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SUMMARY OUTLINE OF SUFFOLK COUNTY
CONTENTION 11 TESTIMONY */

Suffolk County contends that LILCO performed an incomplete
and inadequate analysis of potential unsafe conditions which
would be caused by passive mechanical valve failures at Shoreham.

As documented in the Staff's SER, LILCO has only undertaken
a limited review of potential passive mechanical valve failures.
This review has omitted consideration of the types of serious
main steam line isolation valve separation failures which have

occurred at several operating U.S. BWR's.

'

The General Design Criteria require an Applicant to analyze
potentially unsafe conditions affecting safety-related systems.
LILCO's analysis is incomplete and thus does not comply with the
requirements of 10 C.F.R. Part 50, Appendix A.

Exhibits */
1. Task No. B-58 from NUREG-0471
2. U.S. NRC Power Reactor Events, July - August 1981,

Cover and pp. 7-10.

k FSAR Section 6.3.3.3 and Tables 6.3.3-3 and 6.3.3-4
4. LILCO internal response to I&E Information Notice
g1-28""/

*/ ASLB Memorandum and Order, March 15, 1982, p.29

**/ 1In response to Suffolk County's discovery requests, LILCO
has promised to provide Suffolk County with a copy of this
document. Suffolk County has not yet received it, however,
and therefore a copy is not attached hereto. After Suffolk
County has received this document and determined that it
will be moved into evidence in support of its direct
testimony, a copy will be served on the Board and all
parties.



PREPARED DIRECT TESTIMONY OF DALE G. BRIDENBAUGH AND
GREGORY C. MINOR REGARDING SUFFOLK COUNTY CONTENTION 11

PASSIVE MECHANICAL VALVE FAILURE

I. INTRODUCTION

l. This testimony was jcintly prepared and edited by Dale
G. Bridenbaugh and Gregory C. Minor. A statement of the quali-
fications of Messrs. Bridenhauch and Minor has been separately

provided to this Board.

II. STATEMENT OF CONTENTION

2. The purpose of this testimony is to address Suffolk
County Contention 11 as admitted by the Board as follows:

Suffolk County contends that LILCO has not demon-
strated that the valves used in the safety-related
systems at Shoreham will not fail in an undetect-
able or unsafe mode, thereby jeopardizing the safe
operation of Shoreham and violating 10 CFR 50,
Appendix A, GDC 23, 34, 35, 37 and 40.

The results of our review of some of the important matters

encompassed by this Contention are summarized in the following

paragraphs.
1IX. DISCUSSION OF ISSUES
III.A.: Background and Summary of Position
3. The essence of Contention 11 is that mechanical valves

used in safety-related systems at Shoreham may fail in a mode
that could be undetectable (i.e., an undetected failure of a
passive or active component), thereby rendering a safety-related
system inoperable without such inoperable status being known tn

the plant operators. A related but different concern is that the



valve failure could itself cause either an operator action or
transient event which could adversely affect the safe operation
of the plant.

4. An example of the first concern described in the
preceding paragraph would be the separation of a valve disc from
its stem in an instance where the valve is normally closed. If
the valve then were called upon to open for the admission (for
instance) of core cooling water, the valve would remain closed
and preclude passage of cooling water, even though the valve
operator itself would remain fully operable. Similarly, failure 3
modes are possible whereby a normally open valve can fail but
remain open and be non-closeable when the accident condition
subsequently occurs.

S. An example of a passive valve failure causing a tran-
sient would be a case where a normally open valve, such as a Main
Steam Isolation Valve (MSIV), experiences a disc-stem separation
and closes without benefit of an outside signal. Such an event
would disrupt steam flow and could cause a reactor scram.

6. The issue of concern in all such events is whether the
effects of "single failures" in the valves have been adequately
addressed in the design and review of the Shoreham safety-related
systems. The general requirements that must be met are contained
in 10 CFR 50, Appendix A, General Design Criteria. The defini-
tions and explanations related to such events are contained in
the Appendix A Definitions and Explanations which state:

Single failure. A single failure means an occur-
rence which results in the loss of capability of a

component to perform its intended safety func-
tions. Multiple failures resulting from a single




occurrence are considered to be a single fail-
ure. Fluid and electric systems are considered to
be designed against an assumed single failure if
neither (1) a single failure of any active com-
ponent (assuming passive components function
properly) nor (2) a single failure of a passive
component (assuming active components function
properly), results in a loss of the capability of
the system to perform its safety functions.2/

2/ Single failures of passive components in
electric systems should be assumed in designing
against a single failure. The conditions under
which a single failure of a passive component in a
fluid system should be considered in designing the
system against a single failure are under devel-
opment.l/

7. Section 6.3.1 of the Safety Evaluation Report (SER)
indicates that only a limited evaluation of passive valve
failures has in fact been performed at Shoreham. It states:

The emergency core cooling system must retain its
capability to cool the core in the event of a
limited passive failure during the long-term
recirculation cooling phase following a loss-of-
coolant accident. The applicant has evaluated the
effects on the emergency core cooling system of
limited passive failures such as pump seals, valve
seals, and measurement devices.2/
Even though ECCS systems are evaluated for single failures.é/ the
passive component failures have the added problem of not being
detectable without operator interaction. Thus, the discovery of
passive failures could be delayed or, they may not be discovered

at all. In the latter event, the operator may take incorrect

action with regard to the system involved.

1/ 10 CFR 50, Appendix A.

/ NUREG-0460, page 6-45 (emphasis supplied).
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judgment regarding the likelihood of passive mechanical valve
fajilures, categorize these and other valve failures as to
expected frequency, specify acceptance criteria and determine if
and how the results of this effort should be applied in licensing
reviewa.ii/ A copy of the title page of this report and the page
on which Task B-58 is described is appended as Exhibit 1.

11. Based upon our discussions, we understand that there
has been little progress at the NRC in the investigation of Task
B-58 beyond the NRC's stated intent to review valve failure data
as described in NUREG-0471. During the informal discovery meet-
ings held between LILCO, Suffolk County, and the NRC staff over
the past two years, the subject of passive mechanical valve
failures has been discussed several times. Suffolk County
consultants requested the NRC Staff to provide details of the
status of its review on this subject. All that could be estab-
lished as being available was a computer printout consisting of
valve failures available through the Licensee Event Report
system. A request of the NRC for further information on the
nature of the review implied by the B-58 task descripticn
produced nc additional information. We have similarly requested
relevant information concerning industry experience from LILCO

and have received no data.

4/ NUREG-0471, June 1978, »n. B-76.
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12. Also during informal discovery meetings over the past
two years, we have pointed out, to both LILCO and the NRC Staff,
that there are data available on passive mechanical valve failure
experience at U.S. reactors and that these data should be eval-
uated for applicability (both as to valve manufacturer and mode
of failure) to the Shoreham system. An example of relevant
failure experience is contained in the U.S. NRC Power Reactor
Events, July-August 1981, which reports on seven mechanical
failures of main steam isolation valves occurring at Brunswick
Unit 2, Brunswick Unit 1, and Hatch Unit 2. The failures which
occurred involved the mechanical separation of the valve inter-
nals permitting the main disc to be separated from the valve
stem. The first reported failure occurred at Brunswick Unit 2 in
January 1976, and the most recent one reported was July 18, 1981,
also at Brunswick Unit 2. A copy of the referenced Power Reactor
Events report is appended as Exhibit 2. These valve failures
raise concerns for the capability of valves to perform safety
functions and for the increased challenges to safety systems =--
challenges which all experts agree are undesirable. However, in
response to Suffolk County Interrogatories, LILCO stated that it
has performed no evaluations or analyses to determine if failures
similar to those experienced at Brunswick Units 1 and 2 and Hatch

Unit 2 are possible at Shoreham.éf

S/ Response of Long Island Lighting Company to Suffolk County
Interrogatories and to Suffolk County Second Set of
Interrocatories, March 16, 1982, p. 29.
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13. The foregoing valve failures at other nuclear power
reactors are particularly significant in this case. It appears
that LILCO utilizes isolation valves from the same manufacturer
and which zre at least similar to the valves that have failed at
other plants. In response to I&E Information Notice 81-28, LILCO
has issued a purchase order for necessary replacement parts for
Rockwell MSLIV's with deliveries scheduled for May, 1982. See
LILCO Response to Suffolk County Interrogatories, March 6, 1982,
p. 29. However, from the same answer to the Suffolk County
Interrogatories, it is clear that LILCO has not undertaken any
analyses to ensure that the same kinds or similar kinds of fail-
ures would be detected if they occurred in replacement valves as
well. It is our position that the mere replacement of valves
without necessary procedures to detect passive valve failures is
inadequate to ensure that these serious concerns are addressed.

14. Moreover, the primary significance of the reported
passive mechanical valve failures is as an example of the type of
failure addressed by this particular contention. In our opinion,
it is particularly disturbing that seven failures have occurred
in a valve of such importance as the main steam isolation valves
and which presumably receives a great deal of attention during
design review and verification. It is our concern that similar
problems of passive mechanical valve failures may also exist in

the valves used in safety-related core cooling systems.

D. ...



III.C.: Shoreham Valve Review

15. The Shoreham FSAR discusses single failure valve analy-
sis in Section 6.3.3.3 and identifies the extent of the analysis
conducted. A review of this Section confirms the Staff's SER
statement that the FSAR review was "limited."

16. In the FSAR, the primary consideration given to single
failure in valves had to do with assuring that different divi-
sions of power supplies are provided, and considering the valve
failures resulting from loss of power or operator error. No
mention is made of the possibility of passive component failures,
such as separation of a valve disc from valve stem, nor is any
discussion provided of whether indication is provided to
op2rators of such failure modes. The FSAR text does refer to
FSAR Table 6.3.3-3, ECCS Single Valve Failure Analysis (summary),
but a review of this table indicates that a very minimal analysis
was performed. A copy of FSAR Section 6.3.3.3 and Tables 6.3.3-3
and 6.3.3-4 is appended as Exhibit 3.

17. LILCO has indicated that it expects to detect passive
valve failures by testing.é/ However, complete testing of
passive components is usually done during outages, and would be
difficult to conduct during plant operation. Thus, there would

be long periods of time where failures could go undetected.

6/ Response of Long Island Lighting Company to Suffolk County
Interrogatories and to Suffolk County Second Set of
Interrogatories, March 26, 1982, p. 28.




IV. CONCLUSIONS

18. It is our opinion that LILCO has not adequately demon-
strated the acceptability under the regulations of the passive
mechanical valves utilized in safety-related systems at the
Shoreham Plant. The reculations require that failure of such
valves be considered. The regulations go on to state, however,
that the methodology for conducting this review has yet to be
developed.

19. The Applicant's review as identified in the FSAR is
insufficient. This is confirmed by the Staff's assessment,
contained in the SER, that only limited passive valve failures
(pump seals, valve seals and measurement devices) have been
analyzed. Although examples of passive valve failures have been
reported in the industry literature, neither the Staff nor the
Applicant has evaluated the relevance of these failures to
Shoreham. The fact that the methodology is still under develop-
ment provides no excuse for the inadequacy -- indeed lack =-- of
the review conducted to date.

Appendix A of 10 CFR 50 states as follows:

"The development of these General Design Criteria
is not yet complete. For example, some of the
definitions need further amplification. Also,
some of the specific design requirements for
structures, systems, and components important to
safety have not as yet been suitably defined.
Their omission does not relieve any applicant from
considering these matters in the design of a
specific facility and satisfying the necessary

safety requirements. These matters include: (1)
Consideration of the need to design against single

e



failures of passive components in fluid systems
important to safety."7/

20. This testimony concerns passive mechanical valve
failures in safety-related systems. Under the NRC's regulations,
such systems must be highly reliable. Such reliability cannot be
assured where the Applicant has no systematic means to detect
such failures. Accordingly, since LILCO has developed no
reliable or systematic detection means, we conclude that LILCO

has not demonstrated compliance with the General Design Criteria.

2/ 10 CFR 50, Appendix A, Introduction.
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EXHIBIT 1

TASK NO. B-58 FROM

NUREG-0471




ATTACHMENT B

NUREG-0471

GENERIC TASK PRO2LEM DESCRIPTIONS

.Jg--

Category 2, C, and D Tasks

Manuscript Completed: June 1978
Date Published: June 1978

Proaram Support Branch
Office of Nuclear Reactor Requlation
U. S. Nuclear Regulatory Commission

Nashington, D, C. 20555
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Task No.

Applicability

A1l Reactor Types

Prohlem Descrintion

Passive Mechanical Failures

Lead Division

0SS

This task involves a review of valve failure data in a more systematic

manner to confirm the staff's present judgment regarding the likelihood of

passive mechanical valve failures, categorize these and other valve failures

as to expected fregquency, specify acceotance criteria and determine if and

how the results of this effort should be applied in licensing reviews.

o 1o
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EXHIBIT 2

U.S. NRC POWER REACTOR EVENTS

JULY-AUGUST 1981

T



ATTACHMENT C

w.7% POWER REACTOR EVENTS

g Sin : , *Fgf?
e § United States Nuclear Regulatory Commission

This dacument is a b month!ly summary of selected events that have occurred at nuclear power plants.
These events have Leen taken from pullic information sources, namely Licensee Event Reports and
NRC Ingprection Reports, and are or have Leen under review by the NRC. They are considered infor
Mmative 10 persons interested in the nuc'ear industry and may concern safety-re'ated matters, such as
personne! errors and equipment malfunctions. Although most summaries are published shortly after
the events have cccurred, 1t 1s sometimes necessary to publish others several months later. This may
ne uue, for instance, to generic problems noticeabie only afier an extended period of tume, or because
o'l lengthy resolution of certain concerns. All events are reported n the belief that open communica
non henelits all narties,

Tah!e of Contents

Page

“"Fire Resulting From Failure Of Main Transformer”.,... 1
“Internal Ignition In Gas Decay Tank"....eesceevsccsee 2

"Inadequate Decay Heat Remova! Ouring Shutdown"....... 4

"Reactor Coolant System Leak Jue To Personnel Error",. 6
“Failure Of Main Steam Isolation Valves"....veveveenes 7
"8roken Thermal Shield Bolts"..cevevsvsrvevssosnsnsess 10

Rt erenNCeS.sveecesrsnsnnsnss o B Abanbibdberbnssrhann T

EDITOR: Shery!l A, Massaro

CONTRIBUTING EDITOR: John Rizzo

Office for Analysis and Evaluation of Operational Data
U. S. Nuclear Regulatory Commission

PUBLISHED IN: January 1082 |
SHED IN: January 1082 Washington, DC 20555

July-August 1981/Vo! 3 NoG. 5
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personally should remove the tags and cut in the manifold. He entered contain-
ment, removed the tags from the inlet and outlet valves, and attempted to open
the inlet valve. Since the valve was difficult to move, the technician
requested assistance from nis supervisor who assigned a second technician to
assist him, Neither technician noticed the open vent and drain valves. when
the inlet va've was cracked open, steam 5lew out through the open vent and
drain valves, burning the secong technician's leg. The technicians left the
area immediately and angther technician in the area called the contro! room and
reported a leak on the A loop RTD manifold,

Since the operators cou'a not assess the amount of the leak, they started
coo'ing down per technical specification requirements. An cperations engineer
wearing a heat protection suit and an air pack later managed to isolate the
leak by closing the vent and drain valves on the manifold,

The IAE technicians had misunderstood the instructions of their supervisor, and
had attempted to perferm work for which they were neither trained nor qualified
by station policy. They were not aware that a process pipe such as the cold
leo RTD bypass manifold would have vent and drain valves that must be closed.
IAL technicians are allowed to cyc'e, tag, and clear tags only on instrument
and root valves; operations and chemistry personne’ tag all other equipment. A
more experienced technician would have realized that [AE technicians were not
allowed to operate the RTD bypass manifold valves, and wou'!d have recognized
the red tags belonging to operations. The !AE supervisor should have realized
when the first technician called for assistance in opening the valves that a
seriogus error was being made, and that safety hazards cou'd be present.

Although the amount of the leak could not be determined, the capacity of the
positive displacement pump was never seriously challenged even during the
cooldown, A'! of the safety injection pumps were available to maintain
pressure and volume of the reactor coolant system had they been needed. The
fuel in the core at the time of the incident was new, with little fission
product inventory. Thus, little radicbiological hazard existed.

The immediate corrective action was to isolate the leaks by closing the
manifold vent and drain valves. [AE technicians wil! receive special instruc-
tions on which valves they are al'owed to operate and the entire tagging
procedure., [AE supervisors will he counseled to be more careful in giving
instructions to less experienced technicians.®

FAILURE OF MAIN STEAM ISOLATION VALVES

The NRC has under review seven reports of mechanica! failures of the Rockwell-
Edward Flite Flow Stop Valve, a "Y" pattern globe valve made by Rockwel!l Inter-
nationa! and used for main steam iso’'ation valves (MSIV) at some BW.

_facilities. Operating BWR facilities using this valve include 8runswick Units

1 and 2, Cooper, Duane Arnold, Fitzpatrick, Hatch Unit 2, and Vermont Yankee.
0f the seven reported mechanical fai'ures, five occurred at Brunswick Unit 2
and one 2ach occurred at Srunswick Unit 1 and Hatch Unit 2,

The valve components that have failed are shown in Figure 1. The piston assem-
bly is attached to the main disk (2) by thread engagement and then restrained
from ynwinding by pin (4). The stem disk (1) is also attached to the stem (5)

1w
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Figure 1. Main Disk Assembly of Flow Stop Valve
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by thread engagement tightened to 1050 ft-'b torque specifications with an
anti=rotation restraint provided by pin (3). Tre valve is closed primarily by
spring forces. The valve is installed so that reactor steam pressure works to
seat the main disk. The stem disk provides pressure equalization action to
reduce overseat load for opening the main disk against system pressure.

The failures which occurred involved a mechanica' separation of valve
internals. This separation was either at the stem=-to-stem disk threaded
connection or at the main=disk=to-piston threaded connection. Either failure
permits the main disk to be free of the stem. The failure in either moce
results from failure of the threaded connection, which in some cases 75 caused
by vibration=induced rotation of the disk so that it becomes disconnected from
its threaded mate. Such rotation is believed to be caused by or aided by the
propensity of steam flow to produce vibration and to create turning forces on
valve internal components when anti=rotation restraint is inadequate due %0 a
failed or missing pin. Other contributing causes are be'ieved tc result from
reassembly of the valve after disassembly at the site; such reassembly may have
includec inadequately torgued connections and failure to properly install the
nins. Also, an examination of spare parts at the Brunswick site showed that
the thread dimensions on the stems and stem disks did not meet drawing
tolerances.

The individual failures are described below in chronological! order.

& In January 1976 at Brunswick Unit 2, the D steam line inboard valve main
disk separated from the piston. There was no evidence that pin (4) was
installed,

2. On January 30, 1979 at 8runswick Unit 2, the A steam Tine inboarc valve
stem disk separated from the stem. A square pin was used in the round
hole at point (3). The corners of the pin experienced high stress,
thereby causing cracking of the pin,

3.  On January 15, 1981 at Brunswick Unit 2, the C steam line outboard valve
main disk separated from the piston. There was no evidence that pin (4)
was ever inserted. This was decuced from finding the hole undamaged, with
no sign of a plug weld.

&, 0On March 5, 1981 at Hatch Unit 2, the A steam line inboard valve stem
disk separated from the stem. Pin (3) was not fully inserted.

5. 0On March 30, 1981 at 8runswick Unit 1, the C steam line outboard valve
stem disk separated from the stem. Pin (3) failed and was not recovered.

6. On July 2, 1981 at 8runswick Unit 2, the C steam line inboard valve stem
disk separated from the stem. Pin (3) was not proper'y installed.

~J

On July 18, 1981 at Brunswick Unit 2 the D steam )ine inboard valve main
disk separated from the niston. Pin (4) was not fully insertec.

These failures have raised concerns for the capability of the valve to perform
its required safety function, and for the increased frequency of challenges to
safety systems, However, it is noted that the failures to date have resulted

Aiw



in the main disk going closed (i.e., not cocking open) with some uncertainty
only to its leak tightness.

Detailed investigation of the July failures at Brunswick Unit 2* led to the
preliminary findings of possible excessive vibrations on valve internals from
steam flow turbulences created Dy the piping direction changes. In addition,
there was evidence of loose thread connections. Further investigations and
evaluations are currently in progress. Preliminary corrective actions by the
licensee include increasing the stem pin size from 5/16 inch to 3/8 inch, using
three pins instead of one or two pins, and increasing the hole depth 1/8 inch
into the stem. In addition, corrective actions for the main-disk-to-piston
connection include adding an extra pin (of the same l/2-inch size) and
increasing the hole depth by 1/8 inch.

This matter remains under NRC review, and it is expected that licensees will
review the information for applicability to their facilities. 101!

BRCKEN THERMAL SHIELD BOLTS

On July 15, 1981, while conducting a 10-year inservice inspection program, the
licensee at Oconee Unit 1** discovered 'oose parts in the bottom of the reactor
vessel, These parts were discovered using a remote video camera, and were
identified as parts from the thermal shield and its attachments.

The thermal shield is a 2-inch thick cylinder surrounding the core barrel; it

extends the length of the core region. Its function is to provide additiona!l

shielding against gamma and neutron flux effects on the reactor vesse! wall in
the core region to reduce gamma heating in the reactor vessel wall and

radiation effects on thne vessel materials. The bottom support is shown in
Figure 2.8. The inside diameter of the therma! shielding is machined to clear
the bottom flange of the core barrel! and to engage the lower grid with a
diametral interference fit. Ninety-six l-inch diameter, high-strength bolts
secure the bottom end of the therma) shield to the lower grid plate. There
were five missing bolts from this location.

The thermal shield's upper support (shown in Figure 2.A) consists of a stellite
clamp and shim pad that are contoured to the thermal shield and core barrel
curvature. Twenty of these assemblies are placed at equal intervals around the
top end of the thermal shield and secured to the core barrel by high=strength
boits (three in each assembly). The cesign restrains the thermal shield
radially both inward and outward, and allows axial motion to accommodate
longitudinal differential thermal growth betweén the core barrel and the
thermal! shield.

Attached to the exterior of the lower internals are 12 pairs of lateral
restraint guide blocks. £ach nalf of the blocks is about 3" x 6.5" x 5" and

*3n 32.-Mwe BWR located 3 miles north of Southport, North Carolina, and
operated by Carclina Power and Light.

**An B827-MwWe PWR located 30 miles west of Greenville, South Carolina, and
operated by OQuke Power Company.




EXHIBIT 3

FSAR SECTION 6.3.3.3

AND TABLES 6.3.3-3 AND 6.3.3-4
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ATTACHMENT D

SNPS-1 FSAR

Criterion 3, Maximom Hydrocen Ceneration

"The calculated total amount of hydrogen generated from the
chemical reactiocn of the cladding with water or steam shall
not exceed 0.01 times the hypothetical amount that would be
generated if all <the metal in the cladding cylinder
surrounding the fuel, excluding the cladding surrounding the
plenum volume, were to react.” Conformance to Criterion 3 is
stated in Table 6.3.3-2.

Criterion i, Coolahle GCecmetry

"Calculated changes in core geometry shall be such that the
core remains amenable to cooling.” As described in
Reference 2, Section III, conformance to Criterion 4 is
demonstrated by conformance to Criteria 1 and 2.

Criterion 5, Lona Term Coolina

"After any calculated successful initial operation of the
ECCS, the calculated core temperature shall be maintained at
an acceptably low value, and decay heat shall be removed for
the extended period of time required by the long-lived
radiocactivity remaining in the core." Conformance %o
Criterion 5 is demonstrated generically for General Electric
BURS in Reference 2, Section IXI.A. Driefly summarized, the
core remains covered to at least the jet pump sucticn
elevation, and the uncovered region is cooled by spray

cooling and/or by steam generated in the covered part of the
core.

6.3.2.2 Conclusions

Having shown compliance with the applicable acceptance criteria
as sumarized in Section 6.2.2.1, it is concluded that the ECCS
will perform its function in an acceptable manner and meet all of
the 10CIR50.86 acceptance criceria, given operation at or below

the maximum awverage planar linear heat generation rates in Table
6.303-‘ -

6.3.3.3 Single Failure Considerations -

-

The effects of a single failure or operator error that causes any
manually controlled, electrically operated valve in the ECCS te

move €O a position that could adversely affect the ECCS has been -

Studied. The purpose of this evaluation is to determine that any
such malfunction does not affect the ECCS more than the results
of the worst single failure which is reported in the LOCA
calculations performed in accordance with 10CFRS0 Appendix K.

The results of the break spectrum analysis show the single
failure which results in the maximum calculated peak clad
temperature (PCr). For any other single failure to be more
significant, its effect on the 2O0CS must be greater than this

6.3-27 Revision 9 = December 1977



SNPS=1 FSAR

single failure. Therefore, a study was macde to determine if the
wrlfunction of a manually controlled, electrically operated valve
by some unlthown cause or by an operator improperly positioning a
control switch could affect the ECCS more severely than this
failure.

In accordance with appropriate IEEE standards, the ECCS valves
are electrically assigned to different divisions of power supply.
The effect of an operator improperly actuating a single switch on
the control panel is to cause only a single valve to move to an
incorrect position. For the operator error of actuating a single
switch of the ADS, the system valves are not actuated. Howaever,
the consequences of a malfunction which causes one ADS valve to
inadvertently open has been noted.

The summary of the ECCS Valve Single Failure Analysis is provided
in Table 6.3.3-3. Comparing the effects of the single valve
failure noted in this table with the results of the Appendix X
LOCA analysis, it can be seen that these failures are not more
severe than those reported. The single failures considered for
the ECCS analysis are presented in Table 6.3.2-4.

It is therefore only necessary to consider each of the above
single failures in the emergency core cooling system performance
analyses. TFor large breaks, failure of one of the LPCI injection
vailves is, in general, the most severe failure. For small
breaks, lIPCI failure is more severe than failure of a single ADS
valve. ADS has no effect in large breaks. Consequently, as a
matter of calculational convenience, it is assumed in all
caleulations hat one ADS valve fails to operate in addition to
the 1identified single failure. 'This assumption reduces the
nuuber of caleulations required in the performance analysis and
counds the effects of one ADS valve failure and HPCI failure by
chemselves. The only effect of the assumed ADS valve failure on
the calculations 1is a small increase (on the order of 100 M in
the calculated temperatures rfollowing small breaks.

An evaluation has been made of the potential for passive failures
of fluid systems during long term cooling following a LOCA as
well as  single failure of active components. Single failure of
passive components in electrical systems are assumed in designing
against a single failure. ECCS are designed-such that flow
blockage of a single pipe cannot prevent a required safety output
mnction. During the long term cooling mode the &CCS are
oDerating at pressures and temperatures considerably below their
design basis, thus the eropensity for failure is reducad below
that during operation at desig conditions. Reactor pressure
decreases with time and for the largest break area, which gives
-he highest PCT, the R!IR system pressure decreases to less than
00 psi thus providing greater margin to the design basis and
reducing the potential for passive railure.

A review has been conducted of the eguipment arrangement of ECCS
valves. The conclusion from this review is that all wvalves in

6.3-28 Revision 9 = December 1977
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the ECCS which must be operable during and after LOCA will not
become submerged due to the occurrence of a LOCA. As a result,
it is concluded that neither cthe short time requirements, nor
long term cooling capability, i1g affected by submergence effects.

6.3.3.4 LOCA Analysis Procedures and Ynout Variables

The procedures approved for LOCA analysis conformance
calculations are described in detail in nReference 2. These
procedures were used in the calculations documented in paragraph
6.3.3.5. Tor convenience, the ilour computer codes are briefly
described below. The interfaces between the codes are showm
schematically on Pigs. Il-2a, II-2)b, and II-2c in the
“Documentation of Evaluation Models¥w Section IXI.A of Reference 2.
For convenience, the najor interrfuces are briefly noted bolow.

Short—term Thermal Yvdraunlic Madel (TAMR)

This code 1is used to analyze the short-term blowdown phenomena
for large postulated pipe breaks (breaks in which nucleate
boiling 1is lost bhefore the water level drops and uncovers the
active fuel) in jet pump reactors. The LAMB nutput (core flow as
a2 function of time) 13 input to the SCAT code for calculation of
blowcdown heat transfer.

The L? I8 results presented are:

Yo Core awverage inlet flow rate (normalized to unity at the
beginning of the accident) following a large break.

Trangient Critical Power Model (SCAM™M

This code completes the transient short-term thermal-hydraulic
calculation for large breaks in Hdet opump reactors. “he \Dpa
correlation i3 used to track the boiling transition in time and
location. The post-critical heat £lux heat transfer correlations
are Dbuilt into SCAT which calculates heat transfer coefficients
for input to the core heatup code, CIASIT.

The SCAT results presented are:

1. Minimum critical power ratio (MCPRY following a large
break.

2 Convective heat transfer coefficient following a large
brealk.

Long Term Thermal Hydraulic Model and Refill /Reflood Model
(SAVE /U PL.O0D)

This code is used primarily to track the vessel inventory and to

NS e

model ECCS performance during the LOCA. The application of SAXC
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Systeza

Core Spray

High Pressure
Ciul ént l..j.-‘:ti(m

low Prescsure
Conlant Injection

ruturatic
Depressurization
System

_\'ulvr:s]S) - K

Suct ion
Injection(s)
Test Return

Hinirwa Flow

Condensate Suction

Suppression Pool

Suction Valve

Suppi escion FPool
Test Return

Injection (s)

Turbine Inlet (s)

Injection (s)

Mintuwan Flow

Test Return
Hx Bypass

Puip Suction

OLe Relicf Valve

Fosition for
Korral Plant
Operation

Closed Co:ned

X
%
X
X
X
X
X X
X X
b 4 X
X
X
X
X
X

1

3 S |

Consequences of Valve Failure Rssune-d Tugether With
_Design %asis 1OCA

Negate use of one core spray loop
Negate use of one core spray loop
Wegate use of one core spray loop

Partial loss of flov due to flow to the suppression pwol

Utilize suppression pool water

Utilize condensate storage tenk water
Partizl loss of flow due to flow to suppression pool

l;'-:s!t e HCI

Fegate HPCI

vegate use of LPCI

Partial flow loss in one loop dve to flow to suppression
pool

No consegquence

Reduce flow due to Hx pressure drop

Kegate one out of four pusps

Vessel depressurizes faster, increases rate of HPCI
injection (assuning the failure of a single ADS velve
to open does not affect the results because the effect
on swall breaks is insignificant with FeClI in operation
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SINGLE FAYLURE

SNPS-1 FSAR

TABLF. 5.3.3=8

EVALUATTION

(WITH _LPCYI MODIFICATION)

The

in the ECCS performance evaluation.

Assumed Failure

LPCI Injection Valve

HeCI

Diesel Generator A
or B

Diesel Generartor C

One ADS Valve

DC Source Commen to
HPCIL and One Diesel
Seneraror

NOTE :

Suction Hreak
Systems Hemaining

All ADS, HPCI,
2 LPCI (1 loop)

2 CS,

All ADS,
(2 loops)

2 CS, 4 LpC1

All ADS, HPCI,
3 LPCL

1¢CS,
(2 looups)

All ADS, HPCI, 2 CS,
2 LPCI (2 loops)

All ADS minus one,

HPCY, 2 Cs, 4 LPCL
(2 loons)

All ADS, 1CS,

(1 yloop}

1LPC1

rollowing table shows the single active failures considered

Discharu™ sreak
Systems Rewma.ing

All ADS, HPCI, 2 Cs

All ADS, 2 (S,
2 LPCI 1 loop)

All ADS, HPCI,
1 LPC1 (1 loow)

1 CS,

All ADS, HPCI, 2 CS,
1 LPCI (1 loop)

All ADS minus one,

HPCY, 2 CS, 2 LPCX

1Y loop)

All ADS, 1 CS, 1 LPCI
(1 loopn)

Lther postulated fallures are not specirically cousidered hHecCause

they all result in at least as much ECCS capacity as one or

above designated railures.

the



