procedures. system leak. Pipe ii i

; Velves leaking steam supports modified. j' '

| j i

. ,

| Into Rim steam inlet Note 1. I;
! ; } piping. Note 2.i
: i ! !

l | 1 i

I I
i |
i f | | iI

:
-

i
-

i i.

! | | | |
~
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! TABLE 4.3-1
'

' *

i ~

f WATER HAN(R EVENTS IN THE ISOLAIlON CONCENSER SYSTEN (BWR)

| t :
'

? i |
*

t

| - i

i.,
. ,

I COM.0P. EVENT OPERAllN6' 3%R MEi.HANICAL INiilAL lil5TCATION/

{ PLANT /
EVENT

DESIGN DATE DAIE MDOE ; IVPE FUNCTION DAMAGE CAUSE AND EVENT SASIS ComENTSWO. ,

55 Millstone 1 3/71 '2/76 1001 Power Steam Bubble Generator Ruptured condenser inadequate failure mode System is prone to
Collapse or Trip, tube caused radiation alare and detection water hammersi

'
Steam Water Turbine leak. Reactor high system. Procedural caused by high
Entralnnent Trip water level caused deficiencies. Poor reactor water level,

sluas of water to operator response. Feed- System design
enter lix and cause water valve lockup and sensitive to steam
internal dama<ie. MSiv opening caused water bubble collapse and

. Tube runture was attri level surge over steam steam water
attributed to inlet, entrainment.
corrosion rather than
water hasumer.

56 Millstone 1 3/71 3/78 Plant Shut- Steam Water Steam Observed movement of Procedural Deficiency. A Comments same as
down. Entralnment Supply - steam supply lines. reactor vessel water level Event 55.
Isolation Line Valve increase allowed carry Snubbers were added

f Condenser Opening over into steam supply to steam line..

m , in Service line.
m -

.

58 Millstone 1 3/71 12/79 Plant Shut- Steam Water Steam Observed movement in Reactor water level had Comments same as
down. Entrainment Supply piping. No damage, been mantalred based on Event 55. Water
Isolation Line Valve TMI emperience which had level Instruction
Condenser Opening allowed water to enter revised.
In Service steam supply line.

62 Mine Mlle 12/69 M/69 Power Steam Water Steam Line Observed water inadequate design. No Added drain points.
Point i Testing Entrainment Valve hammer. Damage prowlsion for venting Changed valve and

Opening unk nown. or dralnlag piping. No control design,
pitch in piping. Too 40 more water hasumer

; I : fast heatup when valves events sincej ,

1 I opened. doesnercial oneration'

} :
,

12 years ago.

i,

, :* '

i i f,
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i f . ,' !, i
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, . . .. .

,
! ; ! i C31E 1: No watzr basener was actually .i

, ,

3
i

| | witnessed. The occurrence t'
i

! TABLE 4.4-l: of a wattr hanumer was surmised !| | |
"

; based upon observed damage. Thert- t.

WATER HAMER EVENis IN BWR HIGH PRESSURE E00LANT INJECil0N SYSTEM r y e ca y have
! been based upon engineering f

judgment. ,

|
, ,

t
: i -

COMT0p7 EVENT iTUillNG WAIEWIW9EF MECH 4iffAE TiMIAONDICATION/
~

fVENT | PLANT / IIPE FUNCTION DAMAGF CAUSE AND EVENT BASIS | COMENIS
jHDDE

'
MO. DESIGN DATE DATE1

i4
52

|2 Browns 8/1/14 10/72 Pre-op. Steam 8ubble Valve Severe water hasumer in Inadequate design Provide vacuum breakers
Ferry-1 Testing Collapse Opening HPCI turbine exhaust and condensing sparger

! GE-4 Ilne. on turbine exhaust ilne
Enhausting steam noise Steam exhaust Ilne*

incident.
See Event 81

7 Browns 8/1/74 10/73 Power Possible Steam Valve , Automatic isolation of Procedural deficiency and Some means of relieving
Ferry-1 Testing Bubble Collapse Opening HPCI system, inadequate design. vacuum close to turbine
GE-4 Turbine discharge Vacuum condition created exhaust needs to be

Inner rupture disc by rapid steam condensa- considtred.,

.

relieved under a tion in turbine exhaust Note 1.
vacuum condition. line. Steam exhaust line

incident.'

7
8 Browns 8/1/74 4/4/74 Shutdown Steam-Water Valve Water hanener Inadequate design and Remove seal-in feature

Ferry-l Entrainment opening Broken pipe Hangers. marginal operating pro- from outboard isolation
GE-4 Inboard turbine jour- cedures. Rapid opening valve opening logic to

nal beartnq pedestal of outboard Iselation allow throttling in the

was fractured. Steam valve, opening direction or
| supply valve llelt provide interlocks srch

switch was broken. that inboard valve can-
I not be opened unless'

*

a the outboard valve is'

fully open. Note that
gate valves are not
suitable for throttling.

Alternatively, modify
steams line drein system

! ! j fpr prompt and adequate
|

'
'

' | drainage.I i ! *.

Steam supply line'
f 1 ;

! | ; incident.
| |.

f | | t

.
- ,

;

'

. - * , ,

9 ! Browns ;8/l/74 |I/27/00 Shutdown steam-Water halve Crack in HPCI turbine Possibly caused by an Note 1
Ferry-l I i Fntralnment Dpening coupilnq bearing observed water hanumer in Steam supply line

|l'cident.GE-4 | i support pedestal. the steam supply line n ,
'

4 . i while warning the HPCI .

[ l ! system from an out-of I
'

g
! } (

*
r service condition. e{.

| | f | { l

'
|! ! i I

i

!
l 1 i ; i. ! i

'
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TABLE 4.4-1 (Continued) i
'

-}
'

,

} ! WATER HAfMER EVENTS IN IMt HIGH PRESSURE Cont ANT INJECTION SYSTEM ! j.'

! ; !'
e .

'
I

|
. ,

'
i . !!

iEVECT PtANT/ COM.0P. [ VENT OPERAllNG WAIlRTIAl R F W HiKNICAL INITICIliDICATIOll/ '

NQ. DE SIGN DATE DATE M00E , TYPE FUNCil0N - DAMAGE CAUSE AND EVENT BASIS CODMENTS j
,

_

I

. .

10 Browns 8/1/74 1/29/80 Shutdown Steam-Water Valve Broken Instrument Possibly caused by an Events 9 and 10 might
j Ferry-1 i Entralnment Orening sensing line hangers. nbserved water hassmer in have been caused by the
! GE-4 the steam supply line same incident but the

while warming the WCl consequences were
system from an out-of- sserved at dif ferent
service condition. times. Note 1.

Steam supply line
incident.

i

11 Browns 3/l/75 8/11/74 51 Power Possible Valve Automatic isolation of Possible water in turbine 4ater hanumer caused by
Ferry-2 Steam-Water Opening HPCI system. enhaust line when steam equipment failure due to
GE-4 Entrainment Turbine exhaust was adultted. Exhaust nelntenance error.

rupture disc train line solenoid burned tote 1.
relieved. up due to wiring error on Steam exhaust line

a installation. Defective incident.
8 switching elesment inside

; C level switch deactivated
drain valve.

.

12 Browns 3/1/75 2/16/80 Shutdown Possible Valve Cracks in turbine Design and operational tote 1
Ferry-Z Steam-Water Opening coupilng beartnq deficiency possibly water 5 team supply line

;
* GE-4 Entralnment support pedestal. hasser during HPCI system incident,

warm up from out-of-
service condition,

*

l3 Browns 3/1/77 1/26/77 1001 Power Unknown Pump Restraints on the pump linknown tote I
| | Start discharge line and

'

'umn discharoe side |Ferry-3 i i
GEb4 ' + ' loose bolts and broken i incident. i

anchors.i. i , ,

,

. ,!
'

.

|y

i6 *
1 .

| I I

ii ; i1 . ,
'

t i } .

. . ,,

* '
e

| i i i ; i
'

, i 4
-

,
= f a ,

!

i i ! l i ; i
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| j TABLE 4.4-1 (Eontinued) !

|
i-

| |
''

I WATER IUH1ER EVENTS IN BWR lilGI PRESSURE CantANT IN.)f CTION SYSTEMI
.

'

, ,
'

!
|

' ,

' t

j i ,

i
WhiEYWit MECilANICAL INIHAE lW6ICATIONT j

,

I EVENi l PLANT / COM.0P. EVENT i OrtRAllNGi '

DESIGN DATE DAIE I MDDE TYPE FUNCIl0N DAMAGE CAtl5E AND EVENT BASIS COPMEN15
j ; NO. f !

r

i 19 I Brunswick-1 3/18/77 3/28/81' 90% Powe Possible Valve Damaged piping supports Design and operational Note 1.

GE-4 Flow-Into- Opening deficiency. Inadecuacy keep fill system by
Volded-Line of keep fill system itself will not ellet-

relative to system nate water hammer
1eakage. problem. Check keep3

{ till system capacity
against possible system
leakage. Install
monitoring system to
detect system leakage
and vold formation.
Pump discharge side
incident.

7 24 Brunswick-2 11/3/75 9/76 Shutdown Steam-Water Valve Water Hammer Exhaust piping was not Moillfy system design to

m GE-4 Entrainment Opening Escessive turbine drained because of a mal- allow maintenance of;

* exhaust line movement function of a drain level level switch during
resulting in shock switch and failure of a nomal plant operation..

suppressor and hanger solenold valve. Steam exhaust line
damage at several incident.

,
locations.

27 Brunswick-2 11/3/75 3/24/78 Shutdown Possible Flow- Valve Snubber with broken Probably due to sticky Note 1.

GE-4 Into-Volded- Opening shaft on HPCI discharge check valve of keep fill Pump discharge side
'

Line line. system. Incident. .

I
.

t I ! i i ! . i

!I Note 1.
29 Brunswickd2 11/3/75 2/28/81 90% Pot.er Possible Flow- Valve i Damaged piping sunports Design and onerational

GE-4 ! ; j Into-Volded. Opening deficiency. Inadecuacyfot Puino discharge side |
6 Line keep fill system relative incident. ;'

to system leakage. f| !',
|

'

1 ,

;
;

: i
- : ,

$ | !,

! i : i
'

,
- I i i

! | i i i !
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|
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[ ! ; i. ; TABLE 4.4-1 (Continued) t
, , ,

| WATER HAMER EVENTS IN BWR HIGH PRESSURE COOLANT INJECTION SYSTEM ' . * '9
,

: !
'

i ;-
i

! l- ; ;-

| ? i h
'

!u.
i ii

EVf Mi ptANT/ COM.0P.i EVENT | OP[RAllNc l WAi[Tt liAMfit M CHAMifAl'~~~INITIAll hliICATIONIi
,

| No. I DESIGN DA1E { DATE j MODE TYPE fuMC110N f DAMAGE CAUSE AND EVfMT BASIS Co mENIS; ,
!

; ,

i : -

-

;

I !
i 30! Dresden-2 ' 6/9/70 5/29/70| Power Stems-h ter Valve Water hanumer damage to Design and procedural Ceaument for Event 8

! ' '

GE-3 Testing- Entrainment Opening piping. deficiency, applies.'
.

Steam supply line
incident.

I
|.

I
'

40 Duane 2/1/75 6/11/74 301 Power Steam-h ter Valve Normally open outboard Design and procedural Comment for Event 8
Arnold Entrainment opening steam supply isolation deficiency; operator sonlles.'

GE-4 valve was indicating error; movement and lupact Steam suoply line:

! closed; damage to pipe of water slug from steam incident.
i insulation, pipe condensation occurred in
! hanger, seismic the steam supoly line
' snubbers, pressure when the outboard isola-

Indicator and steam tion valve was opened
-

Ilne drain pot while the inboard isola-
s= Indicator. tion valve was full open.

. e

| 61 Monticello 6/30/71 7/17/72 Sur- Possible Turbine Turbine trip. Inadenuate component and fquipment faliere
GE-3 veillance Steam Bubble Enhaust failed check valve subsystem design. leading to water

1 Testing Collapse Stop Check pin caused line hammer.
.| Valve , blockage; steam Note 1.

Operation issuing from relieved Steam exhaust line
exhaust ilne rupture incident.
discs lapinged on
adjacent temperature
switches rendering

;
* them inoperable.

'
. l ! ! ! i

!
'

. i . .

68! Peach 12/23/T4 Power Steam-Water | Valve Movement of steam inoperative component and Equipment fallare |
'

i ! Bottom-3 ;
^

2/14/75|
,

Entrainment| Opening supply line. aeninistrative deficiency. leading to water hasuser
GE-4 i (Steam- Failure of steam tran to Steam suoply line, i .,

| | } {
Line) I drain properly and drain incident, j

,

g pot level switch to trls ii
i i on high level. !

{ .

! . .>

I I I
'

I ' !

| 4 r,

t : I i

i i

i i !j
. .,

_ _ _;L _ _ __
- . ! - _
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f TABLE 4.4-1 (Continued) ,

~l .

WAlf R llM91[R EVENIS IN BWR lilG4 PRFSSURF COOLANT INJECTION SYSifM ,

;-,

| . i *
'

, ,
; ,

| !i,

l'

EVENT PLANI / COM.0P. EV(Ni ~d[PiilNG llAitit lieNIC MTii4NICAC INITIAnieliTtATIONT~' . -

| NO. I DESIGN DATE DATE MDDE TYPE fuMCil0N DAMAM CAUSE AND EVfMi 8 ASIS COMilNIS

t

69 Peach 12/23/74 12/2/75 571 Power Steam-Water Valve Movement of steam Inoperative component and identical to Event 68.!

Bottom-3 Entralssient Opening supply line, administrative deficiency. Steam supply line*

(Steam Line) Failure of steam trap to incident.
GE-4 drain properly and failure

of the drain pot level
switch to trip on high
level.

81 Vernent 11/30/72 1971 Pre-op. Steam Subble Enhaust Line Water hanner Design and procedural Eshaust line check

Yankee Testing Collapse rheck Valve deficiency. Fast valve should preferably

Closure turbine exhaust line be located in
GE-4 check valve closure due hortrontal position.

to vacuum condition. Steam exhaust ilne
incident,'

See Event 2
,

"os
o ,

82 Vermont 11/30/72 6/76 88E Power Possible Valve Leakage Operator error and design Note 1.

Yankee Steam-Water Opening / deficiency. Onerator Gland seal condenser

GE-4 Entratoment Pump Start accider.tly drained steam ilne incident,

reference leg of an RV
level control Instrument
and gland seal head gasket
failed on system start.

51 Fit Patrick 7/28/75 9/7/75 Startup Steam-Water Valve Damaged several pipe Insufficient drainane of Mote I
n ovide adequate

GE-4 Entrainment Opening restraints on steam condensed stean during r

j t
. Ilne to RHR heat HPCI Ifne warmup. dralnage of steam

p ! | enchanger. .

supoly line. i

Steam supoly line
! f

'
,

' incident.* ,
i , I

* t !

i

i :-

; i, .
I i !

i

f | k ! i

| i i ! ,

, , i i ,
I '

i
'

.
>
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-

| |
| -,
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j TABLE 4.5-1, .

$
,

,

! |
'

; WAIER IUH(R EVENIS IN BWR REACTOR CORE 150l Ail 0M COOLING SYSTEM -

'
t

k |
.

- I i.

! ! ! Ii
. 6 I I .i i *

.

EVENT PLANT / E0M.0P. EVENT '0PfMTING W41ElTIMMF ~5flifMICAITNIflAEllKilCATIM/ |
No. DESIGN DAIE D41E M00E ,TVPE FUNCil0N , DAMAGE CAUSE AND EVENT BASIS Co mENTS

; I |

60 Monticello 6-30-71 k971
-

I .i .

l Steam Water Water Hasmier inadequate design Steam eshaust line
; E-3 Entrainment incident.'

Provide vacuum breakers-

on turbine exhaust.

ilne.

79 Qusd Cities- 2-18-73 10-29-76 941 Power Pump Valve Pimip failed to develos faulty operational pro- Pusg. cavitation
I Cavitation Opening required head and floi cedure and mechanical incident. Revise pumpa

E-3 (Not a water Two of five pump design. Pump startup start procedure
hassier stanes were severely with test return valve to
problem) - damaged. condensate storage tank

. open.
. .

8
i

On
I >*

|

I
e

*
.

.

I '
! .
4 - :

*
.

0
fI

'
| ;.

| : |
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;
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| Itat31: Iha matN 16ammer was actually sitmessed.
The occurrence of a mater hammer mas i

*surmised based upon etterved damage.
Therefore, the postulaties of mater i,

j I *' T ABLE 4.5-1 heamer type and cause can only have
.; been based upea engineering judgeerat. |

| g ,

!
i|

8

I WATER HAtSteER EVENTS IN BWR MAIN STEAlf SYSTEld !

i . t t
1

' 'i

! = i

(Out PLANT / COM. OP. IVf RT OPERAllNG IdAi[R IWgER 8ECHANICAL lillII AL INDICAll0N/ CAUSE 4 Evihi 84515 CaeENi$'

a0. 0(51(JI DAll DATE 900E ' itPE fuMCll0N DAMAGE :

le Bruasulck-l 1/l8/77 12/12/7g 05 Power SAW discharge say Ilftlag Discovered damaged snubbers. Reactor scrasmed and relief valves hote 1.
Lt.4 treattent Verlety of damage to ten llited. Analysts fadicated that a frequent recorded laspecties

different saubbers en 5/ev mater slug could cause the damage of saubbers required to

discharge line. If selected snubbers were men- essere operability.

functional.
__.

63 Nine Mlle 12/69 1969-71 Powr Steam water Mala steam Idater hammer la steam Ilmes. Inadequate dest y. Condensate Identify situallem and

potat.1 escalation entratament lines valve Damage unsnown formatten and lack of adequate conditions that kave
testlag opealag drata er properly pitched pipe potential for damaglag

to elleinate liquid accumulatten. water hammer. Check system
imo-phase flow caused turblae design and operatleg
trip. precedure to ellelaate

steam-meter entratament.
sm

*
e

:n
52 Milestone-1 3/78 12/09/70 5 tart-up Steam hammer Turblae step Damage to M5 piping. Inadequate piplag support destga isote l."

G(-3 (505 lead valve closure. Escessive anwesent of mala (failure to consiter dynamic Piping support design
turbine turblae bypass steam lines and bypass lines. forces generated by rapid closure should tact.ute leadlag due
trip test) valve lastabil- flued pipe support commma te of step valves). Durlog a planned to dynaelt force generated

Ity all four mala steam lines. turbine trip the rapid closure of by rapid valve closure.
between outboard Isolation the M5 stap valves caused a tasure that valve temponeet

and turblae stop valves, transtrat. A contributing cause selectlen is compatible
stressed beyond gleid, time was malfunction of bypass valve with duty cycle and service
savouent damaged other support actuator components. requireneet.

steel and lastrwent
connectlens.

' 65 Oyster 12/69 11/16/74 Start-up Probably Sudden M5tv lacomplete M5tv closure. Inadeguate valve destga (component / Note 1.
"'k"I (Valve steam-met er opentag Valve operator cast iron service condillen lacompatib6tity) f asure that valve ca ta- at

tielag entratament speed cushion crushed alth and/or sudden valve spealag with selectica is compatible

test), pieces preventing valve large pressure differential (800 alth duty cycle and

| t ! I closure. psi) entsting across valve disc. service requireerst. Check''

f { , operattag precedure for,
*

warm up during startup.
| j 4
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900L3 1: lie mater hmmmer mas actually sitnessed.-
'

| I : ,

The occurrence of, e esater hamier mas
'

surmised based upon observed damage. *
.

!' | ! Therefore the postulatten of mater.
*

basemer type and cause can only have *

TABLE 4.0-1 been based upon engineering judgement.

NFATER HAMMER EVENTS 108 SWR MAIN STEAM SYSTEM

.

ETT ptAAT/ COM. Op. (WWT Op(RAlinG WAi!R limeqER ME titANICAL INiilAL lil0ICAll0N/ CAU5E 5 (M ut SA515 Co u nts
no. SE51 Gal DAlt D4lt Most Ivyt Funtilon anMAGE

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

67 peach 12/23/74 10/15/74 powr Steam hasser Bypass valves Damage to piping system Valve maintenance deficiency Inste 1.
Settem-3 escalatten cycling observed. Snubbers en (taproper INC calibretten). Out- Develop inspectlen and
GE-4 testing piping between bypass valves of-calibretten acceleratlea calibratten precedures

and male condenser damaged. amplifiers la the electre hydraellt to detect eut-of.calibretten
controls system caused valve valve control and aske
cycling. secessary carrectlans as

required.

il pilgrie.1 12/12 7/24/72 peuer 5 team hammer Startup test Damage to piping system ab- leadequale piplag support design hete 1.
El-3 escalatlen program involv. served. pipe hanger tora from (fallure to consider casulative piping support desty

testing Ing repeated support en ene male steam Ilme, concurrent leading). The additlenal should laclude leading due
closure of Seat hangers en three other dynaalc leading laduced by valve te dynaalc force generated
turbine step mala stese lines dumnstream of closure acted concurrently ulth by rapid valve closure.
valve and M5tf near se<.end elben. entsting leads to overstress a pipe Werk out inspecties and
centrol valve support. maintenance precedures for

f the pipe support systee

c W ts.m
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Nota 1: he *strr hammar was actually uttaessed.
The occurree e of a mater hammer was -.

surelsed be ed upon shserved damage.
Therefore, the postulatten of meter *

~^
, hammer type and cause <an sely have

been based spea englasering jwegement.,

.

WATER HAestIE 4 EVE *lTS IN EWR FEEDWATER SYSTEM

(vtN1 ptANI/ CON. OP. Evthi OP(RAllus WAlts hap 0(R MICHANICAL kglilAL INDICAll0N/ CAW 5E 8 (V(ni 84515 Copeauf5
no. DESIGN DAll DAIE Most 11Pt fuMCil04 D4ft4GE

-

73 Pilgrie-I 11/72 l/6/76 Increasing leitnamn FM regulating (W systes vibrettees. Tete of laedesguale velse operater FW regulettag valve
peuer (:aevi (vibration). valve lastabil. startup replating valve fractured design, component / service lastability caused
205 rated possible column Ity (valve resultlag se complete ejection of canditlen lacompell6te. meter hammer. Select
peuer) seperatles cycling valve stee. Valve body cracked. CycIlmg of tw valve due te valve operater and

Pipe henger heat se FW llan, faulty paessnesic valve controller that can
operater insuced flew meet the control valve
vibrettsps. performance and response

regrtrement s.
_ _ .

35 Bresdee.3 11/16/78 6/23/74 At power la untaeun pe9ulating FW regulatlag valve lett up; Specific cause met note 1.
st.3 run made valve closure service air compressor. SWCU identified. fu valve See Event il

p g . and FW heater tripped; FW v1bretten and laadverte t
and reactor level decreased, closure possibly related
FW low flow regulating velve centrol systee malfunctlee,
opened and rotated with all
tir lines and electrical feeds7 bre6en. Samage to piping

m support system components in** fu lines.

80 bad 2/14/73 8/31/75 Decreeslag untnown Be9ulatlag FW vibraties alare. turtlee Ine w te valve actuator See Event 73
Cities-2 lead for (vibretten) valve lastahll- trip due to reacter hip water design. FW system vibrellen
GE .) shutdoun ity level reacter scram, rW systes possibly caused by flem/re-

leet. fW low fleu drala lines spense conditten of 'W valse
and high pressure heater typass actuator pistoa.
Ilme bro 6en.
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NOIE 1: No watzr haasmer was 'ciuallyc -

TABLE 4.8-1 ultnessed. The occurrence af
- water haasner was sumised tased

WATER HAM 9fR [ VENTS IN BWR REACTOR WATER Cl[ANUP SYSTEM upon observed damaqe. Therefore ~

the postulation of water haasner -

type and cause can only have
been based on engineering
judgment.

.

EVfMT PtANT/ | Cort.0P. EVINT OPERATING 94fdITlM M R HECHKRICAE 7RITIAllHDIUTTONI
-

NO. DESIGN DATE DATE MMIE TYPE FUNCil0N DAMAGE CAUSE AND EVENT BASIS COM1ENTS

38 Dresden-3 11/16/71 4/2/80 Refueling Possible flow- Valve Fully retracted Possible operation or Note I
GE-3 Into-volded Opening / mechanical snubber, material deficiency. After nine years of

line Closing Crack in affected operation only one
pipe between first event was observed.
Isolation valve and Crack in the

,

containment affected pipe did
penetration. est cause any leak.

Ultrasonic test
i detected the crack.

|
Radiographic test
did not confim
this indication.
This suqqests that
the cract may be
parallel to the
surface.
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Note I: 100watIrhanenerwascctuallyecitnessedI'

'
! Ihe occurrents af a watIr hasser was .

i j j syrmised based upon obsTrved damage.,

| 1 Thersfors the postIIItten of watert

j i hammer type and cause can only have .

been based upon engineering judgement.,

f D

| | Note 2: The condenser system is non-safetyT ABLE 4.9-1I I related. h ver, nuclear safety.
,

j i considerations are involved teen
. W ATER HAMMER EVENTS IN SWR CONDENSER SYSTEM li '

engineered safety system equiiment'

6 is damaged due to flooding such as
i ! In Events 77 and 78.

[VfNI PLANT / COM. OP. (V(NT OPERAIING WAIER HAMER : M[UIANICAL INiilAL INDICATION /
NO. C251GN DAIE DAIE MODE TVPE ; (UNCil0N DAMAGE CAUSE & [ VENT SA515 COME N15

i

I '

Sudden, laadvertent valve closure. Inadequate maintenance or Note 1.
77 Quad 2/18/73 6/1/72 Ilot shut- Probable Circulating water While venting the recirculating repair practices. While Develop malatenancetitles.1 down. column butterfly valve valve hydraulic system a ru2,ber performing condenser omd- procedure for circulating

; (mainten- separation closure. ,npansion joint in the condenser ifications. a butterfly water valve hydraulic* ance outage)
water boa ruptured and recirculation valve slammed closed while system to prevent in-
water flooded the condensate pump condenser circulating water advertent valve closure.

| room. Water isnersion damaged RHA pumps were in operation, while circulating water
service water pumps and motors and This event occurred while is flowing. Select
other equipment. venting the valve hydraulle location and design en-

all systen, closure of engineered
-| Safety egalpment such that!

the safety equipment will
not be damaged from,

j floodtag or other types
of accident,

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

I 78 Quad 2/18/73 1973 unavallebte Colunn Circulating water unavsflable. During malatenance work. Note 1.
6 Cities-l separation butterfly valve closure. Rupture of rut >ber expansion joint malfunction caused a butter- See Event No. 77.

In line. Damaged engineered fly valve to slam shut
safety-system equipment due to resulting in water hammer.
flooding.

- -. __ .. ._.

64 Zillstone.1 3/78 1972 Unavailable steam-water Steam bypass valve Structural failure of steam Inadequate design of stese Note I.
GE.3 entralnment oper.Ing, bypass header in main condenser. bypass header (hole slaes Check design for possib-

(nd cap of steam bypass header and museers of holes in Ility of condensate
failed, header lasufficient). Con- forination and accumulation

densate formation and in steam bypass header,
accumelation la steam
bypass header.

!

72 tilgria.1 12/72 1972 Unavailable Probable Steam bypass valve Broken spargers and baffle Inadeuqate design of sparger. Note I.
GI-3 steam-weter opening, damage in condenser. Condenser Proteably condensate formation Check design for possib-

entralnment internal spargers were broken. and accumulation in sparger. 111ty of condensate
formation and accunulation
la sparger
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| I NOTE'l: No watzr hammer was cctually .
'

6 witnessed. The occurrence cf
3

| TABLE 4.10-1 water hamuner was surmised based
*

upon observed damage. Therefore'

)
WATEf| HA M R EVENTS IN BWR E00 LING WATER SYST[M5 the postulation of water haasner J.

- type and cause can only have been
based on engineering .ludgment.

.

EVENT PLANT / Cort.0P. EVENT OPERAllNG lidIRM ECHKiffTliiTTIAETHDISTION/
NO. DESIGN DAIE DATE MDDE TYPE FUNCTION DAMAGE CAUSE AND EVENT BASIS E0 M NTS

3 Browns 8/1/74 5/6/73 - Possible flow- Pump start Failure of orifice Design and procedural Note i

Ferry-I into-volded- gasket, deficiencies. Volds Isyrove surveillance

GE-4 line. form due to line leakage or add void alarm
Non-essential and dissolved gases system,
water system. callect at high points

during standby I.eriods.
On pump start the water
compresses these gases or
forces them into solution
such that the water inter
faces come in contact
causing damaging water
hassner.

I 4 Browns 8/1/74 5/10/13 - Possible flow- Pump start Failure of pipe See Event 3 Note I

$ Ferry-1 lato-volded- coupilng. See Event 3 -,

GE-4 line.
RHR service
water system.

5 Browns 8/1/74 5/23/73 - Possible flow- Pump start Failure of pipe See Event 3 Note I

Ferry-1 Into-volded- coupilng. See Event 3'

GE-4 line.
MIR service
water system.

-

; ;,

| t
'

6 Brps |8/1/74 6/7/73 - Possible flow- Pump start Failure of pipe SehEvent3 Not'e 1
'

'
,

.

Into-volded- coupilng. I See Event 3
Fe[ry-l ! i, '

! 11ne. ! iGE 4
|j |

'

mIR service 1

i
i water system. ; '

! . I
e

1 ;
i i |

'

28 Branswick-2 !11/3/15! 4/12/80 'Zero Power Unknown Valve | Partially buckled HX Prpcedural deficiency. Note 1 '

RHR service Opening / rib plate. |
Operating procedures

GEp4
; water system. Closing

- should be revised,

I, | to|renuire venting. '

' ij
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TABLE 4.10-1 (Continued) i j,

WATER llAM1ER EVENTS IN BWR COOLING WATER SYST[MS
| | s

-

i :
'

. .

I !j
* '

; , 4

| i !1

EVENT! PLANT / ? COM.0P. ' EVENT OPERAilNGi MAff RliTHKlF ~MECHANICAF ~NITICillDICATI0ll/ i ;

C0199ENTS ;TYPE ftMCTION DAMAGE CAUSE AND EVENT BASIS*

NO. i DESIGN DATE DATE HDDE 'i

i !

47' FitzPatrick 7/28/75 4/10/74 functional Flow-into- Pump start /~ Water hammer; pipingi Procedural deficiency. The pump'discharoe
I GE-4 Testing volded-line, valve movement. The botton The pump discharge valve valve and motor

''

RHR service opening, of the pump discharge and motor cooler 15014- cooler isolation
water system. basket strainer was tion valves were not valves should normally

blown off and grouting closed and remained open be kept closed arwi be
for strainer support over night causing the gradually opened on
was chipped. Buckled system to drain. pump startup.
piping at seismic
trunion locations.
Bent selsmic trunions,
a pipe support with a
failed turnbuckle, and
a pipe support with
failed anchors near
the pianp.

I
8

70 Peach 7/5/14 5/76 liefueling Possible Pump start / Water qushing from Unknown; possible design / Not safety-related.
Botton 2 12/73/74 Shutdown column valve lift pump house door. procedural deficiency,
and 3 from 701 separation. opening. Bolts holding suction Observed damage is
GE-4 power. Cooling water bell housing to pump indicative of water hannes

system. casine failed. Dis- on pump start due to
charge piping cracked column separation /volded
and base plate shifted ilne flow. .

'

.

74 Pilgrim-l 12/72 2/3/77 55 power Possible Pump start / Salt water service lkdnown; possible deslan/ Note 1
GE-3 column valve pug failed to start. procedural deficiency. See Event 3

separation. opening.
Thetopcolumnpipe!

Observed damage is
t ! ! I Essential 6

~

i
,

4'Indicative of colisen ; ;had a 360 degree
I It j service watqr ! fracture .just below. separation in discharge 8

! i i i system. i lts top flange ! line. I*

1 allowine the olpe to j
'

j ; . i

! ! | drop into and jam the !
'!

! I j pump impeIler, j''
.

I }
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i
i i j Note I: No mater hasser was actually witnessed. i

4

The occurrence of a water bammer wasI
,

t . i
' I surutsed based upon observed damage.

, therefore the postulatten of water
{

'
; hammer type and cause can only have
. been based upon engineering judgement. j'

* i ;
'

.

i TABLE 4.11-1 j| '
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i i ;
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i!j
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WATER lip #tFR EVENTS IN RWR AUXIt.IARY 110lLER SYSTEM ;

.,

;.

i ;
j,

'
! i

EVECT PtANT/ C0ft. OP. EVENT OPERAllNG WAi!R h4fg(R MECHANICAL INiilAt IMOICATION/
NO. DE5IGN DAIE DATE MODE TVPE FUNCil088 DAMK4 CAUSE & EVENT SA515 C0pptNT5

I alg Beck pt. 3/29/63 10/31/77 unavailable Steam bubble Plant beating boiler. Water hammer occurrence. Merginal design concepts and Plant specific event.
collapse. valve opening. No apparent physical damage. procedural deficiency. During

Event resulted in a minor. manual valving operations NC5
uncontrolled release of water backflemed lato the
radioactive water to plant heating system esternal
discharge canal. to the contalement causing a

. eater hammer in the steam
supply line from the heating

g boirer. Operating procedures
a were not followei in them valve lineup,so

e
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I ! | | j l 1

''
,

i
1

- - t i ;

|'
; ; }' , i ; I e

e t i t

i i | !
'

|'
| 1 . .

,

b
'

>

i .

. . i

!

I !'
.

i ! j !.

| !| ! '
.

i i i. .
i '
. ! I |
! i

' +

|
'

,

e



' *
. _ _ _ _ . . . . _ _ _ _ . . _

s

Main Steam Line
~ ~ ' ' ~

To Main Turbiner RV

{{ -1
v

$
V ll- W. -6{$.

'

-13

/ ; . _ _ _ . . . _ . . _ . _

-RCIC Turbine-

| RHR Steam Condensing Liner

-4 '

To Suppression PooG' ~3

1

To RV E^ I

C -12 -11 _7 , j

ME _ _ _ _ _ _ _ _ . _

A
-10ff RHR

C Test & Return Line
Hx

To Suppression Pool
[ - - . - -

C 8
-

g. RHR Suppression Pool Cooling-Line --

^From Suppression Pool RHR Pu:rp

s _ . _ - _ _ _ _ _

mumme Dual Service Piping-Steam and Water

* Steam-Water Interface
. - - -. . - -

'

FIGURE 4-1
- . . - . - . _ _

RHR STEAM CONDENSING
SYSTEM SCHEMATIC

- . - -

4-70 - -- -

.. . _.



. a

. .

, , Drywell
g gBoundary

h h
g. A" |g'

f Reci rcula- Reci rcula- _' / | -- - - - -

,

| tion tion / | .,

Loop Loop
g

_ _
. . .

, ,-

-5A h
11-58 | 1 1 -18 II-1A |,

ju__za___a|
-s _ ,.e,

Heade r V ''

RHR Pump
'^

TYP)r' -g
( Y

Hx

^

A

h V_
'

. n _ -

-28 HxW CJ. m
S

|
.

Q_v _

-
-2C p Hx -v

dA

.
C

FIGURE 4-2

RHR SHUTDOWN COOLING SYSTEM SCHEMATIC
,

4-71



W f 5 1982

6. 0 IMPLEMENTATION OF PREVENTIVE MEASURES

This section discusses the means of implementing the preventive and
mitigative measures discussed in section 3.5.

. _ . -

6.1 Plants in Design or Construction

A generic Standard Review Plan (SRP) or Branch Technical Position (BTP)
should be issued on water hammer. The SRP or BTP should be generic in
nature and address the requirements contained in 6.3 below. The existing
SRPs for the effected systems should refer to the generic SRP or BTP.

-

6.2 Operating Plants

A generic letter or IE Bulletin should be issued.to operating plants
listing the requirements contained in 6.3 below.,

6.3 Requirements for the Prevention and Mitigation of Water Hammer in
Light Water Reactor Plants

. _ .

,

a. Operator Training
'

| All plant operators, including personnel responsible for the writing
of maintenance instructions and the supervision of maintenance
activities, shall receive training on the causes and prevention of
water hammer.

.

b. Operating and Maintenance Procedures

The applicant shall review all operating maintenance and testing
procedures for the systems listed below for their appropriateness

~

in preventing water hammer.
.- -

Applicabin systems:
o BWR

RHR _. _ .___ _ . . . . . _ _ _ . _ _ ,

-

HPCI (HPCS)-

Core Spray-

Essential Cooling Water Systems-

|

6-1
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Isolation Condenser-

_
.-- . . - _ _

# 15 mMain Steam-

o PWR

ECCS (Safety Injection)-

Feedwater- - - - - - - - - - - --- - -

Main Steam-

Essential Cooling Water Systems-

c. Void Detection

Void Detection and alarm shall be provided for the systems listed
below. Void detection shall me provided at all points in_the
normally liquid filled lines where voids o- stream bubbles could

; form or collect. It shall be shown that all potential void points
,

have been monitored. These systems shall be considered inoperable
when voids are present. Open loop service water systems r.ay be
considered operable if analysis has been performed to demonstrate
that there will be ro adverse effects if the system is started with
voids present.-

Applicable systems:
o BWR

RHR-

Core Spray-

HPCI (HPCS)-

Essential Cooling Water
~- '~~~~ -

-

o PWR

ECCS-

Essential Cooling Water-

d. Keep Fill Systems .

Continuously operating keep fill systems shall be provided for the
filling of voids in normally water filled lines in the systems

6-2
1106
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listed below. A jockey pump or a storage tank at a higher elevation
then the lines of concern shall be considered adequate keep fill
systems.

Applicable System:
o BWR

Core Spray-

HPCI (HPCS)-

RCIC-

, RHR -

-

e. Fillino of Safety-related, Ooen Loop Service Water Systems
One of the following shall be demonstrated for open loop service

, water systems.
1. Voids can be filled within the required start time through a

manually initiated fill system. This provision is applicable
to manually started systems only.

2. Neither column separation nor voiding can occur during standby
'

or following pump shutdown.
3. The system is designed with a startup mode that slowly fills

and vents the discharge lines in such a manner as to prevent
water hammer on pump start up, or

4. The system is designed to maintain function following a postulated
water hammer. event.

f. Venting

Venting provisions shall be provided for the systems listed below.
Venting shall be provided at all points in the normal lines where

j voids or steam bubbles could form or collect. It shall be demonstrated
i that all potential vofd points can be vented. The vant system shall

either be automatic or shall be designed for ease of operator usage.

Applicable systems:
o BWR

RHR
- -

Core Spray-

6-3
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% 15 ''

DPAR
HPCI (HPCS)-

Essential Cooling Water k-

( 19 pRCIC 8-

| o PWR

| ECCS-

! Essential Cooling Water-

g. Turbine Exhaust Line Vacuum Breaker
,

'

Vacuum breakers shall be provided in the turbine exhaust lines that
j have a liquid interface. This provision is only applicable for
I safety related systems.

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

Applicable Systems:
o BWR

,

HPCI-

RCIC-

h. HPCI Steam Line Drain Pot
1. The adequacy of the sizing of the HPCI drain pot system shall

be demonstrated.

2. The level indicators on the HPCI drain pot system shall be
checked for operability on a periodic basis and repaired if
necessary.

[

i. HPCI Turbine Inlet Line Isolation Valves
An interlock shall be provided that will preclude opening.cf the

.

HPCI turbine inlet line inboard isolation valve unless the outboard
isolation valve is fully open. Neither valve shall contain a
seal-in feature on opening. The inboard valve shall be designed to
permit gradual line warm up.

j. Feedwater Control Valve

The feedwater control valve supplier shall verify that the valve
design parameters including actuator, CV, and trim are compatible
with all final designed operating conditions of the condensate and

6-4
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feedwater system. Furthermore, the valve and its control system
shall be designed to minimize the potential for instability,
vibrations, and water hammer.

k. Steam Hammer and Relief Valve Discharge

| 1. The design bases for the operability and support of main steam
| systems shall consider steam hammer resulting from the most

rapid anticipated closure of all system valves including the
turbine stop valves.

2. The design basis for the operability and support of the systems
listed below shall consider forces resulting from safety and
relief valve operation.
o BWR

Main Steam-

,

o PWR

Main Steam-

RCS Pressurizer-

.

|

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

O

|
~

i
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ABSTRACT.
,

.
.

This report compiles data concerning known and suspected water hamer
events reported by BWR and PWR power plants in the United States from
January 1, 1969, to May 1, 1981. This information is summarized for each
event and is tabulated for all events by plant, plant type, year of
occurrence, type of water hamer, system affected, basis /cause for the
event, and damage incurred. . Information is also included from other events
not spec'ifically identified as water hamer related. These other events
involved vibration and/or system components similar to those involved in

the water hamer events. The other events are included to ensure
completeness of the report, but are not used to point out particular facts
or trends. This report does not evaluate findings abstracted fecm the data. '
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SUMMARY

This report compiles data concerning known and suspected water hamer
events reported by BWR and PWR power plants in the United States from
January 1, 1969, to May 1, 1981. Incidents involving BWR relief valve
discharge into the suppression pool were not scoped as part of this study,
and are therefore excluded. -

Information is included from other events not specifically identified

| as water hamer related. These other events involved vibration and/or
system components similar to those involved in the water hammer events.

The other events are included to ensure completeness of the report, but are
nct used to point out particular facts and/or trends.

*

D. m
A total was reported of 81 BWR and 67 PWR water hammer events. The

, -. ..
- s

second grouping (of events not specifically identified as water hamer
. . _ _ .

*

relateo) includes 43 SWR and 4 PWR events.

% bdyr...,I desmb9u

The reason (s) for each occurrence and the corrective action (s).taken .| 7

( ;o prevent additional occurrences are summarized for each event in the
appencixes. This information was obtained from various sources, and in

some cases specific information was not available--necessitating
interpretation to determine water hammer occurrences and other conditions.

l

Only the information for known or suspected water hammer events has
been reviewed. This information has been tabulated by plant, plant type,
year of event occurrence, type of water hamer, system affected,
basis /cause for the event, and damage incurred. Numerous findings were
abstracted from this tabulated data. To avoid highlighting any of these
findings, none are summarized in this seci: ion. The reader who is

| interested only in these findings micjht go directly to the section titled
Sumarized Findings of the Study.

Though neither the exactitude of information for each event presented
nor tne completeness of event listings can be guaranteed, the car *4celr .T]

#

facts and trends pointed out are considered va"ig .g[._L_(-. ,. 1
t ''
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NOMENCLATURE

-

Acronyms
.

ANS American Nuclear Society

A0 Abnormal occurrence
,

B&W Baccock and Wilcox

BFAO Browns Ferry abnormal occurrence
.

BWR Boiling water reactor

CCW Component cooling water

CE Combustion Engineering

CS Core spray

CST Condensate storage tank

CVCS C.hemical and volume control system

.ECCS Emergency core cooling system-

EECW Emergency equipment cooling water

EHC Electro hydraulic control

FW Feedwater

GE General Electric -

HPCI Hign-pressure coolant injection

Hx Heat exchanger

IE Inspection and enforcement

IEEE Institute of Electrical and Electronic Engineers
'

IR Inspection report
,

LER Licensee event report
,

LPCI Low-pressure coolantfinjection

MSIV Main steam isolation valve

MWe Megawatt electric

MWt Megawatt thermal f
' Ill7 ." p r ;- ,, - - ,
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NDt Ncndestructiva test-

NRC Nuclear Regulatory Commission
,

.' NSSS Nuclear steam supply system

NUREG Nuclear regulation
,

PWR Pressurized water reactor

QA Quality assurance
~

RCIC Reactor core isolation cooling
,

RCS Reactor coolant system

RHR Residual heat removal

R0 Reportable occ0rrence
,

RT Radiography

RV Reactor vessel

RW Reactor water

RWCU Reactor water cleanup

SCW Service cooling water

SGWH Steam generator water hammer

SI Safety injection
'

~

SRV Safety relief valve

TMI Three Mile Isl'and

UE Unusual event

USI Unresolved safety issue

W Westinghouse,
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INTRODUCTION

"

Structural damage and inoperative systems attrituted to water hamer
have been reported during comercial operation of both 6WR and PWR nuclear
power plants--and have the potential to impact plant safety. To provide
resource information for evaluating this impact on plant safety,
information has been compiled aoout known and suspected water hammer events

reported by BWR and PWR power plants in the United States from January 1,
1969, to May 1, 1981. Incidents involving BWR relief valve discharge into

| tne suppression pool were not scoped as part of this study, and are
therefore excluded. '

Information is included from other events not specifically identified
as water hammer related. These other events involved vibration and/or

'

system components similar to those involved in the water hammer events.
The other events are ' included to ensure completeness of the report, but are
not used to point out particular f acts and/ctr trends'.

'

|

This work was performed at the Idaho National Engineering Laboratory
,

_for tne Nuclear Regulatory Commission and is on.e of several O
\ nvestigations1i used in resolving the generic safety issue regarding

water hammer in nuclear plants.

The sources reviewed for information on these events were: records of
3nuclear plant experiences;2 U.S. Library of Congress microfiche files

concerning nuclear plant dockets such as licensee event reports, abnormal
occurrence reports, reportable occurrence reports, inspection and
enforcement reports, and general correspondence between the licensee and -

the NRC; an NRC staff report on water hammer in nuclear plants. Because

in sace cases specific information was not availuole, interpretation was
necessary to determine water hammer occurrences and c,ther conditions.
Thougn neither the exactitude of information for each event presented nor
the completeness of event listings can be guaranteed, the particular facts

j and trends pointed out are considered valid.
___
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Background information, reason (s) for occurrence (s), and corrective
'

action (s) taken to prevent additional occurrence (s) are summarized for each
event in the corresponding appendixes:

.

o Appendix A--BWR Events .

o Appendix B--PWR Non-Steam-Generator Events

.

o Appendix C--PWR Steam Generator Events. .

.

| The events in the appendixes inc-lude-the._date-of-ecturW are listed
tmUr by category,an4-alph' betically[ by nuclear plant name. h # #'d dea g

!:
w-

The events in Appendixes A and 8 are classified as:

o Category I -known and suspected water hammer events

| c Category II--events not specifically identified as water hamer
related, out of interest because they involved vibration and/or
system components similar to those involved in water hamer

.
events.

.

Tables 1 and 3-7 list BWR Category I events and Tables 8 and 10-14 list PWR

p non-steam-generator events.
,

.

As previous' stated, the Category II events are included to ensure
completeness of the report, but are not used to point out particular facts
or trends. The information.from the Category II event sumaries in
Appendixes A and B is tabulated by system and type of event in Tables 2
(3WR) and 9 (PWR). No further treatment'of tne Category II events is

,

' provided. ,

This report is in two major sections: Review of Water Hamer Events;

Sumarized Findings of the Study. The review, consisting of three
sucsections (BWR Events, PWR Non-Steam-Generator Events, and PWR Steam

Generator Events) presen aga,.4pproged j. c.n :..s re:,pect{ig appendixes.C.,
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Each of tnese subsections is review;d independently of the other

subsections. The findings section summarizes the particular facts and
~

trenos obtained as a result of the review.
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REVIEW OF WATER HAMMER EVENTS
'

For each Category I event summary in the appendixes, the following-

items are given:

o Plant name, event date or date of damage discovery, and the plant
system operating mode preceding or at the time of event
occurrence or damage discovery

,

.

e Source of information

The mechanical ' function preceding or possibly precipitating thee

event

e Tne initial indication of tne problem

e The system, subsystem, or component involved, the suspected type

of water nammer, and tne camage or malfunction incurred as a
result of the event

.

e The cause or basis for the event
|

|

|
| e The corrective measures undertaken for prevention.

.

Concerning water hammer, four basic types have been identified
(Reference 4) as initiating mechanisms:

I
'

Water column separation in liquid flowse

,

Flow-into-voided- (or partially'-voided-) linese

t

e Steam-bubble collapse or mixing of subcooled water and steam from
interconnected systems

!

e Water entrainment in steam lines.
~
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Situations not identifiable, but considered a result of acoustic wave

propagation or reflection from valve opening, closure and instability, flow
instability, or rapid check valve closure were categorized as either

.

unknown or steam hammer. ,

To facilitate the compilation of data presented in the event
sumaries, the Category I events have been subdivided as follows:

Class 1--Events that occurred prior to a plant's commercialo

operation date (87% occurred within 12 months prior and
98% occurred within the 15 months prior to.the commercial
operation date)

.

.
-

Class 2--Events that occurred within one year after a plant'so

comercial , operation date

Class 3--Events that occurred after the first year of a plant'so

comercial operation.

General information about tne various plants and information
abstracted frem the event sumaries in Appendixes A and B have been

tabulated in various ways in an attempt to find unusual situations or

| trends. Table 1 ('BWR Category I ' events) and Table 8 (PWR Category I

events) list events by plant system and type of water nammer. Table 3 (BWR
Category I events) and Table 10 (PWR Category I events) are comprehensive
listings of:

e Comercial operation dates
1 .

,

Years of commercial operatione

f

e The number of Category I events per year per plant by event class

e The totals of events per plant ,'

The incident rate for Class 3 events per plant.s

59S?h '
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Table 4 (BWR Category I events) and Table 11 (PWR Category 7 events) list
"

events per plant system by event class for each reporting plant. Table 5
(SWR Category I events) and Table 12 (PWR Category I events) summarize
events by class for the three major plant system classifications (Main,
Auxiliary, and Safety). . Table 6 (BWR Category I events) and Taole 13 (PWR
Category I events) list basis /cause and damage incurred for each event and
plant system. -

Table 7 (BWR Category I events) and Table 14 (PWR Category I events)

list the normalized incident rates per year for each class of events. The
! plant years in these two tables are based on the amount of time in a year

that a plant fell under the classification of concern. As an example,
assume that a plant has an initial commercial operation date of June 1,

1975. It would be a Class 1 plant in 1974 for the period from June 1,
1974, to January 1,1975, and in 1975 for the period from January 1,1975,
to June 1, 1975. It 'would be a Class 2 plant in 1975 for the period from
June 1,1975, to January 1,1976, and in 1976 for tne period from
January 1, 1976, to June 1, 1976. It would be a Class 3 plant after

June 1,1976. The Class 1 period is based on one year, because 87% of .

,tnese events cccurred within the 12 months prior to commercial operation
ano 98% occurred within the 15 months prior to ccmmercial operation.

Figures 1-6 are graphic displays of the data in Tables 7 and 14.
Figures 1-3 follow Tables 1-8 and Figures 4 hollow Tables 9-15. These p
tables and figures will be referenced as they are discussed in the next two

|
l sections.

Table 15 (PWR SG events) lists plants reporting events, and gives
their" dates of commercial operation, NSSS vendor, and the number of events

reported by year. This table is discussed in the final section of this
review'.

'
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BWR Events

Twenty-six BWR plants were involved in this study. Dresden I and
Humbolt Bay are currently not operating,.but are included because they are
part of the base from which inf.ormation was extracted. The following infor-
mation was taken from the tables and figures previously mentioned.

This study involves 26 BWR plants at 18 locations,.and covers only
the 81 Category I events. All plants are General Electric BWRs except

| Lacrosse, which is an Allis Chalmers plant. Here is the plant breakdown:
1 .

e Thirteen (50%) are GE-4

Seven (27%) are GE-3e

Six (23%) are "other." -
e

Category I events were reported by

e Eleven (85%) of the GE-4 plants

e All of the GE-3 plants

e Three (50%) of the "other" plants.
-- . ^pb

- .

b ~ ~ ~
Category I events cccurred in

%
A*c%

Forty-eight(59%)oftheGE-4plantsSf~be
,

,o Twenty-nine (36%) of the GE-3 plants
t

Four (5%) of the "other" plants /e

. _ . -- _._.._./
___ _. .....- - - .

.- .

"Note the percentage of events per plant type versus the percentage of
'

plants involved. - '=
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Tho plants reported Category I events as follows (ses Table 3): "._ |

e Twenty-one (81%) reported at least one.- -

-

.

Five (19%) reported 40 -(49%)e
, ,,

Eight (31%) reported 54 (67%)e -

Eleven (42%) reported 66 (81%)e
.

4
.. ..

e Allis Chalmers eported none.
.

Twenty-nine (36%) of the events are Class 1 (see Table 3). Fifteen .

(58%) of the plants reported Class 1 events. Seven (24%) of the Class 1
events occurred at Browns Ferry 1.

Thirteen (16%) of the events are Class 2 (see Table 3). Eight (31%)
of the plants reported Class 2 events. Three (23%) of the Class 2 events
occurred at Brunswick 1.

Tnirty-nine (48%) of the events are Class 3 (see Taole 3). Seventeen

(65%) of tne plants reported Class 3 events. Seven (18%) of the Class 3
events occurred at Millstone 1, and 22 Class 3 events (56%) occurred at
Brunswick 1 and 2, Dresden 3, Duane Arnold, and Millstone 1.

,

The average incident rate for those plants reporting Class 3 events is-

0.32 events per year per reactor (see Table 3). Of those plants reporting
Class.3 events, the following have two to three times the average incident
rate:'

-,
,

,

o Brunswick 1 (0.96) '

Brunswick 2 (0.91) -e

l,o. h,.n4 ,- ~. .

Duane Arnold (0.76) A i! | ;|| ! f q)gfyo

w :i(%g
e Millstone 1 (0.76).

g j!.t
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The average incident rate for all plants for Class 3 events is 0.22 events
per year per reactor. The incident rates for GE-3 (0.31) and GE-4 (0.30)
plants are slightly aoove the average rate for all plants.

Sixty-six (81%) of the Category I events occurred in the Reactor

Safety Systems--RHR, ECC5, and SCW (see Tables 1, 4, and 5). Forty-six
(70%) of tne Safety System events occurred in the GE-4 plants, wnich
comprise 13 (50%) of the total number of plants.

.

Twenty-seven (33%) of the Category I events occurred in the RHR. Ten
(37%) of the RHR events occurred at Brunswick 1 and 2. Six similar events
in the RHR occurred within 14 months at Brunswick 1 and 2, accounting for
38% of the 16 Brunswick 1 and 2 events.

Twenty (25%) of .the Category I events occurred in the HPCI (ECCS).
Eight (40%) of the HPCI events occurred at Browns Ferry 1, 2, and 3,
accounting for 67% of the 12 Browns Ferry 1,*2, and ' events.3

Ten (12%) of the Category I events occurred in the SCW. Four (40%) of
( $he SCW events occurred at Browns Ferry 1, accounting for 44% of the

9 Browns Ferry I events. Three similar SC.W events occurred within one
month at Browns Ferry 1.

Eleven (14%) of the Category I events occurred in the Main Reactor
Systems--Main Steam, Turbine, Condenser, and Feedwater (see Tables 1, 4,

and 5). Eight (73%) of the Main Reactor System events occurred in the GE-3
plants. These plants account for'7 (27%) of the plants involved in this
study.

L ,

j Three (4%) of the Category I events occurred in the Auxiliary Reactor
Systems--RCIC and RWCU (see Tables 1, 4, 'and 5) . All three events occurred
in the GE-3 plants.

,

One (1%) of the Category I events occurred in an "other" system.
~

.
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~ ' 'Tha incidence of evcnts occurring in the Reactor Safety Systems is -

high for all three Classes of events (see Table 5), but is slightly higher
for Class 1 events (26 of 29 for 90%) than for Class 2 events (10 of 13 for

'

77%) and Class 3 events (30 of 39 for 77%).
.

A high percentage of the basis /cause for the events has been
attributed to cesign or procedure deficiencies (see Table 6). The
design-relateo incidence is significant for all three classes, but is
higher for Class 1 events (16 of 29 for 55%) than for Class 2 events (4 of

I 13 for 31%) and Class 3 events (15 of 39 for 39%). The procedure-related
incidence is also significant for all three classes, but again is higher
for Class 1 events (18 of' 29 for 62%) than for Class 2 events (5 of 13 for
39%) and Class 3 events (20 of 39 for 51%). It should be noted that some .

events are both design and procedure related.

The GE-4 plants attributed the basis /cause more to procedure-related

problems (28,%hthantodesign-relatedproblems(15h
,

The GE-3 plants attributed the basis /cause more to design-related
problems (16f) than to procedure-related problems (13h

Of tne 10 events where the basis /cause of the event was attributed to
component malfunction or failure -

'

e Seven (70%) were in the HPCI
*

,

Three (30%) were a result of drainpot/ switch problems .e

e One (10%) was a result of a check valve failure.
,

A high percentage of the event reports stated that the piping support
m

systems were damaged (see Table 6). The incidence declines from Class 1
'

events (18 of 29 for 62%) to Class 2 events (7 of 13 for 54%) to Class 3
events (16 of 39 for 41%). The incidence of piping-related damage was -

/
significant for Class 1 events (11 of 29 for 38%)and Class 3 events g -

| (la of 39 for 36%), but lower for Class 2 events (2 of 13 for 15%)--see -
Tab l e 6 $ --- --- .- - p- q g r. i/, Q \/

'
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Trenty-nins '(60%) of the GE-4 plant events resulted in piping support

damage. Twelve (41%) of the GE-3 plant events resulted in piping support
damage,

i./. d <
. |

r .. ,

Thirteen (27%),of the GE-4 plant events resulted in. piping-related
camage. Thirteen (45%) of the GE-3 plant events resulted in piping-related
damage. .

The incident rates (event! per year per reactor) for Class 3 events
are more stable and lower than the Class 2 rates, which are lower than the

Class 1 rates (see Table 7 and Figures 1-3). The average incident rate for
all plants for Class 3 events is 0.22 events per year per reactor (see
Table 3b).

A breakdown of the Category I events according to water hammer type

(see Table 1) shows that:
-

.

e Steam-bubble collapse caused 13 events

e Flow-into-voided-line caused 29 events; ,

.

e Steam-water entrainment caused 20 events
'' C-

e Water column separation possibly caused five events

e Fourteen events were not specifically identifiable.

The involvement of the various types of water hamer relative to specific
systems and suosystems for Category I events is discussed next.

Main Reactor Systems 8

.

'

'Four main reactor subsystems (Main Steam, Turbine, Condenser and

Feedwater) had 11 identified events.

m--. . ... . .
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Main Stecm. Six events erro identified. Two w;re steam-water entrain ' '

.

ment and four were steam hammer. Most events involved rapid isolation-valve

actuation with high-pressure steam flow; one involved water accumulation in
steam lines.

.

Tureine. No event was identified under Category I.

Condenser. Two events were identified. A column separation resulted

from an inadvertent rapid valve closure. A steam-water entrainment.

| resulted from condensate formation without adecuate drainage.

Feeowater. Three events were identified. One involved column separa-
tion, and two were listed as unknown. Feedwater valve malfunction led to

these events.

Auxiliary Reactor Systems

Two auxiliary subsystems (RCIC and RWCU) had three identifie; events.
One unknown event in the RWCU system caused a cracked pipe. The two events
in the RCIC involved steam-water entrainment caused by condensate formation
and flow-into-voided-line caused by pump voiding problems. .

Reactor Safety Systems

Four reactor safety subsystems (RHR, HPCI, CS, and SCW) had

66 identified events.
I

Residual Heat Removal (RHRi. The RHR is used for both safety and aux-
iliary purposes. Because the RHR components are interconnected and a mal-

I function or failure during the auxiliary. mode could adversely affect a
safety function, all RHR events were classified under safety systems.
Twenty-seven events were identified. Nineteen of these events involved an

RHRauxiliaryfunctionyof~whiche,ighteventsweredirectlysafetyi

related. Thirteen events were identified as flow-into-voided-line, seven
as steam-bubble collapse, four as steam-water entrainment, and three as
unknown. Sixteen of the events in the RHR subsystem functions occurred via

If DDC :h
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voiding caused by leakage, venting, and filling problems. The steam-supply-
and-exhaust-to-the-heat-exchanger /concenser portion of the RHR had eleven
of the events. In addition to the voiding problems, one event occurred
when water was introduced into the isolation condenser steam supply line
because the reactor vessel water level had been maximized. The water level
enange was baseo on TMI experience. One other event involved an isolation
condenser tube failure. -

High-Pressure Coolant Injection (HPCI). Twenty events were identified.
Twelve were identified as steam-water entrainment, six of which occurred
during HPCI warmup. Five events involved water in steam lines because of

drainage problems and one involved a gland seal failure. Four events were
identified as steam-bubble collapse, and involved vacuum conditions caused

by check-valve closure or rapid condensation due to lines being too cool.
Three events were identified as flow-into-voided-line and resulted because
of problems in the keep-full system. 'One was listed as unknown.

Core Soray (CS). Nine events were identified. Seven were identified
as flow-into-voided-line, of which four involved filling, venting, or keep- ,

, full system problems, and tnree involved valve switches damaged by previous
i occurrences. One event, identified as steam-bubble collapse, also involved

leakage and tne keep-full system. One event was listed as unknown.

I Service Cooling Water (SCW). Ten events were identified. Five were
identified as flow-into-voided-line (of whicn four occurred at one plant),
and involved filling and venting problems and one inadvertent line
drainage. Three were identified as column reparation, of which one

'

involved an inadvertent rapid valve closure, and two involved urAnowns.
TwooftheSCWeventswerelistedasunkn,owntypesofwaterham$er.

.

# ,

Other Systems '

One event occurred in the nonnuclear plant boiler steam system due to
steam-bubble collapse. The situation involved possible breaching of the

| containment and interaction with nuclear systems, and thus was deemed to be
of interest.

\. . k) \ -. _s.. ;
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TABLE 1. TYPES OF WATER HAMMER EVENTS OCCURRING IN SWR PLANT SYSTEMS
~

(CATEGORY I)

Number
Systems of of Number and Event Number
Occurrence Events Subsystem Tyoe of Water Harmer (Accendix A)

Main reactor 6 Main steam 2 Steam-water entratnment 18,51
(11 events) 4 Steam hammer 51,63,65,69

Turbine-- .

~ 2 Condenser 1 Column separation _ _._
0

._

h

'F m
-l Steam-water entrainment.-' iw

3 Feedwater 1 Column separation 71
2 Unknown 15,78

.

Auxiliary 2 RCIC 1 Flow-into-voided-line 77
reactor 1 Steam-water entrainment 59
(3 events)

1 RW cleanup 1 Unknown 38

Reactor 3 RHR fuel 2 Flow-into-voided-line 41,74
safety pool 1 Unknown 44
(66 events) cooling

(

5 RHR shut- 3 Flow-into-voided-line 21,22,23
1 Steam-bubble collapse 33down -

cooling 1 Unknown 64
'

'v h"f
a 11 RHR steam 1 Flow-into-voided-line 20,y

. supply and 5 Steam-bubble collapse 14,15,17,25,
M exhaust 54

'g. to Hx/ 4 Steam-water entrainment 49,55,57,61,
condenser

- 1 Unknown 16
.

1 RHR head 1 Flpw-into-voided-line 45-
.

spray

2 RHR un- 1 Flow-into-voided-line 43,

i identified 1 Steam-bubble collapse 26

3 RHR con- 3 Flow-into-voided-line 47,48,73
,

| tainment
5

,%
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TABLE 1. (continued)
'

Number
~ ~~

Systems of of Numoer and Event Number
Occurrence Events Subsystem Tyoe of Water Hamer (Appendix A)

2 LPCI 2 Flow-into-voided-line 37,52
(RHR)
(ECCS) .

20 HPCI 3 Flow-into-voided-line 19,27,29(.)
(ECCS) 4 Steam-bubble collapse 2,7,,60,79S8J'412 Steam-water 9,10,11,12,

,

entrainment 24,30,40,50,
66,67,80 -

1 Unknown 13

9 Core spray 7 Flow-into-voided-line 31,32,34,36,
(ECCS) 39,42,62

1 Steam-bubble collapse 58
1 Unknown 56

,
,

10 Service 3 Column separation 68,72,75
i cooling 5 Flow-into-voided-line 3,4,5,6,46

water
,

2 Unknown 28,81,

.

l .

Other systems 1 Plant 1 Steam-bubble collapse 1

(1 event) process
steam

,

| Total events 81

,

t-

.
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TABLE 2. NON-WATER-HAMMER EVENTS OCCURRING IN SWR PLANT SYSTEMS
'~

- -- - (CATEGORY II) .
_ _

Number
Systems of of Number and Event Number
Occurrence Events Subsystem Tyoe of Event (Accendix A)

Main reactor 1 Main steam 1 Potential for steam 91

(16 Events) hammer

8 Turbine 3 Potential for steam- 98,117,119
bubble collapse

,

2 Potential for steam 92,93
hamer

3 Potential for variety 95,101,104 ,-
of water hammer

Condenser--

'

7 Feedwater 1 Component failure 94
1 Component failure 102-

causing vibration-

4 Vibration causing 115,120,121,
component failure 122

1 Vibration restricting 124
operation

.

f . ,, [ g,,7
Reactor 7 RCIC 5 Component failure 85,86,87,
aux.tlia7jDE that could lead to 116,123
(7 events) steam-bubble collapse

1 Potential for flow- 99
into-voided-line or
steam-bubble collapse

1 Component failure 100
i - that could lead to
! water hammer ,

RW cleanup--

,

1 ,

Fuel pool| Reactor --

! safety cooling #

(20 events)
3 RHR shut- 2 Vibration causing 107,108

| dcwn component failure
cooling

IComponentfage? 113
,

,,

N
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TABLE 2. (continu;d)*

- - . . - _.

Number
Systems of of Number and Event Number
Occurrence Events Suosystem Tyoe of Event (Accendix A)

1 RHR steam 1 Component failure' 103
supply and
exhaust to
Hx/ Con-
denser . .

RHR head--

spray

RHR ---

unidenti- .

fied

Containment--

spray - -.

1 ,

LPCI ' I, , .--

~-..
'

'y..
#

| 7 HPCI 1 Component failure that 84 -

' could lead to steam- .a
i

bubble collapse %5
3 Component failure 82,97,114

72 Component failure that 83,88 ."3
i could lead to water .,

''
hammer ..-%

1 Component failure 96 ..,
causing vibration

'

1 Core spray 1 Component failure that 118
could lead to flow-into-
voided-line

|
8 Service 5 Vibration causing 89,90,106,

cooling component failure 110,112
water

3 Vibration causing 105,109,111'

component damage
,

#

|

Plant pro-'

Other --

(0 events) cess steam

Total events 43
| _

-

_

%
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IAstE 3a. SWa CATEGoaf 8 EVENT SAEAKDonst Bf PLAMI
. 3
~

_ . -

Tears of Commercial twent Suasarles
Operation by 8111}y(#^ Class
Vendor Class Tore itent.er of Events by fear Category Class Class Class 3Consercial I/1/69 to 5/1/81 ( ) - Class I [ ] - Class 2 Class - 3 i I 2 3 EventsOperation

for
Pl ant Date GE-4 GE-3 Other 69 g Q g H g g g g g g 80_ SJ L 5 L5 L 5 L 5 _ Vear*

alg asch Pt. 3/29/63 12.33 1 I l.2- -- | 2.6 .08-. -- - .. - - - - -- -- -- .- -- - -- - - --

Srowns ferry I 8/8/14 6.J 5 (1) (5) (l) -- -- 2 9 II.l 7 24.5 ---- -- -- -- .. 2 5.1 .35-. .. -. -- --

arowns ferry 2 1/1/15 6.17 (l)-- 2 2.5 'I 3.4I-- -- -- -- -- .. -- l 2.6 .19- -. -. -- -- -. -

srowns ferry 3 1/l/11 4.11
'

-- -- -- -- -- . . - - -- -- (I)-. 4 1.2 1 3.4-- -- - - - - - - - -- ..

.
'

scons.lch I 3/ians 4.12 -- (IEG -- I -- 2 7 s.6 3 3.4 3 23.8 3 7.7 .96
-- -- -- -- -- -- -- -- .. -

Brunsulta 2 II/3/15 5.41 (3) [2] I I 4 I 9 11.1 3 10.3 2 15.4 4 10 .3 .91
- -- -- -- .- -

Cooper 7/1/14 6.83
* - ,--

-

-- - -- .- -. -- .- -- .. - -- .. - -- -- -- -- -. .. -- ,-- -- -- --

In esden l 7/4/60 9.50-- -- -. -- -- -- -- -- -- -- -- -- -- - . - - -- - -. -- -- -- .. .. --

Dresden 2 6/9/10 (I)[2] l --10.89 I 5 6.2 1 3.4 2 15.4 2 5.5 .20
-- -- -- -- -- -- -- -- -- -- -.

Iresden 3 11/14/11 __ -, 9.46 ------2 1 I 4 4.9 4 10 .3 .47
-- -- -- -- -- -- -- -- -- -- .. --

thsaae Arnold 2/1/15 6.25 (2)-- 2 I I 6 7.4 2 6.9 4 10.3 76
~-- -- - -. .. -. - -- -. - -. -

fitzpatrick 1/28/15 5.16 (I)(3)[1]-- 5 6.2 4 83.8 8 7.7-- -- -- -- -- -- -- -. -- -- -- -- -- -- --

elatch i IU31/15 5.33 (l) . t 1.2 8 3.4- -- -- - -- -. -- -- -- -- -- -- -- .- -- -- -- -.

::atch 2 9/5/19 1.65 -- -- -- .. .- -- - - . - - - - - . . - - - . - - . - -- -- -- -- -. .. -- -- --

Ited olt Bay 8/63 .. -- 7.50 -- -- -- -- -- -- -- -. -- -- -- -- -- -- -- -- -- -- -- -- -- --

La Cresse 11/1/69 II.50-- -- -- -- -- - - - - -- -- -- -- -- -. -- -- -. -- -- -- -- -- -- .. --

nellstone 1 3/78 10.17 (B)-. 2 I 2 I I 8 9.9 5 3.4 . - - 1 17.9' .76
-- -- -- -- -- -- -- --

#0nticelle 6/30/78 9.84' [1]I 2 2.5 B 7.7 8 2.6' .Il-- -- -. -, - - - - - - . - - - - . - - . . - - -- --

Illne Hile f t. I BU69 11.42 (1) .- I l.2 3 3.4.- -- -- -- -- -- -- -- -- .. -- -- -- -- -- -- -- --

cyster Creek IU69 II .42 2 2 2.5- --
2 5.1 .19-- -- -- - - - - - - - - - - - - - - - - - - -- r -- --

Peach sottos 2 7/5/74 6.82 1 I l.2 I 2.6 .l7-- -. .- -- - -- - . - - - - . - - -- -- -- -- -- --

Peach uottee 3 IU23/14 6.35 (l) [2] I 4 4.9 I 3.4 2 15.4 l 2.6 .59
-- -- -- -- -- -- .- -. -- -- -- --

Pil rle i 12/72 -- (1)ll] --4.429 I I 4 4.9 5 3.4 I 1.7 2 6.l .27
-- -. -- -- -- -- -- -- -- --

Saad Citles 1 2 / 88 / 1 3 8.20 (3) [1] .- -- 1 5 6.2 3 10.3 5 7.7 3 2.6 t .14-- -- -- - -- -- -- .- -- --

Ikaad Cltles 2 3/10/73 8.14 -- -- - - -- -- -- I t 1.2 4--
1 2.6 ' .it.- -- - -- -- -- -- -. --

Vermont Yankee II/Jo/12 8.34 (l) -- I 4 3 3.7 1 3.4-- - -- -- 2 5.5 .27- - - - -- -. -- - - - - -- --

this column lists the number of Class 3 events divided by the amount of time a plant is la the Class 3 peclod. ~a.

.

.
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I ASL L 3b. SWR cal [GOST I tillai BREAEDout.Bf GA0lF5 0F FLANIS
. M

CT

tears of Commercial Event Summaries*'
! operation by N555 Class! Vendor Class free Category Class Class Class 3haaber 1/l/69 to 5/1/81 haber of Events by Year i l 2 3 . Events
| of.

Fer
! Plant Plants GE.4 st-3 Other 69 70 71 72 73 3 g & E M M to R L 5 L 5 L 5 L 5 Year *

All plants 26 13.95 65.12 63.67 I 2 7 9 6 9 11 8 10 4 5 6 3 al 100.0 39 10 0 .22-- -- -- --
i

All plants 15 1 2 3 5 5 7 6 2 -- -- -- -- -- .-- 29 10 0-- -- -- -- -- -- -- -- --report lag *
Class 8

-

All plaats 8 3 I I 3 2 3-- -- -- -- -. 13 400-- -- -- -- -- -- -- -- -- -- -- --,reporting . .

Class 2

All plaats 17 50.25 65.12 23.75 3 3 -- 2 2 6 5 4 5 6 3 39 10 0 .32
-- -- -- -- -- -- -- --

repor t ing
Class 3

{ All GE-4 13 73.95 1 I 5 7 le 4 8 2 3 4 3 48 59.3-- -- -- -- la 46.2 .30-- -- -- --

g plaats
{ ' ~

) ct.4 plaats lo 1 I 5 7 6 2-- -- -- -- -- 22 75.9-- -- -- -- -- -- -- -- -- -- -- --reportlag
Class B

. sg.4 plaats 4
reporting --- -- -- -- 3 2 3

-- -- -. -- -- 8 61.5-- -- -- -- -- -- -- -- -. -. --

Class 2

g st.4 plants a 50.21 -. - -- -- -- -- - . -- l 2 3 2 3 4 3 la 46.2 .43-. -- -- -- -- --

reporting
Class 3 -

All Cf.3 7 65.12 -. 2 4 8 1 2 3 4 1 2 2 2 29 35.8 -- -- -. --
-- le 46.2 .38

-- .-

plants
'

6t.) plaats 4 2 4 6 20.7-- -- -- -- -- -. -. -- -- -- -- -- -- -- -- -- -- .. -. -- --
reperiIn
Class | g .

GE.3 plants 4 -- 3 I I 5.* 38.5
-- -- -- -- -- - - - - - - - - - . - - -- -- -- -- -- -- -,reporting

Class 2

ants 7 65.12 1 3 2 3 4 1 3 1 - -- - -- . --
-- -- -- --

4 .3 .31
--

. -

Q <
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IAstE 3b. (centlaued)
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Veers of Comeercial (weat Summerles
Classoperaties by n555

| VeaJor Class Form Category Class Class Class 3i

Ihandeer 1/1/69 to 5/1/88 Itamber of Events by Year a l 2 3 Events
' for

of S *

i' Plant Plants GE.4 EE 3 Other 69 70 FI 72 g 3 g g jf7, !S ggnL 5 L 1 L 5 L 5 VeerS

3 7.7 .05*

4 4.9 . - . -. .. --
263.6F I -- - -. -

All other 6 -. -- -- .- .. ....- ..
-plaats

e

| 3.5 -. .. -. .. ..
I .. .. -. .. .. - . - . . . . . . . . . . . .. ..Other plaats I of 3 -- -. --

reporttag _ ~

Class I

-- -. -- -. -. .. -- .. -. -. .. -. .- .. .- .. .. -- .. .- .. -. -. .- .- ..

Oti.er plaats
reportlag
Class 2

3 7.7 .13,

-. -- 1 -- -- -- - .. .. .- .. -- .-
223.75Other plaats 2 -. -. ..-. -.-. ..

reportlag '
Class 3

Ihis celven lists the ausher of Class 3 av.-** divided by the amount et ties a plant is le the Class 3 perled. .
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IAaLE 4a. BWL CATEGOAV I EVEmi5 PER ST5IEMa Of EVENT CLA55 o.

Events Per System by Event Class

N555 Class I Class 2 Class 3
Vender

-

Plant Class L2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 I 2 3 L5 6 7 8 9 10
-- - |. . ' -. .. -- .. .. .. -. .. -. -- -. -- - - - . - . - - -sig Rock Ft. Other -- -- -. -- -- -- --

*

-.23 4srowns ferry I GE-4 -- - --- -- -- -- -- -- -- -- -- -. -- -- --- -- -- .- .. - ..

II -- -- --Browns ferry 2 GE-4 -- -. -- -- -. - - -- -- -- -- -- -- -- -. ~ --- .. - .. -- --

1-
1

-- -. - - .- --Browns ferry 3 GE-4
---- -- -- -- - -- -- - .. -- .- - .---- -- - - -- --

1 II3.. -- -- .. -- I -- - ..' Brunsulck l GE-4 -- -- -- ---. .. --.. -- -- -. -- -. -- --
4 *

11 2I I3| Brunswick 2 GE a
.. -.-. -- -- -- .- -- ---- -- -- -- -. ~ .. -.-- -- -- --

l l-. 2' Itaresden 2 GE.3 .. ---- .- -- -. -. -. ..- -- -. .- .. -- -- .--- -- -- -- .- --

)1 I-- 4' . .
1 Dresden 3 GE-3 -- ..-. ---. -. -. .. - - - . . . . ---- -- -. - -- -- .. ~ .-

% ;4 .
-- - -- -- .. 33.. I I -- ..

gg thane Arnold GE-4 .... -- -. .. -- - - . - - - . - - -- - - . - - ----

1I3. GE-4

L] fitspatrick
- -- .- - - - - - . ~ -- -. .. -. -- .- -- -. -- .--. ---- - -- .. --

i -- -- -- -. -- -- -- -. - - - - - - . - -- . . - - - - - - - . -- -- -. -.
-

usta i GE-4
-

.- -. -- .-

4 21Mllistone i GE-3 1
- ---- -- -- ---- -- - -- -- .- -- .. -- -- -- .- -. -- -- -- -

'3. 3 uncen. ii .. -- ---- -- .. . . - - -- .. -- -- .. -.- GE-3 .. -- -- -. -- -- -- -- -- -- .. ..

l .. -- -. .. -. .. -. .. -- -- . . - - -- .- .. .- -. -. .- -. -- .-Nine Mlle Pt. I Other -. -- .- -- -.

|I .- .-- - - - - - - -- .-
4 Oyster Creek Other - -. -- -- .- -- .. - . . . - - -.-- -. -- -- - -. ,--2 D

3read Bottee 2 GE-4 -- -- -- .- -- -- -- -. -. .. -. -- .. .. . - - - - - - - .. . . - . . . - - .. -- -- --

1.2Peach puttoe 3 GE-4 1
---- .. -- - - - - . - . . . -. ..- -. - -- -- .. -- -. - -- -. -. --

o l1IFligrie I GE-3 1
-- - -- -- -... -- -- - - - - - . . -- ---- -- -- -- -- -. -. -- --

-
-- II 1 ,-2 - -- -- - . - .

Quad Cities | GE.3 -. -. - - . - - - - . . - ..---. .--- -. -- -- -.

I -- -- - - - . - - - - --quad Citles 2 GE-3 .. -. -- -. .. -- - -- -- -- -- - .. - -. - - - - - - .- --

e

1I1
-- --

Vermont Yankee GE-4 - . - - .- -- -- - .. -- -- .- .. -- - - - - - - - ..-- -- .. -- -- --

.

4. LEGENG for systeest -
.

.

Main Aunillary Safety Other

I = Kale staae 4 = ACIC 6 = mist 8 - Core spray 10 = Flant process stese
2 = Condenser 5 = RW cleanup i =trCl 9 = SCW

f3 = feedwater
R

i. g '.-

1
p

i s.-e i

l
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TA8Lt 44. $tpeut? 0F twR CAftGoRf I EYENTS Bf VENoot CLA33 ANo EVENT CLA13

f e ts Pee $vstem to twent Class

95$5 Class I class 2 class 3fender
Class (((4 5 6 7 8 9 1 2 3 4 5 4 7 8 9 1 2- 3 a (((((g
Gt.' I 8 1 1 5 4 4 1 6 1 1 3--

GE.3 2 2 1 l 2 I- - - - 2 I 3 1 1 6 1 4 I- - - -

Otner 1- - - .. - -- -- - - - -_ g ,3 g

total 3 11 8 1 6 2 1 4 4 2 3 3 1 1 12 3 6 4 I
- - - -

.

.

l. . ~ ~
ypp ) Jr $ ts$dWM

u H t /*/
A i

N ##y n am
Aet* |

, hleN , auh 2 aJtr # ' '' ''
''

* !N.-
\ kt 'l, ( e A * sk. '"') * *

' ems" 4 o .
.

1

TA8LE 4C. $Ueut? oF 8WR CATEGoaf I (VENTS 17 YtMoot CLA$$ ANo $75ftM

twents pec System -.,

') R$55
veneer 1 2 3 4 $ $ 7 8 9 to
*1 ass 10, 10, 181 10, 18), 111 10. 19, 10, 10, 181. 10. 10 19. E 10. 10 IU. IU. 10.
st.4 (2) u (1st 64 (tel so (2) 22 (s) so- - - - -

(3| so (2) too (3) . 100 (2) 10 0 (1) 10 0 ,(s) 30 (2) 10 (6) 67 (2) tost.3 -

ot,,er (t) if (1) 4 (1) 11 (1) too- - - --

,

Totai (6) 10 0 (2) 10 0 (31 10 0 (2) 200 (1) 10 0 (27) 10 0 (201 100 (tl too (10) 100 (11 10 0

t% m r- + ,I, it ,

g gct J F ,g .f. I i' '
#

-l/g$ T
i |
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TABLE 4d. SUMMARY OF BWR CATEGORY I EVENTS BY VENDOR CLASS AND MAJOR
SYSTEMS

Events Per Major Systems
NSSS - - .

Vendor Main Systems Auxiliary Systems Safety Systems Other
. . _ _

Class (#) (%) (#) (%) (#) (%) (#) (%)
~

~

- --( 46 ) 70GE-4 (2) 18 -- -- -- --

'

GE-3 (8) 73 (3) 100 (18) 27 - --

.

- Other (1) 9 ~ ~ ' ~(2) 3 ( T) ~ 100
- - - -

-- --

Total (11) 100 (3) 100 (66) 100 (1) 100

.
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TABLE 5. BWR CATEGORY I EVENTS BY MAJOR SYSTEMS AND EVENT CLASS

_.

Events by Event Ciarr
Class 3

~'*

_ , .
Class 3 (78 toAll

Classes Class 1 Class 2 Class 3 (Pre-78) Present)
-

. aMajor Systems gj) gg) g g) g y,) gj) (g) (j) gg) (g) gg) g g) (g)

Main reactor (11) 14 (3) 10 (2) 15 (6) 15 (5).24.. (1) 6

Auxiliary reactor (3) 4 (0) 0 (1) 8 (2) '5 (1) 5 (1) 6
_

Reactor safety (66) 81 (26) 90 (10) 77 (30) 77 (14) 67 (16) 89

(1) 3 (1) 5 (0) 0Other (1) 1 -- -- -- --

n

a. LEGEND for systems: ..
c .u f.-

'

Main reactor systems: Main steam, Condenser, Feedwater
Auxiliary reactor systems: RCIC, RW cleanup

~

Reactor safety systems: RHR, HPCI, Core spray, SCW
Other: Plant Process Steam.

~
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IAaLE 6a. Sidt cal (GORT I EV(NIS ST PLANI. SA585/CAUSE. A810 DAMAGE

-

Sasts/Cause for Event items 04saeed O
Vender *

Event plant Class Plant Systee Class I Class 2 Class 3 Class I Class 2 Class 3 cn

l$tsign/I Sig Rod Ft Other Plant process Release of-- ~ -- --

stene procedure red. water to
disc 8i. canal

2 Browns ferry I GE-4 IWCl Design list Indicated (steam-- -- -- --

nelse)
- :

3 arowns Ferry I GE-4 SCW Design / Drlfica gasket-- -- -- --,

proceJure
.

4 Srowns ferry I GE-4 SCd Design / Pfpe coupling. -- -- -- --

procedure

5 srowns ferry I GE-4 SCW Design / Pipe coupling-- -- --

procedure

~6 erouns ferry i GE-4 SCW Design / Flpe coupling- -- --

procedure
, ,

7 Browns ferry I GE-4 IFCI Procedure / Supture disc-- -- -- --
-

design j '
r5 Bro ns ferry I GE-4 trCI Procedure / Supports / valve-- -- -- -- e,

desigq Sultch/ pedestal

g erowns ferry I GE-4 19C8 -- --
*

Procedure Searing support-- --

pedestal
,

10 erowns ferry I GE-4 afCl'

Procedure -, Supports-- -- --

11 erowns ferry 2 GE-4 trCI lastellation Rupture disc-- -- -- --

.

12 3rowns ferry 2 . GE-4 erCI Procedure Searing support-- -- -- --

pedestal
Il arowns ferry 3 GE-4 leCl IMnouse Support-- -- -- ..

L

14 Srunswick i SE-4 Asia steam frocedure *

Snubbers-- -- -- --
,supply /emhaust

'
15 Brunswick i GE-4 ma stese Procedure Snubbers-- -- -- --

supply /eshaust
' - . . .i

, j,
16 grunsulck l SE-4 ple: stone Precedure .-- -- Seeber j .. - F . p*8-*

supptr/enhaust :
.. ,

(,\ w <\
u

ii
_. . . < .

-
. - . _ . _

i

6i ,0. .J .-
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Siils/Cause for Event Items Damaged o-

$Vendor s
-'

(vent plant Class Plant Systes Class I Class 2 Class 3 Class I Class 2 Class 3
~ - -

.
3,

$If 'arunswick i GE-4 mm steae SupportProcedure -- ---- --

; supply /eahaust a-

la Bruasulck I GE-4 Male stone llot Indicated Snubbers-- -- -- --

to
13 Brunswick i GE-4 trCI -

-- -- Component Weld failure /i .. --

I salfunction a guide seal o.-e

Snubber *20 arunswick I GE-4 m m steam Design / -- ---- --

supply /eahaust , procedure;

21 prusswick 2 GE-4 mm shutdown Procedure -- -- Supports /lasulallen -- --

cooling
,

22 Grunswick 2 GE-4 aim shutdown Procedure Supports /lasulaties -- ---- --

coollag

23 Orunswick 2 GE-4 mm shutdown Procedure Supports /lasulatten-- -- -- --

cooling
,

| 24 Bruasulck 2 GE-4 IFCI Component -- -- Support / *-- --

faltere/ saueber*

laspectles
t

25 erunsulck 2 GE-4 asa staae . - - Procedure Snubber-- -- --

supply /enhaust

26 srunsulck 2 GE-4 mm Installation / -- -- Saubbers-- --

unidentifled adelaistrative
controls

27 transulck 2 GE-4 IFCI Inoperative Support-- -- -- --

clieck valve

28 Brunswick 2 GE-4 SCW Design / Ils rib plate-- -- -- --
,

procedure

23 Bruasulck 2 GE-4 blPCI Weld failure /Component-- -- -- --

malfunction guide seal

30 Dresdea 2 GE-3 IIPCI Design / Supports / snubbers-- -- -- --

procedure Piping /insulatlee
,

31 Dresden 2 GE-3 Core spray Valve sultchDesign -- -- ----
,

1

32 Dresden 2 GE-3 Core spray Procedure Supports-- -- --

-

. .

.

__ _ __
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l ASLE 64. (contlaued) n
O

$Basts /Cause for Event flees Damaged

vender .

Event Plant Class plant systee Class I Class 2 Class 3 Class I Class 2 Class 3 g
a

Supports / snubbers ci48 fitapatrick GE-4 mm containment flot ladicated -- ---- --

spr ay
*

ASupport4g fitspatrick GE-4 mm staan Procedure -- ---- --

supply /eahaust o
-es

e SupportDesign50 fisspatrick GE-4 , MPCI ---- ----

51 Millstone I GE-3 Main st'eae Design Supports / plying -- ---- -- .

Support shift-Frecedure52 Millstone I GE-3 mm LPCI -- ---- --

PipingDesign53 Millstone I GE-3 Condenser -- ----- --
,

CondenserCondenser tube54 Millstone I GE-3 mm stone -- ---- --

supply /eahaust failure

No daangeProcedure55 Millstone I GE 3 -alm steen - ---- --

supply /eshaust (pipesevement)

SupportsDesign56 Millstone i GE-3 Core spray --- ---- --

als damageProcedure57 Millstone I GE-3 mm stone -- ---- --

supply /enhaust

SupportCamponent58 Millstone I GE-3 Core spray -- --- --

ealfunctlen

list indicatedDesign5g asmticelle GE-3 ACIC . ---- ----

Septure disc60 ninticelle GE-3 IFCI' Component -- ---- --

failure

Ilot indicatedEl seine Mlle Pt. I Other mm staae Design -- ---- --

supply /eshaust

PossibleDesign /62 Oyster Creek Other Core spray -- ---- --
*

overstressprocedure
~

.

Valve63 ~0rster Creek Other stain staae Design -- --.. --

SupportIsot Indicated64 Feach settee 2 GE-4 mm shutdown -- ---- --

coollag

.

4

-



'j W|
%

'

.

Table 6a continue'd 5 of 5

<C
7 4. -,:

}j:
k.- . -.

g : : : 13 : : : : : : i c -3
c 3 .2 |

,,2 r
- -

1
.:= =t

.t.
- :

E aC I J J .-,.

Il-2 -)
:.It,

3 ~. & 2 O h 8- LJ.,J |j : : { : - ! : | | : : : : : ! : l
*

3! j li [i
'

= c -

g a ses 44
l Q__!

1
--

.

s-
-

:.

-
: : : : : : . : : : : : ::

.
: : 3 -- -

-

1 e. a
. .

a a : a

1. . .- . s
: : : : 5 : i. js s : Isjs [ .:

: : :s . .- : x: : :-

a a1 24 a as : ..
.

# W

8 s~; g : 1. 1. : : : : : : : Sj : : :. : :
-

* * ,: s
}== [=:=

;,_,

. 4 -.

3 : a e:.
*

.:- :-
y

: -. .. .

sa, a, . sa,.. . . . . .. .. . g . . = g . . . g
- 3 : :3 3 :8.

. a a a at : as
a.

8 -

1 r
E I 5 :-

6 . sy g. - 2 : : s :
-:. . . .s j 1 ,' Q ;. i-3 .

8 as = s' 1: = ,
ak k $ al M d W ck k M* a2 M a.i

i

5: .. . . - - -- - - - - - - . . .

55 s i i i i i i i i i i i i i i i &
-.

: : : :-- -
_ _ _ _ _ -

i 8! 8 8
- - - . _ _: : -: -: : 1 1 1:.

3- - - - -;
E E E E E 2 3 2 2 G G G G G G2 * ~

ee ; e 5 5 5 5 I i "|
-

. , , , , ,

: : :: = =. = =. & & && 6
- - - - -

& .: :-
.. . .~ . . = =

.ns **

g i
5 : $3 3 3 $ I :i .'E .O % C 4 O 2 E E

e .

e

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-- - -- - - _ - -- --
- - - -



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

.-
_

.

TABLE 6b. BWR CATEGORY Z EVENT TOTALS BY BASIS /CAUSE AND EVENT CLASS

.,

'

Events by Event Class
,

. . ' Class 1 Class 2 Class 3
* ' '

| ~ Basis /Cause (t) (%) ( #) (%) (#) (%)
,

'

Design (5) 17. (4) 31 (5) 13

(1) 3Design /operater -- -- -- --

Design / procedure / operator (2) 7 -- -- -- --

(9) 23Design / procedure , (9) 31 -- --

Procedure (6) 21 (5) 39 (11) 28
.

Procedure / admin control (1) 3 -- -- -- --

(1) 3Operater, admin control, (3) 10 -- --

installation / maintenance

(4) 31 (6) 15Component failure / -- --

malfunction

(6) 15Unknown (3) 10 -- --

TOTAL (29) 100 (13) 100 (39) 100

~

Design relateda (16) 55 (4) 31 (15) 39

Procedure relateda - (18) 62 (5)'39 (20) 51

a. Some events are both design and procedure related.
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TABLE 6c. BWR CATEGORY I EVENT TOTALS BY DAMAGE AND EVENT CLASS -

,<.L

-- - -. Events by Event Class Z
l--

Class 1 Class 2
CTass -3 >

- t
'

Items Damaced (#) (%) (t) 1(%) (#L!(%)_
-

Snubbers, supports (10) 35 (7) 54 (14) !g3
snubcer/ supports

(1) f ,Supports /snucoers/ piping (3) 10 -- --

Supports / snubbers / misc (4) 14 -- -- --

Supports / valve (1) 3 (1) ' D '-- --

(1) 8 (4) 10Valve, valve switch -- --

Piping, pumps, and related (8) 28 (2) 15 (13) 33
.

(1) 3Coolant release to canal -- -- -- --

(3) 8Pedestal, insulation -- -- -- --

Unknown, no damage, not (3) 10 (3) 23 (2) 5 -

indicated

TOTAL (29) 100 (13) 100 (39) 100
,

|

|

Snubber, support relateda (18) 62 (7) 54 (16) 41

Piping relateda (11) 38 _(2).15_ _ (14) 36

a. Some events are snubber, support, and piping related.- . _ _. _ .. _ m _

'
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~'8 TABLE 6d. BWR CATEGORY I EVENT TOTALS BY BASIS /CAUSE AND VENDOR CLASS
, f l'

Events by NSSS Vendor Class.: ., ,.
. -..r.

GE-4 GE-3 Other
%_, ],,} - Basis /Cause (#) (%) (#) (%) (#) (%)

. Cesigk (3) 6 (9') '31' '' ~ (2)
~ ~

50
. . .

Design / operator (1) 2 - -- -- --

'

Design / procedure / (2) 4 -- -- -- --

operator ,

Design / procedure (9) 19 (7) 24 (2) 50

Procedure (16) 33 (6) 21 .

,

Procedure / admin. control (1) 2 -- -- -- --

Operator, admin. control, (4) 8 -- -- -- --

installation maintenance

Component failure / (6) 13 (4) 14 -- --

malfunction

Unknown, no damage, not (6) 13 (3) 10 --- --

indicated

TOTAL (48) 100 (29) 100 (4) 100
_

a -(15) 31 (16) 55 (4) 100Design relatec

Precedure relateda (28) 58 (13) 45 (2) 50
.

_ _ . _ _ _ . .

a. Some events are both design and procedure related.
-_ _._ __ .
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TABLE 6e. BWR CATEGORY I EVENT TOTALS BY DAMAGE AND VENDOR CLASS ~7
\ 1._. . .

..

i t
- - - - - Events by NSS5 Vendor Class 1 C. ---

GE-4 GE-3 Othe
- Items Damaged (#) (%) (#1 (%) - (#)|(%)I, .

- - - - -

-

k--d
Snubbers, supports (23) 48 (8) 28
snubber / supports .- ..

11Supports / snubbers / piping (1) 2 (3) 10 -- p
.w

Supports / snubbers / misc (4) 8 -- F-- --

Supports / valve (1) 2 (1) 3 -- --

Valve, valve switch (1) 2 (3) 10 (1) 25

Piping, pumps, and related (12) 25 (10) 34 (1) 25

(1) 25Coolant release to canal -- -- -- --

Pedestal, insulation (2) 4 (1) 3 -- --

Unknown, no damage, not (4) 8 (3) 10 (1) 25
indicated

TOTAL (48) 100 (29) 100 (4) 100i

l

; Snubber, support relateda (29) 60 (12) 41 -- --

1

| Piping relateda (13) 27 (13) 45 (1) 25

| a. Some events are snubber, support, and piping related.
..
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TABLE 7 BWL CATEGORY ! NORMht.1 ZED INCIDENT RATES

Class 1 Class 2 class 3
N #Pl ant Plant' # PlantEvent of Incident of Incident of Incident -

fear Years" Events Rate _ Years' Events Rate Years' Events Rate

69 3.23 1 .31 .33 3.00*
- - -- -

70 1JO 2 1.05 3.23 3.33- -- - --

?! 1.11 I .58 1.90 3 1.58 7.56 3 40

72 3.51 5 1.42 1.71 1 .58 9.46 3 .32

73 1.76 5 2.84 3.51 1 .28 11.17 - -

74 4.91 7 1.43 't.76 14.68 2 14- --

75 2.67 6 2.25 4.91 3 .61 16.43 2 .12
76 1.62 2.67 2 .75 21.34 6 .28- --

77 .38 2 5.26 1.62 3 1.85 23.00 $ .22

24.62 4 .16.3878 .32 - -- -- --

79 .68 .32 25.00 5 .20- - - -

SO NA NA NA .68 25.32 6 .24- -

.

a. Plant years are the total amount of time that,all plants are within the time period for a given event
class (1, 2. or 3) for a given event year.
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PE'R Non-Steam-Generator Events

Forty-four PWR plants were involved in this study. Indiari Point 1
TMI-1, ano TMI-2 are currently not operating, thougn ctLL-QMdHTerk),gi 78: 1,w,, , , , n m .< ,o w ey v oor

g

${o]peFayoTthnefly These plants are included in the study, because.resu

they.are part of the base from wnich information was extracted. The
following information was taken from the tables and figures previously
mentioned.

.

This study involves 44 PWR plants at 30 locations and covers only the
~~

40 Category I events. .Here is the plant breakdown.
~

Twenty-seven (61%) are Westinghouse (W)e

Eight (18%) are Combustion Engineering (CE)t e

|

Nine (21%) are Babcock and Wilcox*(B&W).e

Category I events were reportcd by
,

a

Thirteen (48%) of'the W plantse

e Three (38%) of the CE plants
|

o Five (56%) of the B&W plants.
,

1

- jjn~.
Category I events occurred in

' '

7 f ,3 p jf yf

,f ' gAe Twenty-seven (68%) of the W plants

(W 1 u im
'

p
bo Five (13%) of the CE plants a

,

| . . . . - - . . - . . . _ .

| -

Eight (20%) of the B&W plants./e

.
_ - .

* * we. e me e .meemmena

' I ' 5. h i
'' ' '

. . , , , . - _ , , - - 1 i1, -. ,
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The percentage of cvents occurring in the three diffcrent v:ndor plants is ~ ~ ' ~

in proportion to the number of plants a vendor nas supplied.

- The plants reported Category I events as follows (se'e Table 10):

e Twenty-one (48%) reported at least one

Thirteen (62%)' reported only one.o
.

.

Eleven (28%) of tne events occurred at two (5%) of the plants and 27 (68%)
occurred at eight (18%) of the plants. p

R

4R b
Eleven (28%) of the events,., Class 1 (see Table 10). Seven (16%) of the

plants reported Class 1 events. Five (45%) of the Class 1 events occurred
at Seaver Valley 1.

Six (15%) of the events are Class 2 (see Table 10). Six (14%) of the
plants reported Class 2 events. No plant had more than one Class 1 event.

Twenty-three (58%) of the events are Class 3 (see Table 10).
Sixteen (36%) of the plants reported Class 3 events. Five (22%) of the
Class 3 events occurred at San Onofre 1. Ten (43%) of the Class 3 etents
occurred at Ginna, San Onofre 1, and Zion 1.

The average incident rate for those plants reporting Class 3 events

| is 0.19 events per year per reactor (see Table 10). The only plants above
this average are:

.

.e- Beaver Valley 1 (0.33)
[ e -

'

e- Ginna (0.29) e

l

San Onofre (0.41)e

e Zion 1 (0.32). f],

PR(LU- O
w -

m
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Tno averaga incident rate for all plants for Class 3 events is 0.09 events
per year per reactor. The incident rates for all the W and B&W plants are
close to tnis average, with the CE plants being somewnat lower.

Eight (20%) of the Category I events occurred in the Reactor Safety
Systems--RHR, ECCS, and SCW (see Tables 8, 11, and 12). One (3%) of the
Category I events occurred in the'RHR. Four (10%) of the Category I events
occurred in the ECCS. Three (8%) of the Category I events occurred in the
SCW.

.

Thirty (75%) of the Category I events occurred in the Main Reactor
Systems--RCS, Condenser, Main Steam, and Main Feedwater (see Tables 8

and 11). Five (13%) of the Category I events occurred in the RCS.
Four (10%) of the Category I events occurred in the Condenser system.
Six (15%) of the Category I events occurred in the Main Steam system.

Fifteen (38%) of the Category I events occurred in the Main Feedwater
,

System, of wnicn 13 (93%) occurred in six We'stinghouse plants. y '[,3,."

Two (5%) of-the Category I events occurred in Auxiliary Reactor
Systems--RCIC and RWCU (see Tables 8 and 11).

The incidence of events occurring in the Main Reactor Systems is high
for all tnree classes of events, but decreases from Class 1 (9 of 11

for 82%) and Class 2 (6 of 6 for 100%) to Class 3 (15 of 23 for 65%) as the
Reactor Safety System incidence rises from Class 1 (1 of 11 for 9%) and

,

Class 2 (0) to Class 3 (7 of 23 for 30%)--see Table 12.

A high percentage of tne basis /cause for ,the events has been
attributed to design or procedure deficiencies (see Table 13). The
design-related incidence decreases from dlass 1 (10 of 11'for 91%) to

,

'

Class 2 (5 of 6 for 83%) to Class 3 (14 of 23 for 61%) as the
procedure-related incidence increases from Class 1 (0) to Class 2 (1 of 6

for 17%) to Class 3 (11 of 23 for 48%). It should be noted that some

events are both design and procedure related. All three different types of
vendor plants attributed the basis /cause more to design-related problems

tnan to procedure-relat[q-p,r,@Jems - - - -

,_
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A significant percentage of tne event reports listed damage to the
piping support systems for Clas~ (5 of 11 for 45%) and Class 2 (2 of 6
for 33%), and to piping-relatea systems for Class 1 (5 of 11 for 45%) and
Class 2 (3 of 6 for 50%). The incidence of events causing damage to piping
support systems was high" , .J of 23 for 57%) than piping-relateo systems
(5 of 23 for 22%) for Class 3 events (see Table 13). Piping support damage
resulted from:

e Fifteen (56%) of the W events '

4

One (20%) of the CE eventse

e Four (50%) of tne B&W events.

Piping-related damage resulted from:

e Nine (33%) of the W events

e Two (40%) of the CE events

Two (25%) of the B&W events.e

The incident rates (events per year per reactor) for Class 3 events

are more stable and lower than the Class 2 and Class 1 rates (see Table 14
and Figures 4-6). The average incident rate for all plants for Class 3
events is 0.09 events per year per reactor (see Table 10).

A breakdcwn of the Catdgory I events according to water hammer type

f.see table 8) shows that: ,

I

Steam-bubble collapse caused t$o eventse

e Flow-into-voided-line caused 13 events

- O .

5 team-water ent1 aTH5 en5 caused 'or'd e .enh-
~

e

J y 3 ._ G :' n :
-.. .

d

,
. . . . .
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o Water column separation caused no events

e Steam hammer caused 21 events
.

e Three events were not identified.
.

The steam namer category includes a phenomenon called wave

reflection. Such events usually involved the partial or total interruption -
of flor in a fluid system because of pump seizure, valve closure, or valve
flutter. In liouid systems, this event is usually classified as column

'

separation if the pressure drop is sufficient to produce vaporization.

The involvement of the various types of water hammer in specific
systems' and subsystems for Category I events is discussed next.

Main Reactor Systems
.

Four main reactor subsystems (RCS, Condenser, Main steam, and Main

Feedwater) had thirty identified events.
,

Reactor Coolant System (RCS). Five events were' identified. All
involved flow-into-voided-line and occurred in the pressurizer discharge
line wnen tne pressurizer relief valve opened and a slug of water was
propelled into an essentially voided line. In four of the incidents, the

relief valve was installeo witn an upstream water seal to prevent valve

seat erosion. In the remaining incident, the valve stuck open due to boric

_

acid buildup. -

Condenser. Four events were identified. One event, identified as
possible wave reflection (steam hammer),' involved the rapid closure of a

' ~

d'eaerator level regulating valve, coupled with a long pipe run. Three
events, identified as flow-into-voided-line, involved the condenser tubes
and inlet piping.

l '', -- .~. ,6'
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Main Steam. Six events wer0 identified only as steam hammer or

unknown, of'which three were caused by inadvertent valve actuation.

'

Ma.in Feedwater. Fifteen events were identified. One event,
identified as steam-bubble collapse, involved a valve lineup that allowed a ,

back flow from tne steam generator to the feedwater inlet line. One event,
identified as steam-water entrainment, involved the turbine exhaust line-
drain, which had too much back pressure and allowed tne collection of rain
water. Eleven events were identified as steam hammer, of which eight were
directly related to valve failure, design, and instability, two were
related to valve adjustment and opening, and one was unknown. Two events
were not identified.

,

.

Auxiliary Reactor Systems

The Chemical and Volume Control system had two identified events. In
one event, identified as flow-into-voided-line, vent line vibration caused
pipe shear, wnich resulted in reactor coolant release. One event,
identified as stearn hammer, involved valve instability after the positioner
fell off.

,

. . .

Reactor Safety Systems
.

Three reactor safety subsystems (ECCS, RHR, and SCW1 had eight -

identified events.

- Emergency Core Cooling System (ECCS). Four events were identified.

Three events, identified as-flow-into-voided-line, involved the safety
,

injection lines not being water filled. One event, identified as
steam-bubble collapse, involved pressure' reduction in a safety infection
line during testing. I

i

C

~

Residual Heat Removal (RHR). One event, identified as steam hammer,
'

involved a pump start with an incorrect valve line up.
E-,
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Service Coolino Water (SCW). Three events etre identificd. One
event, identified as flow-into-voided-line, involved the, cooling water flow
to the RHR Hx not being throttled. Two events were identified as steam
nammer, of which one involved a control valve line from the diesel

generator air cooler Hx, and tne other involved the failure of a tsunami

gate in the circulating water system. '

g Q w.b huw & ?> Off AM: -

' PWR Steam Generator Events " m p * % ,, 4 h
'-

~ ~

shcuu- T4 #; t%z n.g
The following information was taken from Table 15 and Appendix C. M-

Thirteen plants reported 27 of the PWR steam generator events:

W plants reported 23 (85%)e

.

e CE plants reported 4 (15%)

e B&W plants reported none. -

Zion 1 (8) and Zion 2 (5) reported 13 (48%) of the events.
,

a

Six (22%) of the events are Clas: ' . . Six (22%)~of the events are
Class 2. Fifteen (56%) of the events are Class 3,-af which 11 (73%)
occurred at Zion 1 and 2.

~ ~~ ~~

.

Many of tne events tabulated represent one or more events recorded
during a single snort time span under the same plant conditions. Many
events were not observed at the time of occurrence, but the damage observed

indicated that these events were caused by SGWH. Past SGWH events have'
'- ~~

variep greatly in magnitude and consequences. Effects reported have ran5ed
from minor noises and' feedwater piping vibration to major feedwater system
support damage and feedwater piping ruptures.

The most recent events occurred at Palisades and San Onofre 2 (see
Appendix C SGWH Event Items 8 and 9, respectively) during testing. The
event at Palisades occurred during a test that, if successful, might have
allowed an administrative inRRse vimx-i-Liar.y_feedwater flow rate during

'
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plant startup or during shutdown recoveries. The event at San Onofre was
_

caustd by a very nigh auxiliary feedwater flow rate (approximately
1200 gpm) to a steam generator after the water level had been below the

~

feecring for about two hours. Even though the feedring was equipped with
"J" tubes to reduce the drainage flow rate from the feeoring and adjacent
feedwater piping, the two-hour no-flow period was excessive and complete
voiding may have occurred, resulting in SGWH and feedring collapse. Rapid
steam condensation caused the pressure to drop inside the feedring, and the _.__ __. _
pressure in the steam generator caused it to collapse.

No event has been recorded for a Zion steam generator eouipped with
! feedrings having "J"-shaped top discharge tubes. The modification of all

feedrings to the "J" tube configuration at the Zion plants is expected to
,

be completed oy February 1982 (see SGWH Event Item 27).

Only one SGWH occurrence (San Onofre 2, Event Item 9 of Appendix C)
has been recoroed for plants tnat are in conformance with the reouirements
set forth in the NRC's Branch Technical Position (BTP) ASB 10.2, " Design
Guidelines for Water Hamers in Steam Generators With Top Discharge
Feedring Designs." This BTP is attached to Standard Review Plan (SRP)
10.4.7, " Condensate and Feedwater System," of NUREG-75/087, " Standard

Review Plan for the Review of Safety Analysis Reports for Nuclear Power
P l ants." In this instance, the feedring had been uncovered for an extended
period of time, resulting in water being replaced by steam in the feedring
even though a top discharge geometry was employed.

| No SGWH has been reported at plants in conformance with BTP ASB 10.2,

and in which auxiliary feedwater flow was started shortly after the
interruption of main feedsater flow.

,
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TABLE 8. TYPES OF WATER HAMMER EVENTS (NON-STEAM-GENERATOR) OCCURRING
IN PWR PLANT SYSTEMS (CATEGORY I)

Number
! Systems of of Numoer and. Event Numoer

Occurrence Events Subsystem Type of Water Hamer popendixB)

Main reactor 5 RCS (pressur- 5 Flow-into-voided-line 1,10,15,22,
(30 events) izer) 33

4 Condenser 3 Flow-into-voided-line 2 , .4 ,5
,

1 Steam hamer 14

6 Main steam 5 Steam hamer 3,17,18,21,
35

1 Unknown 16

15 Main feed- 1 Steam-bubble collapse 24
water 1 Steam-water entrain- 37

ment
- 11 Steam hamer 6,7,8,11,

12,13,30,31,
38,39,40

2 Unknown 32,36

SteamAuxiliary --

reactor generator
(2 events) blowdown

Auxiliary--

feedwater
turbine

2 CVCS 1 Flow-into-voided-line 27
1 Steant hamer 19

.

Reactor 4 ECCS 3 Flow-into-voided-line 23,26,29

safety 1 Steam-babble collapse 34
(8 events) .

1 Steam hamer 251 RHR

Containment--

spray

3 Service cool- 1 Flow-into-voided-line 9
'

ing water 2 Steam hamer 20,28
._ - - - _ . . _ _ _ . . _ . _

,f-.j
-

,

Total events 40 9 g ,f !~ ~ .| ., ,

;, i
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TABLE 9. RON-WATER-HAMMER EVENTS (NON-STEAM-GENERATOR) OCCURRING IN PWR
'

PLANT SYSTEMS (CATEGORY II)
'

| -

|- '

Number
Systems of of Number and' Event Number
Occurrence Events Subsystem Type of Event (Accendix B)

*

RCSMain reactor --

(0 events)
Condenser ---

Main steam--

Main feed---

water
.

.

Auxiliary 1 Steam 1 Potential for steam- 42 y
reactor generator water entrainment (
(2 events) blowdown ,_.

!F~ ,- ~

Auxiliary--

?feedwater ' ' ' ~'

turbine -

l CVCS 1 Possible flow-into- 43 (P '
partially-voided-line :13 't r--

ECCSReactor safety ---

(2 events)
RHR .--

1 Containment 1 Component malfunction 44

spray

1 Service cool- 1 Component malfunction 41

ing water
t

Total events 4 ,

i
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%IAalt loa. FW8 CATEGoaf I EVEN( SA(AEDUWN SY PLANT
, .

g'] , g #~g. -3,' 6*
, o,,e .. . s

I \ ' ( '6
N 'k }}t* M \ - - ~~ / mmaries1<J ~ Event Su

,
fears of Commercial % N
Operation by N555 )A ," ,i '

VenJor from er of-Events,by-Tea Category Class Class Class #gc_s

Comercial I/l/69 to 5/l/81 ( ) - Class 1* L ] - Clfis 2 Class - 3 I I 2 3 Class 3 j,,
Operation Events

Plant Date W Cf BW 69 70 il 72 73 74 15 f6 il 78 19 80 8[ # 1 # 5 # 1 # 1 Per Year *
.

(1) [1] IArkansas i 12/19/14 6.31 3 1.5 I 9.1 1 16.7 I 4.3 .19-- -- -- -- -- -- .- -- - - - - - - -

Askansas 2 3/26/80 1.10-- -- -- -- -- -- -- -- -- -- -- -- -- -- .. -- -- -- -- -- -- -- -- --
e

(4) [1] --Seaver Valley I 4/30/71 4.00 I 6 15.0 5 45.5 I 4.3 .33-- -- -. .. -- -- -- -- -- ---- -- --

Calvert Cliffs I 5/8/15 5.02, -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -.-- .- -- --

Calvert Clif fs 2 4/l/11 4.00 .-- -- -- -- -- -. -- -. -- -- -- -- -- -- -- -- -- -- -- -- -- -. ----

.' Cook I 8/21/15 5.68 -- -- -. -- -- -- -- -- -- -- -- - - - - - - - - -- -- -- -- -- -- -- -- --

Cook 2 7/1/78 2.8) -- -- -- -- -- -- -- -- -- -- -- - - - - - - - - -- -- -- -- -- -- -- -- --

Crystal Siver 3 3/13/J7 4.13 -. -- -- .. -- -- -- -- -- - - - - - - - - -- -- -- -- -- -- -- -- ---- --..

Davis.sesse i F/31/78 (1)-- l 2.5 I 9.12.75-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ..

farley I 12/1/11 3.42 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
,

..' fort Calhoun l 6/20/14 -- 6.86 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Ginna 3/10 11.17 I1 I 3 1.5 3 13.0 .29-- -- -- ---- -- -- -- -- -- -- -- - - - - - - -

-
IladJae Neck I/1/68 12.33 IIA NA -- -- .. ---- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- .- --

I ~ ..ladian Polat i 62-63 12.00 -- 1 2.5 88 4 | 4.3 .08NA-- -- -- -- - - - - - - - --- -- -- -- -- --

[l)--Indian reint 2 s/13 7.75 -- -- -- -- -- -- -- 8 4 16.7 I 4.3 .552 5.0-- -- -- -- .- -- --

Indian Point 3 8/30/16 4.67 --p.-------------- -- -- -- .. -- -- -- -- -- -- -- -- -- -- ..

Keuaunee 6/14 i6.92 -- -- -- -- -- -- -- - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ,

(1) [1] -- -- 3 1.5 l 9.1 l 16.7 1 4.3 .14|naine rankee 12/28/12 8.34 I-- -- -- -- -- -- -- -- -- -.

-- (1) --Hillstone 2 12/26/15 5.35 t 2.5 I 9.l -- -- -- -- -- .
'

-- -- -- -- -- -- -- -- -- -- -- --
.

~ 'North Anna I 6/6/18 ;2.90 -- -- -- -- -- -- -- -- -- -- -- -- -. -- -- -- -- -- -- -- -. -- -. --
i

| Nor th Anna 2 12/l4/60 t .38 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
,

*
Oconee i 1/15/13 I 2.5 | 4.3 .167.79 I -- ---- -- -- -- .. -- -. -- -- -- .- -- -- -- -- --

*

!ocence 2 - 9/9/14 ,-- -- 6.64 --:---- -- -- -- -- -- -- -- -- -- -- -- -- .. -- -- -- -- -- --

!Otonee 3 11 /16/1 4 |-- - - [ l] -- 1 2.5 .I 16.76.38 -- -- ---- -- -- -- -- -- ---- -- -- -- -- --

i i
PallsaJes 12/31/11 1, -- 9.34 -- -- -- -- -- -- -- -- -- -- I .4.3 .32 l| -- -- -- -- -- -- -- 1 2.5

i
Folat Seeth 1 12/21/10 10.36 -- -- -- -- -- -- -- - , - - -- -- - - - - - - - - -- -- - - - -- -- -- -- --

l
|e

| Palat Beach 2 10/1/72 8.58 -- -- -- -- .. -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Prairie Island I 12/16/13 7.38 -- -- -- -- -- -- -- .. -- -- -- -- -- -- ---- ;---- -- -- -- -- -- --

a fralrie Island 2 12/21/14 '6.36| -- -- -- -- -- -- -- - -- -- -- -- -- -- -- -- -- -- .. -- -- -- -- --

l i .
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IABLE loa. (continued) y
C
ru -

fears of Conw;rcial Event Summaries a
Operation by #155$

VenJur free Ilueber of Events by fear Category Class Class Class
Commercial I/1/69 to 5/1/88 ( ) - Class I [ ] - Class 2 Class - 3 I I 2 3 (lass 3 " ' .
Operation Ivents J,

*

* 1,1, 15 # 5 Per fearPlant Date W CE B&W 69 70 FI 72 73 74 g M M & 79 80 St # 1 a

Rancho $ece 4/17/15 6.04 -- -- -- -- -- (1) -- I 2 .5.0 1 9.1 -- -- 1 4.3 .20-- -- -- -- -- -- --

Ruhlason 2 3/1/11 10.15 I -- -- -- | 2.5 1 4.3 .11-- -- -- -- -- -- -- - - - - - - - - -- -- -- --

*Sale.e 1 6/30/71 3.83 (1)-- 1 2.5 I 9.l-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

San utofra l I/1/68 12.J 3 I 1 I 1 I 5 12.5 NA 5 21.7 .41NA-- -- -- -- -- -- -- -- -- -- -- --

St. trcle i 12/21/16 -- 4.36 '-- -- -- -- - - - - - - - - -- -- -- -- -- -- -- -- ---- -- -- -- -- --

Surry 1 12/22/12 8.J6 (1) -- -- -- -- -- -- -- -- 1 2.5 l 16.7-- -- -- -- -- -- -- -- -- -- --

[------'-------Surry 1 5/1/73 _ 8.00, t 2.5 1 4.3 .44-- -- -- -- -- -- -- -- -- -- --

IMI I 9/2/14 4.57-- -- -- -- -- -- -- - - - - - - - - - - - - - - - - - - - - -- -- -- -- c- -- --

IMI 2 12/30/18 ,- 0.24 - 2.-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Irojan 1 5/20/16 4.95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
'

lurney Point 3 12/84/12 4.38 I -- -- -- -- -- -- 1 2.5 I 4.3 .14-- -- -- -- -- -- -- -- -- -- -- --

lurkey Point 4 9/7/73 7.65 ----------l t 2.5 4 4.3 .l5-- -- -- -- -- -- -- -- -- -- -- -- --

f ankee Rowe 1/6l 12.33 '

HA NA-- -- -- -- -- -- -- - . - - -- -- -- -- -- -- -- -- -- -- -- -- --

tion i 12/31/13 7.34 -- -- -- -- -- -- -- (1)-- 2 3 7.5 l 16 .7 2 8.7 .32-- -- -- -- -- -- --

llee 2 9/17/14 6.62 -- -- -- -- -- -- -- -- -- I -- -- -- -- -- 4 2.5 4 4.3 .38-- -- -- --

a. This column lists the number of Class 3 events divided by the amount of time a plant is la the Class 3 pertoJ.
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TA8L{ 116. $LPMn4f 0F Pwt CATEGORY I (Vint! BT VEN000 ANO [ VENT CLASS ,

(vesets Per System tv Eveat Class

Class 1 Class ? Class 3
%$1

Yeador LL 3 4 5 6 7 8 1 F 3 4 5 6 7 8 1 2 3 4 5 6 . 7 8

3 1 2 1 I 2 to 3 220 .. -

), 1m , , , _ _ _

, , 1 , ,. 1 |. . ..

.

"
1 4 to 1 4 1 31 3 1 1 1Potal 2 2 1 4 1 - - -- -
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TA8LE 11c. StNMAaY OF PWR CATEGORY t EVENTS 8Y VEN00R ANo SYSTDt ,

,

Events Per Systee
, __

asss 1 2 3 4 5 s 7

V'"*'' ifl 151 1 0. 151 10. 1H I') III 10. 151 1!1 151. 1!1 111 10. 151
''

(2) 67 .W (2) 40 (3) 15 (2) 33 (14) 93 (1) 50 (3) 75 -

''

(1) . 33(1) 50 (1) 25(2) 33ct
--- -

,

(1) 100sw (3) so (1) 25 (2) 33 (1) 4
-- -

retai (5) 10 0 (4) 10 0 (s) 10 0 (15) 10 0 (2) 10 0 (4) 100 (1) m (3) 10 0
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TABLE lid. SUMMARY OF PWR CATEGORY I EVENTS BY VENDOR AND
MAJOR SYSTEMS

.

Events Per Major Systems

NSSS Main Systems Auxiliary Systems Safety Systems
Vendor (i) (%) (#) (%) (#) (%)

W (21) 70 (1) 50 (5) 63
,

- --- CE--
- (2) 7 (1) 50 __ .._42)..25 - - .. _ _ .

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

~ ~ ~T1 )~ ~ 1Y ~- ~ --- - - ~~_ _ _ _ ..S&W _ _ . . _ _ (7) 23 -- --
_ _ _ _ _ . _ . ____ _ _ _ _

" - - - (-8 ) -100 -
- - - - -~

Total
~

(30) 100- (2) 100
.
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TABLE 12. PWR CATEGORY I EVENTS ~BY MAJOR SYSTEMS AND EVENT CLt..iS

_. _ .__ __._

Events by Event Class
. _ _ . _ _ _ _ _ _ _ __.

, , __ ,_

All Class 3 (78 to
Classes Class 1 Class 2 Class 3 (Pre-78) Present)

~' Major Systems" (#) (%) (f) (%) (#) (%) (!)4%) (!) (%) -(#) .(%) -

Main reactor (30) 75 (9) 82 (6) 100 (15) 65 (10) 67 (5) 63

Auxiliary reactor (2) 5 (1) 9 (0) 0 (1) 4 (1) 7- (0) 0

Reactor safety (8) 20 (1) 9 (0) 0 (7) 30 (4) 27 (3) 38
i

l

~~

LEGEND for systems: --- -- - - - - - - - - - - - - - - -a.

Main reactor systems: RCS Condenser, Main steam, Main feedwater
Auxiliary reactor systems: CVCS
Rea-tor safety systems: ECCS, RHR, SCW.
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IA8tf lla. PWR CAI(G0RT I EVENTS Bf PLANT. BASIS /CAUSE AND CAMGE >

l W
.

D*
'Basis /Cause for twent flees Damaged

N555
Event Plant Vendor Plant Systee Class I Class 2 Class 3 Class I Class 2 Class 3

"

o
I kkansas | B&W RC5 Design Sispports *-- -- -- --

N *

2 Arkansas I C&W Condenser Design Condenser-- -- -- --

! khansas I B&W Main stese Frocedure list ladicated-- -- -- --

4 8eaver Valley I W Condenser Design Tubing a-- -- -- -,

} Condenser Design5 Seaver Valley I W lubing-- -- -- --

6 Beaver Valley I W Main feedwater Design Southers / Valves /-- -- -- --

lastr/insul/ fittings
7 Seaver Valley I W Main feedwater Design Supports / instr. lines-- -- -- --

~

8 Beaver Valley I W Maln feedwater Design -- -- Supports / drain line/ -- --

valves.

9 6eaver Valley I W SCM Procedure [ediedmont plate-- -- -- --

10 Dawls-Sesse I B&W RC5' Design Isot Indicated-- -- -- - --

Il Giruna W Main feedwater Design / Valve-- -- -- --

procedure,

12 Glnna W Mala feedwater QA/Manuf. Supports /insul.-- -- -- --

Il Glana W Main feedwater Design --
, Tubing /Insul. j

-- -- --

*
I4 Indian Ft. I W Con'Jenser Flying / valve |Design /QA i

-- -- -- --
,

1 -

15 ladian Pt. 2 W AC5 Design
' i supture disc / *-- -- --

| grout / radio- ;

--
,

activity rise
in contain-
ment snubber /,

t support /drala
|'llne .

t

16 Indian Pt. 2 W Malm staae Design / Snviber/ support / t
-- -- -- --

,rocedure drain un. ,

11 mine Yankee CE Main stese Operator Olet indicated-- -- -- --

Design
.

18 Maine Vankee CE Main stese , ,

-- --

p*' i ,
--

p'. ~, r . ' i 1 Valve / drain line

[ -"pai !-- r --
s _

,

g [lM ,,L,4Y haIg m ine Yankee CE CVCS * / -- ,

u__..._---.-
-
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TABLE 13b. PWR CATEGORY I EVENT TOTALS BY BASIS /CAUSE AND EVENT CLASS

Events by Event Class

Class 1 Class 2 Class 3*

Basis /Cause (!) (%) (#) (%) (!) (%)
'

Design (10) 91 (4) 57 (5) 23

(3) 14Design /QA -- -- -- --
,

(1) 5Design / install -- -- -- --

.

(1) 14 (5) 23Design / procedure -- --

(6) 23Procedure -- -- -- --

(1) 14 (3) 14QA/Manuf, QA, maint -- --

Operator (1) 9 -- -- -- --

TOTAL (11) 100 (6) 100 (23) 100

~' ~ ~

Design relateda (10) 91 (5) 83 ' ( l'4) 61 ~

Procedure relateda (1) 17 (11) 48-- --

.

a. Some events are both design and procedure related.
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TABLE 13c. PWR CATEGORY I EVENT TOTALS BY DAMAGE AND EVENT CLASS

- - - - - - - Events by Event Class-_.- ..__ . ._ _

-- - - - - - -- Class 1 Class 2 Class 3 _ . _

Items Damaaed (#) (%) (#1 (%) (#) (%)

Snubbers, supports (2) 18 .(2) _43_ _ . (.10 ) 41 ._. .

snubber / supports
,

(1) 5Snubbers / supports / (1) 9 -- --

piping related
,

'

(1) 5Snubbers / supports / misc (1) 9 -- --

(1) 5Supports / valves
. (1) 9 -- --

'

14 (1) 5(l iValve -- --

Piping and related (4) 36 (1) 14 (4) 18

(2) 29Coolant release / rupture disc -- ---- --

(1) 5Insulation, grout, plate -- -- -- --

indicated
, -_ (4) 18Unknown, no damage, not (2) 18 --

TOTAL (11) 100 (6) 100 (23) 100
_ _ _ - . _ _ _ _ _

'

Snubber, support relateda (5) 45 (2) 33 (13) 57

Piping relateda (5) 45 (3) 50 (5) 22

a. Some events are snubber, support, and piping related.
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TABLE 13d. PWR CATEGORY I EVENTS BY BASIS /CAUSE AND VENDOR

~ ~ ~ ~ ~ ~ Events by NSSS Vendor -

W CE B&W-

~

Basis /Cause (#) (%) (#)-(%)- - ( f )-( %)-

Design (13) 48 (2) 40 (4) 50

~

Design /QA (3) 11 -- -- -- --

(1) 13Design / install -- -- -- --

Design / procedure (6) 22 -- -- -- --

Procedure (3) 11 (1) 20 (2) 25'

QA/manuf, QA, maint (2) 7 (1) 20 (1) 13

(1) 20Operator -- ---- --

TOTAL (27) 100 (5) 100 (8) 100

Design relateda- (22) 81 - (2) - 40 -- - -(5) 63 - -

Procedure relateda (9) 33 (1) 20 (2) 25

.

a. Some events are both design and procedure related.
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TABLE 132. PWR CATEGORY I EVENTS BY DAMAGE AND VENDOR

~ ~ ~

Events by NSSS Vendor
~~ ~~ - - ' - ~ ~ ~ ~ -

--

W CE. B&W
--

J
Items Damaged (#) (%) (#) (%) (#) (%)

Snubbers, supports (9) 33 (1)~ 20' (4) 50
~~

snubber / supports
,

Snubbers / supports / (2) 7 -- -- -- --

piping related
'

Snubbers / supports / misc (2) 7 -- -- -- --

Supports / valves (2) 7 -- -- -- --

Valve (1) 4 (1) 20 -- --

Piping and related (6) 22 (2) 40 (1) 13

(1) 13Coolant release / rupture disc (1) 4, . - - --

Insulation, grout, plate (1) 4 -- -- -- --

Unknown, no damage, not (3) 11 (1) 20 (2) 25 .

-

. indicated
- ' ~ - -- - -

a

TOTAL (27) 100 (5) 100 (8)100
_,

(4)Snubber, support relateda (15) 56 (1) 20 . _ _ _ 50 _ _ _ , __.

Piping related* (9) 33 (2) 40 (2) 25

a. Some events are snubber, support, and piping related.

W * Y C <' b u ~ ~}k ( } .trorn 4f '~ " " ,b'O
'

!"

kef'L ') ~ ~ ~) % ~ J JS b -- k '" ** A '*la- C
_

G| W . L ! : . :-~.F.'Mc
~

R.. py-
..

O ''
L,' . it

-

. . _ - -. _ . _

.



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

, ,

i !,

| seu/ f
i~ , .

o ! i t( I, /
< ,

.
.<

,. , , . . g ,
,

'

5
.;. !. ;

'

, -. .

J. :
>

a_

IABLE 14. $laCATEGORYIN0flMLIZEDINCIDENTRATES
to

. g
.

'

Class 1 Class 2 Class 3

Number Nuder Number
Plant Plant Plant

Event of Incident of Incident of Incident
Year Years Events Rate Years Events Rate Years' Evats Ratea a

N/A N/A N/A 4.0 1 .2569 .86 ~- --

4.0 1 .25.86 :--70 2.04 ---- --

4.86 1 .211.9671 1.52 -- ---- --

6.82c 0. 772 5.58 1 .18 1.52 i ------ --

c, h 73 6.25 '5.58 2 36 8.33 2 .24-
-- --

~(V"
14 7.58 2 .26 6.25 2 .32 - 13.90 3 .22

C;-iv

7 ,
.30 6.66 2 .30 19.98 2 .103- 75 3.28 _1

26.71 4 .1576 4.30 4 .93 3.28 -- --

29.00 1 .0377 3.69 3 .81 4.64 -- --

3.70 M.81 {2 .06.) 78 2.52 -- ---- --

.36.73 3 .082.5279 .81 -- ---,--
, ,

! 80 1.19 .81 39.00 3 .08-- --
,

.

I

! , '.<

, ,

;

Plant years are the total ambunt of time that all plants are within the time period for a given eventa.

class (1, 2 or 3) for a given event year. ,
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TABLE 15. PWR STEAR GENERATOR EVENT BREAKDOWN BY PLANT '

Connercfal 71 ( )-Class 1.
Number of Events by Year

'

[ ]-Class 2 -Class 3
Operation NSSS or

Plant Date Vendor Before 72 73 14 75 76 77 78 79 80 81

.

1Calvert Cliffs 1 5/8/15 CE -- -- -- -- -- ---- -- -- --

|

(1)Calvert Cliffs 2 4/1/77 CE -- -- -- -- ---- -- -- -- --

Cook 1 8/21/15 'W [1] 1 -e -- -------- -- -- --

:L.,:
'

[1] [1]lndlan Point 2 8/73 W -- -- -- -- -- -- ---- --

. . :)
|(1)Hillstone 2 12/26/75~ ~ CE -- -- -- -- -- ---- -- -- --

, .- .
*

1d Palisades 12/31/11 CE - -- -- -- -- -- -- -- ---- --

(1) .Q San Onofre 2 N/A W -- -- -- -- -- -- -- -- -- --

(1).Surry 1 12/22/12 W -- -- -. -- -- -- -- -- ----

'' [1]Turkey Point 3 12/14/12 W -- -- -- -- -- -. -- , - --- --

(1)' [1]Turkey Point 4 9/7/73 W i-
-- -- -- -- -- -- ----

Yankee Rowe : 1/61 W ;l -- -- -- -- -- -- -- -- -- --

t

Zion 1 12/31/73 W 4- 1 2 2 3 '-- ---- -- -- --

r

12Zion 2 9/17/14 W ---- -- --- -- -- --

,.
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SUMMARIZED FINDINGS OF THE STUOY

In this section we summarize the findings from our compilation af
known and suspected water hammer occurrences in BWR and PWR plants. This
summary groups: ,

o The numbers of events and plants

e The systems involved .

e The basis /cause for the events

e The damage incurred

e The types of water hammer observed.

Results of the steam generator events are presented in the last part of
this section.

'

The data base for this' study is quite limited. However, valid

conclusions may be obtained if the limits of the data base are observed.

Water Hamer Events

There are approximately 70% more PWR plants (44) than SWR plants (26)
involved in this study, but the BWR plants had approximately twice as many
events (81) as the PWR plants (40). When the 27 steam generator events are

, added, the PWR total is still less than the BWR total.
!

.

A small number of plants account for a large number of the events.
This is true for botn BWR and PWR plants.

The numbers of events for each type of plant (GE-3, GE-4, W, CE, and

B&W) are in approximately the same proportion as the number of plants for
eacn type.
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Approximately half of tha events occurred prior to and within one year
after the commercial operation dates of the plants--an average period of
two years for eacn plant.

After the first year of commercial operation, the average incident
rate-(events per year per reactor) is low for both BWRs (0.22) and
PWRs (0.09). Tne yearly normalized rate, thougn changing slightly from
year to year, remains low. .

'

.

'Systems Affected

Approximately three fourths of tne BWR events occurred in
safety-related systems. One third of the events occurred in the RHR. In a
BWR plant, the RHR has many functions, not all of which are directly safety
related, but which are connected to safety systems. One fourth of the
events occurred in t'he HPCI.

.

Three fourths of the PWR events occurred in main reactor systems.
Approximately one' t'hird 'of' the even'ts occurred in main feedwater sysi;e~ms.

~ ~ ~

< Thirteen of the 15 main feedwater events occurred in Westinghouse plants.

.

Basis /Cause for Events
- - . . -

Basis /cause denotes an attempt to identify the basic reason for ani

1
'

occurrence. Some events are both design and procedure related.

PWR plants have attributed basis /cause more to design-related problems

than,have SWR plants. For both types of plants, the design-related
basis /cause impact is considerably less for Class 3 events than for Class 1 ,

events.
,

1

1
; BWR plants have attributed the basis /cause more to procedure-related

problems than have PWR plants. For BWR plants, the impact of
procedure-related problems has been, considerable for all three classes of
events. For PWR plants, procedure-related problems ranged from zero of
10 events for Class 1 to 17 vi : event M er-ca.ase 1
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For PWR plants, the events were attributed to a design-related
basis /cause more often in W plants (22 of 27 for 81%) than in CE plan ~ts

.

(2 of 5 for 40%) or in B&W plants (5 of 8 for 63%). For BWR plants, events
were attributed to a design-related basis /cause more often in GE-3 plants
(16 of 29 for 55%) than in GE-4 plants (15 of 48 for 31%)..

For PWR plants, events were attributed to a procedure-related
basis /cause more often in W plants (9 of 27 for 33%) than in CE plants
(l of 5 for 20%) or in B&W plants (2 of 8 for 25%). For BWR plants, events
were attributed to a procedure-rslated basis /cause more often in GE-4
plants (28 of 48 for 58%) than in GE-3 plants (13 of-29 for 45%). - -

Damace Incurred -

For both BWRs and PWRs, half of the event reports indicated that
damage occurred in the piping support systems.

For both BWRs and PWRs, a third of the event reports indicated damage
to piping related systems. These involved welds, junctions, pumps, and
other system ccmponents not including valves. These systems include those
portions of the piping tnat could allow coolant leakage if sufficiently
damaged. -

.
_

Types of Water Hammer .

The four types of water harrmer identified (in Reference 4) as
~ initiating mechanisms are:

e Water column separation in liquid flows

.

e Flow-into-voided-line 8

Steam-bubble collapse or mixing of subcooled water and steam frome

interconnected systems

o Water entrainment* am Tnes
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Those not ioentifiable, or considered to be a result of wave

propagation / reflection are categorized as unknown or as steam hammer.

Excluding PWR steam generator events,13 of the 15 steam-bubble
collapse events occurred in BWR plants. Seven occurred in the RHR, the
majority involving leakage, filling, and venting problems. Four occurred
in tne HPCI, involving valve closures in the exhaust line.

.

Thirteen flow-into-voided-line events occurred in PWR plants.
Twenty-nine occurred in SWR plants. All events involved systems not
continuously in use and involved line voids caused mostly by leakage and by ~

lack of good filling and venting measures. All but one of the BWR events
occurred in reactor safety systems. - --

Twenty of the 21 steam-water entrainment events occurred in the BWR

plants. Twelve of these occurred in the HPCI and involved water

accummulation without drainage because of defective equipment, or occurred
when the HPCI was being warmed up from an out-of-service condition. The '

majority of.tne remaining events involved water. accumulation without proper
drainage. ,

Five water column separation events were identified, occurring only in
the BWR plants. Three occurred in tne SCW, involving the cooling tower,
the salt water pump, and a valve closure. Two events, one in the feedwater _ _ _ _ _ _ _ _ . _

anc one in the condenser system, were due to inadvertent valve actuation.

Twenty-four events in PWR plants were listed as steam hammer / unknown'

events. Fourteen were so listed in SWR plants.
.

PWR Steam Generator Events.

The majority (23 of 27 for 85%) of the events occurred in Westinghouse
plants, with 13 (48%) occurring at Zion 1 and 2. -

Approximately half of the events (12 of 27 for 44%) occurred prior to
and within one year of commer:1ai operuiw.
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No events occurred in plants which were in conformance with BTP

ASB 10.2 when auxiliary feedwater ,was started shortly after the
interruption of main feedwater flow,
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Catecory I: Recor:ed EWR Water Hammer Events

EWR EVENT ITEM 1
'

(a) PLANT, MCOE, EVENT DAic sig Rock Pt., valve lineuo prior to
startup, 10/31/77.

(b) REFERENCE 50155-810 R0-77-44 (11/9/77).

(c) SYSTEM, MECHANICAL RJNCTION Plant Heating Eofler (ste'am supply
line), valve opening.

(d) INITIAL INDICATION Water hammer occurrence.

(e) WATER HAMMER TYPE, DAMAGE Steam-bubble collapse. No apparent
physical damage. Event resulted in a
minor, uncontrclled release of radio-
active water to discharge canal.

(f) CAUSE AND BASIS FOR EVENT Marginal design concepts employed and
procedural deficiency. During manual
valving operations, RCS water
backflowed into the plant heating
system external to the containment,

. _
_ causing a watei- hammer in the steam

_ _.

supply line frem the heating boiler.
Operating procedures were not folleved
in the valve lineup.

(g) CORRECTIVE MEASURES UNDER- Administrative controls instituted to
TAKEN FOR PREVENTION preclude routine system use. Plant

boiler steam supply line valves to Hx
were locked closed.

'
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SWR : VENT ITEM 2
. - . - - . . - . . - . -

(a) PLANT, MODE, EVENT DATE Browns Ferry 1, preoperational testing
(HPCI startup test),10/72. .

(b) REFERENCE 50259 R0-74-2 (2/8/74).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine exhaust line), valve
opening.

(d) INITIAL INDICATION Severe water hammer in HPCI turbine
exhaust line.

.

(e) WATER HAMMER TYPE, OAMAGE Steam-bubble collapse. Exhausting
steam noise a problem.

(f) CAUSE AND BASIS FOR EVENi Anadequate design. Addition of check
valves as vacuum breakers decreased
line vibration but exnausting steam
noise was a problem.

(g) CORRECTIVE MEASURES UNDER- First, one additional snubber
TAKEN FOR PREVENTICN installed to restrain exhaust line.

Second, vacuum breakers (check valves)
_ ... __.

. , instal _ led in exhaust line. Third, a
- s - condensing sparger-was installed at end

of exhaust line in suppression pool.

NOTE: First modification gav.e no abatement. Second change decreased line
motion. Third fix arrested noise and line movement and considered adequate.

.
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SWR EVENT ITEM 3 _ _ . . . .

(a) P!. ANT, MODE, EVENT DATE Browns Ferry 1, currently unavailable,
5/6/73.

(b) REFERENCE 50259 (7/9/73)."

(c) SYSTEM, MECHANICAL FUNCTION Cooling water (emergency equipment,
orifice gasket), pumo start.

(d) INITIAL INDICATION Gasket failure.

(e) WATER HAMMER TYPE, OAMAGE Fl ow-i nto-voided-li ne. Failure of
orifice gasket.

( f) CAUSE AND SASIS .:0R EVENT Design and procedural deficiencies.
Event initiated on pumo start following
stancby. Voids form and air collects
at high points in the lines during
standby periods. On pump start the
water compresses the air voids or
forces the air into solution such that
the water interfaces come into
contact, causing damaging water

. ... --.:^~ . . . . . - ~. ~ ~ ~

~ hammer. ~See 4, 5, 5.~
~ ' ' ~ ~ ~ -. ~:.' ~ -

(g) CORRECTIVE MEASURES UNDER . Water charging connections were
TAKEN FOR PREVENTION provided RHR SW and EECW systems at

appropriate locations to maintain full
water lines without void formation at
high points. See 4, 5, S.

i

< .
,

3

i

a. Four separate events are reported in this reference. See Events 4, 5,
and 6. Cause a1d corrective measures were the same for all four events.
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SWR EVENT ITEM 5

.

(a) P UNT, MODE, EVENT DATE Browns Ferry 1, currently unavailable,
5/23/73..

(b) REFERENCE 50259 (7/9/73)."

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR/ supply ifne), pump
start. .

(d) INITIAL INDICATICN . Pipe coupling failure. .

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-voided-l ine . Failure of pipe
coupling on service water supply to 1A
RHR Hx.

(f) CAUSE AND BASIS FOR EVENT Cesign and procecural deficiencies.
See 3.

(g) CORRECTIVE MEASURES UNDER- See 3.
TAKEN FOR PREVENTICN

!
.

I

e

, -

;

a. Four separate events are repor ed in this reference. See Events 3, 4
and 6. Causa and corrective measures were the same for all four events.
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SWR EVENT ITEM 6
_.-

(a) PLANT, MODE, EVENT QATE 3rowns Ferry 1, currently unavailable,
6/5 or 6/7/73.

(b) RE.:ERENCE 50259-(7/9/73)."

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Rx, supply line),
pump start.

(d) INITIAL INDICATION Pipe coupling failure.

(e) WATER HAMMER TYPE, DAMAGE F1cw-into-voided-line. Failure of pfpe
coupling on service water line to 1C
RHR Hx. Loosening of a relief valve.
Separation of building seal from pipe.
Hanger displacement on service water
ifne.

(f) CAUSE AND EASIS FOR EVENT Design and procedural deficiencies.
,

See 3.

(g) CORRECTIVE MEASURES UNDER- See 3.
TAKEN FOR PREVENTION

)

'
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a. Four separate events are reported in this reference. See Events 3, 4,
and 5. Cause and corrective measures were the same for all four events.
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BWR EVENT ITEM 7 - -- - -

(a) PLANT, MODE, EVENT DATE Browns Ferry 1, power escalation test-
ing (HPCI startup test),10/5/73.

(b) REFERENCE 50259-184 BFAO-7325W (10/15/73).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine discharge line, rupture
disc), valve opening.

,

(d) INITIAL INDICATION Automatic isolation of HPCI system.

(e) WATER RAMMER TYPE, OAMAGE Steam-bubble collapse. Failed rupture
disc.

(f) CAUSE AND EASIS FOR EVENT Procedural deficiency and inadequate
operating procedures. Inadequate
design caused potential vacuum condi-
tion. During a HPCI startup test the-

system was isolated automatically by
failure of the inner rupture disc, due
to a vacuum condition created by rapid
steam condensation rather than over-
pressure. The turbine casing / discharge

- piping was not up to operating temper _
atures and the steam within these-

confines condensed.

| (g) CORRECTIVE MEASURES UNDER- Repairs made and design investigation
| TAKEN FOR PREVENTION for avoidance of long term recurrence.
l

.

.
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| EWR EVENT ITEM 8 ;

-- - - - -

' (a) PLANT, MODE, EVENT DATE Browns Ferry 1, shutdown following
scram, 4/4/74.

(b) REFERENCE 50259 BFAO-7422W (4/12/74).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (steam supply 1.ine, valve), valve
opening.

,

(d) INITIAL INDICATION Water hammer.

(e) WATER HAMMER TYPE, OAMAGE Steam-water entrtinment. Broken and
bent vertical pipe hanger rods. Rigid
wall restraints were bent / buckled.
Hydraulic restraint elevis sheared off
and wall plate buckled. Hanger lugs

,
attached to pipe were deformed. A wall

. anchor assembly for the turbine dis-
charge pipe was struck by the steam
ifne and buckled. The inboard turbine
journal bearing pedestal was fractured.
Steam supply valve limit switch was-

broken.

(f) CAUSE AND BASIS FOR EVENT Inadequate design and marginal operat- .)
ing procedures. The HPCI steam supply
line was isolated for maintenance
(while the reactor was in operation)
by closing the outboard primary con-
tainment isolation valve. The inboard
valve remained open, thus exposing a
portion of the line to reactor steam.
The next day a scram shutdown operation.
On the following day, while still shut
down, the HPCI steam supply line was
charged by opening the outboard isola-
tion valve; excessive lateral and

vertical movement resulted from the
impact of a slug of water created by,

condensed steam. Contributing factors
were the valve arrangement and posi-
tioni When the outboard isolation
valve,ng.was ooened to warm the HPCI steam
supply line, the valve opening contacts
sealed-in as per design and the valve

-

went full open. See 30, 40. -
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EWR EVENT ITEM 8 (centinued) _ . _ _ _

(g) CORRECTIVE MEASURES UNDER- Repairs made and system tested
TAKEN FOR PREVENTION functionally. Operating procedures

implemented to minimize condensate
accumulation for steam supply line
valve alignment and isolation. A per-
manent modification to the piping
design is to be made.
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BWR EVENT ITEM 9
_ _ _ _ _ . . _ _ _ _ _ _ _ _

.

(a) PLANT, MCOE, EVENT DATE Browns Ferry 1, refueling outage,
1/27/80.

(b) REFERENCE 50259 LER 30-003 (2/25/80).*

(c) SYSTEM, MECHANICAL FUNCTION HPCI (steam supply l'ine, turbine),
valve opening.

(d) INITIAL INDICATION Otscovery of pedestal damage by
painter.

(e) WATER HAMMER TYPE, OAMAGE Staam water entrainment. Crack in HPCI
turbine coupling bearing suoport
pedestal.

(f) CAUSE AND EASIS FOR EVENT Possibly caused by an obsarved water
hammer in the steam supply line whi*e
warming the HPCI system frcm an
out-of-service condition.

(g) CCRRECTIVE MEASURES UNDER- Pedestal replaced. Units 2 and 3
TAKEN FOR PREVENTION being inspected. Formal study by tur-

bine maintenance section in progress.
.

j.

.

.

i.

e

a. This event and Event 10 could possibly have a common cause (the same
water hammer occurrence). The reference for Event 10 does not, however,
relate back to the reference for this event,
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BWR EVENT ITEM 1,0 _0

(a) PLANT, MODE, EVENT DATE Browns Fer y 1, refueling outage,
1/29/80.

.

(b) REFERENCE 50259 LER 80-010 (2/27/80)."

(c) SYSTEM, MECHANICAL FUNCTION HPCI (instrument lines), vtive opening.

(d) INITIAL INDICATION Discovery of broken hangers by
personnel in area.

(e) WATER HAMMER TYPE, OAMAGE Steam-water entrainment. Broken
instrument sensing line hangers in HF
pump room.

(f) CAUSE AND BASIS FOR EVENT Possibly caused by an observed water
hammer while warming the HpCI system
from an out-of-service condition.

(g) CORRECTIVE MEASURES UNDER- Hangers repaired. Hangers in Units 2
TAKEN POR PREVENTION and 3 inspected and found undamaged.

(

.

.

.

e

!

l
_ _ _ _ . . _ _

This event and Event 9 could possibly have a common cause (the samea.
water hammer occurrence). The reference for this event does not, however,
relate to the reference for Event 9.
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SWR ~ VENT ITEM 11
___ ___

;

(a) PLANT, McCE, EVENT DATE Srowns erry 2, 5% power (HPCI startup
test),8/11/74

(b) RE:ERENCE 50250-229 A0-745W (8/21/74).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine exnaust line, rupture
disc), valve opening.

(d) INITIAL INDICATION HPCI system isolation.' '

(e) WATER HAMMER TYPE, OAMAGE Steam water entrainment. HPCI turbine.
exhaust rupture disc failed resulting
in HPCI isolation.

( f) CAUSE AND BASIS FOR EVENT Improper installation, insufficient
inspection and check-out (component
failure). Possible water in tureine
exhaust ifne when steam was admitted.
Exhaust drain line solenoid burned-up
due to wiring error on installation.
Defective switching element inside
level switch deactivated drain valve.

(g) CORRECTIVE MEASURES UNDER- Wiring errors corrected and defective '

TAKEN FCR PREVENTION and failed components replaced or
~;

repaired. All components and system
functionally tested.
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SWR EVENT ITEM 12
- . . - - ..

(a) PLANT, MODE, EVENT DATE Browns Ferry 2, Hot Shutdown, 2/16/80.

(b)' REFERENCE 50260 LER 80-010 (3/13/80).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine coupling pedestal), valve
opening.

(d) INITIAL INDICATION Otscovery of pedestal daniage dur'ing
special inspection using NOT. Visual
did not show.

(e) WATER HAMMER TYPE, OAMAGE Steam-water entrainment. Cracks in
HPCI turbine coupling bearing support
pedestal.

(f) CAUSE AND BASIS FOR EVENT Possibly water hammer during HPCI
system warmun from out-of-service
condition. Design deficiencies allow
water hammer while warming HPCI system
from out-of-service condition.

(g) CORRECTIVE MEASURES UNDER- Pedestal replaced, Unit 3 inspected
TAKEN FOR PREVENTION with no cracks found. Turbine main-

tenance section investigation in,

progress.
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SWR EVENT ITEM 13
_ _ _ _ _ . _ _ . _ _

(a) PLANT, MODE, EVENT DATE Browns Ferry 3,10CP. power (HPCI
initiation during reactor scram),
1/26/77.

(b) REFERENCE 50296-455 R0-77-2 (2/17/77).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (pump discharge line), pump start.

(d) INITIAL INDICATION Discovery of pipe restraint camage.

(a) WATER HAMMER TYPE, DAMAGE Unknown. Restraints on the HPCI pump
discharge line had loose bolts and
broken anchors.

( f) CAUSE AND BASIS FOR EVENT Currently unavailable. A contributing
cause was imoroper installation of the
line restraints.

(g) CORRECTIVE MEASURES UNDER- Restraints reinstalled as designed
TAKEN FOR PREVENTION and Browns Ferry 1 and 2 plants

inspected for similar installation

deficiencies.
. .. _ . . . . . . -
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BWR EVENT ITEM la _._ _ _ _ . .

_(a) PLANT, MODE, EVENT DATE Brunswick 1, 96% power, 3/15/77.

(b) REFERENCE 50325-506 LER-77-24 (4/7/77).

(c) SYSTEM, MECHANICAL FUNCTICN. RHR (Hx, steam condensing line), pump
start / valve opening.

(d) INITIAL INDICATION Snubbei damage found durfng operator
rounds.

(e) WATER HAMMER TYPE, DAMAGE Steam-bubble collapse. Broken snubber
on steam condensing inlet line to IA
RHR Hx. Snuboer damaged again.
See 15. Same snubber damaged at
Brunswick 2. See 25.

(f) CAUSE AND BASIS FOR EVENT Inadequate operational and inspection
procedures,

(g) CORRECTIVE MEASURES UNDER- RHR systems vented once per shift as
TAKEN FOR PREVENTION temporary measure.
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BWR EVENT ITEM 15
___ __

(a) PLANT, MODE, EVENT DATE Srunswick 1, torus cooling mode,
3/31/77.

(b) RE.:ERENCE 50325-506 LER 77-24 (a/7/77).

(c) SYSTEM, MECHANICAL PJNCTION RHR (Hx, steam condensing ifne), pump
start.

(d) INITIAL INDICATION Damage to, snubbers.

(e) WATER HAMMER TYPE, OAMAGE Steam-bubble collapse. Broken snubber
on staan condensing inlet line to 1A
RHR Hx. A repeat of previous failure.
See 14. Same snubber damaged at
Brunswick 2. See 25.

(f) CAUSE AND BASIS.FOR EVENT Inadequate operational and inspection
procedures. Occurred when RHR pump was
started for torus cooling.

(g) CORRECTIVE MEASURES UNDER- RHR systems vented once per shift as
TAKEN FOR PREVENTION temporary measure.
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EWR EVENT ITEM 16 -- ---

(a) Pt. ANT, MODE, EVENT DATE Brunswick 1, 86% power, 11/9/77.

(b) REFERENCE 50325 LER 77-98 (12/5/77).

(c) SYSTEM, MECHANICAL FUNCTION RHR (steam condensing line), pump
start.

(d) INITIAL INDICATICN Inoperative snubber found by operator.

(e) WATER HAMMER TYPE, OAMAGE Unknown. Broken snubber.

(f) CAUSE AND BASIS FOR EVENT Apparent water hammer. RHR pumo oper--

ability test being run daily because
HPCI inoperative.

(g) CORRECTIVE MEASURES UNDER- Operators caution ~ed about insuring the
TAKEN FOR PREVENTICN system is filled and rented prior to

pump start. Part on order to repair
leaking valves.

.
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EWR EVENT ITEM 17
- - - . . - . . .-

(a) PLANT, MCDE, EVENT DATE Brunswick 1, 9Li pcwer, 12/20/77.

(b) REFERENCE 50325-672 LER 77-118 (1/20/78).

(c) SYSTEM, MECHANICAL FUNCTION RHR (Hx, steam condensing line),
unknown.

(d) INITIAL INDICATION A broken pipe restraint w'as foun'd
during a routine inspection.

(e) WATER HAMMER TYPE, DAMAGE Staam-oubble collapse. A snubber on
the RHR steam condensing line to the
RHR Hx was found broken.

(f) CAUSE AND BASIS FCR EVENT Inadequate cetection and administra-
tive peccadures. RHR valves were
leaking steam into the Hx causing the
event. A contributing causa was the
slipoage of the pipe off of a trapeze
hanger prior to the event.

(g) CORRECTIVE MEASURES UNDER- Piping supports modified to minimize
TAKEN FOR PREVENTICN movement. Leaking valves to be

repaired. '

.

f

f

4

i*

._

. . .h . . h(i.- .g , g
. ,, ,

.

..

DRAFT
' '

.
-

__



_
_ .- -

--

. .

.

BWR EVENT ITEM 18
_ _ . , _ __

(a) Pt. ANT, MCOE, EVENT DATE Brunswick 1, 0". power, 12/12/79.

(b) REFERENCE 50325 LER 79-107 (1/14/80).

(c) SYSTEM, MECHANICAL FUNCTION Mainsteam (SRV, snubbers), SRV lifting.

(d) INITIAL INDICATION Ot scovery of damaged snubcer during
periodic test.

|

| (e) WATER HAMMER TYPE, CAMAGE Steam water entrainment. Variety of
'

snubber damage to ten different snub-
bers.

(f) CAUSE AND BASIS FOR EVENT Reactor scrammed, relief valves lifted,
and analysis indicated that a water
slug could cause the damage if selected
snubbers were nonfunctional.,

(g) CORRECTIVE MEASURES UNDER- Repairs, inspections and tests, commit-
TAKEN FOR PREVENTION ments, analysis of actual event and

piping integrity analysis being done.
.

.
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BWR EVENT ITEM 19 __ _

(a) PLANT, M00E, EVENT DATE Brunswick 1, 90% power, 3/28/81.

(b) RE.:ERENCE 50325 Letter (3/30/81), 50325 LER

81-034 (4/24/81)." See 29.

(c) SYSTEM, MECHANICAL FUNCTION HPCI (injection line), valve opening.
~

(d) INITIAL INDICATION Damage found during inspection of
piping supports. -

(e) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-l i ne. Failed weld,
bent pin, bent steel, broken guide
seal.

(f) CAUSE AND BASIS FOR EVENT Attributed to one or more water hammer
events although no known or observed
events have taken place. Cause is
believed to be in the keep-full system
and systam leakage.

(g) CORRECTIVE MEASURES UNDER- Daily venting begun. Observation of
TAKEN FOR PREVENTION lines during core spray and HPCI oper-

ability tests required. Evaluate and
modify valves to insure no leakage.
Evaluate and modify the keep-full
system as required. -

~

.

.

.

s

,

t

1

a. As a result of this event, further inspection of this plant and
Brunswick 2 was begun. The results of the inspections for both plants were
attached as part of this % . Cause anc corrective meas s were the same

OO C I! l l_ L: [ /:
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BWR EVENT ITEM 20
__ _ __

'

(a) PLANT, MODE, EVENT DATE Brunswick 1, 75% power, 4/14/81.

(b) RE.:ERENCE 50325 LER 81-046 (4/28/81).

(c) SYSTEM, MECHANICAL FUNCTION RHR (steam supply to Hx), valve
opening / closing.

(d) INITIAL INDICATICN Snubber damage found after enanging RHR
, mode.

(e) WATER HAMMER TYPE, OAMAGE Unknown. Broken snubber shaft on RHR
Hx steam supply (line for steam
condensing mode).

(f) CAUSE AND BASIS FOR EVENT Possibly water hammer. RHR Loop 1A
placed in torus circulation made for
sampling.

(g) CCRRECTIVE MEASURES UNDER- Snubber repaired. Steam condensing
TAKEN FOR PREVENTION lines in both RHR loops inspected.

Repeat of operating method resulted in
no damage. Venting increased from
monthly to daily until evaluation jus-
tifies less. Venting of steam
condensing ifne every ? hours.
Investigate causes.

. .

'
|

'
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SWR EVENT ITEM 21
_ _ _ _ _

(a) PLANT, MODE, EVENT CATE Brunswick 2, shutdown cooling, 9/5/75.
'

(b) REFERENCE 50324-451 In 75-53 (11/10/75).'

(c) SYSTEM, MECHANICAL FUNCTICN RHR (shutdown cooling lines), pump
start / valve operation.

(d) INITIAL INDICATICH Damaged pt Ing supports were noticed
during a routine NRC inspection on
10/7/75. Water hammer heard on 9/5/75.

(e) WATER HAMMER TYPE, CAMAGE Fl ow-i nto-voided-l i ne. The following
are cumulative effects from three prob-
able events (Items 21, 22, and 23):
Metal insulation cover loose on steam
condensing line to RHR Hx. RHR Hx
relief valve blowdown line movement.
Snubber between RHR pump discharge and
Hx inlet pipe disconnected (no pin
installed). Shutdown caoling suction
and demineralizar watrw fill line move-
ment. Dislocation and slippage of pipe
supports on steam condensing line to
RHR Hx..

(f) CAUSE AND BASIS FOR EVENT Inadequate operational test, mainte-
nance, inspection and reporting proce-
dure. Possibly related to insufficient
venting points and inadequate test,
operational or maintenance procedures
of discharge pipe and shutdown cooling
suction. See 22 and 23.

- (g) CORRECTIVE MEASURES UNDER- Shutdown cooling procedures were -

TAKEN FOR PREVENTION revised to minimize air entrainment and
to maintain a keep-full condition in
the shutdown cooling suction. See 22
and 23.,

.

..

I

a. Three separate events are reported in this reference. See Events 22
_ _ . _

and 23.
.
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SWR EVENT ITEM 22 - - -

(a) PLANT, M00E, EVENT DATE Brunswick 2, RHR operaticnal
surveillance test', 9/30/75.

(b) REFERENCE 50324-451 IR 75-53 (11/10/75).*

(c) SYSTEM, MECHANICAL FUNCTION RHR (shutdown cooling suction line),
pump start.

(d) INITIAL INDICATION Damaged piping supports were noticed
during a routine NRC inspection et
10/7/75. Water hammer heard on
9/30/75.

(e) WATER HAMMER TYPE, DAMAGE Fl ow-i n to-voiced-l i ne. See 21.

( f) CAUSE AND BASIS FOR EVENT Inadequate operational test, mainte-
nance, inspection and reporting
procedure. See 21.

(g) CORRECTIVE MEASURES UNDER- Additional venting points added. RHR
TAKEN FOR PREVENTION valve anc pump operability procedures,

revised to minimize valve cycling and
partially draining the systam. See 21.

.

.

e -

,

r

| a. Three separate events are reported in this referenca. See Events 21
| and 23. r
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BWR EVENT ITEM 23
. - - . . . _ .

(a) PLANT, MODE, EVENT DATE Brunswick 2, shutdown cooling, 9/30/75.

(b) RE.:ERENCE 50324-451 IR 75-53 (11/10/75)."

(c) SYSTEM, MECHANICAL FUNCTICN RHR (shutdown cooling lines), pump
start / valve operation.

(d) INITIAL INDICATION Damaged piping supports were noticed
during a routine NRC inspection on -

10/7/75. Reactor level decrease noted
on 9/30/75. Water hammer was not
heard, but is believed to have
occurred.

(e) WATER HARMER TYPE, DAMAGE Fl ow-into-voided-l i ne . See 21.

( f) CAUSE AND BASIS FOR EVENT Inadequate operational test, mainte-
nance, inspection and reporting
procedure. See 21.

(g) CCRRECTIVE MEASURES UNCER- See 21.
TAKEN FOR PREVENTION

'

,

,

,

t

- . . - . . . - _ - .

a. Three separate events are reported in this reference. See Events 21
and 23. -
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BWR EVENT ITEM 24 --~

(a) PLANT, M00E, EVENT DATE Brunswick 2, shutdown, 9/76.

(b) REFERENCE 50324-1018 (12/15/76) LER 76-140
(9/16/76).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine exnaust line/ drain pot,
switch), valve opening.

(d) INITIAL INDICATION Water hammer occurrence.

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment. Shock sup-
pressor and hanger damage at several
locations.

(f) CAUSE AND BASIS FOR EVENT Insufficient inspection and check-out
(component failure). Excessive turcine

'

exhaust line movement. The HPCI tur-
bine exhaust piping was not drained
(when HPCI system was initiated)
because of a malfunction of a drain
level switch and failure of a solenoid
valve. Poor repeatability and annun-
ciation failure of level switch.

.

(g) CORRECTIVE MEASURES UNCER- A vent, drain and a second set of
TAKEN FOR PREVENTION isolation valves were installed at the

steam drain line pots to allow switch
calibration during normal plant opera-
tions. A preventive maintenance pro-
gram was initiated for monthly testing
cf HPCI and RCIC steam line drain pot
switches.

.
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SWR EVENT ITEM 25
- . - . .

(a) PLANT, MCOE, EVENT DATE Srunswick 2, currently unavailable,
10/76. .

(b) REFERENCE 50324 LER 76-164 (1/23/77).

(c) SYSTEM, MECHANICAL FUNCTICN RHR (Hx, line), pump. start.
.

(d) INITIAL INDICATION Delayed repair of broken ' shock
suppressor. -

(e) WATER HAMMER TYPE, DAMAGE Steam-bubble collapse. Broken shock
suppressor shaft.

(f) CAUSE AND BASIS FOR EVENT Steam bubble in RHR Hx during previous
RHR pump start. Administrative over-
sight allowed plant startup and opera-
tion with broken suppressor because of
a misplaced trouble ticket.

(g) CORRECTIVE MEASURES UNDER- Currently unavailable.
TAKEN FOR PREVENTION

.
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BWR EVENT ITEM 26
.. - -

(a) Pt. ANT, MODE, EVENT DATE Brunswick 2, 72". power (torus cooling
mode),4/13/77.

(b) REFERENCE 50324-1120 RO 77-29 (5/11/77).

(c) SYSTEM, MECHANICAL FUNCTION RHR (line, valves), pump start / valve
opening.

(d) INITIAL INDICATION Damage to snuobers. i

(e) WATER HAMMER TYPE, OAMAGE Steam-bubble collapse. Attachment for
RHR snuober sheared in half.

(f) CAUSE AND BASIS FOR EVENT Improper installation and lack of

acministrative controls. Oc:urred
when loop was placed in torus cooling
mode. Vent valves had been leaking
steam, causing steam voids in RHR
lines.

(g) CORRECTIVE MEASURES UNDER- Administrative controls (caution tags)
TAKEN FOR PREVENTION were instituted to require venting

prior to manual start of RHR pump until
steam leakage problem is resolved.
Vent valve repaired to stop staam
leakage into RHR loop.
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SWR EVENT ITEM 27

(a) PLANT, MODE, EVENT DATE Brunswick 2, shutdown, 3/24/78.

(b) REFERENCE 50324 LER 78-27 (4/19/78).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (discharge line, check valva),
valve opening.

(d) INITIAL INDICATION Discovery of damaged snubber.
~

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-voided-l i ne. Snt.bber with
broken shaft on HPCI discharge line.

( f) CAUSE AND BASIS FOR EVENT Inoperative component. Probable stick-
ing of keep-full station check valve,
preventing piping from filling properly.
A scram and HPCI injection occurred
earlier in the day. Previous check
valve sticking problems encountered.

(g) CORRECTIVE MEASURES UNDER- Scheduled inspection for next system
TAKEN FOR PREVENTION outage. Investigate component / service

condition suitability.
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EWR EVENT ITEM 28
_.

(a) PLANT, MODE, EVENT DATE Srunswick 2, C% power, 4/12/80.

(b) REFERENCE 50324 LER 80-030 (5/8/80).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR 23 Hx), valve
opening / closing.

(d) INITIAL INDICATION Otscovery of damage during inspection.

(e) WATER HAMMER TYPE, DAMAGE Unknown. Partially buckled Hx rib
! plate.

( f) CAUSE AND BASIS FOR EVENT Possibly water hammer, but none
recalled in this system.

(g) CORRECTIVE MEASURES UNDER- Replaced rib plate, 2A Hx inspected
TAKEN FOR PREVENTION with no damage found, IA and 13 Hx are

to be inspected. Operating procedures
revised to require venting. Evaluate
in 6 months to see if venting still
required.
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BWR EVENT ITEM 29 '
. . - - . -

(O PLANT, MODE, EVENT DATE Brunswick 2, 90% power, 3/28/81.

(b) REr3 ENCE 50325 LER 81-034 (4/24/81)." See 19.

(c) SYSTEM, MECHANICAL FUNCTION HPCI (injection line), valve opening.

(d) INITIAL INDICATION Damage found during inspection of
piping supports.

(e) WATER HAMMER TYPE, DAMAGE Flow-into voided-line. Failed weld,
bent pin, bent steel, broken guide
seal.

(f) CAUSE AND BASIS FOR EVENT Attributed to one or more water hammer
events although no known or observed
events have taken place. Cause is
believed to be in the keep-full system
and system leakage.

.

(g) CORRECTIVE MEASURES UNDER- Daily venting begun. Observation of
TAKEN FOR PREVENTION lines during core spray and HPCI oper-

ability tests required. Evaluate and
modify valves to ensure no leakage. .3Evaluate and modify the keep-full v
system as required.

.

.

.
.

I

As a result of the Brunswick i event reported in this LER, furthera.
inspection of this plant and Brunswick 1 was begun. The results of the
inspections for both plants were attached as part of this LER. Cause and

..

corrective measures were the same for both plants.
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EWR EVENT ITEM 30
.

- - - - - - - -

(a) PLANT, MODE, EVENT DATE Oresden 2, power escalation testing,
S/29/70.

(b) REFERENCE Nuclear Safety,12(1), p. 40, Jan - Feb,
1971; 50237-147 (3/3/71), -53 (7/6/70),
-47 (6/2/70). '

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine, inlet steim line)', valve
opening.

(d) INITIAL INDICATION Water hammer and damage to piping
system.

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment. Cented pipe
section, damaged insulation, and broken
or bent pipe hangers and seismic
snubbers..

(f) CAUSE AND BASIS FOR EVENT Procedural deficiency (lack of instruc-
tions). Operating and maintenance pro-.

cedures allowed water accumulation in
steam line during HPCI isolation per'iod.
Valve line up at start of maintenance
and return to operational mode allcwed,

reactor water to flow into the line and
become entrapped. See 8, 40.

(g) CORRECTIVE MEASURES UNDER- Revised procedures for valve closure
TAKEN FOR PREVENTION when removing HPCI from service and

adopted procedures to eliminate water
accumulation in the steam header and
line. Interlock system installed
between valves inside and outside of
drywell.

.
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BWR EVENT ITEM 31
. _ _ _

.

(a) PLANT, MODE, EVENT DATE Oresden 2, pump operability check,
3/26/71.

(b) REFERENCE 50237-164 (4/3/71).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (valve, switch), pump start.

(d) INITIAL INDICATICN Valve failed to open electrically.
,

(e) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-li ne. Broken switch
in the discharge valve limitorque
operator.

(f) CAUSE AND BASIS FOR EVENT Inadequate design for service environ-
ment. Broken switen in the limitorque'
operator. This condition may be the

. result of one or more previous events.

(g) CORRECTIVE MEASURES UNDER- Broken switch replaced and unit tested
TAKEN FOR PREVENTICN for operability.

,
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SWR EVENT ITEM 32
_

|

(a) PLANT, MODE, EVENT CATE Oresden 2, core spray system test,
3/29/71.

(b) REFcRENCE. 50237-156 (4/24/71), -160 (4/29/71)
-168 (5/14/71).

(c) SYSTEM, MECHANICAL RjNCTION Core spray (line), pump start / valve
opening.

.

(d) INITIAL INDICATION Water hammer on pump start.

(e) WATER HAMMER TYPE, DAMAGE Flow-into-voided-line. Seismic
restraints impaired (one damaged, three
pulled out of concrete and two
loosened). pipe hangers damaged (one
hanger loaded to plastic condition and

. bowed, one permanently deformed, one
had a cast iron coupling fractured and
clevis elongated). One pipe sprung.

(f) CAUSE AND BASIS FOR EVENT Procedures not followed for manual
keep-full and venting prior to pump
start. Evidently core spray pumps were
operated an unknown number of times
with etnpty discharge piping.

l (g) CORRECTIVE MEASURES UNDER- All cast pipe hanger parts will be
TAKEN FOR PREVENTION replaced wi-J forged parts to enhance

load carrying capability and inhibit
dynamic loading fracture type and com-
ponents. A " jockey" pump system will
be installed.
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SWR EVENT ITEM 33
. . .

(a) PLANT, MODE, EVENT DATE Oresden 2, at oower (surveillance of
shutdown cooling isolation valves),
9/28/71.

(b) REFERENCE 50237-204 (11/1/71).

(c) SYSTEM, MECHANICAL FUNCTION RHR (Hx valva, header), valve opening.

(d) INITIAL INDICATION Hydraulic shock / water hammer. Reci rcu-
lation pump vibration alarm initiated

and a numoer of RV flow level and flux
spikes were recorded. ,

(e) WATER HAMMER TYPE, CAMAGE Steam-buoble collapse. Ofslocated

insulation downstream of shutdown cool-
ing isolation valve and pipe movement.
Valve closure / opening and valve motor /
operator malfunction.

(f) CAUSE AND BASIS FOR EVENT Inadequate operating procedures. After
RHR shudown cooling system operation,
normal practice was to leave the
reactor coolant side of the Hx full of
water. Eecause two months elapsed Jsince the system was last activated,
valve leakage may have caused partial
drainage of the Hx. On pump start,
flow passed through the header and
flashed to steam, since the header was
partially voided also. A steam bubble

| was thus formed in the header and
collapsed as system pressure was
restored by opening an inlet isolation
valve, causing a surge of water in the
header toward a closed valve. A
contributing factor was the higher
than normal shutdown coulant water
temperatures used.

,

(g) CORRECTIVE MEASURES UNDER- Futuie valve testing to be conducted -
TAKEN FOR PREVENTION only at normal shutcown coolant

temp'eratures .
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BWR EVENT ITEM 34
__

(a) PLANT, MODE, EVENT DATE Oresden 2, 95% power (core spray valve
operability tasting), 7/11/76.

(b) REFERENCE 50237-1088 RO 76-49 (3/9/76).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (valve, switch), pump start /
valve opening.

,

| (d) INITIAL INDICATION Core spray outboard injection valve
lost open/ closed indication. Could not

,

be electrically reopened.

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-voided-l ine . Valve limit
switch damaged causing valve .

malfunction.

(f) CAUSE AND BASIS .FOR EVENT Design and procedural ceficiencies.
.

It is assumed that water hammer events
that occurred prior to the jockey pump
addition damaged the switch. The
switch then failed after subsequent
valving cycles.

(g) CORRECTIVE MEASURES UNDER- Switch replaced and components casted.
TAKEN FOR PREVENTION

.
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SWR EVENT ITEM 35 --

.

(a) PLANT, MODE, EVENT DATE Oresden 3, at power in run mode (power
increase),6/23/74.

(b) REFERENCE 50249-450 (7/2/74).

(c) SYSTEM, MECHANICAL PJNCTICN Main feedwater (regulating valve),
valve closure.

| (d) INITIAL INDICATION FW reg valve lock up, service air com-
'

pressor, RWCU pump, and Pd heater
tripped, Pd and reactor level decrease.

(e) WATER HAMMER TYPE, DAMAGE Unknown. Pd low flow reg valve open
and rotated' with all airlines and
electrical feeds broken. Upstream pipe
support broken and concrete base
cracked. Tne "A" Pd reg valve upstream
pipe suoport pad pulled out of cement
base. The "S" Pd reg valve air suoply
line broken off. Pipe support movement
on all three reactor feed pump lines.
Sent warming line on "A" feed pump and
loose insulation on "A" minimum flow
line to condenser. Tack welds broken
on pipe hangers on heater outlet.
Heater pipe support displaced. Extrac-
tion steam piping support pedestal
movement and pad cement base cracked.
Three pipe supoort pedestal cement pads
cracked under the hotwell of feed pump
suction header.

| (f) CAUSE AND BASIS FOR EVENT Specific cause not identified. Pd
valve vibration and inadvertent closure
possibly related to control system
malfunction.

(g) ' CORRECTIVE MEASURES UNDER- All affected piping and components
| TAKEN FOR PREVENTION repaired and welds inspected and NOT~
j conducted. Pd control cireui: instru-

mented to determine the existence of
, - -

_

spurious signals.
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BWR EVENT ITEM 36
. . . - - ..

(a) PLANT, MODE, EVENT DATE Oresden 3, startup (valve operability
check),11/27/74

(b) REFERENCE S0249-536 (12/17/74).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (valve, switch), pump start /
valve opening.

,,

(d) INITIAL INDICATION Valve being tested would not reopen
electrically.

(e) WATER HAMMER TYPE, DAMAGE Fl ow-i nto-voided-l i ne. Valve limit
switch damaged causing valve
malfunction.

(f) CAUSE AND BASIS FOR EVENT Design and procedural deficiencies.
Reactor scram on this day caused by
water hammer which damaged the limit
switch for the core spray valve.

(g) CORRECTIVE MEASURES UNDER- Main steam Ifne switches relocated
TAKEN FOR PREVENTICN to an area not subject to core spray

transient. All adjacent electrical
switches inspected for serviceability.
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EWR EVENT ITEM 37
. - . . ..

(a) PLANT, MODE, EVENT DATE Oresden 3, 697. power, 10/5/79.

(b) REFERENCE 50249 LER 79-028 (11/1/79).

(c) SYSTEM, MECHANICAL FUNCTION LPCI (drywell spray header), valve
opening.

(d) INITIAL INDICATICN Damage found during inspection.

(e) WATER HAMMER TYPE, OAMAGE Flow-i nto-voided-l i ne. Bent load
carrying support bolts, two bottomed
out spring hangers.

(f) CAUSE AND EASIS FOR EVENT Currently unavailable (probably water
hammer prior to ECCS jockey pump
installation).

(g) CCRRECTIVE MEASURES UNDER- Eolts replaced, springs reset. No
TAKEN FOR PREVENTION further action deemed necessary.
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BWR EVENT ITEM 38 -
__ __ _.

1

(a) PLANT, MODE, EVENT DATE Oresden 3, refueling, 4/2/80.

(b) REFERENCE 50249 LER 80-015 (4/14/80).

(c) SYSTEM, MECHANICAL FUNCTION Reactor water cleanup, valve opening /
closing.

(d) INITIAL INDICATION Fully retracted mechanica'i snubber
found during refueling. _.

(e) WATER HAMMER TYPE, DAMAGE Unknown. Crack in affected pipe
between first isolation valve and

*

containment penetration.

(f) CAUSE AND SASIS FOR EVENT Currently unavailable.

(g) CCRRECTIVE MEASURES UNDER- Pipe replaced. Other cleanuo piping
TAKEN FOR PREVENTION weld penetrant tested with no cracks

found. System isolation valve circuit
to be modified to enable throttling.
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BWR EVENT ITEM 39 -- - - - '

(a) PLANT, MCDE, EVENT DATE Cuane Arnold, cold shutdown (RHR shut-
down cooling), 4/10/74.

(b) REFERENCE 50331-175 (4/19/74); 50331 UE-2
(5/10/74).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (line, switch), pump start /'

valve opening.

(c) INITIAL INDICATION Accidental actuation of core spray.

(e) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-li ne . Anchors were
pulled loose from one seismic

'

restraint.

(f) CAUSE AND BASIS FOR EVENT An operator accidentally activated a
. temporary test switch lying on the

floor in front of the console. The
discharge piping was only partially
full because the keep-full pump was
inoperative. For the existing plant
conditions, the keep-full system was
not required.

.;.

(g) CORRECTIVE MEASURES UNDER- Relocated test switch to a location
TAKEN FOR PREVENTICN where accidental actuation was not

possible. Maintenance procedures
revised to preclude conditions of this
nature.
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SWR EVENT ITEM 40
_ _ _ _ _ _ _ .

(a) PLANT, MODE, EVENT DATE Ouane Arnold, 30% power, steady state,
6/11/74-

(b) REFERENCE 50231-215 A0-74-11 (6/21/74).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (steam line, isolation valve),
valve opening.

,

(d) INITIAL INDICATION A normally open HPCI outboard steam
! supply isolation valve was* indicating

closed without HPCI automatic isolation
signal.

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment. HPCI inoper-
able. Damage to pipe insulation, a
pipe hanger, seismic snubbers, a pres-
sure indicator, and an HPCI steam line
drain pot indicator.

( f) CAUSE AND BASIS FOR EVENT Procedural deficiency (no procedures
for situation). Operator error
(methods.not followed). Design inade-
quacy. Control panel inspection
indicated closure of the HPCI cutboard
steam supply isolation valve. Since
an auto-isolation signal was not pre-~
sent the operator opened the valve.
The HPCI fire protection system then
actuated (later found to be caused by
leaking steam that dislodged a switch).
Movement and impact of a water slug
from steam condensation occurred in the
HPCI steam supply line when the out-
board isolation valve (a normally open
seal-in type) was opened while the
inboard isolation valve was full open.
Operating procedures did not cover
opening of the outboard valve while the,

tion,rd valve was full open.
inboa In addi-

proper steam line warmuo methods
'

werepotfollowed. ,See 8, 30.
.. .

(g) CORRECTIVE MEASURES UNDER- Outboard isolation valve seal-in
TAKEN FOR PREVENTION feature eliminated. Procedures revised

to emohasize warmup of both RCIC and
HPCI steam supply piping.
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SWR EVENT ITEM 41
_ .

(a) PLANT, MODE, 2/ENT DATE Ouane Arnold, 83% power, 1/31/77.

(b) REFERENCE 50331-957 RO 77-B (2/11/77), -1216
RO 77-8 update (1/20/78), -1220 RO
77-29 (4/20/77), -1217 RO 77-29 update
(1/20/78).

(c) SYSTEM, MECHANICAL FUNCTION RHR (fuel pool cooling line), pump
start / valve opening.

(d) INITIAL INDICATION Pipe support damage found during normal
plant inspection.

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-voidebli ne. The mounting
bracket for the hydraulic shock sup-
pressor on the RHR to fuel pool cooling
line was founc loose. Later, a calcu-
lation indicated that a section of the
RHR to fuel pool cooling line was over-
stressed and pipe hangers and restraints
were found damaged.

(f) CAUSE ANO BASIS FOR EVENT Procedural deficiency (inadequate oper-
ating instructions, test procedures,
and instal' an). Induced on RHR pump
start when line not completely filled'

with water. A procedural deficiency
in the operating instructions did not
contain precautions to insure proper
venting when the system was manually
initiated.

.

(g) CORRECTIVE MEASURES UNDER- Monthly LPCI test procedures revised to
TAKEN FOR PREVENTION require venting prior to and after each

test. All concrete anchor attachments
inspected and co'rrected. Anchor to be
tested at a later date for leading
capability. Test conducted to verify

'
no pipe movement on RHR pump start.

'
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BWR EVENT ITEM 42
. _ _ _ . . _ _

(a) Pt. ANT, MODE, EVENT DATE Duane Arnold, 85% power (core spray
logic testing), 2/11/77.

(b) REFERENCE 50331-958 LER 77-9 (2/25/77).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (line, valve), pump start /
valve opening.

,

(d) INITIAL IKOICATION Accidental actuation of core spray.
Loud noises heard.

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-vo ided-l ine . Tr.c m tor oper-
Jted clutch housing on a cor.c spray
injection valve fractured.

(f) CAUSE AND BASIS FOR EVENT Procedural deficiency. The system core
spray was probably initiated when tem-

' parary test jumpers were removed and
possibly shorted across electrical con-

tacts. Partially drained disenarge
piping may have resulted due to leakage
at a bypass test valve.

(g) CORRECTIVE MEASURES UNDER- Clutch housing replaced with one made
TAKEN FOR PREVENTION from material to increa'se ductility for

less susceptibility to fracture type
stress failures. An evaluation of the
adequacy of the RHR and core spray fill
pump was initiated. Adjacent compo-
nents inspected for serviceability.
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ENR EVENT ITEM 43
.

_ __ _. .

(a) PLANT, MODE, EVENT DATE Ouane Arnold, cold shutdown - no fuel,
12/21/78.

(b) REFERENCE 50331 LER 78-035 (1/19/79).

(c) SYSTEM, MECHANICAL FUNCTION RHR (piping), pump s. tart / valve opening.
'

(d) INITIAL INDICATION Damage noted during soecial inspection.

(e) WATER HAMMER TYPE, OAMAGE Fl ow-i nto-voided-li ne. Snubber swivel
-

bent, snubber wall attachment plate
pulled 1/4" from wall.

( f) CAUSE AND SASIS FOR EVENT Unplanned RHR system startup due to
defective procedure. System had not
been maintained full due to extended
outage.

(g) CCRRECTIVE MEASURES UNDER- Swivel replaced, realigned and wall
TAKEN FOR PREVENTION attachment secured.
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EVR EVENT ITEM 44 __

(a) PLANT, MODE, EVENT DATE Ouane Arnold, 44% power, 9/27/79.

(b) REFERENCE 50331 LER 79-025 (10/19/79).

(c) SYSTEM, MECHANICAL FUNCTION RHR (to fuel pool line), valve opening.

(d) INITIAL INDICATICN Damaged pioe supoorts found during
special inspection.

'

.

(e) WATER HAMMER TYPE, OAMAGE Unknown. Two seismic restraints and
one pipe support found not intact.

(f) CAUSE AND EASIS FOR EVENT Currently unavailable (apparently
caused by a water hammer).-

(g) CORRECTIVE MEASURES UNDER- 1 of 3 succorts repaired, RT of ifne
TAKEN FOR PREVENTION in progress. Investigation is in pro-

grass. Status of other 2 supports
unknown.
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EWR EVENT ITEM 45
_-

(a) Pl. ANT, MODE, EVENT DATE Hatch 1, shutdown cooling, 12/15/74.

(b) REFERENCE 50321-218 A0-74-27 (1/16/75).

(c) SYSTEM, MECHANICAL F:JNCTION RHR (head spray line), pumo start / valve
opening.

(d) INITIAL INDICATION Observed leak in head spray line.
'

(e) WATER HAMMER TYPE, DAMAGE Fl ow-i nto-vo ided-l i ne. Crack in head
spray line.

(f) CAUSE AND SASIS FOR EVENT Operator error /procecural deficiency /
design. Potential for coerator to
actuate wrong valve for system venting.

(g) CORRECTIVE MEASURES UNDER- Section of line removed and a new
TAKEN FOR PREVENTION section of pipe and a new anchor

installed.
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EWR EVENT ITEM 46 . . . _ .

(a) PLANT, MODE, EVENT DATE Fit: patrick, functional testing,
4/10/74.

(b) REFERENCE 50333 (5/3/74).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Hz, lines), pump
start.

. -

(d) INITIAL INDICATION Water hammer occurrence. .

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-voided-li ne. Piping movement.
The bottom of the pump discharge basket
strainer was blown off and grouting for
strainer support was chipped. Suckled
piping at seismic trunnion locations.
Sent seismic trunnions, a pipe support
with a failed turnbuckle, and a pipe
support with failed anchors near the
pump.

(f) CAUSE AND BASIS FOR EVENT Inadequate administrative controls and
temporary operating procedures. Due
to a misunderstanding the pump dis-,

charge and motor cooler isolation
valves were not closed and remained
open nyernight causing the system to
drain. The event occurred the next day
on pump startup with the pump discharge

l valve fully open and a partially
drained system. Normally, the pump

| discharge valve is closed and gradually
| cpened after a pump start.

(g) CORRECTIVE MEASURES UNDER- Currently unavailable.
TAKEN FOR PREVENTION
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SWR EVENT ITEM 47
'

, _ , . _ , _ . _

(a) pt. ANT, MODE, EVENT DATE Fit:: patrick, cold shutdown, 3/21/75.

(b) REFERENCE 50333 A0 75-31 (3/26/75).

(c) SYSTEM, MECHANICAL FUNCTION RHR (containment spray), pump start /
valve opening.

(d) INITIAL INDICATION Damage found curing inspection.
.

(e) WATER HAMMER TYPE, DAMAGE Flow-into-voided-line. Pipe restraints
and a snubber damaged ori '"A" side.

(f) CAUSE AND P. ASIS FOR EVENT Operation of RHR in shutdown cooling
mode with disenarge piping not water
filled.

(g) CORRECTIVE MEASURES UNDER- Keep-full system planned.
TAKEN FOR PREVENTION

.
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BWR EVENT ITEM 48 -- - - --

.

(a) PLANT, MODE, EVENT DATE Fitzpatrick, cold shutdown, 5/24/75.

(b) REFERENCE 50333-334 A0 75-48 (5/23/75).

(c) SYSTEM, MECMANICAL FUNCTION RHR (containment spray line), pump
start / valve opening.

(d) INITIAL INDICATION Pipe movemerit reported. ~

(e) WATER HAMMER TYPE, DAMAGE Probable flow-into-voided-line.
Damaged pipe restraints and snubber on
"B" side.

(f) CAUSE AND 2 ASIS FOR EVENT Currently unavailable. Unusual service
,

condition.

(g) CORRECTIVE MEASURES UNDER- System repair and NOT conducted.
TAKEN FOR PREVENTION

.
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BWR EVENT ITEM A9
. ..._ ._.

(a) PLANT, MODE, EVENT DATE Fitzpatrick, at power, 7/20/75.

(b) REFERENCE 50333-346 A0 75-53 (7/25/75).

(c) SYSTEM, MECHANICAL FUNCTION RHR.(Hx/HPCI steam supply line), valve
opening.

(d) INITIAL INDICATION Camaged pipe restraint found during
routine inspection.i

1

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment. Pipe
restraint on RHR steam suoply line to
the Hx was pulled loose.

(f) CAUSE AND BASIS FOR EVENT Inadequate operating procedures. Event
oc::urred while warming up steam supply
to HPCI turbine.

(g) CORRECTIVE MEASURES UNDER- Inspected and replaced damaged pipe
TAKEN FOR PREVENTION restraint.
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EWR EVENT ITEM 50
_ _ _ _ _ . _

(a) PLANT, MODE, EVENT DATE Fit: patrick, reactor startup (HPCI
line warmuo), 9/7/75. -

(b) REFERENCE 50333-385 A0 75-73 (9/15/75).

(c) SYSTEM, MECHAPICAL FUNCTION HPCI (HPCI steam supply line to RHR
Hx), valve opening.

,

(d) INITIAL INDICATION Discovery of pipe restraint damage.

(e) WATER HAMMER TYPE, OAMAGE Steam water entrainment. Several pipe
restraints sustained damage on HPCI
steam line to RHR Hx.

(f) CAUSE AND SASIS FOR EVENT Design deficiency (insufficient drain-
age). Event occurred en warmup of HPCI
steam supply line during reactor
startup.

(g) CORRECTIVE MEASURES UNDER- Provisions to drain HPCI steam supply
TAKEN FOR PREVENTION line to Hx.
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BWR EVENT ITEM 51 _ _ _ __

(a) PLANT, MODE, EVENT DATE Millstone 1, startup (50% load turbine
trip test),12/9/70.

'

(b) REFERENCE 50245-96 (3/23/71), -62 (3/3/71), -48
(12/19/70).

(e) SYSTEM, MECHANICAL FUNCTION Main steam (turbine' bypass lines,
valves), valve instability.

'

(d) INITIAL INDICATION Damage to piping system.

(e) WATER HAMMER TYPE, DAMAGE Steam hammer. Excessive movement of
all four main steam lines. Fixec pipe
support common to all four main steam
lines (located oetween outocard isola-
tion and turbine stop valves) stressed
beyond yield. Line movement damaged
other steel supports and line connec-
tions. Excessive line movement in
bypass ifnes between bypass valves and
condenser.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (failure to consider
concurrent Icading conditions). During ,)
a planned turbine trip, the rapid
closure of the main steam stop valves
caused a transient. A contrib~uting
cause was the malfunction of three
separate components associated with
bypass valve actuation. The design of
a fixed pipe suoport anchor common to
all four main steam lines did not con-
sider dynamic forces generated by rapid
closure of the stop valves.

| (g) CORRECTIVE MEASURES UNDER- 3ypass valve actuation components -

| TAKEN FOR PREVENTICN repaired or modified. New supports
were designed and installed on main

' steam lines and bypass ifnes. All
systems' tested at 50%, 75% and 100%

~

1 1_
load rejection turbine trips.
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BWR EVENT ITEM 52 _ _ _ _ _ _ _ _ _ .

--;.

(a) PLANT, MODE, EVENT DATE Millstone, early operational phase,
6/12/72.

(b) REFERENCE 50245-138 (7/13/72).

(c) SYSTEM, MECHANICAL FUNCTION RHR (LPCI crossover line), pump
start / valve opening.

, ,

I (d) INITIAL INDICATION Investigation of pipe hangers revealed
some supports had shiftad from original
position.

(e) WATER HAMMER TYPE, DAMAGE Flow-i nto-voided-l ice. Severe pipe and
pipe support movement. LDCI cross t1e
header shifted from original position
and damaged.

(f) CAUSE AND BASIS FOR EVENT Inadequate operating procedures. Prob-
ably occurred during early operational
phase while LPCI keep-full if ne was not
in service.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs made and
TAKEN FOR PREVENTION investigations of event undertaken.
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SWR EVENT ITEM 53 -

- . - . . - - . .

(a) PLANT, MODE, EVENT DATE Millstone 1, currently unavailable,
second half of CY 1972.-

(b) REFERENCE 50245-194(2/12/73).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (steam bypass header at
condenser), valve opening.

(d) INITIAL INDICATION Structural failure of steam bypass -
header and caps at the main condenser.

(e) WATER HAMMER TYPE, DAMAGE Steam water entrainment. End cap fail-
ures of steam bycass header numerous
times.

(f) CAUSE ANO BASIS FOR EVENT Inadequate design. Condensate forma-
tion and accumulation in steam bypass,

header.

(g) CORRECTIVE MEASURES UNDER- Existing drain holes in header
TAKEN FOR PREVENTION enlarged and additional drain holes

added to permit condensate drainage and
prevent buildup..
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SWR EVENT ITEM 54
__

(a) Pl. ANT, MODE, EVENT DATE Millstone 1, 100% power (survefilance
and maintenance), 2/12/76.

(b) RE.:ERENCE 50245 (2/17/76); Nuclear Industry,
23(2), P.17, Feb. 76); 50245 RO 76-4/T
(2/26/76), -648 RO 76-4/10 (3/5/76),
Insp. 76-5 (3/26/76), -678 (3/31/76),
RO 76-4/10 Update (9/28/76.).

(c) SYSTEM, MECHANICAL FUNCTION RHR (isolation condenser, supply line),
~

valve opening.
_

-

(d) INITIAL INDICATION Main transformer deluge alarm signal.
Generator trf p followed by turbine and
reactor trip. RHR isolation condenser
noise.

(e) WATER HAMMER TYP'E, OAMAGE Steam-bubble collapse or steam water
entrafnment. One RHR isolation conden-
ser steam tube failed and allowed
release via the vent stack. The major-
ity of tube inlet and thermal ferrules
collapsed. The mounting studs on both
heat shields were bent or broken. One
shield was pulled away and one had a
cracked weld. The parallel supply line
showed evidence of substantial movement
as indicated by restraint penetration

| of insulation blanket. The vertical
supply ifne showed a small downward-
movement.

(f) CAUSE AND BASIS FOR EVENT Inadequate failure mode alarm and
detection systems, procedural deficien-
cies, and operator response. Not water
hammer induced, but primarily a result
of RHR isolation condenser steam tube
failure. Initiated by a chain of,

events . starting with generator trip
caused by arcing in main transformer

-

'
by inadverteilt actuation of deluge -

-

system. A number of unusual situations

then evolved from mechanical malfunc-
tions and operator interpretations that
have water hammer implications when
viewed in context with a later occur-
rence. See 55. The tube failure was

- $ fesult of structural degradation from
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5'dR EVENT ITEM 54 (continued)
- .- - - - -

stress corrosion cracking. Damage to
internals and movement of supoly lines
bore indications of being thermally
stress induced.

(g) CORRECTIVE MEASURES UNDER- Repaired and modified isolation
TAKEN FOR PREVENTICN condenser. Added temperature alarm to

shell side water. Increased sensitiv-
ity of vent and radiation alarm and
frequency of shell side water activity
samples. Provisions instituted for
noncentaminated shell side makeup and
paciodic maintenance program.
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EWR EVENT ITEM 55
. .

(a) PLANT, MODE, EVENT DATE Millstone 1, shutdown, 3/11/78. '

(b) REFERENCE 50245 RO 78-7/3L (4/10/78).
~

(c) SYSTEM, MECHANICAL FUNCTI0N RHR (isolation condenser, steam supply
line),N/A.

(d) INITIAL INDICATION Observed movement of isol'ation conden-'

| ser steam suoply lines.

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment or steam-
bubble collapse. Movement of isolation
condenser steam supply lines.

(f) CAUSE AND EASIS FOR EVENT Procedural deficiency. A reactor ves-
sel water level increase occurred and
allowed water carry-over into the iso-
lation condenser steam supply lines
presumably while the RHR condenser was
functioning.

(g) CORRECTIVE MEASURES UNDER- Recommendation to install additional
TAKEN FOR PREVENTION sway arrestors in condenser steam

supply lines.
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BWR EVENT ITEM 56
_ _ . - _ . _ . _ _ _ .

,

| (a) P'. ANT, MCDE, EVENT OATE Millstone 1, 50 power, 4/17/78.

(b) REFERENCE 50245 RO 78-8/1T (4/20/78).

(c) SYSTEM, MECHANICAL FUNCTION ECCS (core spray, LPCI), valve opening /
closing.

.

! (d) INITIAL INDICATION Ceficiencies found during newly incor-
~

'

porated ISI.

(e) WATER HAMMER TYPE, CAMAGE Unknown. Degradation of CS and LPCI
~

j piping support systems.

-

(f) CAUSE AND BASIS FOR EVENT Currently unavailable. Wacer hammer
l not specifically called out. Evidence
I of dynamic loading beyond load carrying
l capacity. Review determined inade-

quate original designs.

(g) CORRECTIVE MEASURES UNDER- Review and subsequent design modifica-
TAKEN FOR PREVENTION tions and repairs instituted.
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SWR EVENT ITEM 57 _ . ._ . ___ _

,

(a) PLANT, MODE, EVENT DATE Millstone 1, during shutdown following
reactor scram, 12/19/79.

(b) REFERENCE 50245 LER 79-036 (1/18/80).

(c) SYSTEM, MECHANICAL RJNCTION RHR (isolation condenser, steam supply
line), valve opening.

, ,

(d) INITIAL INDICATICN Movement in piping observed.

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment. No damage.

(f) CAUSE AND BASIS FOR EVENT Ouring shutdown from scram, water
hammer type pipe movement observed.
Investigation determined that water had
been introduced into isolation conden-'

ser steam su'pply ifne because reactor
vessel water level had been maximized,
based on TMI experience.

(g) CORRECTIVE MEASURES UNDER- Instructions to maximize reactor vessel
TAKEN FO.R PREVENTION . level revised.

!

|

e

I

t

|

.

| 4 4 g

mEu mmn i.c

n D ,.h
f .5 f $ .

.._ .
%

, , , . - . -. - t



.

|

|

SWR EVENT ITEM 58 |

(a) PLANT, MODE, EVENT DATE Millstone 1, 100% power steady state,
2/20/80.

(b) RE.:.RENCE 50245 LER 80-005 (3/17/80), LER 80-005
update (4/10/80).

(c) SYSTEM, MECHANICAL FUNCTICN ECCS (core spray), pump start.

(d) INITIAL INDICATICN Damage found during core scray sub-
system A pipe support inspection.

(e) WATER HAMMER TYPE, OAMAGE Steam-bubble collapse. Pipe suoport
damage. Valve motor to coerator bolts
loose.

(f) CAUSE AND BASIS .:0R EVENT Water hammer during routine core scray
pumo operability surveillance which was
caused by steam bueble in piping cue
to seat leakage past core spray infec-
tion valve and core spray check valve.

!

| (g) CORRECTIVE MEASURES UNDER- Keep-full system modified. Plans being
TAKEN FCR PREVENTICN made for check valve replacement and

modification to injection valve to i
monitor seat integrity. Valve bolts
replaced with Ny-loc cap screws.
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SWR EVENT ITEM 59
_ _

(a) PLANT, MODE, EVENT OATE Monticello, currently unavailable,
1971.

(b) REFERENCE 50263-115 (2/28/72).

(c) SYSTEM, MECHANICAL c1NCTION RCIC (turbine exhaus line), unknown.

(d) INITIAL INDICATICN Water hammer.
'

(e) WATER HAMMER TYPE, OAMAGE Steam water entrainment. No damage
indicated.

(f) CAUSE AND EASIS FOR EVENT Inadequate design (no allowanca for
prevention of vacuum condition). Con-
densation of residual steam in turcine
exhaust line after RCIC turbine shut-
down. Torus water drawn into evacuated
line.

(g) CORRECTIVE MEASURES UNDER- Vacuum breakers installed.
TAKEN FOR PREVENTION
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5WR 9/ENT ITEM 60

(a) PLANT, MODE, EVENT DATE Monticello, HPCI flow rate surveillance,
7/17/72. .

(b) REFERENCE 50253-139 (7/27/72).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turb .1e exhaust line, stop check
valve), check valve operation.

(d) INITIAL INDICATICN HPCI turbine trip.

(e) WATER HAMMER TYPE, CAMAGE Steam-bubble collapse. Rupture discs
on HPCI turbine exhaust line to suppres-
sian tank relieved and steam imoingement
rendered temperature switches inoperable.
Turbine exhaust high pressure alarm and
turoine trip failed to activate.

(f) CAUSE AND SASIS FOR EVENT Inadequate component and suosystem
design. The HPCI turoine exhaust stop
check valve pin failed causing the valve
disc to disengage and block the line.
The rupture discs in the t'arbine exhaust
line to the suppression c. a:bar'

relieved. The turbine exhaust high f
pressure alarm failed to initiate
because of a delayed response time
believed c sociated with sensing line
design. Steam issuing from the
relieved rupture discs impinged on
adjacent temperature switches rendering
-them inoperable.

(g) CORRECTIVE MEASURES UNDER- A modified disc pin was installed
| TAKEN FOR PREVENTION according to manufacturers recommenda-
l tion. Electrical box with temperature

switch wiring modified. -
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SWR EVENT ITEM 61 _ __ __

(a) PLANT, MODE, EVENT DATE Nine Mile Pt. 1, power escalation
testing, 10/12/69.

(b) REFERENCE 50220-46 (7/10/70), -39 (4/20/70).

(c) SYSTEM, MECHANICAL FUNCTION RHR (emergency condenser steam ifnes),
valve opening.

,

(d) INITIAL INDICATICN Observed water hammer.

(e) WATER HAMMER TYPE, OAMAGE Steam-watar entrainment. Currently
unavailable.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (no provisions for
adequate venting or water drainage).
Piping not drained, pitched or vented
properly. Too fast a heatup of lines

~

when isolation valves were opened.

(g) CORRECTIVE MEASURES UNDER- Removed check valves from emergency
TAKEN FOR PREVENTION condenser bleed line to main steam

line. Included automatic closure of
bleed line isolation valves in response
to RV isolation signal. Additional
drain points added to horizontal run
of steam supply lines to emergency
condenser.
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BWR EVENT ITEM 62
.

(a) PLANT, MODE, EVENT DATE Oyster Creek 1, preoperational testing,
startup to mid 1971.

(b) REFERENCE 50219-155 (12/15/71), -la0 (6/25/71),
-146 (9/22/71), -172 (3/6/72).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (line, valve), pump start.

(d) INITIAL INDICATION Water hammer on pump start.

(a) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-li ne. Pipe movement
and possible overstress condition at
several points.

(f) CAUSE AND BASIS FOR EVENT Inadequate design and operational pro-
cedures. Expty discharge piping on
pump start as a result of leaky check

- valves.

(g) CORRECTIVE MEASURES UNDER- Jocky pump system installed to
TAKEN FOR PREVENTION maintain continuously filled loops.

Stress, fatigue and water hammer engi-
neering studies and analysis and NOT
were performed to verify adequacy of /

,

core spray ystem subject to prior
occurrences.
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BWR EVENT ITEM 63 .- .

(a) PLANT, MCDE, EVENT DATE Oyster Creek 1, startup testing (valve
timing test), 11/16/71.

(b) RE.:ERENCE 50219-153 (12/14/71), -170 (2/2S/72).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (lines, valve), valve
closure.

, ,

(d) INITIAL INDICATICN Incomplete MSIV closure.

(e) WATER HAMMER TYPE, DAMAGE Steam hammer. Valve operator cast iron
spud cushion crushed with pieces pre-
venting valve closure. Similar damage
on same valve in another loop.

(f) CAUSE AND BASIS FOR EVENT Inedequate design (comconent/ service
condition incompatibility). Sudden

~ valve opening with large pressure dif-
farential (800 psia) existing across
valve disc.

(g) CORRECTIVE MEASURES UNDER- Valves repaired and tested.
TAKEN FOR PREVENTION Corrective action taken will be reeval-

uated after analysis of damaged spud
cushions.
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SWR EVENT ITEM 64
-- -

(a) Pt. ANT, M00E, EVENT DATE Peach Bottom 2, shutdown and
cepressuri:ed, 11/17/75.

(b) REFERENCE 50277-565 RO 75-76 (11/25/75).

(c) SYSTEM, MECHANICAL FUNCTICN RHR (shutdown coolf rig suction If ne),
pump start / valve opening.

(d) INITIAL INDICATICH A rigid pipe support was' found broken
i on a routine inspection.

(e) WATER HAMMER TYPE, DAMAGE Unknown. Broken rigid pipe suoport on
RHR shutdown cooling suction line down-
stream of outer isolation valee.

(f) CAUSE AND EASIS FOR EVENT Currently unavailable (mechanical
failure).

(g) CORRECTIVE MEASURES UNDER- Pipe suppor replaced. Engineering
TAKEN FOR PREVENTION investigation being conducted.
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SWR EVENT ITEM 65

(a) PLANT, MODE, EVENT DATE Peach Bottom 3, power escalation
testing shutdown, 10/15/74.

(b) REFERENCE 50278-215 A0 74-16 (10/25/74).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (lines), valve closure.

(d) INITIAL INDICATION Damage to piping support ' system found
~

| during routine inspection.

(e) WATER HAMMER TYPE, DAMAGE Steam hammer. Snubbers on piping
between bypass valves and main con-
denser damaged. Snubbers on one bypass
valve detached (the nuts anc bolt hold-
ing the snubber eye vibrated loose).

- The snubber pipe clamps on two addi-
tional bypass valves rotated. Another
valve snuboer was broken.

'.

(f) ;\USE AND BASIS FOR EVENT Maintenance deficiency (improper EHC
calibration) . Out-of-calibration
acceleration amplifiers in the electro
hydraulic controls system caused valve
cycling during a prior turbine.

overspeed test.

(g) CORRECTIVE MEASURES UNDER- Repairs made and NOT performed on - -

| TAKEN FOR PREVENTION system. Components and piping pres-
'

sure tested. EHC system acceleration-

amplifiers recalibrated to preclude
valve fluctuations. Operational tests,

I were satisfactory.
.
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BWR EVENT ITEM 66

(a) P UNT, CDE, EVENT OATE Peach Bottom 3, approximately 10C%
power, 2/14/75.

(b) REFEREN:E 50278-283 A0 75-12 (2/24/75).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (steam suoply 1.ine/ drain pot),
valve opening,

j (d) INITIAL INDICATION Movement of HPCI steam suoply line. '

l .

(e) WATER HAMMER TYPE, OAMAGE Steam water entrainment. No induced
damage.

( f) CAUSE AND BASIS FCR EVENT Inoperative comoonent (alarm signal)
and administrative deficiency. Failure
of steam trap to drain properly and

' -
drain pot level switch to trip on high
level. Orain pot level switch linkage
defective. Steam trap orifice plugged
with dirt.

(g) CCRRECTIVE MEASURES UNDER- Components refurbished and tested for
TAKEN FOR PREVENTION coerability.

i

.

t

{

l
.

'
,

, r- - i Ih
. .

t Ll '

~ u i . \. : f ,s .% *n 3.,p.
' ' n

*

i

Il k h.h i"
=

V 'T /.
'

c.,

.. m' ,

.J *
e, .s

'
.

o

! -! !
_ _ _ _ _ _ _ _ _ . . . - _ _ .



.

..

EWR EVENT ITEM 67
~

(a) PLANT, MODE, EVENT DATE Peach Eo :cm 3, 57% power, 12/2/75.

(b) REFERENCE 50278-476 A0 75-73 (I2/I2/75).

(c) SYSTEM, MECHANICAL FUNCTICN HPCI (steam supply line, steam trap,
switch), valve opening.

(d) INITIAL INDICATION Movement of'HPCI steam su'pply li'ne.

(e) WATER HAMMER TYPE, DAMAGE Steam-water entrainment. No damage
indicated.

( f) CAUSE AND EASIS FOR EVENT Inocerative component, alarm signal
failure, and acministrative deficiency.
Failure of steam trap to crain properly
due to friction in trap internals and
failure of the drain pot level switch
to trip on high level allowed water
accumulation in the steam supply line.

(g) CORR ~CTIVE MEASURES UNDER- Defective components repaired or
TAKEN FOR PREVENTION replaced.
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SWR EVENT ITEM 53
_ _ . .

(a) PLANT, MCCE, EVENT CATE Peach Ect:cm 2 and 3, refueling shut-
down 7C". pcwer, E/76.

(b) REFERENCE Atemic Energy Clearing House, 21 (42),
pp 32-38, 10/20/7E.

(c) SYSTEM, MECHANICAL FUNCTION Cooling water (c:oling tower lift
pump), pump start / valve opening.

(d) INITIAL INDICATION Water gushing from lift pumo house
door.

(e) WATER HAMMER TYPE, CAMAGE Pecoacly column secaration. Eolts
holding suction bell housing to cump
casing failed. Discharge piping
cracked and base plate shifted.

(f) CAUSE AND EASIS'FOR EVENT Currently unavailable.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs and checkout made.
TAKEN FOR PREVENTION

.
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BWR EVENT ITEM 69

(a) PLANT, MCOE, EVENT DATE Pilgrim 1, power escalation testing,
7/24/72.

(b) RE.:ERENCE 50293-89 (9/5/72).

(c) SYSTEM, MECHANICAL FUNCTICN Main steam (lines, valves), valve
closure.

. .

(d) INITIAL INDICATICN Damaged piping supports found during
inspection.

(e) WATER HAMMER TYPE, DAMAGE Steam hammer. Pipe hanger torn fm m
support on one main steam line, and
bent hangers on three other main steam
lines downstream from MSIV's near
second elbow.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (failure to consider
cumulative / concurrent leading).
Startup testing involved repeated
turbine stop and control valve
closures with normal turbine trips.
The additional dynamic loading induced
by the valve closure acted

concurrently with existing loads to
overstress a pipe support carrying
more than its desired dead weight.
The attachment method did not utilize
the support load carrying capability.

| (g) CORRECTIVE MEASURES UNDER- Damaged components were repaired and
| TAKEN FOR PREVENTION NOT conducted. Pipe hanger attachments

reinforced for better load distribu-,

tion. Rigid pipe suoports set to
designed static load for proper dead
weight distribution. A vertical load
restraining structure was designed and.

*

| installed. Verification by- turoine,

stop yalve cicsure testing.
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BWR EVENT ITEM 70
_

(a) PLANT, MCDE, EVENT DATE Pilgrim 1, currently unavailable, 1972.

(b) REFERENCE 50293-119 (2/8/73).

(c) SYSTEM, MECHANICAL FUNCTION Condenser (spargers), valve
opening.

| (d) INITIAL INDICATION Broken spargers and baffle damage in
'

concenser.

(e) WATER HAMMER TYPE, DAMAGE Probably steam water entrainment (or)
steam-bubble collaose. Condensar
internal scargers broken.

(f) CAUSE AND BASIS FOR EVENT Inadequata design (procaoly condensate
formation and accumulation in sparger).

(g) CORRECTIVE MEA 50RES UNDER- Saffles repaired.
TAKEN FOR PREVENTION

,

I

P

,

8

b

I

1

| I

D Q: Cf
L. w ,f nM>ijq,/\Rjn,

. .l +
_

2

DDf"?
J $$ 84f I

)

?%F@sm,



, .

_ _ _ _ _ _ _ _

. .

BWR EVENT ITEM 71 - - - -

(a) PLANT, MCDE, EVENT DATE Pilgrim 1, power increase,1/6/76.

(b) REFERENCE 50293-602 IE 76-01 (1/29/76).

(c) SYSTEM, MECHANICAL RJNCTICN Main feedwater (regulating valve),
valve instaoility.

(d) INITIAL INDICATION P4 system vibrations.

(e) WATER HAMMER TYPE, OAMAGE Unknown (vibration)- possibly column
separation. Yoke of startup valve
fractured, resulting in complete ejec-
tion of valve stem. Valve bocy cracked.
Pipe hanger bent on FW line.

(f) CAUSE AND EASIS FOR EVENT Inadequate design (component / service
condition incompatibility). Cycling.

of Pd valve due to faulty pneumatic
valve operator induced flow vibrations.

(g) CORRECTIVE MEASURES UNDER- Replaced failed valve and NOT
TAKEN FOR PREVENTION _ performed on welds in affected FW

piping. Replacing pneumatic valve
operators on FW regulating valves with,

type less susceptible to vibratory
response.
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BWR EVENT ITEM 72
. . .

(a) PLANT, MODE, EVENT DATE Pilgrim I, 5% pcwer, 2/3/77.

(b) REFERENCE 50293-329 RO 77-3/3L (3/3/77).

(c) SYSTEM, MECHANICAL FUNCTION Service water (pump, piping), pump
start / valve opening.

(d) INITIAL INDICATION Attempt to start salt waier service
pump unsuccessful.

(e) WATER HAMMER TYPE, DAMAGE Probably column separation. The sco
eclumn pipe had a 360 degree fracturs
just below its top flange, allowing
the pipe to drop into and jam the pump
imoeller.

(f) CAUSE AND BASIS FOR EVENT Currently unavailable. The location
of damage is indicative of eclumn
separation in a discharge line.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs, checkout and
TAKEN FOR PREVENTION verification tests made and completed.

.
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EWR EVENT ITEM 73

.

(a) PLANT, McCE, EVENT DATE Quad Cities 1, shutdown, 4/3/72.

(b) REFERENCE 50254-74 (4/5/72).
,

(c) SYSTEM, MECHANICAL FUNCTICN RHR (piping, containment spray) pump
start / valve opening

(d) INITIAL INDICATICN Water hammer occurred on 4/3/72.

(e) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-l i ne . Damaged pipe
hangers and restraints. One contain-
ment spray system rendered inocerable.

(f) CAUSE AND BASIS FOR EVENT Currently unavailable (water hammer
during RHR system testing).

(g) CORRECTIVE MEASURES UNDER- Repairs to system anc tasting
TAKEN FOR PREVENTION conducted.
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BWR EVENT ITEM 74

(a) P! ANT, MCCE, EVENT DATE Quad Cities 1, shutdown, 4/4/72.

(b) RE.:ERENCE 50254-30 (4/11/72).

(c) SYSTEM, MECHANICAL FUNCTICN RHR (fuel pool cooling line), pump
start / valve ocening.

(d) INITIAL INDICATICN Damaged seismic restraints and pipe
hangers found curing routine
inspection on 4/4/72. Noise heard
4/2/72 on pump start.

(e) WATER HAMMER TYPE, DAMAGE Flow-into voided-line. Damaged
i hangers, pipe restraints, and seismic

restraints. Mechanical failure of
containment spray valve motor housing
prevented electrical valve operation.

,

(f) CAUSE AND EASIS FOR EVENT Design and procedural deficiency
(improper venting of discharge piping).
When venting at high points only,
several possible points for air entrap-
ment or accumulation are possible
upstream from all discharge check -

'

valves and the tie line to the fuel
pool cooling systam.

l (g) CORRECTIVE MEASURES UNDER- Filling and venting procedures were
.AKEN FOR PREVENTION altered to use the condensate transfer;

| system which provides for a higher
pressure and larger ficw water supply
for filling than the jockey pump system
previously used.
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SWR EVENT ITEM 75

(a) PLANT, MODE, EVENT DATE Quad Cities 1, hot shutdown
(maintenance cutage), 6/9/72.-

(b) RE.:ERENCE 50254 (6/17/72); Nuclear Safety,
Vol. 13 No. 6, pp 490-493, Nov. - Dec. ,
1972; 50254-103 (7/10/72), -108
(7/24/72), -110 (7/31/72).

,

(c) SYSTEM, MECHANICAL FUNCTION Cooling water (main condenser), valve
closure.

(d) INITIAL INOICATICN Sudden, inadvertent valve closure.

(e) WATER HAMMER TYPE, DAMAGE Probably :alumn separation. A ruptured
ruboer expansion joint in the condenser
water box. Recirculation water flooded
the condensate pumo room. Water immer-
sion damaged F.AR service water pumps
and motors and other equipment.

( f) CAUSE AND BASIS FOR EVENT Inadequate maintenace or repair
practices. While parforming condenser

*

modifications, a batterfly valve
slammed closed while condenser circu-i

lating water pumps were in operation.
This event occurred wnfle venting the
valve hydraulic oil system.

(g) CORRECTIVE MEASURES UNDER- Repaired or replaced damaged components
; TAKEN FOR PREVENTION and systems. New maintenance proca-
I dures for venting and circulating

water valve hydraulic system were
instituted. A number of corrective
measures were initiated to isolate and
prevent the inadvertent flooding of
safety systems / components located in
the condensate pump room.
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SWR EVENT IT:M 76
_

(a) PLANT, MCDE, EVENT DATE Quad Cities 1, currently unavailable,
1973.

(b) RE.:ERENCE 50254 RO 73-4 (4/13/73).

(c) SYSTEM, MECHANICAL FUNCTICN Condenser circulating water system,
valve closing.

(d) INITIAL INDICATION Currently unavailable.

(e) WATER HAMMER TYPE, OAMAGE Column separation. Ruoture of rubber
expansion joint in line. Damagad
engineered safety-system equipment due
to flooding.

(f) CAUSE AND EASIS FCR EVENT Ouring maintenance work, malfunction
caused a butterfly valve to slam shut
resulting in water hammer.

(g) CORRECTIVE MEASURES UNDER- Modification of room construction and
TAKEN FOR PREVENTION relocation of equipment.
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cWR EVENT ITEM 77
_ _ - .

(a) PLANT, MODE, EVENT DATE Quad Cities 1, 9?: power (RCIC pumo
operability surveillance), 10/29/75.

(b) REFERENCE 50254-937 RO 76-33 (11/10/76).

(c) SYSTEM, MECHANICAL FUNCTICN RCIC (pump), valve opening.

(d) INITIAL INDICATION RCIC tech spec pump flow and pressure
requirements not achieved.

(e) WATER HAMMER TYPE, OAMAGE Flow-into void within pump. Two of
five pump stages were severely damaged.

(f) CAUSE AND BASIS FOR EVENT Faulty operational procedures and
mechanical design. Pump startup
procedure called for test return valve

to contaminated CST to be open prior
to rolling the RCIC turbine. .Conceiv-
ably the pump could pump itself dry and
a water slug would be forced into the
void thus created within the pump. The
pump-design did not restrict the axial
movement of each individual stage for
excessive loading conditions.

.

(g) CORRECTIVE MEASURES UNDER- Operational procedures revised to
TAKEN FOR PREVENTION initiate pumps start with discharge

valve to condensate storage tank
closed. Pump design modified to

| restrain individual pump stages.
|
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SWR EVENT ITEM 78

.

(a) PLANT, MCOE, EVENT DATE Quad Cities 2, shutdown, 3/31/75.

(b) REFERENCE 50265-610 A0 75-36 (9/10/75).
1(c) SYSTEM, MECHANICAL PJNCTICN Main feedwater (regulating valve), j

valve instability, j

| (d) INITIAL INDICATION P4 vibration alarm, turbine trip,
'

i reactor scram, FW system leak.

| (e) WATER HAMMER TYPE, DAMAGE Unknown (vibration). FW low flow drain
lines and high pressure heater bypass
line broken.

(f) CAUSE AND SAS*5 FCR EVEN inadequate design (comconent cuty cycle
mismatch). FW system vibration
possibly caused by flow / resonance con-
dition of FW valve actuator piston.

. (g) CCRRECTIVE MEASURES UNDER- Lines replaced and welds repaired.
| TAKEN FCR PREVENTION F4 regulation valve operator actuators
| replaced with a different operational
; type using a diachragm instead of

actuated piston-cylincer type currently
used.
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i BWR EVENT ITEM 79

.

(a) PLANT, MODE, EVENT DATE Vermont Yankee, HPCI turbine
preoperation test, 1971.

(b) REFERENCE 50271-66 (11/30/71).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine exhaust line check
| valve), check valve closure.

(d) INITIAL INDICATION Water hammer. '

(e) WATER HAMMER TYPE, DAMAGE Steam-bubble collapse. No damage
indicatad.

( f) CAUSE AND BASIS FOR EVENT Design and procedural deficiencies
caused creation of vacuum condition.
Vacuum in HPCI turbine exhaust line
sucked in water from the suppression
pool and caused rapid check valve
closure. The condition was abetted by
valve orientation (installation in a
vertical pipe) and lack of vacuum
breakers.

(g) CORRECTIVE MEASURES UNDER- HPCI and RCIC turbine exhaust line
TAKEN FOR PREVENTION swing check salves relocated to hori-

zental pipe runs. Vacuum breakers
(check valves) installed in HPCI and
RCIC turbine exhaust lines inside the
suppression pool chamber.
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BWR EVENT ITEM 80

(a) PLANT, MODE, EVENT DATE Vermont Yankee, 88% power (ECCS
operation),6/76.

(b) REFERENCE 50271 (7/15/76).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (pump, condenser), valve opening /
|

pump start.

(d) INITIAL INDICATICN Leakage.
!

(e) WATER HAMMER TYPE, DAMAGE Probably steam water entrainment. HPCI
pump gland seal and condenser head and
gasket failure.

(f) CAUSE AND BASIS FOR EVENT Operator error and design deficiency.
An operator accidentally. drained the
reference leg of a RV level control
instrument. FW regulation valves
closed, RV water level decreased to

, scram set point and the HPCI gland seal
and head gasket failed on ECCS start.

(g) CORRECTIVE MEASURES UNDER- Damaged component parts replaced or -

TAKEN FOR PREVENTION repaired. ).
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SWR EVENT ITEM 31

(a) PLANT, MODE, EVENT DATE Vermont Yankee, 99* powe r, 12/4/79.

(b) RE.:ERENCE 50271 LER 79-032 (1/2/30).

(c) SYSTEM, MECHANICAL .: UNCTION Condenser storage tank, valve opening /
closing.

(d) INITIAL INDICATION Damaged hanger found during support
'

inspection.

(e) WATER HAMMER TYPE, OAMAGE Unknown. Damage to pipe hanger.

( f) CAUSE AND BASIS FOR EVENT Not conclusive, but attributed to water
hammer develoced during full flow
surveillance testing of associated
safety system.

(g) CORRECTIVE MEASURES UNDER- Hanger replaced with one that allows
TAKEN FOR PREVENTION axial movement plus "other" measures

to minimi:e possibility of damage.
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Catecory II: EWR Non-Water-Hammer Events
.

SWR EVENT ITEM 82
'

(a) PLANT, MODE, EVENT DATE 3rowns Ferry 2, power escalation
testing, 8/13/74

(b) REFERENCE 50250-231 A0-746V (3/23/74).
i (c) SYSTEM, MECHANICAL FJNCTICN HPCI (injection valves),' valve o~pening.

(d) INITIAL INDICATION HPCI injection valves failed to open.

(e) EVENT TYPE, DAMAGE Un known. HPCI injection valve failed
in the closec position. Collar broken

off stem nut and several belts securing
tne valve acerator and cap were broken.
A second valve was found in a similar

. condition.

(f) CAUSE AND BASIS FCR EVENT Currently unavailable. Torque and
limit switches were not damaged and
apoear to be set procerly. Condition
similar to RHR and FW valve vibration.

(g) CCRRECTIVE MEASURES UNDER- Necessary repairs, checkout and tests
TAKEN FCR PREVENTICN made,
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SWR EVENT ITEM 83 --- - - - - - - - - -

(a) PLANT, MODE, EVENT DATE Brunswick 1, cold shutdown (leak rate
test),10/23/76.

(b) REFERENCE 50324-969 RO 76-152 (11/8/76),
RO 76-152 Supp. (10/25/76).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turoine exhaust line check
| valve), check valve operation.
|
'

(d) INITIAL INDICATION Component functional testing.

(e) EVENT TYPE, DAMAGE Un known. Same as Brunswick 2, but cisc
still in place. See 88.

(f) CAUSE AND BASIS FOR EVENT Component cesign/ service condition
deficiency. Same as Brunswick 2.
See 87.

(g) CORRECTIVE MEASURES UNDER- See 88.
TAKEN FOR PREVENTION
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SVR EVENT ITEM 24
~

-- .

(a) PLANT, MCDE, EVENT DATE Srunswick 1, cold shutdown (leak rate
test),5/20/77.

(b) REFERENCE 50325-517 LER 77-3E (6/3/77).

(c) SYSTEM, MECHANICAL RJNCTION HPCI (turbine exhaust line check
valve), check valve instacility.

(d) INITIAL INDICATION Discovery of check valve failure.

(e) EVENT TYPE, CAMAGE Possible steam-bubble cellapse. HPCI
steamline exhaust check valve failed.
Dise hinge fractured.

(f) CAUSE AND BASIS FOR EVENT Component design / service condition
deficiency. Flow oscillations in the

- HPCI exhaust line at low speec, no load
conditions resulted in check valve
oscillations. Extended periods of low
speed HPCI operation were incurred in
trouble shooting for startuo testing.

,

(g) CCRRECTIVE MEASURE 3 UNDER- Ofsc hinge redesigned and material
TAKEN FOR PREVENTICN changed to increase tensile and imoact

properties.
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BWR EVENT ITEM B5
_ _ . . _ _ . _ _ _ _ .

(a) PLANT, MODE, EVENT OATE Brunswick 2 (post critical testing 8%
power),4/13/75. -

' (b) REFERENCE 50324-345 A0 75-30 (9/11/75).

(c) SYSTEM, MECHANICAL FUNCTION RCIC (turbine exhaust line check
valve), check valve operation.

(d) INITIAL INDICATION RCIC turbine trip due to high exhaust
. ressure. _ _

p

(e) EVENT TYPE, DAMAGE Possible steam-bubble collacse. Check
valve flapper disconnected and jammed
in the line restricting exnaust ficw
to torus.

(f) CAUSE AND BASIS FOR EVENT Component mechanical failure. RCIC
turbine tripped en high exhaust
pressure.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs and checkout made.
TAKEN FOR PREVENTION
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BWR EVENT ITEM 86
.- . . ..

(a) PLANT, MODE, EVENT DATE Brunswick 2, 62" power, 10/75.

(b) REFERENCE 50324-466 LER 75-118, -a67 LER 75-119,
-469 LER 75-120 (11/25/75).

(c) SYSTEM, MECHANICAL FUNCTICN RCIC (turbine exhaust line check
valve), eneck valve operation.

( (d) INITIAL INDICATION' RCIC turbine trip due to high exhaust
pressure.

(e) E/ENT TYPE, DAMAGE Possible steam-bubble collaose. Check
valve flapper was jammed partially
closed restricting RCIC turbine exhaust
flow to torus.

(f) CAUSE AND BASIS,FOR 9/ENT Component mechanical failure. The RCIC
turoine tripped repeatedly due to high
exhaust pressure.

(g) CCRRECTIVE MEASURES UNDER- Necessary repairs and checkout made.
TAKEN FOR PREVENTION

,.

,).

*

.

f

.

Wm "* t r *

f'- ( f f f1 /
* L f 4' V . ! ! ; . ' 's j ( ( 1

*
.

*~
,

* *

n

s'

e.I

_



,
_ _ _ _ _ _ _ _ _ _

'

.

't,

BWR EVENT ITEM 87
-- - - ~ ~ -

(a) PLANT, MODE, EVENT DATE Brunsw1ck 2, hot standby, 2/76.

(b) RE:ERENCE 50324-631 LER 76-32, -632 LER 76-33,
-633 LER 76-34, -634 LER 76-35, -635
LER 76-36, -636 LER 76-37,-(2/27/76).

(c) SYSTEM, MECHANICAL FUNCTICN RCIC (turbine exhaust line check
valve), check valve operition.

(d) INITIAL INDICATION RCIC turbine tripped repeatedly on high
exhaust pressure.

(e) EVENT TYPE, DAMAGE Possible steam-::ubble collaase. Cleck
valve flapper stud was broken and
flapper was blocking exnaust flow.

(f) CAUSE AND BASIS FCR EVENT Ccmponent mechanical failure. The RCIC
turoine tripped repeatedly on high
exhaust pressure.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs and checkout made.
TAKEN FOR PREVENTICN Engineering effort undertaken to

improve valve design.
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EWR EVENT ITEM 38
. . . . .

(a) PLANT, MCDE, EVENT DATE 3runswick 2, cold shutdown (leak rate
test) 10/23/76.-

(b) REFERENCE 50324-969 R0-76-152 (11/3/76),
R0-76-152 Supp (10/25/76).

(c) SYSTEM, MECHANICAL FUNCTICN HPCI (turbine exhaust line checki

i valve), check valve operition.
1
'

(d) INITIAL INDICATION Component functional testing.

(e) EVENT TYPE, DAMAGE Unknown. HPCI turbine steam itne
exhaust check valve cisc missing anc
lodged at stop check valve. Broken
retaining stud on disc. Similar event,
see 33.

(f) CAUSE AND BASIS FOR EVENT Component design / service condition
deficiency. The retaining stud on the-

disc had broken off allowing disc to
be blown downstream. The retaining nut
became loose allowing the stud to carry
the full weight of the disc.

.

|
(g) CCRRECTIVE MEASURES UNDER- Valve internals repaired and modified

TAKEN FOR PREVENTION to improve and increase disc load
carrying capability.
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EWR EVENT ITEM 89
_ .- .. . ..

(a) PLANT, MCDE, EVENT DATE Cooper, 84% power, 1/3/76.

(b) REFERENCE 50298-514 RO 76-4 (2/2/76).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Hx, line), N/A.
'

(d) INITIAL INDICATION Camaged pipe restraints.

; (e) EVENT TYPE, DAMAGE Unknown (vibration). RHR A Hx SV pipe
'

hangers broken (fatigue failure in the
bolt holes for support bolt). Broken
seismic support and rigid pipe hanger.
Similar event, see 90.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (design / service con-
dition deficiency). Vibration. Load-
ing on pipe hangers was close to design
value. Insufficient margin for service
condition.

!
' (g) CORRECTIVE MEASURES UNDER- Pipe hangers were strengthened by

TAKEN FOR PREVENTION using larger sized straps.

.

.

|

|
.

.

,

,

1

'
|
1

.

.

CQCl |E *!*
' '

. r, n \j,,

f *

| _

t t ... L. 5 t ~ - !' i , s ' *\ g ,

-- ) .

. _ . - -

y { ..y .p.
.2.:.e L _ j ; [5 3

l ': "
__



-
.

.

5WR EVENT 7 TEM 90
__ _

(a) P'. ANT, MCDE, EVENT DATE Cooper, currently unavailable, 1/12/76.

(b) REFERENCE 50298-512 RO 75-6 (2/2/76).

(c) SYSTEM, MECHANICAL FUNCTICN Service water (RHR Hx, line), N/A.

(d) INITIAL INDICATICN Damaged pipe restraints.

| (e) EVENT TYPE, OAMAGE Unknown (vibration). One RHR S Hx SW
pipe hanger failed at bolt hole. Prior
failure of same type of hanger on other
loop. See 89.

( f) CAUSE AND 3 ASIS FOR EVENT Inadequate design (design / service con-
dition deficiency). Vibration.
See 89.

(g) CORRECTIVEMEASORESUNDER- See 89.
TAKEN FOR PREVENTION
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BWR EVENT ITEM 91 -~ ~ ~ ~ ~

(a) P'. ANT, N DE, EVENT DATE Oresden 3, power escalation testing
(pressure regulator tests), 4/7/71.

(b) RE.:ERENCE 50249 (5/4/73).

(c) SYSTEM, MECHANICAL PJNCTION Main steam (turcine. bypass lines,
valves), valve instability.

(d) INITIAL INDICATION Bypass valve instability.
f

(e) EVENT TYPE, DAMAGE Potential steam hammer. Valve insta-
.bility and cycifng caused pulsating,
oscillatory steam flow (rated flow
delivery impaired). No damage incurred
but same potential exists as Peach

Bottom 3 (Item 55). -

.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (improper EHC,

design). Bypass valve instability and
oscillations caused by erroneous EHC
pressure sensor signals. The pressure
sensing lines were too long and ver-
tical loops and bands (in the sensing
' lines) presumably caused voids to occur
which produced false pressure amolift-

; cation signals at the sensor.

L (g) CORRECTIVE MEASURES UNDER- Sensor hydraulic line shortened and
TAKEN FOR PREVENTICN abrupt elevation changes eliminated.'
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EWR ?/ENT ITEM 92
_ . . _

(a), PLANT, MCDE, EVENT DATE Oresden 3, 75% power, 9/12/76.

(b) RE:ERENCE 50249-902 RO 76-15 (10/12/76).

(c) SYSTEM, MECHANICAL FUNCTICN Main steam (turbine moisture separator,
drain line), valve opening / closing.

(d) INITIAL INDICATICN Steam leak at piping elbow found during '
| routine' inspection.

~

(e) EVENT TYPE, DAMAGE Potential steam hammer. Pipe crack at
welded supper.. Similar event, see 93.

(f) CAUSE AND SASIS FOR EVENT Inadecuate design (insufficient line
restraints). A surge in process steam
resulted in failure of a support bolt
on a rigid pipe hanger that increased
loading on a downstream support welded
to the process line.

(g) CORRECTIVE MEASURES UNDER- Additional line restraints were added.
TAKEN .:0R PREVENTION
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5WR EVENT ITEM 93
. _ . .

(a) PLANT, MCOE, EVENT CATE Oresden 3, shutdown, 5/7/77.

(b) REFERENCE 50249-1123 RO 77-20 (7/1/77).

(c) SYSTEM, MECHANICAL FUNCTICN Main steam (turbine moisture separator,
drain line), valve opening / closing.

| (d) INITIAL INDICATICN Leakage at welded joint.

(e) EVENT TYPE, DAMAGE Potential for steam hammer. Pin hole
' -- - - - - -- '

~ leak in weld crack located at Junction ~ ~
~~ '~

of a rigid vertical standpipe supoort.
Failure of same weld on another loop
line on 9/76. See 92.

(f) CAUSE AND EASIS FOR EVENT Inacequate design (insufficient line
restraints). Repeated surges of pro-
cass steam in line caused vibration
(fatigue).

(g) CORRECTIVE MEASURES UNDER- Additional if ne restraints were added.
TAKEN FOR PREVENTICN
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SWR EVENT ITEM 94 _ _ _ _

(a) PLANT, MODE, EVENT DATE Millstone 1, 97% power, 12/25/74

(b) REFERENCE 50245-484 (2/25/75); 50245 UE 75-1
(1/23/75).

(c) SYSTEM, MECHANICAL RJNCTION Main feedwater (regulating valve),
valve closure.

.

(d) INITIAL INDICATION Decrease FW flow and sudden decrease
in reactor water level.-

_ _ ,

(e) EVENT T(PE, DAMAGE Unknown. FW regulation valve stem
sheared.

( f) CAUSE AND BASIS FOR EVENT Component failure. 3rcken FW regulat-
ing valve stem allowed full closure of
valve plug causing a RV water level
decrease and initiating a scram.

(g) CORRECTIVE MEASURES UNDER- New parts installed and system returned
TAKEN FOR PREVENTION to service.
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EWR EVENT ITEM 95 - - - --

.

(a) PLANT, MCCE, EVENT DATE Monticello 1, startup testing, 1971.

(b) REFERENCE W. Hill: IEEE Transactions on Nuclear
Science NS-19(1), pp. 346-350, .

Feb.1972; 50263-115 (2/28/72).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (turbine moisture separator,
drain tank lines and contirol vaTves),
system vibration / valve instability.

(d) INITIAL INDICATION Excessive turoine trips and reactor
scrams related to moisture separator /
drain tank liquid levels.

(e) EVENT TYPE, CAMAGE Steam flashing leading to column
separation, steam-buccle collapse, or
steam condensation / slug impact. Valve
instability. Failure of drain control
valves to remain fully open due to
oscillctions and inadvertent closures.
Piping vibration due to flashing.

( f) CAUSE AND SASIS FOR EVENT Inadequate design (deficient EHC and
mechanical systems design). Tne
extended periods of flashing in vent
and drain lines raised the pressure in
the drain tank higher than that in :ne
separator thus forcing water back into
the separator while water was still
being collected. The high water level

- in the separator eventually reached the -
turbine trip point. Tne drain tank
level sensors responded to the water
level decrease in the drain tank and,

| closed the drain valve. The vent line
was not large enough to relieve the
pressure differential across the tanks.

1 Inadequate instrumentation and controls.

were a contributing factor.

(g) CORRECTIVE MEASURES UNDER- The moisture separator level control
TAKEN FOR PREVENTION system was modified to increase respon-

| siveness to sudden plant power level
| transients. Turbine trips were pre-

vented by installing a differential
pressure switch to activate du=p valves.

-- -
_ on high level indication.
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BWR EVENT ITEM 96 - - - - - - - - -

(a) PLANT, M00E, -3/ENT DATE Monticello, refueling shutdown (con-
tainment leak check), 4/30/74

(b) RE.:ERENCE 50253 A0 74-05 (5/20/74).

(c) SYSTEM, MECHANICAL FUNCTICN HPCI (turoine exhaust line isolation
valve), valve instability.

(d) INITIAL INDICATION Valve leakage.

(e) EVENT TYPE, DAMAGE Unknown. Excessive valve leakage.
Valve seat loose.

( f) CAUSE AND EASIS FOR EVENT Design deficiency (component /sarvice
condition). Vibration and oscillation
during HPCI operation possibly incuced

'

by exhaust flow fluctuations.

(~g) CCRRECTIVE MEASURES UNDER- Valve seat and disc lapped. Disc
TAKEN FOR PREVENTION . ressated and tightened properly.
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5WR EVENT ITEM 97
. . . - .

(a) PLANT, MODE, EVENT DATE Monticello, shutdown (HPCI leak rate
test),1/16/75.

(b) REFERENCE 50263-452 A0 75-1 (2/7/75).

(c) SYSTEM, MECHANICAL FUNCTICN HPCI (turbine exhaust line check
valve), check valve operation.

(d) INITIAL INDICATICN Leakage in excess of acceptance
criteria.

.

(e) EVENT TYPE, DAMAGE Unknown. Excessive leakage caused by
improper disc seating due to bent hinge
pin.

(f) CAUSE AND 3 ASIS FOR EVENT Mechanical failure. Similar
occurrences prior.

(g) CCRRECTIVE MEASURES UNDER- Ofsc pin straightened.
TAKEN FOR PREVENTION
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BWR EVENT ITEM 98
-. .-

(a) PLANT, MODE, EVENT DATE Monticello 1, IOC". power, 5/15/76.

(b) REFERENCE 50253-667RO[6-Ot(6/11/76).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (turoine moisture separator,
drain tanks, lines,evalves),N/A.

(d) INITIAL INDICATION Crack in drain line tee.

(e) EVENT TYPE, DAMAGE Potential steam-bubble collapse due to
flashing in drain tank. A forged butt
weld tee cracked at the vent line
branch connection.

( f) CAUSE AND BASIS FOR EVENT Inadequate design (fatigue environ-
ment). Cyclic vibration (fatigue).

(g) CORRECTIVE MEASURES UNDER- Vent line removed and crack repaired.
TAKEN FOR PREVENTICN
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SWR EVENT ITEM 99 - - - - - - - -

.

(a) PLANT, MODE, EVENT DATE Monticello, 100" power (RCIC test),.

8/2/76.

(b) REFERENCE 50253,_1976 Annual Operating Report,
1977; 50253-715 RO 76-11 (9/1/76).

(c) SYSTEM, MECHANICAL FUNCTION RCIC (turbine exhaust line), valve
opening.

(d) INITIAL INDICATION RCIC turbine tripped on overspeed.

(e) EVENT TYPE, DAMAGE None observed. Potential for flow-into-
voicac-line or steam-bubble collaose.
RCIC turoine tripped on over-speec on
two occasions.

(f) CAUSE AND EASIS FOR EVENT Inadequate design and maintenance /
repair procedures. Valve leakage from
FW system created a steam void in dis-
charge piping. The condenser cooling
water supply valve was ocen for repair
and allowed warm' water to circulate
through the pump.

,

(g) CORRECTIVE MEASURES UNDER- Cooling water supply valve reoaired and
TAKEN FOR PREVENTION closed. An additional discharge valve

was closed to prevent steam void
formation.
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BWR E/ENT ITEM 100
_ _ _ . __

(a) PLANT, M00E, E/ENT OATE Monticello, refueling shutdown,
10/4/77.

(b) REFERENCE 50253 RO 77-24-5 (11/18/77).

(c) SYSTEM, MECHANICAL FUNCTION RCIC (turbine exhaust line check
valve), check valve aceration.

(d) INITIAL INDICATION Excessive check valve leakage.

(e) E/ENT TYPE, DAMAGE Unknown. Bent disc washer resulted in
imoroper disc seating causing excessive
leakage.

( f) CAUSE AND BASIS FOR E/ENT Component mechanical failure. A bent

disc washer caused improper seating of
disc.

(g) CORRECTIVE MEASURES UNDER - Necessary repairs and checkout made.
TAKEN FOR PREVENTION A valve modification was made to pre-

vent disc from striking valve body.
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EWR EVENT ITEM 101
..___ _ ._ _

(a) PLANT, MODE, EVENT DATE Nine Mile Pt. 1, power escalation
testing, 1969-1971.

(b) REFERENCE 50220-69 (8/25/71), -83 (2/25/72), -99
(7/5/72), -55 (12/9/70), -39 (4/20/70).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (turbine moisture separator,
reheater, drain tank), system vibration /
valve instability.

(d) INITIAL INDICATION Excessive turbine trips and reactor
. scrams.

(e) EVENT TYPE, CAMAGE Steam flashing leading to column sepa-
ration, steam-bucble collapse, condensa-
tion / slug impact. Excessive turbine
trips due to high water level in mois-
ture separator. Reheater drainage
problems.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (deficient EHC and
mechanical system design). Inadequate
drain piping / vents and moisture
separator baffles. Lack of adequate
instrumentation and controls. Two
phase flow in drain lines.

(g) CORRECTIVE MEASURES UNDER- Incorporation of new instruments and
TAKEN FOR PREVENTION controls and water injection system to

assure single phase flow in drain
lines. New drain piping, tanks, vents
and enlarged drain piping installed.
Moisture separator baffles replaced by
Herzog Canes for increased structural
integrity and improved flow.
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BWP EVENT ITEM 102
- - - . . _.

(a) PLANT, MODE, EVENT DATE Nine Mile Pt. 1, 300 MWe, 12/74.

(b) REFERENCE 50220 (2/27/75).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (control valve, pump),
"

valve instability.

(d) INITIAL INDICATION P4 system vibrations.
.

(e) EVENT TYPE, OAMAGE Unidentified (vibration). FW control
| valve stem broken. Pump. cavitation.

with impeller erosion.

(f) CAUSE AND BASIS FOR EVENT Component failure. Broken FW control
valve stem caused vibrations in FW
system. Increased plugging of outlet
laterals of condensate demineralizers^

produced a high pressure differential
across the demineralizers resulting in
low FW pump suction pressure and
induced cavitation erosion on impeller.

. (g) CORRECTIVE MEASURES UNDER- New parts installed and system returned -

!
TAKEN FOR PREVENTION to service. .
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SWR EVENT ITEM 103 -- -

..

(a) PLANT, MODE, EVENT OATE Oyster Creek 1, operational, 12/11/71.

(b) RE.:ERENCE 50219-160 (1/12/72), -170 (2/28/72).

(c) SYSTEM, MECHANICAL FUNCTION RHR isolation condenser (vent line),
currently unavailaole.

(d) INITIAL INDICATICN Line failure.

(e) EVENT TYPE, DAMAGE Unknown. The isolation condenser vent
line failed at the main steam line
connection downstream of the main staam
and condenser vent line isolation
valves.

( f) CAUSE AND BASIS FOR EVENT Installation and maintenance ceficiency.
Excessive motion of the vent line. The
first pipe hanger upstream of the fail-
ure was found disconnected permitting
the line to move freely.

(g) CORRECTIVE MEASURES UNDER- Line repaired and restraint connected
TAKEN FOR PREVENTION properly. Additional pipe support

installed.
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EWR EVENT ITEM 104
. . - . . . . - -

.

(a) PLANT, MCDE, EVENT DATE Oyster Creek 1, startup testing, 1972.
.

(b) REFERENCE 50219-172 (3/2/72), -213 (8/31/72)

(c) SYSTEM, MECHANICAL FUNCTION Main steam (turbine moisture separator,
reheater, drain tank), system vibration /
valve instability.,

'
.

(d) INITIAL INDICATION Excessive turbine trips and reactor
scrams.

!

. (e) EVENT TYPE, DAMAGE Steam flashing leading to column sepa-
'

ration, steam-bubble collapse, or
steam condensation / slug impact, valve
instability. Excessive turbine trips

l due to high water level in moisture
'

separator or drain tanks.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (deficient EHC and
mechanical system design). Pressure
fluctuations in flash (drain) tank and
undersized vent and drain lines. Fail-

i ure to identify the need for check ',
i valves in flash tank riser. .i

(g) CCRRECTIVE MEASURES UNDER- See 101.
TAKEN FOR PREVENTION
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BWR EVENT ITEM 105 . . . _ _ _ . _ _

(a) Pt. ANT, MODE, EVENT OATE Peach Bottom 2, 100% power, 11/22/74.

(b) REFERENCE 50277-339 RO 74-53 (12/2/74).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Hx, discharge
valves), valve instability.

(d) INITIAL INDICATION Inspection revealed damag'ed component.

(e) EVENT TYPE, DAMAGE Unknown (vibration). All cap screws
that attach the motor operators to the
valve yokes were loose.

(f) CAUSE AND BASIS FOR EVENT Component design / service condition
deficiency. Excessive vibration.
Lacking devices were not used on screws
when initially installed and possibly
not torqued tightly enough.

(g) CORRECTIVE MEASURES UNDER- Cap screws replaced, torqued to proper
TAKEN FOR PREVENTION values and sealed with antivibration

compound. Six other valves will be
inspected for similar defects.
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SWR EVENT ITEM 106
._

(a) PLANT, MCDE, EVENT DATE Peach Bottom 2, 100% power, 4/1/75. )

(b) REFERENCE 50277-395 RO 75-24 (4/11/75).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Hx, discharge
valves), valve instability.

(d) INITIAL INDICATION Valve closure indication received but
( flow continuation still being
'

maintained.

(e) EVENT TYPE, DAMAGE Unknown (vibration). Valve cise lock-
nut welds fractured letting the nut
back off and causing the valve stem to
vibrate and incur fatigue failure. The
valve seat backed out and was loose in

- the valve bocy. ine threads in the
valve body were completely destroyed.

(f) CAUSE AND SASIS FOR EVENT Component design / service condition-

deficiency. High valve vibration due
to throttling made of valve.

(g) CCRRECTIVE MEASURES UNDER- Damaged parts repaired or replaced. ./
- TAKEN FOR PREVENTION Modification of valve internals to

improve serviceability under vibratory-

environment was cone as an interim
solution. Final modification replaced
control valves with three position
orifice plates for flow control.
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BWR EVENT ITEM 107 ~

_ _ _ . _ . .

(a) PLANT, MODE, EVENT OATE Peach Bottom 2, shutdown cooling,
5/21/75.

(b) RE.:ERENCE 50277-451 A0 75-a9 (7/1/75).

(c) SYSTEM, MECHANICAL FUNCTION RHR (shutdown cooling lines, valves),
valve instability.

(d) INITIAL INDICATICN Valve limit light signal indicated
abnormal condition.

(e) EVENT TYPE, DAMAGE Unknown (vibration). Valve motor
failed electrically from exesssive
loading due to jammed valve stem.
Valve stem key fell out permitting stem
rotation which upset valve operator

. calibration.

(f) CAUSE AND BASIS FOR EVENT Inadequate design / service condition.
Excessive valve vibration when throt-
tling during shutdown cooling mcde.

(g) CORRECTIVE MEASURES UNCER- Repairs and NOT undertaken. Valve
TAKEN FOR PREVENTION locked in full open position.
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EWR EVENT ITEM 108
_ . _ . _

(a) PLANT, MCDE, EVENT DATE Peach Bottom 2, shutdown cooling, 11/9
and 11/13/75.

( (b) REFERENCE 50277-556 (11/21/75), -560 (11/19/75).

(c) SYSTEM, MECHANICAL FUNCTICN RHR (shutdown cooling lines, valves),
valve instability.

,

(d) INITIAL INDICATION Line and valve water leaks.
,

I (e) EVENT TYPE, CAMAGE Unknown (vibration). Water leakage in'

vicinity of motor operated valve from

a crack in the vent line. Cracked
socket weld where the process line
connects to the header. Later leakage
and a crack in the body of the RHR
relief valve was coserved.

(f) CAUSE AND BASIS FOR EVENT Inadequate design / service condition.
Normal throttling of the motor operated

| valve during the shutdown cooling mode
induced vibrations. Probably insuffi-
cient valve support.

(g) CCRRECTIVE MEASURES UNDER- Additional supports to be added in
TAKEN FOR PREVENTION vicinity of valve.
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BWR EVENT ITEM 109 - - - - - - --

(a) PLANT, MODE, EVENT DATE Peach Ecttom 3, at power, 11/22/74.

(b) REFERENCE 50278-232 RO 74-28 (I2/2/74).

(c) SYSTEM, MECHANICAL FUNCTION Servics water (RHR Hx, discharge
valves), valve instability.

(d) INITIAL INDICATION Inspection revealed damaged component.

(e) EVENT TYPE, DAMAGE Unknown (vibration). Half of the cap
'

screws that attach motor operator to
valve yokes were broken.,

(f) CAUSE AND BASIS FOR EVENT Component design / service condition
ceficiency. Excessive vibration.
Locking devices were not used on screws

. when initially installed and possibly
not torquad tightly enough.

(g) CORRECTIVE MEASURES UNDER- See 105.
TAKEN FOR PREVENTION
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SWR EVENT ITEM 110
_- _. . .

(a) PLANT, MODE, EVENT DATE Peach Bottom 3, shutdown, 12/8/74.

(b) REFERENCE 50278-248 (I2/9/74), -249 A0 74-35
(12/18/74).

.

(c) SYSTEM, MECHANICAL FUNCTICN Service * water (RHR Hx, injection
valve), valve instability.

,

| (d) INITIAL INDICATION Component failure.
1

! (e) EVENT TYPE, DAMAGE Unknown (vibration). Motor support
vibrated loose allowing motor to
separate from operator. The cap screws -

had vibrated loose.

(f) CAUSE AND EASIS FOR EVENT Component design / service condition
deficiency. Vibration.

.

(g) CORRECTIVE MEASURES UNDER- Damaged components replaced and
TAKEN FOR PREVENTION necessary repairs made. Cap screws

installed with lock washers to inhibit
vibrational effects.
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5WR EVENT ITEM 111 -~ - - - - - -

(a) PLANT, MODE, EVENT DATE Peach Bottom 3, shutdown, 12/10/74.

(b) RE.:ERENCE 50278-250 A0 74-36 (12/24/74).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Hx, discharge
valve), valve instability.

(d) INITIAL INDICATION Comoonent damage.
'

-

(e) EVENT TYPE, DAMAGE Unknown (vibration). Valve cap screws
broken and valve stem bent due to
vibration.

(f) CAUSE AND SASIS FOR EVENT Valve instability. Vibration.-

(g) CORRECTIVE MEASURES UNDER- Damaged parts repaired or replaced.
TAKEN FOR PREVENTION Valve operator installed with high

tensile cap screws.
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EWR EVENT ITEM 112
_ _ - _ _ _ - _ .

(a) PLANT, MCOE, EVENT OATE Peach Bottom 3, shutdown, 1/10/75.

(b) REFERENCE 50278-265 A0 75-5 (1/20/75).

(c) SYSTEM, MECHANICAL FUNCTION Service water (RHR Hx, discharge
valve), valve instability.

(d) INITIAL INDICATION Component failure.

(e) EVENT TYPE, DAMAGE Unknown (vibration). Valve sucport
flange failed (an integral part of the
motor end bell casing used to bolt the
motor to valve operator gear case).
Valve packing hammered out of position
by valve stem vibration. Fatigue
failure of motor end bell case.

(f) CAUSE AND BASIS FOR EVENT Component design / service condition
defic 1ency. High vibration due to
valve throttling.

(g) CORRECTIVE MEASURES UNDER- Damaged parts repla ed.
TAKEN FOR PREVENTION
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EWR EVENT ITEM 113 --- . . _ _ _ _ _

(a) PLANT, MODE, EVENT DATE Pilgrim 1, shutdown cooling, 9/75.

(b) REFERENCE 50293 A0 75-25 (10/13/75).

(c) SYSTEM, MECHANICAL FUNCTICN RHR (shutdown cooling lines, valve),
currently unavailaole.

.

(d) INITIAL INDICATION Inoperable outboard isolition valve.

(e) EVENT TYPE, OAMAGE Unknown. Outboard isolation valve
became inoperable. The valve operator
motor separated from the gear box.

(f) CAUSE AND BASIS FOR EVENT Inadequate design / service condition.
A system transient occurred while
placing the RHR in the shutdown cool-
ing mode. The valve motor mounting
arrangement may have been a
contributing cause.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs made.
TAKEN FOR PREVENTION
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EWR -S/ENT ITEM 114
- - - . - - - - _ - .

(a) PLANT, MCDE, EVENT DATE Pilgrim 1, shutdown (HPCI pump test),
4/8/78.

'

(b) RE.:ERENCE 50293-1006 LER 78-13/3L (4/28/78).

(c) SYSTEM, MECHANICAL FUNCTION HPCI (turbine exhaust line rupture
disc), currently unavailable.

(d) INITIAL INDICATION Annunciation of steam leak detection
system for HPCI torus area high
temperature.

-

(e) EVENT TYPE, DAMAGE Unknown. HPCI turbine exhaust line
rupture disc ruptured.

( f) CAUSE AND 3 ASIS FOR EVENT Inadequate design (insufficient margin
to compensate for vacuum or pulsating
flow conditions). Pulsating pressure
changes in the exhaust line accelerated
the work hardening process by flexing
the diaphragm thus contributing to the
failures.

(g) CORRECTIVE MEASURES UNDER- Backing plates designed to miniinize
TAKEN FOR PREVENTION rupture disc flexure mode.
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(a) Pt. ANT, MODE, EVENT DATE Quad Cities 1, 24% power, 9/21/77.

(b) REFERENCE NRC Grey Book (9/77); Operating Units
Status Report NUREG Series; 502E4,
R0-77-39 (10/4/77).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (turbine moisture separator,
drain tank, level controller), system

'

vibration / valve instability.

(d) INITIAL INDICATICN Turbine trip.

(e) EVENT TYPE, DAMAGE Potential steam-bubble collapse due to
flashing in drain tank and drain lines.
Moisture separator drain :ank level

controller vibrated loose severing
instrument air lines. Broken drain-

line pipe hangers.

(f) CAUSE AND BASIS FOR EVENT Inadequate design (insufficient line
restraints). Loss of level controller
caused a high water level in the drain
tank and moisture separator initiating
turbine trip with severe vibration.

(g) CORRECTIVE MEASURES UNDER- Failed component replaced and relocated -

TAKEN FOR PREVENTION to minimi:e vibratory environment
effect.
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EWR EVENT ITEM 118
-. . ..

(a) ' PLANT, MODE, EVENT DATE Quad Cities 1, shutdown (core spray I
test),9/77.

(b) REFERENCE 50254 RO 77-75/3L (I0/28/77).

(c) SYSTEM, MECHANICAL FUNCTION Core spray (valve), pump start / valve
opening.

,.,

(d) INITIAL INDICATION Core spray minimum flow valve failed
I to close when pump was shut down. Out-

board pump discharge valve inoperative.

(e) EVENT TYPE, DAMAGE Potential for flow-into-voided-line.
During repairs to the minimum flow
valve, the outboard pump discharge
valve was found inoperable. An inspec-
tion revealed a broken limit switch
with oversi:ed lugs for each discharge
valve, a cracked valve yoke and motor
housing and fractured housing support
bolts on the outboard valve. The
presence of rust in the yoke crack was
indicative that the crack was present
for some time. J

( f) CAUSE AND EASIS FOR EVENT Inadequate inspection techniques. The
,

nature of the damage is such that a
contributing cause could be related to
a previous water hammer event.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs, checkout and
TAKEN FOR PREVENTION testing conducted.
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SGWH EVENT ITEM 7
_.____ ..

(a) PLANT, MODE, EVENT DATE Millstone 2, preoperational testing,-
1975.

(b) REFERENCE 0. C. Switzer, Northeast Nuclear
Energy Co., letter to R. Reid, NRC,
Subject " Millstone Nuclear Power Sta-
tion, Unit No. 2, Feedwater System

~ Piping," 8/22/79.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Water hammer heard by plant personnel.

(e) CAMAGE None.

(f) CAUSE AND 2 ASIS FOR EVENT Currently unavailable. A steam gener-
. ator water hammer oc:urred in an

unidentified feedwater line.

(g) CORRECTIVE MEASURES UNDER- In 1977, "J" shaped discharge tubes
TAKEN FOR PREVENTION were installed atop all steam generator

feedrings and the bottom discharge
holes were plugged. The feedwater pip-
ing geometry in all loops was altered
to reduce the length of horizontal pip-
ing adjacent to each steam generator
to less than five feet. Testing was
performed during hot standby conditions
to verify the adequacy of these modifi-
cations to preclude further steam gen-
erator water hammer. Administrative
auxiliary feedwater flow limitations
were implemented during periods of main

. feedwater deactivation.
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SGWH EVENT ITEM 8
~~ ~--

-

(a) PLANT, MODE, EVENT DATE Palisades, hot testing, spring 1981.
'

(b) REFERENCE S. O. MacKay, NRC, Draft Report " Safety
Evaluation in Support of a License
Amendment to Permit Performance of a
Water Hammer Test at the Palisades
Plant," 4/16/80. e

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATICN Currently unavailable.

(e) DAMAGE Currently unavailable.

( f) CAUSE AND BASIS FOR EVENT A steam generator water hammer occurred
during water hammer testing. The pur-
pose of the testing was to shew that
auxiliary feedwater flow rates of
greater than 150 gpm per steam gener-
ator would not result in water hammer.
Had the testing been successful, admin-
istrative guidslines may have been
changed to permit higher auxiliary
feedwater flow rates.

,

(g) CORRECTIVE MEASURES UNDER- Currently unavailable.
TAKEN FOR PREVENTION
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SG'4H EVENT ITEM 9
_-_ _

(a) PLANT, MODE, EVENT OATE San Onofre 2, preoperational hot
testing, 3/30/81.

(b) REFERENCE 50361 PNO-V 81-40 (7/16/81).

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, cunrently unavailable.

(d) INITIAL INDICATION Damage found during inspection.

(e) OAMAGE The event caused collapse and twisting
of the "J" tube equipped feedring.
Feedring mounts were broken or damaged
at nearly all locations.

(f) CAUSE AND BASIS FOR EVENT Damage to the feedring of an unspeci-
fied steam generator. was found during
a July 14, 1981 inspection and was
attributed to steam generator water
hammer. The event occurred undetected
during a March 30, 1981 water hammer
test. The auxiliary flow rate to the
damaged steam generator was about
1200 gpm at the time of the event and
the feedring had been uncovered for two
hours.

(g) CORRECTIVE MEASURES UNDER- The event and subsequent damage is
TAKEN FOR PREVENTICN currently under investigation by the

licensee.
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SGWH EVENT ITEM 10 __ _ __

(a) PLANT, MODE, EVENT DATE Surry 1, het shutdown, 10/1/72.

(b) REFERENCE W. R. Butler, NRC, memo to A. Schwencer,
NRC, Subject " Water Hammer in Feed-
water Systems," 5/25/78.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently. unavai.lable.
,

(d) INITIAL INDICATION Loud noise heard plus safety injection
signal.

(e) DAMAGE The following mechanical effects were
noted on the No. A feedwater line:
(a) an observed displacement of 7 to
10 inches clockwise around the contain-
ment building wall and 4 to 5 inches

- radially inward toward the containment
centerline; (b) all seven feedwater
linespring hanger support assemolies
were displaced to varying degrees;
(c) all seven feedwater line hydraulic
shock suppressors failed; (d) damage
to the feedwater line check valve
consisting of bolting flange
distortion, breaking off of a 180*
segment of a metal sheathed asbestos
gasket, and a leaking crack in the
valve body.

(f) CAUSE AND BASIS FOR EVENT While the unit was being maintained in
hot shutdown conditions, a steam-gen-
erator water hammer in the No. A feed-
water line was indicated by a loud

- noise followed by a safety injection
signal.

(g) CORRECTIVE MEASURES UNDER- All damaged components were repaired
,TAKEN FOR PREVENTION or replaced and a computer analysis was

perfo,rmed to verify the integrity of.
the No. A feedwater line. In units 1'
and 2, "J" shaped discharge tubes were
installed atop all feedrings and the
bottom discharge holes were plugged and
the geometry of all feedwater lines
adjacent to the steam generators was

. altered to reduce the hori::v.tsi runs
of piping,
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SGWH EVENT ITEM 11

(a) PLANT, MODE, EVENT CATE Turkey Point 3, currently unavailable,
1973.

(b) REFERENCE Robert E. Uhrig Clorida Power and
Light, letter to George Lear, NRC,
Subject " Water Hammer in PWR Feedwater
Systems," 7/3/75.

(c) SYSTEM, MECHANICAL FUNCTICN Steam generator, currently unava'ilable.
~

,

(d) INITIAL INDICATION Damage found during an in-containment
inspection of the feedwater system.

(e) DAMAGE The damage consisted of body-to-bonnet
bolt elongation and leakage on the
No. 3 faecwater piping check valve.

(f) CAUSE AND BASIS FOR EVENT Currently unavailable. A steam gener-
ator water hammer occurred in the
No. B feedwater piping.

(g) CORRECTIVE MEASURES UNDER- The damaged components were repaired
TAKEN FOR PREVENTION or replaced.
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SGWH EVENT ITEM 12 - ~ ~ - - -

(a) PLANT, MODE, EVENT DATE Turkey Point 4, currently unavailable,
prior to 1974. -

(b) REFERENCE See 11.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Damage found during an in-i:ontainment
inspection of the feedwater system. -

-

(e) DAMAGE The damage consisted of body-to-bonnet
bolt elongation and leakage on the
No. 3 feedwater piping check valve.

(f) CAUSE AND BASIS FOR EVENT Currently unavailable. A steam gener-
ator water hammer occurred in the
No. B feedwater piping..

(g) CORRECTIVE MEASURES UNDER- The damaged components were repaired
TAKEN FOR PREVENTION or replaced.
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SGWH EVENT ITEM 13
- _

(a) PLANT, MODE, EVENT DATE Turkey Point 4, currently unavailable,
during first half of 1974

(b) REFERENCE Nuclear Power Exoerience, Nuclear
Power Experience, Inc. , PWR
Vol. VI.E.69. Rocert E. Uhrig,. Florida
Power & Light, letter to George Lear,

* NRC, Subjec't " Water Hammer in PWR
Feedwater Systems," 7/3/75.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Damage found during an in-containment
inspection of the feedwater system.

'

(e) DAMAGE The damage found consisted of:
(a) some expansion bolts for two.

hyraulic pipe restraints had been
pulled about one inch out of a
concrete wall; (b) two spring hanger
mounting plates had been deformed;
(c) a slight plastic deformation in a
90' elbow located in the piping
leading to the steam generator
feedwater naz:le.

(f) CAUSE AND BASIS FOR EVENT Currently unavailable. A steam gener-
ator water hammer oc:urred in the No. A
feedwater piping.

(g) CORRECTIVE MEASURES UNDER- All damaged ccmponents were repaired or -

TAKEN FOR PREVENTION replaced. The feedwater piping geo-
metry of all loops in Unit No. 3 and 4
was altered to reduce the horizontal
run of piping adjacent to each steam
generator to less than five feet.
Administrative controls were implemen-
ted to limit auxiliary faecwater to ..

'

the minimum required for decay heat
removal during periods of main
feedwater deactivation.
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SGWH EVENT ITEM 14 -- -

(a) PLANT, MODE, EVENT DATA Yankee Rowe, currently unavailable,
between unit startup (1/61) and 1965.~

(b) REFERENCE J. L. French, Yankee Atomic Electric
Company (YAEC), letter to P. A. Purple,
NRC, Subject " Response to May 13, 1975
NRC letter on Steam Generator Watar
Hammer," 7/18/75.

Informal conversations, Richard Aron
(YAEC), and O. D. Christensen,
EG&G Idaho, September-October 1979.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Two feedwater and steam generator
inspections, one each in 1964 and 1965,
revealed damage in the steam generator
attributable to steam generator water
hammer. The events were unobserved by
plant personnel.

(e) DAMAGE The damage found during the 1964
inspection consisted of weld failures
causing displacement of the feedring
inlet cover plate in three (unspecified)
of the four steam generators. The
damage found in 1965 consisted of
broken feedring supports and weld fail-
ures on the feedring mixing tees of an
unspecified number of steam generators.
A maximum feedring displacement of two
inches was found in one of the steam
generators.

(f) CAUSE AND BASIS FOR EVENT Currently unavailable. Periodic and
undocumented water hammer events of a

'
* '

minor and undamaging nature occurred
from' January 1961 through 1963.

(g) CORRECTIVE MEASURES UNDER- Subsequent t's the 1964 and 1965
TAKEN FOR PREVENTION inspections, necassary repairs or ~

replacement of damaged components were
performed prior to resumption of

~
reactor operation. In 1964, the feed-
ring cover plates were resecured with
U-bolts and, in 1965, new fendring sup-
ports were installed and shoe pads were

|mm77 acced Yetw9 err-ene-feedr4ags and the
C| j: ) - L ojrits.> ,0uring the 1,966 c'afueling

-- . steam generator; shell inner contact.
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SGWH EVENT ITEM 14 (continued)
_ . . . _ _ _ _ _ _ _ - . _

(g) CORRECTIVE MEASURE 3 UNDER- were made to each of the main feed-
TAKEN FOR PREVENTION water lines: (a) the geometry of each
(continued) line was altered to eliminate the hor-

trental run of piping adjacent to each
steam generator; (b) a steam line was
installed to supply . steam to the high
pressure feedwater heater from the
plant auxiliary boilers to provide
feedwater preheating during reactor
startup periods; (c) low flow bypass
lines bypassing the main feedwater
regulating valves were installed in
each feecwater line in conjunction with
low flow bypass valves for more precise
feedwater flow control during startup
and low power operating conditions.
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SGWH EVENT ITEM 15 . _ _ _ _ _ _ ____

(a) PLANT, MODE, EVENT DATE Zion 1, cold shutdown, 9/25/76.

(b') REFERENCE 7. Print:, Commonwealth Edison, infor-
mal information transmittals to
0. O. Christensen, EG&G Idaho,
2/79-3/79.

~

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, valve opening.

(d) INITIAL INDICATION Piping support damage found.

(e) DAMAGE The damage found on September 25, 1976
consisted of eight broken hangers on
an unspecified number of feedwater
ifnes. No additional damage was
attributed to the Septemoer 26, 1976
event.

(f) CAUSE AND BASIS FOR EVENT The No.10 feedwater loop was uniso-
lated and brought into service to
bring the unit to cold shutdown
following discovery of feedwater
system damage on September 25, 1976.
A steam generator water hammer.

occurred in the No. 10 feedwater 11ne
causing a safety injection signal.

(g) CORRECTIVE MEASURES UNDER- All damaged hangers were either
TAKEN FOR PREVENTION repaired or replaced prior to continued

operation.
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'SGWH EVENT ITEM 23 - - - --

(a) PLANT, MODE, EVENT DATE Zion 2, hot shutdown, 8/29/74

(b) REFERENCE G. J. Plf al, Commonwealth Edison,
letter t'o R. A. Purple, NRC, Subject-
" Response to May 13, 1975 NRC letter
on Steam Generator Water Hammer,"
7/17/75.

, ,
,

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, pump stop.

(d) INITIAL INDICATION Safety injection signal.

(e) DAMAGE The event resulted in two broken snub-
bars on the No. 2C feedwater line.

(f) CAUSE AND BASIS FOR EVENT The No. 23 reactor coolant pump tripped
with the unit at 30% power, resulting
in a reactor trip from a low No. 29
steam generator water level signal. A
steam generator water hammer in the
No. 2C feedwater piping mechanically
induced a No. 20 steam generater low'

| pressure signal, resulting in a ' safety
injection signal. A steam generator
water hammer in the Zion units typf-
cally results in a safety injection
signal due to mechanical vibration of

[ feedwater 'line mounted steam pressure
transmitters falsely sensing high
steam line differential pressure

j between loops A/C and loops S/D.

(g) CORRECTIVE MEASURES UNDER- The snubbers were repaired prior to
TAKEN FOR PREVENTION unit startup.
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SG'*H EVENT ITEM 24

(a) PLANT, MODE, EVENT DATE Zion 2, hot shutdown, 12/30/74.

(b) REFERENCE See Item 23.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, valve closure.
^

(d) INITIAL INDICATION Safety injection signal.
,

(e) DAMAGE None.

(f) CAUSE AND BASIS FOR EVENT The closure of the No. 2C feedwater
regulating valve due to a severed elec-
trical connection caused a reactor trip

'

from 82% power. A steam generator
water hammer in the No. 23 or 20 feed-
water piping resulted in a safety
injection signal (see 23).

(g) CORRECTIVE MEASURES UNDER- None.
TAKEN FOR PREVENTION
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SGWH EVENT ITEM 25 --

-(a) PLANT, MODE, EVENT DATE Zion 2, hot shutdown, 5/25/76.

(b) REFERENCE J. S. Bitel, Commonwealth Edison,
letter to J. G. Heppler, NRC, Subject-
" Description of the May 25, 1976 Zion
Unit No. 1 Safety Injection Event,"
8/12/76.

~

| (c) SYSTEM, MECHANICAL FUNCTION Steam generator, pump / valve operation. '

(d) INITIAL INDICATION Water hammer heard by control room
' personnel.

(e) DAMAGE None.
-

(f) CAUSE AND BASIS FOR EVENT The No. 28 feedwater pump tripped,
causing a reactor trip from 85%
power. While auxiliary feedwater was
being added to the steam generators, a:

| steam generator water hammer occurred
in the No. 2C feedwater line causing a
safety injection signal (see 23).

(g) CORRECTIVE MEASURES UNDER- Administrative auxiliary feedwater
TAKEN FOR PREVENTION flow limitations (105 gpm per steam

generator) were implemented during
periods of main feedwater deactivation.
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SGWH EVENT ITEM 26 -

__ _ _ _ _ .

(a) PLANT, MODE, EVENT DATE Zion 2, hot shutdown, 6/20/76.
'

(b) RE:ERENCE J. S. Bitel, Ccmmonwealth Edison,
letter to J. G. Heppler, NRC, Subject-
" Description of the June 20, 1976 Zion
Unit No. 2 Safety Injection Event,"
8/13/76.

, ,

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, pumo/ valve operation

(d) INITIAL INDICATION Safety injection signal.

(e) DAMAGE None.

(f) CAUSE AND BASIS FOR EVENT While auxiliary feedwater was being
added to the steam generator after a
planned turbine trip, a steam generator
water hammer occurred in the No. 2C
feedwater line, causing a safety
injection signal (see 23).

,

(g) CORRECTIVE MEASURES UNDER- Administrative auxiliary feedwater
TAKEN FOR PREVENTION flow limitations (50 gpm per steam gen-

erator) were implemented during periods
of main feedwater deactivation in Unit

, No. 2. An analysis of the feedwater
systems was performed using a hycothe-
sized water hammer forcing function to
verify that the structural integrity
of the feedwater piping would be main-
tained under future hammer conditions.
Accelerometers were installed on the
Unit No. 2 feedwater lines to monitor
and gather data of physical effects of
future steam generator water hammer
events.
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SGWH EVENT ITEM 27

(a) Pl. ANT, MODE, EVENT OATE Zion 2, hot shutdown, 9/3/80.

(b) REFERENCE - 50304 RO 80-26.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Safety injection signal.
,_, ,

(e) DAMAGE None.
_

(f) CAUSE AND BASIS FOR EVENT Following a reactor scram due to a low
level in the No. 2C steam generator, a-
steam generator water hammer occurred
in the No. 28 feedwater line,
resulting in a safety injection signal
(see 23).

(g) CORRECTIVE MEASURES UNDER- Installation of "J" shaped top
TAKEN FOR PREVENTION discharge tubes and the plugging of all

bottom discharge feedrings will be per .
formed for the remaining unaltered
steam generators (Nos. 2A and 28) of
Unit No. 2 during the September 1981-

outage. The modifications to the No. B
l - steam generator of Unit No I will be

performed during the February 1982 out-
age. The identical modifications were
made to the No. 1A and ID steam gener-
ators during the February 1981 outage.
The February 1982 work will mark com-
plettori of the Zion plant steam
generator modifications.
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EWR EVENT ITEM 123

.. . - - - -

(a) Pl. ANT, MODE, EVENT DATE Quad Cities 2, refueling (testing),
9/76. -

(b) REFE.RENCE Currently unavailable.

(c) SYSTEM, MECHANICAL FUNCTION RCIC (turbine exhaust line, check
valve), check valve operation.

..

(d) INITIAL INDICATION Excessive leakage' of the RCIC turbine
exhaust check valve.

(e) EVENT TYPE, DAMAGE Possible steam-bubble collapse. Exces-
sive leakage past RCIC turbine exhaust
check valve. Valve flapper assembly
broken.

(f) CAUSE AND BASIS FOR EVENT Mechanical failure. Corresponding
valve failed due to a broken disc on
Unit 1. See 116.

(g) CORRECTIVE MEASURES UNDER- Necessary repairs and checkout made.
TAKEN FOR PREVENTION
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EWR EVENT ITEM 124
_ _ _ - _--

(a) PLANT, MODE. EVENT DATE Vermont Yankee, unknown, 7/20/73.

(b) REFERENCE S0271 (2/28/74).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (regulating valve),
valve closure.

(d) INITIAL INDICATION FW system vibrations and' minor leakage.
,

(e) EVENT TYPE, OAMAGE Unknown (vibration). Severe FW system
vibrations (FW regulating valve) with
restricted plant power output level.
Three separate oc:urrences. -

l, (f) CAUSE AND BASIS FOR EVENT Inadequate maintenance and repair prac-
tices or procedures. Oversize FW valve
trim induced flow instability.

(g) CORRECTIVE MEASURES UNDER- New parts installed and system returned
TAKEN FOR PREVENTION to service.
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APPENDIX B

PWR NON-STEAM-GENERATOR EVENTS
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Category I: Recorted PWR Water Hammer Events

PWR EVENT ITEM 1

.

(a) PLANT, MODE, EVENT DATE Arkansas 1, power escalation testing
(pipe shock test), 9/12/74.

(b) REFERENCE 50313-217 UE 74-3 (10/11/74).

(c) SYSTEM, MECHANICAL FUNCTION RCS (pressurizer relief valve arid dis-
charge piping), valve opening.

(d) INITIAL INDICATION Excessive pipe movement readings.

- (e) WATER HAMMER TYPE, DAMAGE Fl ow-i nto-voided-l i ne. Several hanger
~

,

rods were bent.

(f) CAUSE AND BASIS FOR EVENT Probably inadequate design. Cause not
given. Probably same as 33, if pres-
surizer relief valves are of similar
design.

.

(g) CORRECTIVE MEASURES UNDER- Two additional hydraulic snubbers were
TAKEN FOR PREVENTION added to each of the discharge lines.
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PWR EVENT ITEM 2
_ . . . _ . ._ _ . _ . =

(a) PLANT, MODE, EVENT DATE Arkansas 1, unknown, 3/75. ----- ---

(b) REFERENCE Arkansas Power and Light Seminar, E&W,
W. Cavenaugh (4/76).

.

(c) SYSTEM, MECHANICAL FUNCTION Condenser (inlet piping tubes), uni-
| dentified (probably valve opening).
,

,

.. . _

(d) INITIAL INDICATION Condenser damage noted during routine
inspection.

!
(e) WATER HAMMER TYPE, DAMAGE Flow-into voided-line. Failed turbine l

bypass spargers, impingement plates on -

|

turbine-to-condenser expansion joint,- |
and tie rods and expansion joints. |

(f) CAUSE AND BASIS FOR EVENT Unidentified (probably inadequate valve |

design or inadequate piping design). ),

1 Could be water pisten effect from dump
valves. See Beaver Valley Events 4 l

and 5.
1

(g) CORRECTIVE MEASURES UNDER- Replacement carbon steel spargers with -

'

| TAKEN FOR PREVENTION longer ligaments between holes and tie L)
rods of Cr-Mo steel were used. Stronger
welds, more tabs on impingement plates
and additional pipe restraints'were
added.
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PWR EVENT ITEM 3 - - -

.

(a) PLANT, MODE, EVENT DATE Arkansas 1, heatup, 6/76..

(b) RE.:ERENCi 50313 (11/9/77).

(c) SYSTM, MECHANICAL FUNCTION Main steam (isolation valve), valve
_ . opening. .

. (d) INITIAL INDICATION Water hammer noise. -- --

(e) WATER HAMMER TYPE, DAMAGE Unknown (steam hammer due to wave
reflection). No reported damage.

. -

(f) CAUSE AND BASIS FOR EVENT poor operating procedure. Main steam
| isolation valves were inadvertently

opened and admitted a slug of hot steam
into the only partially warmed main
steam line, causing a steam hammer.

(g) CORRECTIVE MEASURES UNDER- Plant procedure was revised to provide
TAKEN FOR PREVENTION timely opening of main steam isolation

valves, i.e., to warm the main steam
line earlier in the heatup process.

i

e

f

f

i

I
. t im m, n , v , ~ .___.

.

1 h!W (% H '' ' * r~n
_

L 1._ ; ;,, . 3-',8 t :-

,

.

4' *

s G) .K |:

u a n'' s ,
-



... .-.- . . -

PWR EVENT ITEM 4
__ _ _ _ _ _ . _

.

(a) PLANT, MODE, EVENT CATE Beaver Valley 1, 10% power, 7/76.

(b) REFERENCE 50334 (3/15/77), 50334 (3/2/77), 50295
(8/5/77).

(c) SYSTEM, MECHANICAL FUNCTION Condenser (inlet piping tubes), valve
opening.

,

. ..
' ' '

(d) INITIAL INDICATION Tube leak. First of two events.
~~

._
See 5. -

(e) WATER HAMMER TYPE, DAMAGE Fl ow-i nto-voided-l i ne . Broken flow
_

deflector and condenser tubes.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Water pisten effect
from heater drain tank high level dump
valve on the flow deflector plate in
the condenser.

(g) CORRECTIVE MEASURES UNDER- This attempt changed angle of
TAKEN FOR PREVENTION deflector plate. Second attempt

(see 5) added braces to plate to pre-
vent contact with tubes in case of
failure. Replacement of baffle with >

sparger is under consideration.
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PWR EVENT ITEM 5 - --- - - -

(a) PLANT, MODE, EVENT DATE Beaver Valley 1, 30% power, 10/76.

(b) RE.:ERENCE 50334(3/15/77),50334(3/2/77),50295
(8/5/77).

|- (c) SYSTEM, MECHANICAL FUNCTION Condenser (inlet piping tubes), valve
opening.

(d) INITIAL INDICATION Tube leak. Second of two events.
'

See 4.
.

-(e) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-li ne . Broken flow _

deflector and condenser tubes.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Water piston effect
from heater drain tank high level dump
valve on the flow deflector plate in
the condenser.

(g) CORRECTIVE MEASURES UNDER- First attempt (see 4) changed angle of
TAKEN FOR PREVENTION deflector plate. This attempt added

braces to plate to prevent contact with
tubes in case of failure. Replacement
of baffle with sparger is under
consideration.
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PWR EVENT ITEM 6
.. _ _ _ _ _ _ _ _ _

(a) PLANT, MODE, EVENT DATE Seaver Valley 1, 50% power, 11/5/76.

(b) REFERENCE 50334 LER 76-083 (11/19/76), -445
(1/21/77), -464 (2/17/77)..

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (flow. control valve),
valve instability.

,

(d) INITIAL INDICATION Water hammer noise and variations in "
steam generator water level. First'of
three similar events. See 7, 8.

.

~ (e) WATER HAMMER TYPE, OAMAGE Unknown (water hammer due to wave
reflection). Damage occurred to
instrument lines, valves, insulation,
fittings, and shock suppressors.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Sudden feedwater
flow oscillations, probably due to,

'

feedwater control valve oscillations,
caused vibrations in both feedwater and
auxiliary feedwater piping. Valve was
in automatic mode.

| (g) CORRECTIVE MEASURES UNDER- Motor operated isolation valve on
'

TAKEN FOR PREVENTION auxiliary feedwater was replaced
by a manual valve. Main and auxiliary
feedwater lines were instrumented for
use in attempts to recreate incident.
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PWR EVENT ITEM 7
__

| (a) PLANT, MODE, EVENT DATE Seaver Valley 1, 73% power, 12/27/76.

(b) REFERENCE 50334 LER 76-089 (1/10/77), -445
(1/21/77), -464 (2/17/77).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (flow. control valve), ~
valve instability.

,

I (d) INITIAL INDICATION Feedwater flow oscillations and feed-
l

water system vibrations. Second of
three similar events. See 6, 8.

(e) WATER HAMMER TYPE, DAMAGE Unknown (water hammer due to wave
reflection). Damage to instrument
lines and support.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Feedwater flow
regulating valve was dynamically
unstable due to improper trim and
allowed valve opening inappropriate to
control signal. Valve was in automatic
mode.

(g) CORRECTIVE MEASURES UNDER- Replaced instrument line connectors.
TAKEN FOR PREVENTION Mounted I/P converter to building.

Installed control signal limitar to
prevent valve control from operating
valve in unstable range.
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PWR EVENT ITEM 8

- - - - - .

(a) PLANT, MODE, EVENT DATE Beaver Valley 1, 74% power,1/5/77.

(b) REFERENCE 50334 LER 77-002 (1/19/77), -445
(1/21/77),-464(2/17/77).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (flow control valve),
valve instability.

(d) INITIAL INDICATICN Feedwater flow oscillations and feed-
water system vibrations. Third of
three similar events. See 6, 7.

(e) WATER HAMMER TYPE, DAMAGE Unknown (water hammer due to wave
refl ection) . Damage to instrument -

lines, drain lines, valves, supports,
And related items.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Feedwater flow
regulating valve was dynamically
unstable due to improper trim and

I allowed valve opening inappropriate to
control signal. Valve was in automatic'

mode.
,

(g) CORRECTIVE MEASURES UNDER- New trims were installed in feecwater
TAKEN FOR PREVENTION regulating valves and flow control

valves. Valves and lines were
extensively instrumented.
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PWR EVENT ITEM 9
- - - . .

(a) PLANT, MODE, EVENT DATE Beaver Valley 1, C% power, 7/1/80.

(b) REFERENCE 50334 LER 80-046 (7/30/80).

(c) SYSTEM, MECHANICAL FUNCTION CCW (to RHR Hx), pump start.

, (d) INITIAL INDICATION Damage found during routine inspection.
| - *- ,

.

| (e) WATER HAMMER TYPE, DAMAGE Fl ow-i nto-voided-l i ne. The water ham-
mer resulted in bowing of the emoedment
plate for Component Cooling Water (CCW)
to the RHR heat exchangers and spalling
of the surrounding concrete in a few
locations.

(f) CAUSE AND BASIS FOR EVENT Inadequate procedures. The water ham-
mer was postulated to have occurred
when CCW flow to the RHR heat exchang-

| ers was not throttled and flow surged
I into a partially voided line.

(g) CORRECTIVE MEOURES UNDER- An evaluation showed the embedment
TAKEN FOR PREVENTION plate to be structurally sound and pro-

cedures were put into effect to throt-
tle CCW flow to the RHR heat
exchangers.
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PWR 7/ENT ITEM 10

(a) PLANT, MODE, EVENT DATE Davis-Besse 1, het functional testing,
8/5/77.

(b) REFERENCE 50346-472 (8/19/77).

(c) SYSTEM, MECHANICAL FUNCTION RCS (pressuri:er rel.fef valve and dis-
charge piping), valve opening.

(d) INITIAL INDICATION Severe movement of discharge piping.

(e) WATER HAMMER TYPE, DAMAGE Fl ow-i nto-voided-line. No damage
repo rted.

( f) CAUSE AND BASIS FOR EVENT Inadequate design. Same as 33.

(g) CORRECTIVE MEASURES UNDER- Supports were added to line. Heaters
TAKEN FOR PREVENTION were added to line upstream of valve

to cause flashing of loop seal water
upon valve opening. Discharge piping
temperature is to be monitored daily.
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pWR EVENT ITEM 11

(a) PLANT, MODE, EVENT DATE Ginna, at power, 6/71.
.

(b) REFERENCE 50244-73 (7/9/71).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (pump suction line),
valve opening. .

.

(d) -INITIAL INDICATION Water hamme'r noise.
'

.
'

l
'

-(e) WATER HAMMER TYPE, DAMAGE Unknown (water hammer due to wave
reflection). Suction valve position
indicator damaged. Some damage
occurred wnich was not directly
related to the water hammer.

:

(f) CAUSE AND BASIS FOR EVENT Inadequate design and poor procedures.
Temperature control valve failed and
closed while normal condensate bypass

j valve was in closed position. Emer-
! gency feedwater valve opened and rela-
, * tively cold emergency water mixed with
| heater drain pump discharge, causing

,

water hammer.

(g) CORRECTIVE MEASURES UNDER- Currently unavailable.
TAKEN FOR PREVENTION
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PWR EVENT ITEM 12
.-. . . . . . - - . -

| (a) PLANT, MODE, EVENT DATE Ginna, 1455 MWt, 7/22/73.

(b) REFERENCE 50244-185 (8/21/73).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (flow control valve),
valve instability. .

(d) INITIAL INDICATION Water hammer noise.

(e) WATER HAMMER TYPE, DAMAGE Unknown (water hammer due to wave
reflection). Cracked support adjacent
to valve, skewed rod hanger suoports,
damaged feedwater pipe insulation. -

(f) CAUSE AND EASIS FOR EVENT Poor quality control during previous
valve repair. Feedwater control valve
plug separated and induced rapid feed-
water flow fluctuations. Plug had not,

| been torqued properly on previous
repair, causing holding pin to fail.i

(g) CORRECTIVE MEASURES UNDER- Steam vibrations were monitored on
TAKEN FOR PREVENTION feedwater valves. In April '75, after

additional analysis, plug throttling
design was changed to port throttling *

design.
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FWR EVENT ITEM 13
1

(a) PLANT, MODE, EVENT DATE Ginna, return to power, 6/75.

(b) REFERENCE 50244 (7/17/75).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (f'ow control valve),
valve instability. .

(d) INITIAL INDICATION ' Feedwater p'iping vibration.

(e) WATER HAMMER TYPE, DAMAGE Unknown (watar hammer due to wave
reflection) . Pressure gauge tubing was
broken. Vent valve vibrated partly
open. Tubing pulled out of transmitter
fitting. Feedwater piping insulation
was shaken loose.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Feedwater flow
valve instability in 30% to 40% load
range.

(g) CORRECTIVE MEASURES UNDER- External bubble dampers were added
TAKEN FOR PREVENTION to each feedwater valve. Valve vibra-

tion was monitored. Installation of
permanent hydraulic dampers was planned
for the 1976 maintenance outage.
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pWR EVENT ITEM 14

(a) PLANT, MCOE, EVENT DATE Indian Point 1, currently unavailable,
1970.

*

(b) REFERENCE 50003-44 (5/29/70), -64 (1/26/71).

(c) SYSTEM, MECHANICAL FUNCTICN Condenser (deaerator. level regulating
valve), unidentified (procably valve
opening).

(d) INITIAL INDICATION Not identified (probably water hammer
noise).-

(e) WATER HAMMER TYPE, OAMAGE Unknown (probably water hammer due to
wave reflection). Cracks in picing and
valve damage.

(f) CAUSE AND EASIS.FOR EVENT Either inadequate design or poor qual-
ity control. Valves malfunctioned,
causing severe water hammer in main
condensate system. Probably too rapid
closing due to misplaced valve
positioners.

(g) CCRRECTIVE MEASURES UNDER- Longer run of straight piping was
TAKEN FOR PREVENTION provided before and after the valves.

Valve positioners were redesigned and
relocated.
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PWR EVENT ITEM 15
~ ~ ~ - ~ ~

(a) Pl. ANT, MCOE, EVENT DATE Indian Point 2, increasing power level,
5/13/74.

(b) RErERENCE 50247-251(5/14/74).

(c) SYSTEM, MECHANICAL FUNCTION RCS (pressuri:er relief valve and dis-
charge piping), valve opening.

(d) INITIAL INDICATION Sudden pressure reduction in
pressuri:er relief tank.

(e) WATER HAMMER TYPE, DAMAGE " low-into-voided-line. Tank ruoture
disc blew cren. Concrete grouting on
tank pedestals was cracked. Sheet
metal covering for the containment
insulation was damaged. Radicactivity
level inside containment increased
slightly.

(f) CAUSE AND BASIS FCR EVENT Probably inadequate design. Cause not
given. Probably same as 33, if pres-
surizer relief valves are of similar
design.

(g) CORRECTIVE MEASURES UNDER- Currently unavailable.
TAKEN FOR PREVENTION
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PWR 9/ENT ITEM 16
_ . .

(a) PLANT, MCDE, EVENT DATE Indian Point 2, hot shutdown, 5/7/80.

(b) REFERENCE 50247 LER 80-005 (7/7/80).

(c) SYSTEM, MECHANICAL FUNCTION Steam generator blowdown piping,
currently unavailable.

(d) INITIAL INDICATION Control room indication of secondary
. side leakage to the containment
atmospnere.

(e) WATER HAMMER TYPE, DAMAGE Unknown. The water hammer resulted in
a failed snubber pipe clamp, a broken
spring hanger suoport rod, and a crack~

in the shell drain.

( f) CAUSE AND BASIS. FOR EVENT Probable water hammer dynamic loading
and inadequate design.

(g) CORRECTIVE MEASURES UNDER- All damaged components were replaced
TAKEN FOR PREVENTION and the drain line was eliminated.

Procedures (unspecified) were revised
to preclude water hammer conditions in

,

this system. /
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PWR EVENT ITEM 17 -

.

(a) PLANT, MODE, EVENT DATE Maine Yankee, currently unavailable,
12/2/72.

(b) REFERENCE 50309-86 A0 72-2 (12/14/72).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (dump valves), valve
closing.,

,,

(d) INITIAL INDICATICN Orop 1. steam generator pressure.

(e) WATER HAMMER TYPE, DAMAGE Unknown (probably steam hammer due to
wave reflection). No damage reported.

(f) CAUSE AND BASIS FOR EVENT Personnel error. False signal caused
steam dump valves to open, dropping
steam generator pressure. Flow check
valves then closed, causing sudden
increase in steam generator pressure,
thus initiating scram.

'

(g) CORRECTIVE MEASURES UNDER- Steam dump valve signals removed.from
TAKEN FOR PREVENTICN transient recorder patch panel.t

I Personnel instructed to take utmost
caution when connecting parameter
signal to test recorder.
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FWR EVENT ITEM 18
|
l

(a) PLANT, MCOE, EVENT DATE Maine Yankee, SC" power, 10/11/73.

(b) REFERENCE 50309-183 (2/27/74).
|

(c) SYSTEM, MECHANICAL FUNCTICN Main steam (excess flow check valves), |

valve flutter and closure.

(d) INITIAL INDICATION Lew steam generator le, vel.

(e) WATER HAMMER TYPE, CAMAGE Unknown (steam hammer due to wave!

l reflection). No damage reported.

( f) CAUSE AND EASIS FOR EVENT Inadequata design. Valves failec I

closed. Safety valves unsaated during
subsequent transient (repeated prob-
lems with flutter from these valves
have been noted). 1

(g) CORRECTIVE MEASURES UNDER- Extensive redesign of valves was
TAKEN FOR PREVENTION required.
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PWR EVENT ITEM 19 - - -~ -

(a) Pl. ANT, MODE, EVENT DA7E Maine Yankee, low power physics test,
S/2/77.

(b) REFERENCE 50309 LER 77-007 (6/7/77).

(c) SYSTEM, MECHANICAL FUNCTICN CVCS (letdown pressure control valve),
valve instability.

,

(d) INITIAL INDICATICN Fluctuation in the charging and volume
control system letdown flow rate.

(e) WATER HAMMER TYPE, OAMAGE Unknown (water hammer due to wave
reflection). Valve positioner fell off

and severed an associated air if ne.
Orain line and pressure tap on letdown
line were broken.,

(f) CAUSE AND BASIS FOR EVENT Possibly inspection or quality control.
Valve positioner bolts worked loose,
allowing positioner to fall off. Loss
of air signal to valve controller

caused ficw oscillations and resulting
water hammer.

(g) CORRECTIVE MEASURES UNDER- Positioner is routinely checked to
TAKEN FOR PREVENTION avoid recurrence.
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pWR EVENT ITEM 20

'

(a) PLANT, MODE, EVENT CATE Millstone 2, construction phase,
7/22/75.

(b) REFERENCE 50336-240 (7/31/75).

(c) SYSTEM, MECHANICAL FUNCTION Service water (diesel generator air
cooler Hx line), valve opening / closure.

(d) INITIAL INDICATION Water hammer on startup and shutdown
of diesel generator.,

(e) WATER HAMMER TYPE, DAMAGE Unknown (wave reflection or flow-into-
voided-line). Inlet noz::le to Hx water
box overstressed and fractured.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Failure to recog-
nize water hammer potential. Outlet
control valve arrangement on service
water line to Hx initiated hydraulic
transient.

(g) CORRECTIVE MEASURES UNDER- Piping restraints installed to prevent
TAKEN FOR PREVENTION transmission of thrust forces. Expan- .,

piping. The cast iron inlet water box
~)sions joints replaced by conventional

replaced with epoxy-coated steel box.
Outlet control valve scheme modified
to reduce hydraulic transient forces.
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pWR EVENT ITEM 21 ~~ ~~

.

(a) PLANT, MODE, EVENT DATE Oconee Unit 1, 0% power, 6/28/79.

(b) REFERENCE 50269 LER 79-020 (8/10/79),

(c) SYSTEM, MECHANICAL FUNCTION Main steam, currertly unavailable.

(d) INITIAL INDICATICN Damage found during routine inspection.
, ,

*
(e) WATER HAMMER TYPE, OAMAGE Unknown. A steam hammer resulted in

damage and inoperaoility of two
hydraulic suppressors on the main
steam relief valve line.

(f) CAUSE AND SASIS FOR EVENT Inadequate design. Cne suppressor
failed due to inadequate casign of the
anchoring base plate and the other
failed due to low reservoir fluid level
caused by rotation of the suppressor.

,
(g) CORRECTIVE MEASURES UNDER- The base plate was redesigned and a

| TAKEN FOR PREVENTION new one was installed. All suppressors
were modified to ensure no future
rotation.
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pWR EVENT ITEM 22

.

(a) 0LANT, MODE, EVENT CATE Oconee 3, power reduction (routine
maintenanca),S/75.

(b) RE.:ERENCE 502S7-310 (8/8/75).

(c) SYSTEM, MECHANICAL FUNCTION RCS (pressurizer rel.ief valve and dis-
charge piping), valve opening.

(d) INITIAL INDICATION Unexplained drop in RCS pressure.
l

(e) WATER HAMMER TYPE, DAMAGE Fl ow-into-voided-li ne. Tank rupture
disc blew ocen. Mirror insulation
separated from bottom no::le of pres-
suri:er. 1500 gallons of coolant were
released to containment sump.

(f) CAUSE AND SASIS.FOR EVENT Inadequata valve maintenanca. Pres-
suri:er relief valve was stuck in open
position due to boric acid crystal
buildup.

(g) CORRECTIVE MEASURES UNDER- All pressurizar relief valves were
TAKEN FOR PREVENTION inspected for boric acid crystal.

buildup. Valve cycling prior to
startup was incorporated into sta:fon
operating procedures.
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PWR EVENT ITEM 23 - - - -

(a) PLANT, MODE, EVENT DATE Palisades, currently unavailable,
5/14/74

(b) REFERENCE 50255-324 A0 74-08 (7/19/74), -334
(8/13/74).

(c) SYSTEM, MECHANICAL FUNCTION Safety systems (ECCS, low pressure SI
| pump suctio'n line), valve opening.

*

|
| (d) INITIAL INDICATION Pipe restraint pulled loose from

mounting.

(e) WATER HAMMER TYPE, DAMAGE Flow-into partially-voided-line.
Anchor bolts on pump suction line sipe
restraint pulled out of mounting.

(f) CAUSE AND BASIS FOR EVENT Poor operating procedure. Air was
apparently introduced into the system
during the testing and filling of the
sodium hydroxide system.

! (g) CORRECTIVE MEASURES UNDER- Applicable operating procedures wert .
TAKEN FOR PREVENTICN reviewed and revised to eliminate pos-

sibility of introducing air into line.
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FWR EVENT ITEM 24
.

. . .

(a) PLANT, MODE, EVENT DATE Rancho Seco, hot functional testing, ,

1974 -

(b) REFERENCE 50312 (6/19/74).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (flow control valve),
valve throttling.

,

(d) INITIAL INDICATION Water hammer noise.

(e) WATER HAMMER TYPE, DAMAGE Steam-bubble formation and collaose.
Seismic support was damaged.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Valve lineup
allowed backflow from steam generator
into feedwatar inlet line, into feed-
water cleanup line, and (flashing)
into condenser when valve throttling
reduced inlet line pressure.

(g) CORRECTIVE MEASURES UNDER- New feedwater cleanup lines were'

| TAKEN FOR PREVENTION installed upstream of check valves and
flow control valves. Check valves pre-
vent blackflow from steam generator -)_,

during feedwater cleanup with mini-
feed to steam generator. Procedures

-

were changed to require use of new
lines under these conditions.
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PWR P/ENT ITEM 25
_

(a) PLANT, MODE, EVENT DATE Rancno Seco, refueling shutdown,
12/15/78.

|
(b) REFERENCE 50312 LER 78-017 (1/12/79).

'

(c) SYSTEM, MECHANICAL FUNCTICN RHR, pump start.
'

(d) INITIAL INDICATION ' Damage foun'd during inspection.

(e) WATER HAMMER TYPE, OAMAGE Flow-into-a-line with-a-closed-valve.
Damage to four support hangers, one
snubbar on the No. B Decay Heat System
and one hanger on the No. A system.

(f) CAUSE AND BASIS FOR EVENT Incorrect procadures. Event occurred
' due to incorrect valve lineup before

starting the No. 3 RHR pump.

(g) CORRECTIVE MEASURES UNDER- All damaged components were repaired
TAKEN FOR PREVENTION or replaced.
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pWR EVENT ITEN 26

.

(a) PLANT, MODE, EVENT DATE Robinson 2, currently unavailable,
12/19/78.

(b) REFERENCE 50261 LER 79-012 (5/22/79).

(c) SYSTEM, MECHANICAL FUNCTICN ECCS (safety injecti.on), pump start.

(d) INITIAL INDICATION Damage found during insoection.
l

| (a) WATER HAMMER TYPE, DAMAGE Flow-into-voided-line. . Six supports
| of the cold leg safety injection line

were found in a faulted condition
(inoperaole curing certain design plant
conditions).

,

(f) CAUSE AND BASIS FOR EVENT Inadequate design. The water hammer
was postulated to have occurred during
testing when flow was admitted into the
voided injection line.

(g) CORRECTIVE MEASURES UNDER- New supports, with a higher design
TAKEN FOR PREVENTION capacity, were installed to replace

those damaged and two additional sup-
ports were installed on the injection
line.
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PWR EVENT ITEM 27 --
'

(a) PLANT, MODE, EVENT DATE Salem 1, hot shutdown, 1/3/77.
.

(b) REFERENCE 50272 LER 77-002/3L (1/12/77).

(c) SYSTEM, MECHANICAL FUNCTION CVCS (letdown header vent line),
currently unavailable.

(d) INITIAL INDICATION Leak detect' ion system alarmed.

(e) WATER HAMMER TYPE, DA % Unknown (probably flow-into partially-
voided-line). Pipe break with reactor
coolant release resulted.

(f) CAUSE AND BASIS FOR EVENT Unknown (probably inadequata design).
Excessive vibration of the vent line
caused the pipe to shear downstream of
the joint to the main letdown line.

(g) CORRECTIVE MEASURE UNDER- Vent line was removed, and remaining
TAKEN FOR PREVENTION sccket was plugged and welded. Non-

destructive testing was performed on
new weld and on similar vent line
welds.
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PWR EVENT ITEM 23 -

(a) PLANT, MODE, EVENT DATE San Onofre 1, plant coerating, 10/9/69.

(b) RE ERENCE 50206-40 (10/24/69).

(c) SYSTEM, MECHANICAL FUNCTION Circulating water (tsunami gates), N/A.

(d) INITIAL INDICATICN Pieces of concreta observed coming up
| on bar rakes.

'

'(e) WATER HAMMER TYPE, OAMAGE Unknown (water hammer due to wave
reflection). Gate was cracked,
deformec, and torn loose from guide
slots. Hydraulic actuator was camaged.

( f) CAUSE AND BASIS FOR EVENT Sanding material between reinforcad
concreta gata slabs and stubs holding
the slabs to the actuator failed. Gata
dropped into water intaka flow path.

(g) CORRECTIVE MEASURES UNDER- A new gate was fabricated with an
TAKEN FOR PREVENTION improved mechanical design for attach-

ing the gata slab to the actuator yoke.

|

|

.

,

i

t

PR h..nm nqv.
#N t i {

.

LD 6
1'
7%

. n.r .g 1
N<'T

o -,

U.') N=S 41 d. iED
t /

;

- - :: , -
'

- - - - --- .



-. .

PWR EVENT ITEM 29 -- - --

,

(a) Pl. ANT, MODE, EVENT DATE San Onofre 1, normal operation,
10/21/73.

(b) RE.:ERENCE 50206-246 (10/31/73), -271 (2/5/74).

(c) SYSTEM, MECHANICAL FUNCTION ECCS (safety injection valve), valve
opening.s

, , ,

(d) INITIAL INDICATION SI valve motor operator casing found-
damaged.-

"

(e) WATER HAMMER TYPE, OAMAGE Flow-into partially-voided-line. Valve
operator casing bolts and pipe nanger

|

. support failed.

| ( f) CAUSE AND 8 ASIS .FOR EVENT Inadequate design. Safety injection
' line had an air bubble. Line design
; did not permit adequate on-line .

venting.

(g) CORRECTIVE MEASURES UNDER- Vent piping changes were made.to
TAKEN FOR PREVENTION facilitate on-line venting of appit-

cable sections of safety injection
piping. Procedures were written to
specify frequent venting.
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pWR EVENT ITEM 30
__ __ _.

(a) PLANT, MODE, EVENT DATE San Onofre 1, currently unavailable,
1/74.

(b) REFERENCE 50206 (2/8/74).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (line, faecwater line/
supports), unidentified (probably valve
cl.osure) .

~

(d) INITIAL INDICATION Damaged knee supports and snubber.

(a) WATER HAMMER TYPE, DAMAGE Unknown (probably water hammer due to
wave reflection). Knee supports on
main steam line, and a knee su; port and
snubber on main feecwater line were
damaged.,

(f) CAUSE AND BASIS FOR EVENT Poor design and quality control proca-
dures contributed to damage. Cause of
water hamir is unknown. Original
design assumptions included lateral
loading, which was neglected in final
design. Anchor plates were incorrectly
installed. Salts were wrong size.

(g) CORRECTIVE MEASURES UNDER- Design and quality control problems
TAKEN FOR PREVENTION were remedied.
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PWR EVENT ITEM 31
.. . . - .

(a) Pl. ANT, MODE, EVENT CATE San Onofre 1, maintanance outage,
5/14/79.

i (b) REFERENCE 50206 LER 79-009 (6/19/79).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (regulating valve),
closure.

,,

(d) INITIAL INDICATION 50dden stop and restart of flow.
Failed snubber on No. A main feedwater
line.

(e) WATER HAMMER TYPE, DAMAGE Camaged snubber found during func:f onal
testing on 6/5/79. Water hammer
detected on 5/14/79 following a unit
trip from full power.-

(f) CAUSE AND BASIS FOR EVENT Misadjustment of feedwater valve con-
trol circuit. Event occurred due to

- valve closure caused by misadjustment
of the feedwater regulating valw
control circuitry.

(g) CORRECTIVE MEASURES UNDER- The control circuitry was adjusted and
TAKEN FOR. PREVENTION the damaged snubber was repaired.
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PWR EVENT ITEM 32 ___ . _ . . _ _

(a) PLANT, MODE, EVENT DATE San Onofre 1, refueling outage,
5/15/80.

(b) REFERENCE 50206 LER 80-021 (5/29/80).

(c) SYSTEM, MEC' ANICAL FUNCTION Main feedwater, currsntly unavailable.d

(d) INITIAL INDICATION Damage found during routine inspection.

(e) WATER HAMMER TYPE, DAMAGE Un kn'own. Broken hanger clamp and
deformed pipe guide.

(f) CAUSE AND BASIS FOR EVENT Unknown mechanical loading (possibly a
water hammer) and probacly inadeouata
design.

(g) CORRECTIVE MEASURES UNDER- The damaged supports were repaired or
TAKEN FOR PREVENTION replaced.
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pWR EVENT ITEM 33
_ _ .__ _

(a) PLANT, MODE, EVENT DATE Surry 1, currently unavailable,1/73.

(b) REFERENCE 50280 (9/17/73).
'

(c) SYSTEM, MECHANICAL PJNCTION RCS (pressurizer relief valve and dis-
charge piping), valve opening.

(d) INITIAL INDICATION Broken saisinic snubber on ' discharge
| piping.
|
' (e) WATER HAMMER TYPE, DAMAGE Flow-into-voided-line. Seismic snubber

was broken due to displaced discharge
line piping.

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Discharge piping
upstream of relief valves holds a water

- seal against valves, preventing erosion
by steam or gas during normal operation.
When valves open, water slug is
impelled through piping into relief
tank with high impact force unless
vaporized.

|

(g) CORRECT!VE MEASURES UNDER- Additional bracing was added to the
TAKEN FOR PREVENTION discharge piping. Size of snubber was

increased to resist additional hydrau-
ife forces. Analysis indicated valve
design was adequate.
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PWR EVENT ITEM 34

- . . . .- - _ _ .

(a) PLANT, MODE, EVENT CATE Surry 2, startup (accumulator dis-
charge line leak test), 1974.

| (b) REFERENCE 50281 (11/29/74).

(c) SYSTEM, MECHANICAL FUNCTION ECCS (SI accumulator discharge line),
valve opening.

(d) INITIAL INDICATION Damaged pipe restraint suoport.
i

1
. . |

| (e) WATER HAMMER TYPE, DAMAGE Steam-bubble collapse. Pipe restraint
support was damaged. -

(f) CAUSE AND BASIS FOR EVENT Poor operating procedure. Line pres-
sure was reduced below saturation pres-
sure during leak testing. Water hammer
occurred when accumulator discharge
valve was opened. .

(g) CORRECTIVE MEASURES UNDER- Operating procedure was modified to
TAKEN FOR PREVENTION insure that line pressure was main-

,

tained at a level above the saturation I

pressure during leak testing. I
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pWR EVENT ITEM 35
.

'~~

(a) PLANT, MODE, EVENT DATE Turkey Point 3, refueling shutdown,
11/5/75.

(b) REFERENCE 50250-434 UE 75-3 (12/5/75).

(c) SYSTEM, MECHANICAL FUNCTION Main steam (spring hanger), possibly
valve closing.

. -

(d) INITIAL INDICATION Distortion of spring support.
I
'

(e) WATER HAMMER TYPE, OAMAGE Unknown (probably steam hammer due to
wave reflection). Ofstortion of
spring support.

(f) CAUSE AND BASIS FOR EVENT Unidentified (probably inadequate pip-
ing design and/or poor procedure).

. Piping was not designed to withstand
transient loads. A scurious closure
of the main steam isolation valve at
full power may have generated enough;

| transient load (probably water hammer)
l to distort the hanger. .

(g) CORRECTIVE MEASURES UNDER- Hanger was redesigned to carry
TAKEN FOR PREVENTION anticipated transient load from spu-

rious valve closure. Similar hangers
were evaluated to see if the design was
adequate. Possible water hammer was
not addressed.
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PWR EVENT ITEM 36
-.

(a) Pt. ANT, MODE, EVENT DATE Turkey Point 4, 0% power, 6/11/79.

(b) RE.:ERENCE 50251 LER 79-009 (7/11/79).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater, currently unavailable.

(d) INITIAL INDICATION Damage found during routine inspection.

| (e) WATER HAMMER TYPE, DAMAGE Unknown. A snubber on the No. C .:; team
! generator feedwater line was found in
!

a " locked up" position. '

(f) CAUSE AND BASIS FOR EVENT Unknown mechanical loading and probably
inadequate design.

(g) CORRECTIVE MEASURES UNDER- The snubber, rated at 10,000 lb, was
TAKEN FOR PREVENTION replaced with one rated at 15,000 lb.
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PWR EVENT ITEM 37 . . _ . _ , _ .

(a) PLANT, MODE, EVENT DATE Ifon 1, 750 MWe, 6/6/74.
,

| (b) REFERENCE 50295-324(6/14/74).

(c) SYSTEM, MECHANICAL FUNCTION Auxiliary feedwater (turbine exhaust
line, pump), pump start.

(d) INITIAL INDICATION Water hamme*r noise.
'

, (e) WATER HAMMER TYPE, DAMAGE Water entrainment in steam lines. Pipe
I hanger was damaged.

(f) CAUSE AND BASIS FOR EVENT Either inadequate design or poor proce-
dure. Water hammer occurred after
reset of overspeed trip valve and
restart of the auxiliary feedwater
pump. Rain water entered the open
exhaust, flooding the turbine. Back
pressure in the drain system prevented
the draining of this water.

(g) CORRECTIVE MEASURES UNDER- Orain lines were temporarily routed to
TAKEN FOR PREVENTION floor. Traps were inspected and-

cleaned.
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| pVR EVENT ITEM 38
.. . . - .

(a) PLANT, MODE, EVENT DATE Zion 1, 875 MWe (hot shutdown), 5/76.

(b) RE.:ERENCE 50295 (10/27/76).

'(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (flow control valve),
not identified (pro ubly valve
instability).

(d) INITIAL INDICATION Water hammer noise.

(e) WATER HAMMER TYPE, OAMAGE Unknown (probably water hammer due to -''

wave reflection). No damage. Safety
injection occurred.

,

(f) CAUSE AND BASIS FOR EVENT Inadequate design. Rapid feedwater
flow increase to steam generator due
to water hammer, probably from too
rapid trim on a flow control valve.
See 7, 8, 40.

(g) CORRECTIVE MEASURES UNDER- Feedwater piping was physically
TAKEN FOR PREVENTION monitored. Auxiliary feecwater flow

.

| was limited to 50 gpm per steam
i generator.
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PWR EVENT ITEM 39 - - - - - - -

(a) PLANT, MCOE, EVENT DATE Zion 1, currently unavailable, 9/26/76.

(b) RE.:ERENCE 50295-827 (12/13/76).

(c) SYSTEM, MECHANICAL FUNCTION Main feedwater (isolation valves),
valve opening. .

(d) INITIAL INDICATION Audible wat'ar hammer noise-heard'in
*

control room. SI injection due to
pressure spike in steam generator-
feedwater line.

(e) WATER HAMMER TYPE, OAMAGE Unknown (caused by mixing of cold and
hot water). No damage due to water
hammer.

(f) CAUSE AND BASIS FOR EVENT Inadequate procedure. Feedwater line
had sagged due to unrelated problems'
and was isolated. Later, when attempt-
ing to unisolate the line, the water
hammer occurred due to the mixing of
relatively cool water with hot
feedwater.

(g) CORRECTIVE MEASURES UNDER- None for water hammer.
TAKEN FOR PREVENTION
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pWR EVENT ITEM A0
__. _

(a) PLANT, MCOE, EVENT DATE Zion 2, 875 MWe (hot shutdown), 6/76.

(b) REFERENCE 50304 (10/12/76), 50304 (10/13/76).

(c) SYSTEM, MECHANICAL FUNCTICN Main feedwater, (flow control valve),
not icentified (procably valve '

instability).

(d) INITIAL INDICATION Water hammer noise.

(e) WATER HAMMER TYPE, DAMAGE Unknown (probably water hammer due to )
wave reflection). No damage. Safety
injection occurred.

.

(f) CAUSE AND EASIS FOR EVENT Inadequate design. Rapid feedwater
flow increase to steam generator due
to water hammer, probably from too

| rapid trim on a flow control valve.

j See 7, 8, 38.
J

,

(g) CORRECTIVE MEASURES UNDER- Feedwater piping was physically
TAKEN FOR PREVENTION monitored. Auxiliary feedwater flow

was limited to 50 gpm per steam ;!

generator. |
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Category II: PWR Non-Water-Hammer events
.

PWR EVENT ITEM 41
.

(a) PLANT, MODE, EVENT DATE Calvert Cliffs I,100% power, 4/25/77.

(b) REFERENCE 50317 LER 77-040 (5/25/77). See 46.

(c) SYSTEM, MECHANICAL FUNCTION SC'4 (for reactor auxiliaries), check
valve closu~re or delayed opening'.

*

,

(d) INITIAL INDICATION Currently unavailable. -

(e) EVENT TYPE, DAMAGE Component malfunction. Check valve
disc wedged closed on seat.

(f) CAUSE AND BASIS FOR EVENT Internal dise stop incorrectly
adjusted due to inadoquate
fnstructions.~

(g) CORRECTIVE MEASURES UNDER- Stop readjusted, valve tested by
TAKEN FOR PREVENTION cycling 12 times.
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PWR EVENT ITEM 42
- - . . .. -

(a) PLANT, MODE, EVENT DATE Haddam Neck, currently unavailable,
3/17/78.

.

(b) REFERENCE 50213 LER 78-003 (4/17/78).

(c) SYSTEM, MECHANICAL FUNCTION RCS (steam generator. blewdown line),
currently unavailable. .

(d) INITIAL INDICATICN Leak at blowdown line function.

(e) EVENT TYPE, DAMAGE Potential for steam-water entrainment
water hammer. Damage was a leak in
piping.

(f) CAUSE AND BASIS FOR EVENT Incident involved mixing of subcooled
water and steam frem interconnected
system.

(g) CORRECTIVE MEASURES UNDER- Leak was weld repaired. Use of
TAKEN FOR PREVENTION thermal sleeve, exoansion joint or-

similar device is under investigation.
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pWR EVENT ITEM 43
_ _ _ _

.

(a) Pl. ANT, MODE, EVENT DATE Indian Point 1, 94% power, 10/74

(b) REFERENCE 50003 (11/1/74).
'

(c) SYSTEM, MECHANICAL FUNCTION CVCS (outlet filter drain valves),
unidentified (probably valve opening).

(d) INITIAL INDICATICN Radiation a'ctivity.
.

'

(e) EVENT TYPE, DAMAGE Possibly flow-into partially-voided-
line. Leaking valve diaphragms
resulted.

(f) CAUSE AND BASIS FOR EVENT Inadequate inspection and replacement
procedure. Normal wear, plus shock
loading during system startup repressur-

'

1:atian caused diaphragm leakage on
drain valves for purification outlet
filters.

(g) CORRECTIVE MEASURES UNCER- Valve diaphragms were replaced. No
TAKEN FOR PREVENTION further action was taken, since no

previous valve malfunctions or
failures had occurred. Water hammer
was not addressed.
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PWR EVENT ITEM 44
_ _, _.

,

(a) PLANT, MODE, EVENT DATE Surrey 1 and 2, currently unavailable,
11/74.

(b) REi=_RENCE 50281-293 (2/14/75).

! (c) SYSTEM, MECHANICAL FUNCTICN Containment spray (i. solation check
valves), valve closure.

(d) INITIAL INDICATION Leakage in containment isolation check
. valve.

(e) EVENT TYPE, DAMAGE Component malfunction. Cracks found
at the outside keyways of the
rockshafts on recirculation soray,

check valves.

(f) CAUSE AND BASIS FOR EVENT Design. Too high impact loading on
disc due to improper counter weight
design.

(g) CORRECTIVE MEASURES UNDER- Counterweights were modified and
TAKEN FOR PREVENTION repositioned on the valve, weight lever

to provide the correct seating torque.
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APPENDIX C

PWR STEAM GENERATOR EVENTS
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SGWH EVENT ITEM 1

(a) PLANT, MODE, EVENT DATE Calvert Cliffs 1, preoperational hot
testing, 5/13/75.

(b) REFERENCE R. W. Reid, NRC, letter to
A. E. Lundvall, Baltimore Gas and
Electric Co. , Subject, " Transmittal of
Amendments to Facility Operating

* Licenses," 'J/10/80.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Water hammer heard.
,

(e) DAMAGE None.

(f) CAUSE AND BASIS FOR EVENT Following a unit trip on loss of main,
feedwater, three steam generator water
hammers were heard while main feed-
water was being reestablished to the
steam generators.

(g) CORRECTIVE MEASURES UNDER- "J" shaped top discharge tubes were
TAKEN FOR PREVENTION installed on the feedrings of both

units and the bottom discharge holes
were plugged. Procedures were put into
effect to require the use of the aux-
fliary feedwater system (rather than
the main feedwater' system) during
recove n from reactor trips.

.

t .

f
*

a

'
.

.

H i- ! |:t..e:.,13 R.|i .
-

- u . v . : ' '- ' L } V |.
t

l i.~ '

.

-

.

? *1@.

U ' ,:

7 '. |'T - ?) --

c.. . ;. g g e
-

Ib "' ' ' '.o
. _ .



.

. .

SG*dH EVENT ITEM 2
__. ___ _.

.

.

(a) VLANT, MCOE, EVENT DATE Calvert Cliffs 2, preoperational hot
testing, 5/19/76. *

,

(b) REFERENCE See 1.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, cur.rently unavailable.

(d) INITIAL INDICATION Currently unavailable.

(e) DAMAGE None. ~. ..

(f) CAUSE AND BASIS FOR EVENT A steam generator water h'ammer
occurred during testing of the
effectiveness of internal standpipes
in the steam generator. The event
occurred at Sr. of main feedwater rated
flow as the steam generator water.

level reached the feedring in an
unspecified steam generator.

(g) CORRECTIVE MEASURES UNDER- See 1.
TAKEN FOR PREVENTION -
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SGWH EVENT ITEM 3
1

-- . . - . .

1.

(a) Pt. ANT, MODE, EVENT DATE Donald C. Cook 1, currently unavati- |
able, between 11/14/75 and 1/2/76.

.

(b) REFERENCE Nuclear Power Excerf ence, Nuclear
Power Experience, Inc., PWR
Vol. VI.E.119. 50316 RO 76-03
(1/28/76).,

, ,

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, currently unavailable.

(d) INITIAL INDICATION Snubber damage found.

(e) DAMAGE Three damaged hydraulic snubbers were
found on the section of the No. 4 feed-
water line located inside the
containment crane wall.

(f) CAUSE AND BASIS FOR EVENT A steam generator water hammer was
postylated to have occurred in the
No. 4 feedwater line sometime between
November 14, 1975 (the data of an
extensive incontainment inspection by
the licensee) and January 2, 1976 (the
date the damage wEs found).

(g) CORRECTIVE MEASURES UNDER- The damaged snubbers were either
TAKEN FOR PREVENTICN repaired or replaced. Admini strative

caritrols were put into effect to limit
auxiliary feedwater flow to 150 gpm per
steam generator whenever the feedwater
sparges become uncovered. An analysis
of the feedwater system was performed, i,

using a hypothesized water hammer forc-
ing function to verify that the struc-
tural integrity of the feedwater
piping and support structures would be
maintained under future water hammer
conditions.
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SGWH EVENT ITEM & C

(a) PLANT, MODE, EVENT DATE Donald C. Cook 1,. reactor trip
recovery, 3/10/77.

(b) REFERENCE Nuclear Power Excerience, Nuclear
Power Experience, Inc. , PWR
Vol. VI.E.119. 50315 RO 77-14,
RO 77-15.

(c) SYSTai, MECHANICAL FUNCTION Steam generator, pump / valve opeiation.

(d) INITIAL INDICATION Water hammer heard by plant personnel.

(e) ON4 AGE The event resulted in three failed
hydraulic snubbers on the No. 1 feed-
water line. Two failed snubbers were
outside containment and the third was
inside containment. A crack was found
in the valve body in the auxiliary
feedwater line to the No. 3 steam gen-
erator and was attributed to this same
event.

(f) CAUSE AND BASIS FOR EVENT A steam generator water hammer event
occurred in the No. 1 feedwater line
during recovery from a reactor trip. /
The event was believed to be directly
caused by increasing auxiliary feed-
water flow to over 200 gpm per steam

.

generator, which was in violation of
the administrative prescribed maximum
of 150 gpm.

,

(g) CORRECTIVE MEASURES UNDER- The snubbers and auxiliary feedwater
TAKEN FOR PREVENTION valve were repaired or replaced and a

feedwater system inspection was per-
- formed. The reactor operators were

. reminded to adhere to the auxiliary
feedwater flow maximum flow orecedural
guidelines. The feedwater piping geo-i

metry of.all loops was altered to elim-
inate the horizontal run of piping,

adjacent to each steam generator. The
installation of ''J" shaped top dis- ~

charge tubes was performed on all feed-
water feedrings and the bottom dis-
charge holes were plugged.
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SGWH EVENT' ITEM 5 - --- -

(a) Pt. ANT, MODE, EVENT DATE Indian Point 2, startup, 11/13/73.

- - - (b) REFERENCE J. A. Block et al., An Evaluation of
PVR Steam Generator Water Hammer,
Creare, Inc. , NUREG-0291, Decemoer
1976. Nuclear Power Excerience,
Nuclear Power Experience,. Inc., PWR

* Vol., VI.E.'34.

(c) SYSTEM, MECHANICAL FUNCTION Steam generator, pump / valve operation.

(d) INITIAL INDICATION Water hammer heard by plant personnel.

(e) DAMAGE The water hammers resulted in a 180*
circumferential crack in the No. 22
feedwater piping within a few feet of
the steam generator. Localized bulging
and stress cracking occurred in the
feedwater piping around the containment
penetration.

(f) CAUSE AND BASIS FOR EVENT A steam generator water hammer event
occurred in the No. 22 steam generator ,

| feedwater piping following a plant trip L

caused by a high steam generator water [";
level signal from the No. 23 steam gen-
erator. This event occurred shortly
aftar the automatic initiation of aux-
fliary feedwater and a second event
occurred 50 minutes later in the same
piping.

,

(g) CORRECTIVE MEASURES UNDER- The damaged piping and associated
1 TAKEN FOR PREVENTION hardware were repaired or replaced and

the No. 22 feedwater piping gecmetry
I .was altered to eliminate the horizontal
| piping run adjacent to the steam gener-
! ator. Modifications to all feedwater

~

'

lines incuded: (a) the addition of
restra.ints to prevent future. excessivei

pipe t rebound under water hammer condi-
| tions; (b) the installation of -

| hydraulic dampers to the main feedwater
i valves to prevent rapid closure upon

receipt of closure signals. After the
preceding modifications, a test programi

| was begun to investigate the effect of
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SG'dH EVENT ITEM 5 (continued) . - . . . . . . _ .

.

(g) CORRECTIVE MEASURES UNDER- auxiliary fee 6ater flow rates on the
TAKEN FOR PREVENTION occurrence of steam generator water

~ ~(continued) hamer. The tests showed the system
'

~ ~~ ~ to be susceptible to SGWH with auxiliary
feedwater flows of 200 spa or greater.
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