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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

-

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

LONG ISLAND LIGHTING COMPANY ) Docket No. 50-322-1

(Shoreham Nuclear Power Station.
Unit 1) )'

AFFIDAVIT OF ROBERT G. LaGRANGE
IN RESPONSE T0_ALA8-788

I, Robert G. LaGrange, depose and say:
:

1. I as a Section Leader in the Equipmerit Qualification Branch, within

the Division of Engineering, Office of Nuclear Reactor Regulation, United

States Nuclear' Regulatory Commission. A statement of g Professional

Qualifications is attached. This affidavit is submitted in response to

that portion of ALAB-788 dealing with " environmental qualification."

2. In ALAB-788 issued by the Atomic Safety and Licensing Appeal Board

on October 31, 1984, the Appeal Board required the NRC Staff to advise

the Licensing Board whether any non-safety related electrical equipment

at Shorsham falls within the' category defined by 10 CFR 550.49(b)(2) and,

if so, the basis for the Staff's approval. (ALAB-788 at slip op. 105)
,

3. In compliance with the Appeal Board's requirements, tha. Board's
'

attention is invited to Section 3.11.3 of the Shoreham SSER 7, issued in'
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September, 1984. In particular, Section 3.11 and specifically Section

3.11.3.1 of SSER 7, which was prepared under my supervision, and with

which ! concurred, describes the Staff's determination that g equipment

at- Shoreham. falls-into the category defined-by 10 CFR 650.49(b)(2).
'Additionally, the basis for the Staff's determination in this regard-is

fully set forth in Section 3.11.3.1. In Section 3.11.3.1 we discussed

tne performance of a control systems failure study, a high energy line

break / control system failure analysis, and the electrical' isolation
'

design philosophy at Shoreham. The staff has reviewed these areas and

has found them to be acceptable as documented in Section 7.7 of SSER 4

,
and Section 7.6.6 of the SER. One of the purposes of these studies was

to identify nonsafety-related equipment whose failure could affect the

satisfactory accomplishment of safety functions by safety-related

equipment. The resolution of these issues provides a sufficient basis to

conclude that there is no equipment that falls into the category defined

by 10 CFR 550.49(b)(2). I hereby certify (1) that the statements

contained therein are true and correct to the best of my knowledge and.

belief, and (2) I know of no equipment at Shoreham that falls within the

category of equipment described in 10 CFR $ 50.49 (b)(2).

.

%

b SJ'

Robert G. LaGrange F

' Subscribed and sworn to before me'
-

,

,~ ,thj,s 13th day of November, 1984,

: h AJ k5: Ah
Notary PublIc

'"
i
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My comission expires: 1//n
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PROFESSIONAL QUALIFICATIONS

~

OF

ROBERT G. haGRANGE

I am Section Leader-of the Environmental Qualification Secticn of the Equipment.
'

. n
Qualification Branch, Division of Engineering, Office of Nuclear Reactor Regu-

lation, United States Nuclear Regulatory Commission. I am responsible for

planning, organizing and directing the activities of the section in performing

technical reviews, analyses.and evaluations of the adequacy of the environmental

qualification of electrical and mechanical equipment whose failure, due to such

environmental conditions as temperature, humidity, pressure and radiation, couid''

adversely affect the performance of safety systems. I was previously a Senior

Mechanical Engineer in the Seismic and Dynamic Loads Qualification Section of
~ ~~ the Equipment Qualification Branch. My duties and responsibilities involved the

: review and evaluation of the structural iretegrity. operability and functional
DW ~ 1.*

capaht11ty of safety related mechanical and electrical equipment under all noma 1,
h

abnormal, and accident loading conditions, and in the event of seismic occurrences

and other pertinent dynamic loads, prier to my positions in the Equipment Quali.

fication Branch, I was an Applied Mechanics Engineer in the Engineering Branch,
'

Division of Operating Reactors. My duties and responsibilities included the

! review, analysis and evaluation of structural and mechanical aspects of safety
~

issues related to reactor facil.ities licensed for power operation.
,

|

! I have a B.S. degree in Mechanical Engineering from the University of Maryland

(1972) and have done graduate work at both the University of Maryland and

| George Washington University.

.
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Prior to my' joining the NRC, I was associated with Bechtel Power Corporation '

as a' Group Leader in the piping stress analysis group. My duties and. ;

responsibilities included performing and. supervising stress analyses of

nuclear power plant piping, and related activities, with emphasis on seismic-
s

analysis.
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- J LONG ISLAND LIGHT 1NG 'COM PANYfMO SHCNEHAM NUCLEAR PCWCR STATION .|sw.wsw
P.O. SOX 01s, NORTM COUNTRY ROAO e WAct*8G river. N.Y. t t 792

SNRC-761August'27, 1962

_Mr. Harold R. Denton,-Director-
' Office =of-Nuclear Reactor Regulation-
U.S. Nuclear Regulatcry Cc= mission
Washington,.D.C. _20555

SER Issue-No. 47 - Control System Failures
-Shoreham Nuclear Fower Station . Unit i

Docket NO. 50-322

| Dear Mr. Denton:
As stated in section 7.7 of Supplement No. I to the Shorehc=
Safet.y Evaluation Report (SER) t he Long Island Lighting Company
committed to conduct a review to demonstrate that failures or
malfunctions-of power sources or sensors providing power er

result insignals to two or more control. systems will not
consequences outside the bounds of the ESAR Chapter 15 c 1.?yses
or beycnd the capability of operators or safety systems.
In fulfillment of this commitment, enclosed are forty (40) copies
of a report entitled " Control System Failures Evaluation Report".
This report concludes that, although new transient category
events can be postulated by considering these failures er~

malfunctions, the net effects have been positively determined sc-
be less severe than those of the original, conservative Chapter
15 events.

The submittal of this report to the staff should be sufficien: to

completely close SER Issue Number 47.

Should you have any questions, please contact this office.

Very truly yours,

Original pgned try

J. L. Smith
Manager, Special Projects
Shcreham Nuclear Pcwer Station

RWGamp

Enclosure
.

cc: J. Higgins;

All parties'

___ g_
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CONTROL SYSTEMS FAILURES
EVALUATION REPORT

,

AUGUST 1982

PREPARED

FOR

LONG ISLAND LIGHTING COMPANY
SHOREHAM NUCLEAR POWER STATION

PREPARED
BY

P. R. SCHERER
GENERAL ELTCTRIC COMPANY, NUCLEAR ENERGY BUSINESS OPERATIONS

San Jose, California 95125

Approved:

_J _

h-

T. R. Wortham, Manager, Technical Licensing
Nuclear Control and Instrumentation Department

E. C. Ec! cert, Manager - Plant Transient Performance Engineering
Nuclear Power Systems Engineering Department

'\Ybfb
P. A. Bohm, Senior Licensing Engineer
Safety and Licensing Operation
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' CONTROL SYSTEMS FAILURES '

EVALUATION REPORT ;

'FOR THE.SHOREHAM NUCLEAR PohT.R STATION

1.0 OBJECT

This document constitutes: -|

.An analysis in resp < se to the NRC concern that the failures of j*

power sources or ..asors which provide power or electrical' |

signals to .aultiple control systems could~ result- in con--
sequences outside the bounds of the Shoreham Final Safety
Analysis Report (FSAR) Chapter 15. analyses and beyond the cap-
ability of operators or safety systems.

* A positive demonstration that adequate review and analysis has
been performed to ensure that despite such failure the Shoreb.'s
FSAR Chapter 15 analyses are bounding, and no consequence beyoad
the capability of operators on . safety systems would result.

A comprehensive approach was developed to analyze the control systems
capable of affecting reactor water level, pressure or power in the
Shorehas plant.

This report with its attachments was prepared .by the General Electric
Company for the Long Island' Lighting Company (LILCO) with a significant
technical contribution from the Stone & Webster Engineering Corporation
(SWEC).

2.0 CONCLUSIONS

This report, supplemented by the existing FSAR Chapter 15 transient,

analyses, documents an evaluation of the Shoreham Nuclear Power Station
for system interaction by electrical means. The conclusion of this
evaluation is that previously reported limits of rinimum critical power4

ratio (MCPR), peak vessel and main steaaline pressures, and peak fuel
cladding temperature for the expected operational occurrence category of
events would not be exceeded as a result of common power source or sensor

j failures. Although new transient category events have been postulated as
i a result of this study, the net effects have been positively determined to

be less severe than those of the original, conservative, Chapter 15
events. It should be noted that this study uses the event - consequence
logic of the Chapter 15 analysis, but starts the logic chain f rom a
specific source (e.g., a single bus failure) rather than a system,

j - condition (e.g., feedwater runout). By approaching the study in this
_

manner, 4. great deal of confidence can be placed in the study conclusions.,

; The approach validated itself by uncovering previously unanalyzed
4' interactions. The soundness of the total plant design is demonstrated by

its being tolerant of these interactions.+

.
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~ 3.01 ANALYSIS' METHODOLOGY

The electrical control systems failure analysis was conducted in the following
manner by GE ~and the SWEC:

ACTIVITY ASSIGNED TO

SWEC* DEFINE BUS ~ STRUCTURE *

* DEFINE' CONTROL SYSTEMS SkIC & GE

* IDENTITY LOADS SkTC & GE

* DETERMINE CRITICAL LOADS SWEC & GE
,

* SUMMARIZE CRITICAL LOADS GE

* ANALYZE COMBLNED EFFECTS GE

! * COMPARE RESULTS TO CHAPTER 15 GE

* ANALYZE EXCEPTIONS GE

MODIIT/ AUGMENT CHAPTER 15 IF NECESSARY GE*

3.1 DEFINE BUS STRUCTURE

This step established the potential sources for system interaction by
electrical means. Bus trees (see Figures 1 and 2) were constructed using,

one-line diagram -information to show power distribution from the highest
level not previously analyzed ' (the highest level previously analyzed is
the loss of offsite power) down to the lowest level of plant distribution
(Motor Control Center's, instrument busses, etc.).

3.2 DEFINE CONTROL SYSTEMS

This step established the scope of control systems to be analyzed. A

complete list of Shorehas plant systems and subsystems was compiled. This
;. list was then reviewed to confine the analysis to only those systems with

the potential to affect reactor pressure, water level, or power.

To ensure that all necessary systems were considered, certain elimination
criteria were established that documented the justification for not,

| analysing that system further. If there was any uncertainty as to whether,

[
or not a system met the criteria, it was retained for further analysis.
Those systems that met the criteria for elimination were removed from the
complete system list to produce the final list of control systems for
analysis. This final list, reviewed by GE and SWEC, is shown as follows:

4

|
t

i
I

i

!

27-0141
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3.2 DEFINE CONTROL SYSTEMS (Continued)

MPL SYSTEMS MPL SYSTEMS

I

B21 Nuclear Boiler System N42 Hydrogen Seal System.
'

B31 Reactor. Recirculation N43 Generator Cooling.

C11 CRD Hydraulic Control System N44 .ur Removal
C32 Feedwater Turbine N45 - Generator Hydrogen &
CSI Neutron Monitoring C01 Purge
D11 Process Radiation Monitor System N51 Main Generator Excitation
D21. Area Radiation Monitor System N62 Off Gas
G33 Reactor Water Cleanup N71 Circulating Water
N11 Main Steam P41 . Service Water

.N21 Condensate P42 RB Closed Cooling Water System
N32 Turbine Control P43 TB Closed Cooling Water System
N34 Lube 011' P50 Compressed Air

4

N35 Moisture Extraction P71 Low Conductivity Drains
Z93 Primary Containment

Instrumentation

3.3 IDENTIFY LOADS

- This step provided the data base necessary to determine which electrical
loads were to be. analyzed. A set of load tables comprised of all elec-
trical loads of the control systems in Paragraph 3.2 was assembled by
GE and SWEC, each providing information on the loads within their
respective scope of supply.

Each load was listed with its power bus source, its unique Master Parts
List number, circuit description, and failure mode on power loss with
primary and secondary effects. A sample of a load table is included in
Appendix C.

3.4 DETERMINE CRITICAL LOADS

This step constituted the first analytical step in sorting out the loads
with the potential for initiating events affecting reactor pressure, water
level and power. The elimination criteria established earlier for the
system list was refined in Appendix B for use in the component review for
determining which individual loads were worthy of further consideration or
could be deleted from the analysis. If there was any uncertainty as to
whether or not a load met the elimination criteria it was retained for
further analysis. The code associated with an elimination criterion was
assigned to each eliminated load in the load tables discussed in the
previous step..

3.5 SUMMARIZE CRITICAL LOADS

The non-critical loads were deleted from ene load tables, and the
remaining loads are grouped together by their common power busses. These,

| tables are shown in Appendix A.
1
!
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" .3.6 ANALYZE COMBINED EFFECTS

This step provided the basis for determining the worst case combinations
# . of . load ' and - systen " failures that .are credible events considering the

interconnection by power distribution. Using the combined effects at the~

. lowest level bus as a starting point, the next higher bus was postulated

. to r fail and the total effects . at that level analyzed. This process was q

continued up to the highest bus level. The combined effects at the lowest |
~

'

' bus level are included in the Appendix A tables. Worst case effects at-

the higher levels are summarized .in Secttan 4. The combined effects at
intermediate . bus levels less severe than their associated higher bus'
combined effects were analyzed but.not included in Section 4. The inter-

mediate level combined effect analysis is already represented in the
higher bus analysis.

3.7 COMPARE RESULTS TO CHAPTER 15

This step evaluated the consequences. of all potential system interaction
events initiated by electrical- means. A review of the information in the
Appendix A tables was conducted in the course of develeping the bus
summaries of Section 4. At each bus level of the combined effects
analysis, the review evaluated the effects as being bounded by a specific
Chapter 15 transient analysis .or not. Section 4 includes these
evaluations considering the worst case effects.

j
'

3.8 ANALYZE EXCEPTIONS
.

The purpose of this step was to determine if a failure scenario not
directly covered by a Chapter 15 transient analysis would be bounded by
one with more severe effects. The cases of t.ais type are included in the
Section 4 descriptions of worst case failures.

3.9 MODITY/ AUGMENT CHAPTER 15 IT NECESSARY

This step was not necessary in the Shoreham analysis.
|

i

!
| >

|

|

|

!'
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4.0 BUS LOSS SL?! MARY RESULTS AND CHAPTER 15 COMPARISONS

AC Bus
|

IA. Loss of this bus causes the loss ~ of power to condensata
,

(4.16KV) booster pump A and reactor. recirculation pump A. There ,

is'also a potential _sain turbine trip due to cne-strculattog !

water pump A loss and its subsequent effect on condenser vacuum. !
Since a reduction of reactor recirculation flow would immediately l

- start reducing reactor power, an benediate or delayed turbine l

trip would produce an equal or less severe transient than the
turbine trip event of Chapter 15. Therefore this event is
bounded.

IB ' The effects of the loss of this bus are similar to those'of the
: (4.16KV) loss of Bus 1A.

,

11 Loss of this bus will cause condensate pump A and circulating
(4.16KV) water pump C to be inope'rative. The loss of the condensate

pump will initiate reactor recirculation flow to run back and
reduce reactor power corresponding to 67 percent of rated feed-
water flow. In addition, a loss of feedwater heating of less
than 10*F will occur, but this effect will be nullified by the
recirculation runback. In the event that circulating water pump
A or B is in the backwash operation, the loss of circulating
water pump C may cause pump D to flow back and effectively reduce4

'

the -circulating water flow to a one pump operation; and the con-
denser back pressure.may rise rapidly ' leading to a main turbine
trip. .The ensuing pressure excursion may even reach the bypass
closure trip setpoint. However, this event will take place ati

reduced reactor power and it is bounded by the turbine trip
without bypass transient already analyzed in FSAR Chapter 15.

Loss of the associated lower busses fed by Bus 11 will produce
some or all of the following effects: Decrease in condenser
vacuum, delayed main turbine trip, reduction in feedwater flow,
and reduction in reactor recirculation flow.

The worst case reduction in feedwater temperature has been deter-
mined to be no more than 10*F. This reduction in feedwater

'

heating will increase reactor power by less than three percent
j nuclear boiler rated (NBR) power.

The worst case scenario is the unlikely event of a loss of feed-
water heating and a delayed turbine trip. A computer analysis,

'

was performed to determine the reactor parameters as a conse-
quence of a turbine trip at approximateAy 103 percent of initial
power. The results yielded a minimum critical power ratio (MCPR)
of 1.10 and a maximum done pressure of 1197 psia which is less
severe than the most limiting transient analyzed in FSAR Chapter 15.
This event is then, although previously not analyzed for the
Shoreham plant, still bounded by existing analyses.i

; /-0141 5
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4.0 -BUS LOSS SLWfARY RESULTS AND CHAPTER 15 COMPARISONS (Continued)

AC Bus

12 'The effects of the loss of this bus are similar to those of'the
(4.16KV) loss of Bus 11.

101/102 The loss of either of these busses will cause a single channel
(4.16KV) trip from the APRM circuitry to the reactor protection systen
Emergency which produces no transient.

103 Loss of this bus will cause a decrease in reactor recirculation
(4.16KV) flow and a lock of the feedwater pumps at-last-speed setting. An
Emergency increase in level would ensue terminated by the level 8 feedwater

pump and main turbine trip. This event is similar to and bounded
by the feedwater runout event analyzed in Chapt.tr 15.

DC Bus
The worst case effect of the loss of either of these battery

1R42- buses is a main turbine trip with no additional complications
BA N1 which is bounded by Chapter 15 load rejection analysis.
& N2

.

1

.

i
i

! 7-0141 6

!
i

1 -

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



I

I
* L |

'

l

.

E
"

.

il 8) l$ I
8* 14 ' ,45e -

r -

g,

j t : i: g . sy,

N !| | h !. . .i I_ _ !i

e|
., ,,,., , ,- +s av i, .: i ;8:

.
.

. = ;,

n| =,. .
8 8:

-

, e.

I. .a i . - 4 s,

ik'j!1 [. | !
- * '

. .; < . 3i , ; ,,,*p g
-

..

t' '-N i,
'

I
;l

-
; i

-
i

i 2 $ 2.p i
. ,4+ ai er 4 =1 .' !i ie

i a i "
3 gaa l 3[

-.4 3
-

; -
1

!i
f i 1 JE a j $ '

I 'g | |bI .dy

-

i ! h
'

. ,.
l

, ,

,, ,.

,, 1 . . I

ii gg || il II8 , - ,.
.

p 1g it s
'

1 I g,! || || El il 0 I' +'

hp il L-3*'

,i '
-

la i,n o,
, , . . . . ,

$
.

[ g 14
- |'(' =d * IE 'i = " '

.I -
____

.- .j ',; ll[ 4[
-

': d it it i : I;-a i 'i | .; ,
; 4; ,

l! | ! $, i i.l $[3
=

iiu o. -

. . _
, .

I p[ 1 .r 1 -

JE ~ I

d
i i pj j !. li i t 'i'kt ; i

' li ' '-
. , . '

..
8

f ISaf y y .i || il 3". l !
8 o . , , , ,, o .

g
L a' ; i, ,

! | !
<

|

. __ . . - - _ _ . - . - _ _ - _ - _ _ _ _ - _ - - -



. .

~
El
$0

.

6 i.g
1

3 *
.

.,
' -

. . . . - -
h3

-

i
- ,

.-:. Q g
' .

. '.
i .,.

. (W sy;, ; . . , . . - .
,

. . ,.

. . .. ,.. ....g,. .. -

.- , . , .

i - :1
- -c , y- [

.

[s
-

c.., N.
, ,

-.r . ,
. ' -. e

.c. . ;. .t. ; .g t.' . . -. 1

. . .
-

. '1 . i. a, s V.Ie

I 2E I I E. . . , . . m.

E 3:4 ,-

J ... .

1 t ' s . ', M ? ...

-

s s..- '-t -- ' . '.

a , - .-
- .c . . . . .

..v... -, _v . s . ,

.
.

- .>
.

.

| .- ,
*-

} :3
- -. : x-

.

I .'; . .y-

-|
. | -

" - .

If I.
- - ,

.

'

I I 3 -
, , - 1 *-

- - - : . . -. g, , - gl 6 ygs .l 7 - t !
,.

,

*
!.'

5
- .i . |

r i. *.

!.$
*-u .

I
-

.. c ,.

s3
. . .

.

I i s.
. g. a ; .s ' 9 ), . . i..

- , .

- .
- 'l 53 44!;.. ,'..

'g'I. f .t s- 8 N ty ,
I '

,'
'

.,

|
= .

,: -
.,

,
,, .

r - .
, * '

1' | |.
, , , . . -* ,

,
. ,

, -{ .
. ,.

' * ' - '

- ' < * -

...

..1-
. ,- e- ..

:. ., e .} ,,. , ' e. . c ., . .
..' .

.
-t. .

..s. . 1z. .
.

-~r
. . .o . .,- 4 I ..,. . . .; g ,

, . ,

'-
- - t

. ~ - .| 8' p,2
.'..- Ig g

.

, . :, @ : Q@ ,i .'..
7. - -. . . .

. ... . g
* . 1 ,y n'. -

,c.w. s

... ' . . , . . .:.. ..e, . g 3.- -!s,ir.,.2 :,,
-

-
5 .

-C-
- F cr. G 4 .- g

. . . .

-
t, t.

.'1
...s.,. I. e , . . o;.c . . . ., .

. - .

-
-1 -;-... . . - . .

. ,,
., = t

* '

y.. . .
. , t, - ; .

4. - .y
- - t

$ h
'

i
j .,. .

- * <

' ' ' ' , . gs' s,' , ''s' * J, ,]1 .

.;- p ! - J . . , . . .. . - . - .
g

. .
- .ni . ,. .- .a .. *

. ' . . . . ..., .

..
. gy .; .'.: , ? t , , .

,: ..
[.-

.

..; ..

? ,. . . . ,ig
' '. ." -.f. .,s,:(, .'( . J

.g . , .
.

.. .

'

. ' , . ' . . ;e :-
;

. .
, '.

p
$ | [

g .

h k' .. . -
.

,

. a !
- ., ~.,,

.
,

3:, - .

e,,l, I, . r. .. .-

Ai )
. -

1 9. -

5 g g-I !! I f. I- ai 1jg3 .

| I if.

I
O - , J h i

-

D y ;ir g 1. *
--

g:s ' I.B
e: If j;e

' 3a
Et *

3 as ! | e,p.
a-

.

| y , '

T 3 $ 3
-

j [I

-] yj - .
.

P
.

l.@:
s-

3 I :i. .
.

.
-

,

-

*I .i ?
-

I ! ! 4i I l 4 .. e- |,i.ii ,. g y g
.:

u . . ..- ....
*.>.m . ... ..

. ..
,

, . . . .

- . ,.
. s.. a .

-

i. .s-

.-|'s-
.

, -.
. .a .

g] s.p a ?
.. . .

.
. i . .

.,3 .) .-i i. . .
. , - -

.: .. , ,

!I.ly.Vg .' . f' fi

ha;'
, '

y3
-'g, ' 'j -

3 i- t

: .:. ; *
*. ., | Itr. I

-

k . . ,

. .. > h. :,yy;. . . .-. , ~ . , . > . . . .
-,. .i . , .. a:- - --... a ..

c. - r ,, .q .,, , ,. .
.

.
r. - .:

_-. . . . p- ;. .,
. , . . ,..

7:.
.- .> ._. , .s -.e as ee eum

' f
. - _ _ -_ _- _ - _ . _ . . . _ . - - _ _ - _ _ . - _ _ - _ _ _ _ - . _ ..



t

. e

N
tA

t K G
C N

LAD A OAlt Cmt lewM eDs Il e c
A uO I

E t

Nc iR AP Ei

8s f NA S4 f Aee fO Oo
e O It ts

Os % Tc Ae t
8 C N7 AA Cu
A O6 ts EueO uA D Cl _Cn IATC e HVE uW e

4AG DO Cu G
d

_

A (L &O tE
AF A SSP |

t- c
Os

A e
TOt

w C C
Ao N EV 6P RA E

A E hs ET
C n

D M Au MtNe O &uAc OOr T CA I _Ct
E K tOe E
S C A CA T AAaS Hs et

GN swse
s

Iu L6 uoA S0 AP
*

r R
a Es

e E V T
AS V AY te 4 weL 6 D

A Y D N ERs R t EDl ct
A As O D F as TA N 6let A1E s e 0 O 0A

. S t e R0 C NAsf P E5 E Of-
. E a

L N- St
t E A ios

S GR E c%t

A A O R u7ET F ST C D4
S s O0 E fO0a L4 D ATU EB T

, - S
Y. A S A.

AX L - P
P e0 R e t

I

D a O u P
h u1

8 i T PE s 0 RsP t Te 0 R E
P o NO 8 E T
A C ti t T Ss

v Os NP l All6 la
OaA A Wei2 OeA P St

t e C D GntessS ES6 t s
E Oe R tuuu Iu
R CD O esiaS ADT e. - . E -I

O A teCD NaA
t
4 A t
5 (A uPrP OsPee

. NI cntM NeG Aouu Ou.

E0 4r r PCaFg C|G5

.

s
_ e
- s f

i ls Ay A Ss I e
eC W tt

. cla C eC
- A tot 4

- A C C
-

- r \
- y

-
-
-

-.

-

A -

-. I -s.

Cu
-Aa

-

-

-,

. i. !|i l :-| i!!I i!i | ' !i a4 51 , d ,



' I

. -

N
i

ts

t E O
l C N
A0 AA OlE CWt l

esWe
e

.O E Oi

C
' tA u0 tE I t pe af

e t
EiSs
Sst ' f ssf OeO As f fOa

oM TC Ms .ITfO E n
2 C s AA Cue

A o6 L tu
e0 UM OcT 1 Ct TAC 0 HVE uW Cu G0#

8AG oOA tL E0 ttP \ SF A1 SE

- R
O6

A 0 T0E C
W C A0

MV 0 0
8

m f
T Ea 1 St . tC tnE 6

8 Au umfr f ~ 0 EuAC O
eE 1 CA T

- g K E V EE C D
A c

- A i

. mh
aAS of

e$ f
s Gs ue leu.

l aM mKe

s
t
u
u
C S

8 A E
4 E V I
5 ADV AV WEe

L m E
E oT

A Y O tAeT e
N R C R s E#

A E O n ffA Mf Tt es
m fOE I f Al n OO e Mf P #e r NE. s l

-

E u tS E OGet t - S s0t t A in t 1

A A GR CO M uWy F EST C oO
s M OO E tL

t su E Le D ef
a T
- S

Y
A S sx L - S r

Oi e
. o s A P t

A us 0 t fs i 1 ue f
f Te 0 P As

mCO NOI
E E

8 R E
0 IEE Te Tp P V OM OI l Al I8AI2 OlR a W8 AA P I4 B

H M C G l

S GSSS Est Ot A suOu Tu
s

_ s CO O eSSS Aei

A - .
EsO I

A CO NAAH A t tarPPe or
,

S te CtadM e
e cet

Ns Auuu ouc_

Ee 4 F rCdpF CcGS
I

M
E EI

. E I

A._ V R S. E I e
eC W t_

A .

se
s

Cs
C e

O
c

ft t
_. e C Cl

.
- \

.
q_

_
.

-.

_

. -_.

-_

.e
-. l

s
Cu

_ As -
_
_
.

_

.

.

_.
_

.
_

i. ;! ti\ii i :1' i! 4*? i1;i Ji} i 14 l!ii 1 |1 }} e1<. i, ii-. i |<
|1



_ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ . _ ._ __ ._ _

e.
'

.

t

* -

1

+

,

s-

PAGE A3d

APPEND 6M A - SUS TASLES
..

AC SHOAEHAM CONTROL SYSTEM FAltuRE ANALYS48
Sus tI

COndPOseENT PmamV Sgesmna aV | COMetNEO
*SYSIEM DESCAaPisose EffECT EffECT EFFECTS

r
' '

CONOtteSAIE CO8eOtseSATE Puter A puner 5 Sus FEEDWATER MOuCEC TO 47% M ACIOst PRES $uRE VESSEL IEEE SECisOes og
1 28 Of AATED WAIEA EEVEL EOWER Atep Al

46% POWE se

COner.A64 AIN ComePetESSOA A |COasPAES$0A COndretESSOA A eNOPE AAleVE esomeE - SACEEG ur ey
,

~ ~ ~ ( a & C - sus 120 COaAPett $50AS 5 & C'

C8AC.WTA CsACut AleOes WAIE A Pub 8P C Puter iseOPi AATIVE DECM ASE COceDEseSEa
j truseP A bus BA) VACuund RAAtos TusteateE

OPuesP S - muS tet InsP.
puter9 aus e25

,

SE Rvsct wAIER SE RVeCE WATE A PuesP A Puter sesOPERATeVE secesE - SACEED ur SVi
! - luAe40eE tuttDatoG FuMPS B & C - Sus 320 PuesPS e & C

sus 3 A 4

COasP AIR WASTE NEUTRAL TAsdK 80eLET AaA of OPEN.wett LOSE 80eSietu es00sf seOstEm
B224 teCCIIAS - -- MuV el estNT A4A ICOasPMS$0stS S & C

Sus 82 AseO' SAM Post 8see
7
1224 ReCC4IA2 - - - OfIGAS OHVER 1RAsse A LOS$Of DAVER TRA400 A seOsef - SACEED UP gy seuset

(ikA6N e - adCCl2A28 04YER Ta.Ases a
f .

muRST CASE - DEColf ASL tes -CONDEseSAIE tot AIER IRA 4N BVPASS . esOV 3e AsOV f Asts AS es esOseE

CDeeOEseSE R VACuute,

I 7
| 61624 MCC4lA3 - - - ( GEN COOtassG SI A3ON COOL seeG WATE A PutAP A
f g gruner 8 - seus tal '

8F PutAP S seOT AvAstASLE, esOsef - SACEED UP sy
IAAles TunesseE Ther Puter a

+ i

, AIA MedOVAL AIN E A C10A ISOLAltogg AGOV*$ f AOL AS 85 ef ese SACEWASH 54IGHT
SADV 46A DtCM ASE age CONDEseSER

AeM E AC 5005 ISOL AT4006 V ar' N,

edOV 46A

CastC WATER CONDENSE R aset E T esOV 32A ef aN SACEWASH. REDUCE f LOW OECAE ASE COceOEseSE R
CONDENSE N 04SCHAstGE TO 2 OuAOstANTS VAcuuasg

AGOV 33A
CoseOE NSE A SACEWASH VALVai of 400 SACEWASH. MDuCE FLOW OECNE ASE COceOEseSER '

teOV 34A TO 2 ^"ana MIS VACuuas
,

,

t

I

i

h

!

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



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _. .

c

|'
'~

.

.

-!;
.*

l

I

I

,

*
I

'PAGE A4
APPESID6M A-SuaTASLES

I Ac SteOREHASS COSITROL SYSTESS FAttung A1ALYS46 -

| aus ll

COtePONE80T y Pace 4AAy ggnmay I ennaamg
SYSTEen DESCRIPieces EffECT EffECT F.* f ECIS

.

%.

Sus IsA
| COter. Alet CoeorgatSSOA STARI UP AUMatSAAY Aux 08L Puede speOPE AAllVE 618eAS4 E TO ST AAi AIA COes DECett ASE COseDENSE A

04L PuteP A PAESSOst A VAChues A8eo F EEDWATER ,;
'

I IEtePERAluelE
4A24 eeCCII A4 - - ( $ sis ,

a
' '

OffGAS HOI GAS SVPASS SOV 40A SOV S DE E9eteeG42ED N SACEED UP BV \
t90u80 f MON SOV 35A I AAese e IT A Asse a - aus 12Al

COfeOENSAIE M ACTO 4 f f EDesAIE A rueer A SOV DE Epee AG42EO bleGHI HeCM ASE tes DECM ASE COseOE NSE A
DeSCHAlt(.E SOV 42A REACTOA fIEDWATE A VACuute ANO f EEDWAIE4

- Puter TuneueE SPEE D IEtePE RAluRE

e40eSiuRE Exi AActeOes GL ANO SIE Aes EVAPOslATOR SOV-set VALVE CLOSES * BVPASS HE ATE A SIE Att 10
DAA4N SOVleL

, CopeOEseSE A
SIE Ace SEAL EVAPOslATOR SOV DOH VALVE OPEpas '

DHAsse SOV 50H MCAE ASE eN f EERMuAIE A
stADWASIE SIEAes GE8eEAATOR SOV lli VALVL CLOSES IEasPERAluRE AseO .'

_ DMAsN SOV llL COpeptpeSE A vers nana
,

A ADwAsit SIE Att GEtet AATOR SOV IIH VALVE OPEseS
DRAtee SOW llH
ISI POINI HE AIE A SOVSIAH Sov et AH VALVE OPEteS MCM ASE f EEC #AIE A

9436 Post tel - - -<
. ISt roeNI HE AIES SOV SI A8e SOv es AN VALVE CLOSES TEterEHAluAE ApeDCM

29sD PO4NT HE AIE A SOV 02A*e SOV S2 AH VALVt' OPENS MpeSE A VACuuas
2ND POINI HE AIE A SOV 02AN SOV 42 AN VALVE C1OSES
3HO PO4N T HE AIER SOV 43AH SOV 83 AH VALVE OPEsos
3HD PO4NI HE AIE A SOV 43 Ase SOV 43 A86 VAL VE CLOSES
41H PO4NI HE AIE R SOV M AH 80V M AH VALVE OPEseS
4IH rotNT HE AIEeli SOVM Ace 30V M AN VALVE CLOSES,

SIH POeNI HE AIE A SOV GE AH WW e5 AH VA458 OPEseS

COter.A8A Aan COterftESSOA CopeT AOL LOSSOf tessinuteteti Aan uOpeE - SACEE D tw aY Aen
CeHCual A GCaACutTS S & C- COesPMESDA A AtePAESSOAS B & C*
I A36 PNL Seel

s

|
,

_ _ _ _ _ _ . _ _ _ . _ _ . _ _ _ _ _ _ _ _ . _ . _ . _ _ _



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

.

*
r

d

4

PAGE A6
APPEND 0M A-SUSTAdDLES

Ac SHOREHAM C000TAOI. SWSTEM FA8LUAE ANALYSE 8
aus ela ,

COedPOstENT PesesARY SErnannaaY l COesseseEO .
EVSTEen DESCAerisOne EffECT EFfECT effec 16

l CastC tuAIEA CastCULAleOos WATE A CoseDEse of 800 SACKWASH. MOUCE f LOW OECM AGE CONDEse5E A ammunal CA SE - DE CM AEE
| eseLET 4AOW 33C TO 3 OuADAAseTE VAcuuas COceptes;g A Vareasaa

i

*

CeACut ATIOes WATE A COseDEse af see BACKWASH, REOuCE FLOW OECM AEg rnnensee5E A| DeScesARGE a00W 33D TO 2 OuADAAssis varamana detPg A IAer FEEcWAIE A
L-d CO8eOEse56 A SACKWADe VALVE er ese SACKWAS

TO 3 nananaan,H. AEOUCE FLOW
OECMA5g enaansesEEA FLOW MDuCleOss 1067s Of

esOV 34C ig vara m IMIEO. esatesesuee5PEEDuse '

IDECestC A & S PuesPS - Een
MACTOst POWE R

84AsseluAtesef COedletOL esAsed TustSessi EHC FLUIS PuedP A PueAP A eseOPERAlevg annans - SACEEO ur sy
IPuter s - etCClasil Puter a

>
F E EDWAIE A CONI AOL SeGHAL F Act etteisAlleeG LOES Of M ACIOst f EEDWATE A ernana af M ACIOct FEED- odessenaues SPEED 004 AECestC'

CONIAC| PuedP1COesTetOL $4GesAL WeLL WAlf A PuesP $ COssieldL A & G PuesPs - nos POWE A
NOT EEi AT LAET SPEED SIGesAL LOSI

AECIAC MCeACutAlsose DeveseOes a EPEED AECeACut ATIOes PueAPE A & B MACTOet AI 60% POWE A j
Am Post es ---

CONT 6eOL eteeneouse SPtED of ese AulO :a000E4

eAM PesL N3 - - y COpeOEseEAIE essestatues F LOW SVPA56 SOV 384 SOW DE EseE AGs2ED . MP TustseesE A T Aer. FEED MPIueeseseE AIMar iE&Dg- FCV FAILS OPEN WAIE A f LOW AEDUCleOss WAIEAitOW AEOUCTsose.

TOSPEOF RATED MCestC IO67tOf NAIED MCIAC
AusetACK IO d6s POWE A ** **smar" 10 86s POWE tt

, ~

tOS$ Of iustseest euen DeseG
SE AveCE WATL A SIAAccef A

7 SACKWASH CAPAsateT V
i IA24 eeCCe ss4 - - - ( CeAC. WATE R Casecut AleOpe WATEa ruesP A esOV'S FAIL A$ eS F Ast E D CLOSED - useAstE of CadTWAIEstDeScesAe4GEi DeScesAAGE GAOW 34A 10 STAAT PuedPeSe VAEVESf Act OPEN Asso!

CeACui AIIOne WATE A PuedP C edOV'SfAeL AS45 f Act EO OPEse - 800 EFf ECT PuesPS $fOr,useAet E IO
De5 CHANGE teOV 3ec 000PutertSS PMVEN E SACK i 4 OW, DE: *

} CRE ASE CONDE NSE A
V ACuued - esAtee luNegeet

,

ImeP
N

i

iR24 eeCCIlebe - - - - SE AveCE WAlf A lueesaset mustDeseG SERVICE esOV f Acts As es - seOateALL Y WOctSi CASE - esAted WOAST CASE - esAces luce
,

WAIEAINLET eAOV l63A CLOSEp. t0C5Of SIAAtestA TutteeseE AseO eliPiuAteteE eteest Acou afP fuAmeseE IAar
| SACEWASH CAPASILeiY IAGP Afif A esAseY 6eOust$ AfIfA esAteYescust$
|

t

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



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

.

,

,

PAGE AS

ArrteID4X A-SuSTASLks ,

SHOftEHAAA COeliftOL SYSTEIA FAILuett ANALYST $ -AC
auS82

COkroestest PAcasA81Y SECOes0ARY d COedesseEC

EvsIEM DESCAePTIOes EffECT EffECT EfftC15

/
CONDiesSAIE COceDt8eSAIE PuedP S Fuer A- f EE0WATE R MOUCED IO SPE M AC10A PittSSuM VESSin (SLE SicitON 41

sus Il) Of AATED WATE A LLVEt LOWEN Acep
AIGenPOWEA

COMP Asa sesSI AuedENT Ala COterAESSOA 8 Ata CoterMSSOAS S & C seOseE - SACEED ur sY
INSIMUedENT AAACOtsPAESSOAC 8000 PERATIVE ConsPAESSOA A,

t$504 A m suSSH
i ,________4

CIRC. WAIE A C8ACULATGON WATE A PUGAP O PuedP ledOPEftATIVE DECat ASE COpeDEseSE A'

Varnaam MAIN TufteeNk
TAsP

i
St HveCE WAT E R $1 AVeCE WAIE A rutar e Puter$ lesOPE AAllV2 MDUCEd iusteeNE COOT..
10Ateset SO4LDioeG SE AV8CE WAIE A PuhdP C teeG WATE A 94 Aces TUAtapet*

' T Aer Af it A N islet

7
----sus 52A

M
lA24 MCCa2A2 - - - - OffGAS Davan I AAm a (T AAIN A- LOSS Of DAYER 1 AAM S seONE - SACELD ur eY seONE

toCCItA2| TAAlet A

SA24 eeCCl2A3 q GEN. COOT leeG Si AIOA COOLING WATE A PutsP 3 Pukh GNOrt AAIIVE peoseE - BACKED UP SV WOttSi CASE - DtCAL ASE
|Puter A - leus Iil if Pute A seOi AVAILASLE PuedP A CONDENJL A VACUUM

j | MA40010AteseE T AIP

b -( C4HC. WAIE N CaesCut AllOes WAIE A rMagSATE Sf 000 SACKWASH. AEDUCE f LOA EMCAE AS& Ise COsepteeSE A
iNaE hsOV 3as 10 2 OuADAANTS VACut.ms
CIAcut AllON WAIL A COeIDEleSATE Bf Ice SACKWASH. MDUCE f LOW DECM ASE tes CoseDEtest A
DISCHANGE 880V 33s TO 2 OuADAAteIS VAcuuas
CONDE NSL A SACKWASH VALVE ef 400 SACICWASH AfDUCE f LOW DECM ASE IN COseptNSE N

AeOV 348 TO 2 OUADRANIS VACUute

lA24 heCCI2A4 - COter. AIR COMPRESSOA Auxit4AAYOel PuedPS IseOPERAilVE COnePMSSOAS a & C Wet t WOttSI CASE - DiCHE ASE
PUter a teOT SI AAT sf OtedAsso 004 CONOt90$tMVAcuuM
COMPatSSOA Auxillary Oct AIM SYSitM IetOu6MS

i PuedP C

L -.- < AIA MMOVAL AIA 1JL CIDA ISOLATIOed,teOV 46s teOV4 f All AS 85 ef les SACEWASat. EtIGHT
A8H E ACIDA BSOLAllON AeOV 405 DLCAL Asi IN COseDEstSE A

OffGAS HOI GAS uYPASS SOV 40s SOV S DE teef ftG42E seOtet - SACKED ur sY '
L.Quto f AEON FOV 318 TRAtes A(IAAest A-SUS IlAlg

.

m a.m - = - _ - - - - - _ _ _ _ _ _ _ _ - -



__ ,____ _ _- _ _ _ - - - - - _ _ __ . -.

.

.

PAGE A)
APPEND 4M A -BUS TABLES

AC Sa40HEHAM CONTROL SYSTEM FAIEuRE ANALYS48
AuS ss

COMPONEssi PA4MAAY SECG3eDAAY | PhD
SYSTEM DESCAerieON EffECT EffECT . EFFECTS

,

S 828
MAIN IUstSINE CONIMOL MAIN IUstetNE EHC f LueD Puter S PUter sNOPE AAlivE NOsef - SACKED uP SV WOMST CASE - DECAE ASE

4 PUMP A - teCCllS tl PUteP A fee COseOEseSER V ACUUte
MP TUftStesE imer iEED

6A24 MCCI288 - - - - d C4AC. WAIE R CON 3EgeSER SACKWA$st VALVE Of 800 SACKWASH. MOUCE f LOm DECAEASE CONDEgeSER WAf t A f LOW AEDUCTIOes
asOV 340 TO30uADRANTS VACuute TOSP%Of RAIEELassesensues

SPEED 00e AECHIC A & B
CeltCUL Af toed WAIE A CONDEse if 400 SACKWASH. REDUCE f LOm DECAEASE COceDEseSER PimePS 6SE REACTOct
SAIE 80eLET teOV 33D TO 2 OUADRAseTS VACuuse POWEn

C4ACUL ATME WATER COseDEN af 100 SACKWASH. MOUCE f LOm DECM ASE COpeOtteSER -
SAIE DISCHARGE RAOV 33C TO ; **JADEANTS VACuuas

IM36 Peet N2 - -t AECORC RECaMCIit eitON DeVt54096 is MC4ACULAllO8e A & S 14001 SACK 10 6St POWE R MEC6HCut Al8086 PutePS
6- - SPkEDCONINOL 8Heesteuhe SPEED 4F Its AUTO A & S Ai Messenstes SPEED-

AsODE 60% M ACTOM POWE N
I

6H36 PNL 044 - 3 COseDEleSAIE MeNeteUM & LOW BYPASS SOV 3SS SOV DE Eset AGs2ED AfPIURSepet TasP. f EED fifP IuMS4NE TMcP FEED
a., _ FCV F AILS OPEN WAIER f1OW AEDUCiaose WAIEM iLOW fetDUCieON

TO 67%Of AATED ReiCNN IO 67%Qf ftAIED MC88tC
ftUesSACK 10 66% RE ACIO< l flueeSACK 10 66% stEACION
POWEA POWEM'

tOSSOf TUMSeteE SueLOtteG*
! SE AveCE WATEft STRAletER

SAChWASH CAPAS4LIIY .

IM24 MCCl284 - - - M CINC WAIE R CINCut AlION WATER PUter MOV"5 f Alt AS IS f Att ED CLOSE D - useASt E of CaAC WATEM DeSCHAMGE
'

DISCleANGE h00V 348 . IO STAeti PutergSi FAlLEd VALVE $ f AsL OptN Aped
C8HCut ATeON WAIEA Puner esOV*Sf A8L ASIS OPEN - NO Ef f ECT 000 PueePS STOP, UNASL E IO

I DISCitANGE SAOV 380 PuesPtSt PftEVENI SACK 64OW DE-
CNE ASE CONDENSE M .

s VACUUM - MA18e luteSteeE,

IMIP
w

8- - [ C6ftC. WAT E M StMAINt M - S SIA SIRAlsetR beOION seeOPERAlevt UNASL E 10 SACKWASH- heA8N IDMSteet iMarIMJ6 L NIO - %
3 SIMAtNE M - S el8 MAses luRSepet TiesP

AfIEll SEVE RAL HOURS
I

IM3%PNL Nil- CIRC, WAIE M C8MCut ATION WAIER PUMPS CeftCUL ATIOce WATE R PunePS teOfeE seOset .
- CONIMOL CiftCuli lesTERLOCK A. S. C & D CAesNOT RE $1 ARI

af ANY SHOULD STOP

i

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



,

* '

j

s
M n
Udu
IfOee hHt

S AlRvO
I M UrE

e It C At

eE PM
EIMf SRMfO E A DTEC CNt8

A IAAE
MEr

E ONte
e

G WsT
e

A
P |

5R MUEIeU .

_

tO _e

lsH _
e
l

AAY
_

_

V MUN
A TA _

T PMA CD EI
_E SRR _.Nf AO E

Of C I _

CE Nf
E IAA
S S

Atree
OetatWSi

_
_
_
_

_
_

Y
N _L

L EA6
$ M80:
3 AAV
V OA14

eTL t L
E8A Y T f3

N R C sOA _A e P _A e SSA _
E

t f SCE e f AR OE 5LHS n PE u s
St
AL L AD WS I FE

SKA A VOCT F OLA
S M MCB
U ES T 1

3
- S l

Y l

A S V
M L O

O M4

0 R A
0 E
H T I8

P e e ATp
P O N Os

E
W

A C E i
M e r CTt a

V tA oR IE
r C HsH uS 0

E8E oE SMH CD EE
O

6 8
MN

H SAS RA OuI
lS

M R
EE IT

S A
Y W
S E

Ce
v
Et
E
E

-

-

~
-

4 6m 0
2 2
8 l

Cc|C c
M M
4 4
2 2

RI A
_

I

_

_
.

2
8

s
Cu_

Aa
.
~

.

_
_

_ .
_

|t!i lI| || |
< . i



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

?
.

!

m

b

,

PAGE Ae
APPEteD4X A-308 TAKES .

Ac SHOREHAns CO90 TROL SYSTEtt FAaEUAE ANALYS48
auS I2

,
j COtePONENT PfleMAAY SECONDAAY | COMe#eEO

! SYSTEM DESC tarisO90 EffECT EffECT EFFECTS
-

S S2C '

1
S A24 MCCI2CJ

letM P'NL NS - - - < COMP, Aan AI A COMPAESSO4 CONipOL LOSE 88eST AuMENT COMPAES teONE - SACkEO UP AV DECM ASE CONDENSE A
CeACull PUMP S SOAS S & C COMPETES $OA A VACUUM ANO FEEDWAlt A
AsA COMPRESSOft CONIROL IEsePERATURE -
Cafeculi PUMP C
|CIACUII A - $3M PesL-N78

SIE AM SYSIEM SIE AM SUPPLY M ACTOA FEED- VALVES tesOPERAetE NONE - SIE AM F LOW IO
WATE A PUMP IuAsse2 SOV 30A

'

OPERAisON uteAf f ECTED
Af rT*S AT DeOAe4AL

STE AM SUPPLY MACTOR FEEO-
WATE A PW IuftelesE SOV 318

CONDENSAIE OPE AAIES F EEDWATER Des SOV DE EstE AG42ED EttCHT eseCAEASE SM
CHAAGE VALVE fedIV.428 SOV-428 REACTOA f f EDWATE A

PUMP TUAS40ef SPEED

MO6 Slum EXI AACTION ISI SI AGE DAAled . ?DV 7AH OUMPS SIE AM IO COceOEssSE A DECM ASE CONdEseSE A
I ANK DAAaseS IO SOV PAL VACuuta
CONDENSEA SOV 70H

S0070L
- 2ND St AGE DAAsed TAfeet SOV SAH DECREASE CONDENSE 9

DAAIN310COesofteSEA SOYSAL VAcuued
SOVSSH.

SOV SSL
sautsluRE SEPARATOA SOV SAM
A AEItf AIERS DAAlst SOV OAL
TANK DAAletS TO SOV BBH
CONDENSE A SOVOSL

*ISI PO6NT eM AT L A
O8e ".sN SOV 98H SVPASS HE ATER CTE And TO DECM ASE f EEDWAIE A
ISI PGtNI le AIE A COse0EteSEft iftePERAiustE Aeso*

, OA uN SOV- 8000 COpeDEseSE A VACUUM
2ND PO6MI HE ATE A

a OfL IN SOV 2eH , k
2NDPOGNT6 MATER
DAAIN SOV 2000
3AO POeNI HE AIE A
DAAIM SOV 3SH

i 3ADPO6NT6EATEA
N DAABN SOV 31ste

i

d



%.

.- 1

i ..

Oe

luY32
4

-

.

li si:
: III'=

aIu
33

o

3 -

{ 30 3
ns s..
E-=

(s ry
i I*

|- -

3a -

< i. III'

I-g -s ...
; ===

I a <<<
N k$k

"g 3 i ~g 3
232125
$$$$$$

'

I
9
.

I X

! I
-

I
'

I

I

I

I

9.i
xW $

. .-

v1
:

i.

9g.-

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



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

.

J

i

PAGE A ll

APPEDIDIM A-Bus TASLES

AC SHOREHAte CONTHOL SYSTEas FAILURE AteALYSIS
905 let

COewOpeENT PPle4ARY SECOpeDAAY . | COMSGNEO
l EV5 FEM DESCArisOes EffECT EfFECT EFFEC 15

aus ale ,% AVENAGE POWER stAteGk
Neuf ftCM heO8etTOR8NG AVERAGE POWE A AA88GE HALF SCRAM TAGP eF ALif RNATE CHA8eseELS

|

0406841000 CHANNEL 5 A.C. E AL50 TRtP,RE ACIOA teostalOA SCNAM - Dev I

IH24 teCCll86 - < . SCAAM .

-dSACKuP1OMGS56 1500 SLOCK MOenTOG CHANetEL A s)
AC
SOS 502 -

Sus II2
estui11088 teODAGTOHateG AVEetAGE POWEA AA8eGE HALF SCRAM 1 Aar If ALIER8eAIE CHANNELS % AVERAGE POWER RAteGE

teOessTOR CHAteNELS S,D,F At50inaP, AEACTOR taOeseTOA SCRAM - Dev et
SCAAMIR24 McCal26 - <

~leACK UP 10 tnGS Al hou etOCK MOeNTOR CHAteNEL 5

! AC
bus 403

,

sus 313
f EEDWATE R RE ACTOR FEEDWATER PUMPS FEEDWATER PuedPS REMA8es LOAO FOLEOweteG Me5 REC 8ACut AleON PuedPS

-lA24 adCCI133 CONT AOL SaGNAL CsACuliAY AT LAST EPEED useless esAICH WitL CAuSE edAH6 A & 8 AT Meteleeued $ PEED.
l A35 PNL Ml 85 LDET - THEN TunesteE T Aer EUIL POWE Ai.

} AE ACTOA f EktMesATER
runers muse oOWN'

; lam easy 01 --

826 vDC f Roes NevERIEn
DE ACIOR RsCIRC HEconcut AlsOst COe0TAOL If Ice AUTO teODE, PuesPs esEE REACTOR FEEDWAIEd

$8GNAL CIACueT AV W4LL RUN BACE TO smesmam COesIROLCaftCueT AeOVED
WEEO IAPPftONetaATELY t0E

g
POWERl

i IRM PNL 04 - -(
lesO SATTENV SACK u.3

*
,

i
'

,

'

+
t

'

f

!
i

:
,

_



6

. _
c .

.
_

P
I

O RSE TTNC Ee eSE
t
t

Mf efOE n2 C u1
- TA Es

e e
t p

E A O
e

G M p

A
P |

r
e OD hY E E
T ER E

A P E PT
C S e E

D W lE TNf e A
Of A H
CE F U r

l,E O. T
S E

0

O

E4
e 0 Nso A
s e e
e p s

.

O
E
E
P8

8 e D rD Ee
S E eE Ts

Y E TP AP P PL $ I LI T
A V R EA OT T
N A C A V1 NT

A E E ES fA Mf F e

E f e
E s, I t Tc

S m aE s t HU s
_

I

tP t a G A. ut
_
. E u u u Hf

tL t Ne T e
3CB l T 0 i

0 A sA A fs 0e T e
T F O A O N 0
S M C M 2I C
U EB T 0

- S 4 44Y 6 A
A S

-

rtrL f P eeeM L P e C l

M sP
0
9

O M uP 1
C UCP2

s 4 U uI

D R PH 4 R PHA4
uC P2 E 4

N T AA l 4

El L C REREE N E5EeP Ts E2T E P T
E

e 3TL
P O N 0 T L e LALA p h A sEAA C ET

8 EWp A El 6T WNDAe e0

M NP WpDAe P DAEPOe DAEP E SA EPE t E -
A P e EPEC E - e L fH M FS FA fS AE OE AS S E MP V MR CD R EOEEOE U E DeINO ONTte tI E IIeCe e SCIt t N e CeA S6 CeA$ An n I G AH HEE A e EuH UEuRuRT4T M H RTIT

e

O
H
T
N
O

_ C
L_ L

e

M H
EM O O

E R p .

I T s E I
S N A I N
V O U A OE C T W C

- D I
-

T NI E PP A E ff
- R M F A
.

_

." s
<

- - - --

- - -
-

_
.

- - -_

-
. 4 4.

- 8A-

LL
- IN- 2P 2CI
-
- N 2 N 2
.

4 L 4
A C H. A C 8 N S. S

8 P S D_ S D I
. u U VS 2 V 2 D 2

4 4 6- 4 6
-

C 8 2 R C 8 2 _

_ 3 e 1 D
.

D 8 5

.

_

.
_

_ _
-

*

! ' | 1



,-,

APPENDIX B

.
ELIMINATION CRITERIA

Elimination
BasisCriterion *

N1 Components whose failure effects are clearly bcunded by a domi-
'

nant failure effect on the same bus can be eliminated by inspection.4

An example would be the loss of several trips such as feedwater
turbine overspeed trip on the same bus as the solenoid that controls
all remote trips. The sols.,oid loss is clearly the dominant effect.
Also in the case of identical components, only one of the ccm.
ponents on that bus need be listed.

N2 Instrumentation with no direct or indirect controlling function or
passive input (such as a permissive) into control logic. Instrumente-
tion and other dedicated inputs to the process computer, as well as
the computer itself, may be excluded. Operator actions as a result
of indications are not considered control functions for the control
systems failure analysis.

N3 Control systems and controlled components (pumps, valves) which
have no direct or indirect interaction with reactor operation / para-
meters. Examples are communications, most unit heaters and con-
trols, lighting controls, ventilation control systems for exterior
buildings, machine shop equipment, refueling or maintenance
equipment controls, etc.

N4 Control systems and controlled components (pumps, valves) that do
interact or interface with reactor operating systems but which car *

'

not affect the reactor parameters (water level, pressure or reactiv-
ity) either directly or indirectly. Examples are: some offgas compo-
nents, area radiation monitors.

N5 Systems which are not used during normal power operation. For
example, eliminate start-up, shutdown or refueling systems not
used during normal operation,

i

N6 Some tube oil pumps are powered from AC busses but have a back up
pump powered from a DC source. Since a single electrical failure
cannot disable the tube oil function these components can be
eliminated from the analysis.

I
'

Y Requires further analysis.

|

in some cases more than one of these criteria may apply.e

B-1
I

.
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;fs2 5t: ]:,- UNITED STATE 5 . Attachment 7-.

/- . . NUCLEAR REGULATORY COMMISSION
'2. . - . .j WASWP GTON. D. C. 20555*

1
-

~. .

** ' t.0V 2 4 1982

Cocr.et No. : 50-322
,

.

'ir.".|S.Fotiock
~' : s -.m w - - ';c,,sare -

.

Long :sland Lignting Ocmpany
.175 East Old Country Road
-Hicksville, New York 11801 .

Dear Mr. Pollock:

Subject: Shoreham Nuclear Power Station - Multiple Control System,

Failure Concern (SER Issue No. 47)

In a letter dated August 27,1982, (6NRC-761; J. L. Smith.to Harold
R. Denton)'you submitted information to adoress a control system issue
identified in Section 7.7 of the Shoreham Safety Evaluation Report.
7he staff has concutted a preliminary review of the information submitted
and it has been determined that, while your response appears to satisfactorily
address the effects of power supply failures, it does not address control
system failures caused by common sensors, hydraulic headers, and impulse
l is&g.. 'While the control system issue identified in Section 7.7 does not
spe:f fically detail the review of failures caused by hydraulic headers or
im:." s r: lines to two or more control systems, informal NRC staff contact
wi n jcar staff, and the precedent established in the closure of this
its, on 0:her dockets, has identified *.hese areas of concern. The common
sens:rs concern was identified in Seccion 7.7. The specific request for
in#:r e-i:n is 'ncluded 11 Enclosure 1.

7::iss ir f;rm us, within seven (7) days of receipt of this letter, of your
sc. s:f.a of submittal of the request ad information. If you have any
qui--M.9s On this matter, please con:act NRC Project Manager, Edward
Wain'.c. ;- ;3M'; *?2-3*30.

Sincerely,
|

i / .

. .g . . !i . 'L _ ;..

~ A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing

Enclosure:
As stated

cc: See next page

.
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'' ice 3 resident - Nuclear,

Long Island Lighting Company;
175 East Old Country Road -
Hicksville, New Yort ;11801

!'23 Techni:al Associates*

'':L: : .. ?iau, Es:uire 1723 Hamilton Avenue, Suite <::: -

II :,u a n d ::.M , P; . San Jose, California 95125
217 "ea ri ;e 0. cad
-f : .h i' ' e , ' eo Yc rk 11::1 Stephen Latham, Esquire

Twomey, Latham & Shea
. Mr. J ay Dunkleberger ' Post Office Box 398'New York State Energy Office

33 West Second StreetAgency Building 2 Riverhead, New York 11901
Empire State Plaza
Alba ny , New York 12223 Matthew J. Kelly, Esquire

-

Energy Research Group, Inc. Staf f Counsel
New Yort State Public Service Commissier400-1 Totten Pond Road

Waltham, Massachusetts 02154 Three Rockefeller Plaza
Albany, New Yort 12223

Mr. Jeff Smith Ezra I. Bialik, Escuire
- Shorehan Nuclear Power Station Assistant Attorney General
Post Office Box 613 Environmental Protection BureauWading River, New York 11792 New York State Department of Law

2 World Trade CenterW. Taylor Reveley, III, Esquire New Y ort , New Yort 10047
'9-ton & Williams
D st ffice Box 1535
O f c" .:nd, Vi rgi nia 23212 Resident Inspector

Shoreham NPS, U.S. NRC
Post Office Box BRalph Shapiro, Esquire Rocky Point, New Yort 11778C2.er & Shapiro [*

9 East Cth Street
.... :m, .a., : c rt C15 2er e r- 9. E r:.:7,-Es:uire

Ki ricatrick, Lockhart, Hill,
Christopher & PhillipsMr. Brian McCaf frey 1900 ft Street, N.W.

i.ong Island Lighting Company. Wasning:en, 's.C. 20035175 E. 010 Country Road
Hicksville, New York 11801 Lawrence Coe Lancher, Escuire

KirEpatrick, Lockhart, Hill,
Honorable Peter Cohalan Christopher & PhillipsSuf folk County Executive 1900 M Street, N.W.
County Executive / Legislative Bldg.
Veteran's Me orial Highway Washington, D.C. 20036

Hauppauge, New York 11788 Karla J. Letsche, Esquire
Kirkpatrick, Lockhart, Hill,David Gilmartin, Esquire Christopher & PhillipsSuffolk County Attorney 1900 M Street, N.W.County Executive / Legislative Bldg.

| Veteran's Memorial Highway Washington, D.C. 20036
|
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La rence Brenner, Esq..
. * d'ini strative Judge
* :-': .1fet/ ! _'.': en s' g ? it - i
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.
3. '..;ict r :0!at: y Oc--issic'-e

J 'c; ' 9 .- C! 2:3355 ..

';r. J a es L'.. Car: enter
Acministrative Judge .
Atomic Safety &-Licensing Board; '

U. .S. Nuclear Regulatory Coimmission
Washington, D. C. 20555-

.

Dr.~ Peter | A. Morris
~

Administrative Judge
Atomic Safety & Licensing Board,
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555
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L A number:of concerns have been expres' sed regarding:the adecuacy cf. Safety

5)s s : ,'n '-i a-': Of -he t'-ts :f c:ntr:1 system fail. es -na could:

::tf311y :c: - 1: ..:: ear plants, as :::: sed to th:se anal :ed in :SAR

Chapter 15 safety analyses. Although the Chapter 15 analyses are based on

conservative assumptions regarding failures of single control systems,

systematic reviews have not been-reported to demonstrate _ that multiple control

system failures beyond-the Chapter 15_ analyses could not occur because of.

single events. Among the types of events that could initiate such multiple-
''

failures, 'the most significant are in our judgement -those resulting ffrom

failure or alfunction of power supplies or sensors c: r.cn to two er more
-

control systems.

90-

-: : :.i::- 1:su an:e t*at '.e design ta-is event ana'yses 5dec.atel, 5:urd

ultiple con:rol system failures you are requested to provide the fellowing

d ' aticn: .

::tr:'# - :se d:n rol systems whose failure or mai!.r::icn c:uid serio. sly2,

f :a: ;! art safety. .

2: Incica e unicn, if any, of the control systems iden-ified in (1) receive

power from common power sources. The power sources censidered should

include all pouer sources.whose failure or alfuncticn ::ule lead to

#ailure or alfunction of more than one control system and should extend

- to the effects of cascading power losses due to the failure of higheri

level distribution panels and load centers.

i
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R
-3 ) Indicate which,'if:any,-of the con rol sys ems identified in (1) receive

input signals.-from. common sensors, comron hydraulic headers, or common
~

' :.::s '' s.
.

The response snould provide justification that simultaneous malfunctions of

contrni systems which could result from failure of a power source, sensor,

-hydraulicHeader or sensor impulse line supplying power or signals to more

- than one control' system fare bounded by the analysis of anticipated oper,a-

tional ocurrences in Chapter 15 of.the Final Safety Analysis Report.
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Attachment 8
. . , , , . . . - - . . -

LONG ISLAND LIGHTING COM PANY'

w

j_p&(&// SHOREHAM NUCLEAR POWER STATIONwwg.

,

b. .s. ..v . w ..si.; P.O. BOX 618. NORTH COUNTRY RO AD e WAQiNG RIVER. N.Y.11792

Direct Dial Number

SNRC-872April 22,.1983

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-

SER Issure No. 47 - Control System Failures
Shoreham Nuclear Power Station - Unit 1

Docket No. 50-322
* '

Reference: (1) Letter SNRC-761 dated 8/27/82
(21 Letter NRC (A. Schwencer) to LILCO (M. S..Pollock)

dated 11/24/82

Dear Mr. Denton:

As stated in section 7.7 of Supplement No. 1 to the Shoreham
Safety Evaluation Report (SER) the Long Island Lighting Company
had committed to conduct a review to demonstrate that failures or
malfunctions of power sources or sensors providing power or
signals to two or mcre control systems will not result in conse-
qucnces outside the bounds of the FSAR Chapter 15 analyses or beyond
the capability of operators or safety systems.,

In fulfillment of this commitment, LILCO, via the reference (1)
letter, had forwarded a report entitled " Control System Failures
Evaluation Report". This report concluded that, although new

| transient category events can be posculated by considering these
failures or malfunctions, the net effects have been positively
determined to be less severe than those of the original, conserva-
tive Chapter 15 events.

Per the reference (2) letter, the staff conducted a preliminary
review of this report and determined that, while the report

i appeared to satisfactorily address the effects of power supply
; failures, it did.not address control system failures caused by

common sensors such as hydraulic headers and impluse lines. In !
this reference (2) letter, a request for information containing 3 !
items was included as Enclosure 1. Items 1 and 2 of this request 1

'

involve the identification of c ntrol systems whose failure or-

malfunction could inpact plant safety and further identification
of the control systems noted abcve which receive power from commen -

1
-

IFC 49 3*,.1
I.

,r i
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: April 22, 1983
Mr. Harold R. Denton

'SNRC-872
Page 2

LILCO has determined-that Sections 3.2 and 3.5power sources.of the Ref. l report address these items, and no additional changes
. Item 3 of this request. involves control system-are required.

failures caused by common sensors, common hydraulic headers or common
impluse lines. -Control system failures caused by common sensors
are enveloped by the Ref. 1 report, and no further revisions are

This report did not however,. address control systemrequired.failures caused .lar common hydraulic headers or . common impluse lines.
LILCO had informed the staff that these failures would be evaluatedwithand t y problems would be summarized in a preliminary report,
a final report to be submitted 45 days later.
The purpose of this letter is to serve as the above mentioned pre-
liminary report and-advise the staff-that an evaluation has been
performed as required for control system failures caused by common
hydraulic headers or common impluse lines. .This evaluation has
led to the conclusion that these failures will not result in con-
sequences outside the bounds of the FSAR Chapter 15 analyses or

" beyond the capability of operators or safety systems.
A final report is presently being completed and will.be submitted
to the staff by mid-May. This report will be in the form of a

| supplement to the report submitted in Ref. 1.
Please advise if you have any questions on this matter.

<

Very truly yours, .*

W. 5. msde
! et/J . L . Smith

Manager, Speical Projects
'Shoreham Nuclear Power Station !

!

RWG:bc i

1:c: J. Higgins
All Parties Listed in Attachment 1

l
|

|
1

|
|
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'ilerbert H. Brown, Esq.*

1,aurence Erenner, Esq. - .

Administrative Judge I,awrence Coe Lanpher, Esq. -

. Atomic. Safety and Licensing _

Karla J. Letsche, Esq.

- Board-Panel Kirknatrick, Lockhart, Hill*

'U.S. Nuclear Regulatory Commission Chr'istopher & Phillips'

.
-

Cth Ficor. Washington, D.C. 20555 -

1900 M Street, N.W.
,

Washington, D.C. 20036.-

.. .
. -

Dr.'Pcter A. Morris -

,

Administrative Judge .

.

* Atomic Safety and Licensing Mr. Marc W. Goldsmith
Board Panel Energy Rescarch Group'

U.S. Nuclear Regulatory Commission 4001 Totten Pond Road
Washington, D.C. 20555 Waltham, Massachusetts 02154

- .

. . . =.
.

.

., ..
.

Dr. James H. Carpenter MHD Technical Associatos-

Administrative Judge 1723 Hatailton Avenue
Atomic Safety and Licensing Suite K'
Board Panel San Jose, California 95125

U.S. Nuclear Regulatory Commission
- .

.
.

Washington, D.C. 20555
,

,

. .

Stephen B. Latham, Erg..,.

Tuomcy, Latham & Shen
Danici F. Brown, Esq. 33 West Second. Street

*

Attorney 'R.O. Box 39S
Atomic Safety and Licensing Riverhe..d, Now York 11901
Board Panel . .

U.S. Nuclear Regulatory Corr.tission *

.
*

Washington, D.C. 20555 -

I
*

Ralph Shapiro, Esq..

Cammer and Shapiro, P.C.
9 East 40th Street

Bernard M. Bordenick, Esq. New York, New York 10016
David A. Repka, Esq. *

,

'

U.S. Nuclear Regulatcry Cer nissicr!
.

'

.

Wa shia,ag t.cn , D.C. 20555 .-., .

Matthew J. Kelly, Esq..

*t '
, Stato of Neu York

-.
.

,

James Dougherty' Department of Public Scr.* ice-.

| 3045 Porter Street Three Empire State Plaza
Wa s h i ng '.c n , D.C. 2000* hlhany, 'c. Yor< 1~223-

,

i .
.

.-

. .
. .

, . . . -
.

* .
..

.
*

9 . .

, . . .. ; .. . - .... . . . ...

.
- .

g
.

,

I
r

. -. . - . . -- .. . - . , . . . . .



.,mm : -g - cm wn ~ -m up w . -en v.g . .o . u , c.=. __ y,
_

e 30

gi .

.M

.

t

o

.

J.

hi .

.

4

e

'

'

)
>-

ATTACHMENT 9y.

i

2

>

3

i

!

$

4

3

h

i
>
R-
$'r

i

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



|
.. .

j
IAttachmsnt 9
l

LONG ISLAND LIGHTING COM PANY !

SHOREHAM NUCLEAR POWER STATION,mmsw

I. sw.
P.O. BOX 618. NORTH COUNTRY RC AO e WADING RIVER, N.Y.11792
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dhrect Dial Number

SNRC-905June 20, 1983

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SER Issure No. 47 - Control System Failures
Shoreham Nuclear ~ Power Station - Unit 1

Docket No. 50-322

Reference: (1) Letter SNRC-761 dated 8/27/82
(2) Letter NRC (A. Schwencer) to LILCO (M. S. Pollock

dated 11/24/82
(3) Letter SNRC-872 dated 4/22/82

Dear Mr. Denton: .

.

As stated in section 7.7 of Supplement No.1 to the Shoreham
Safety Evaluation Report (SER) the Long Island Lighting Company
had committed to conduct a review to demonstrate that failures*

or malfunctions of power sources or sensors providing power or
signals to two or more control systems will not result in conse-
quences outside the bounds of the FSAR Chapter 15 analyses or
beyond the capability of operators or safety systems.
In fulfillment of this ccmmitment, LILCO, via the reference
(1) letter, had forwarded a report entitled " Control System
Failures Evaluation Report". Per the reference (2) letter,
the staff conducted a preliminary review of this report and
determined that, while the report appeared to satisfactorily
address the effects of power supply failures, it did not
address control system failures caused by common sensors such
as hydraulic headers and impulse lines.

LILCO subsequently performed and completed an evaluation of '

control system failures caused by common hydraulic headers or |
common impulse lines. As stated in Ref. 3, this evaluation

-

concluded that these failures will not result in consequences
. outside the bounds of the FSAR Chapter 15 analyses or beyond

.

! |
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June : 20 , 1983- .

SNRC-905
Page 2

.

the. capability of operators or safety systems. At that time, the
final-report was in the course of preparation.

tThis report, entitled " Common Sensors Failures Evaluation Report"
dated May,1983, has been completed and forty (40) copies are
enclosed herewith for your review.

LILCO believes that the information included herein is sufficient
to completely resolve any remaining staff concerns on this issue.
Should you have any questions, please contact this office.

Very truly yours,

$sgtmiidon d hv.

J. L. Smith
Manager, Special Projects
Shoreham Nuclear Power Station

i-
RWG;bc

'
Enclosure

cc: J. Higgins
All Parties Li.=> ' in a**--kmant 1
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Colm0N SENSORS FAILURES EVALUATION REPORT
, FOR LONG ISLAND LIGHTING COMPANY

. 3
'

SWORERAM NUCLEAR POWER STATION

1.0 OLTECT
S

This document constitutes:
,

* An analysis in response -to the NRC concern that the failure of an
instrument lif e which contains sensors to multiple . control systems
could result 1 in consequences ' outside the bounds of the Shoreham
Nuclear Power Station (SNPS) Final Safety Analysis Report (FSAR)
Chapter 15 analysis and beyor.d the cepabilities of operator responses

' or safety systmas.

* A positive demon:stration that adequatei review and analysis, has been
' performed to ensure that, . despite such failure, the Shoreham FSM-

Chapter 15 analyses ,are bounding, and no consequence biyond the
capability a' operstor, responses or safety systems would result.

- A comprehensive appsoach was developed by General Electrie (GE) to analpe
the control systems capable of affecting reactor water level, pressure, or
power in the SNPS Control Systems Failures Evaluation Report. This report
uses the knowledge r,ained from the Control Systems Failures Evaluation'

Report for a valid restriction of this analysis to only those systems,>

which affect reactor water level, pressure or power.

"his report was prepared by GE for the Long Island Lighting Company's
(LILCO) Shoreham Nuclear Power Station with a significant technical'

contribution from the Stone & Webster Engineering Corporation (SWEC), the
principal architect engineer..

- - 2.0 CONCLUSIONS

This report, supplemented by the existing FSAR Chapter 15 transient
analyses, documents an evaluation of the Shoreham Nuclear Power Station
for common sensor , failures. Evaluation of a broken or plugged instrument
standpipe on the feedwater heaters indicated that there would be a reduc-
tion in the temperature of the feedvater to the . reactor vessel and/or a,

turbine trip. This combined loss of feedwater heating plus turbine trip
transient was not analyzed in Chapter 15 analyses. Subsequent evaluation
of reduced feedwater temperature, followed by a turbine trip, indicates
the consequences to be bonded by the events considered in the Chapter 15
analysis. All of the analyzed consequences of common instrument failures

..are bounded by TSAR Chapter 15 analysis.

3.0 ANALYSIS MET 110D0I4GY
-

The common sensor failure analysis was conducted in the following manner
by GE and SWEC:

.

12-0237'
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Activity Assigned Te

* . Identify Commen Sensors SWEC & GE 1
l

o' -Determine Failure Modes SWEC & GE

* Summarize Common Sensor Failures GZ |

* Analyze Combised Effects GE

Compare Results to Chapter 15 GE*

* Analyze Exceptions GE

Modify / Augment Chapter 15 if Necessary GE*

3.1 IDENTIFY C0tfl0N SENSORS

The following systems have been identified as being capable of affecting
,

reactor parameters:

SYSTEMS CAPABLE OF AFFECTING
REACTOR WATER LEVEL, PRESSURE, OR POWER

g Systems

B21 Nuclear Boiler
B31 Reactor Recirculation
C11 CRD Hydraulic
C32 Feedwater
CSI Neutron Monitoring
D11 Process Radiation Monitoring

D21 Area Radiation Monitoring
G33 Reretor Water Cleanup
N11 Exhaust Steam
N21 Condensate and Feedwater
N32 Main Turbine Control
N34 Main Turbine and Feedwater Turbines Lube Oil
N35 Moisture Separator and Heater Drains
N36 Bleed Stese - Extraction Steam
N42 Mair Generator Hydrogen and Hydrogen Seal
N43 Main Generator Cooling
N44 Air Removal
N45 Generator Hydrogen and CO2

| N51 Main Generator Excitation
N62 Offgas..

N71 Circulating Water
P41 RB Service Water
P42 RB Cooling Water ,

i

.
P43 TB Cooling Water

| P50 Compressed Air
|

P71 Low Conductivity Drains
| 193 Primary Containment Instrumentation

I I
.

12-0237
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The systems which can ' affect reactor parameters, as determined by the |*

Control Systees- Failures Ivaluation Report, were realyzed for multiple |

system sensors or multiple systes contacts from a coanon instrument line.
' Instrument lines which serve only one system were eliminated because their
failure effects are bounded by the current Chapter 15 analysis.

3.2 DETERMINE FAILURE MODES

An instrument line any fail in the following ways. A broken line will
cause pressure instruments to falsely sense a low pressure condition. For ,

a differential pressure instrument a broken reference line will result .in '

a manieue differential pressure condition, while a variable line break
will cause a sinimum differential pressure condition. Because of the very
small line break, the depressurization and loss of coolant effects are
negligible for all of these analyses.

A plugged or pinched line will maintain the instrument at the condition it
was at the time of failure. To ensure the worst case Chapter 15 conse-
quence is represented the pinched or plugged line will be analyzed at full
power. Any line failures which produce instrument conditions differing
from those described above are bounded by those conditions produced by the
completely broken or completely plugged cases.

3.3 ~UMMARIZE COMMON SENSOR FAILURES

The common sensor failure table . (attached) lists the results of this
investigation. The table identifies all instruments which are connected
to a particular line, their failure modes, and their direct effect on the
reactor.

3.4 ANALYZE COMBINED EFFECTS

This step totaled all of the individual effects of each instrument
failure. The interaction of each effect relative to one another was
evaluated' and combined effect consequences were determined and are de-
scribed in Section 4.0, "Cosmon Sensor Summary Results and Chapter 15
Comparison."

3.5 COMPARI RESULTS TO CHAPTER 15

The combined effects, as identified in Section 4.0, were compared to the
existing Chapter 15 analysis to determine if any new transient was dis-
covered which is not bounded by the current analysis.

3.6 ANALYZE EXCEPTIONS
,

. There were ao exceptions to FSAR Chapter 15 analysis..

3.7 MODIFY / AUGMENT CHAPTER 15 IF NECESSARY

This step was not necessary in the Shorehas analysis.

12-0287
5

.
. .. .

I

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



. -- . - .

=..
, .

4.0 C01990N SENSOR StaffARY RESULTS AND CHAPTER 15 COMPARISONS

Instrument Line*- Line Failure Consequences

No. 1 None

No. 2 A break of this line will cause insediate reduction of
feedvater flow. At worst, this will be identical to a-
loss -of feedwater event as described in the Chapter 15
analysis.

A plugged line can cause, at worst, a loss of feed-
water event or - feedwater . controller maximus demand
event. Eth of these events are considered . in the
Chapter 15 analysis.

No. 3 A break in this- line will immediately initiate a
reactor scras and cause an increase in feedwater flow.
Reactor scras takes - precedence over other transients
and is considered in the Chapter 15 analysis.

A plugged line will produce the same consequences as
described for Line No. 2.

No. 4 None

No. 5 A broken instrument line will initiate a main and
feedwater turbine trip. This sequence is similar to
the loss of feedwater event described for Instrument
Line No. 2.

A plugged line will produce the same consequences as
described for Instrument Line No. 2.

No. 6 A broken instrument line will cause an immediate
increase in feedwater flow and also disable all high
level turbine trip logic. This event is described in
Chapter 15 analysis and is similar to the failure of
the feedwater controller maximum demand with an
additional single failure.

A plugged line will produce the same consequences as
described for Instrument Line No. 2.

Nos. 7,9,11,13 A break in any of these lines vill cause feedwater
flow to decrease. This will ultimately lead to' a

. reactor scram on low reactor wager levwl. This event
is boanded by the analyzed lost of feedwater event
described in the Chapter 15 analysis..

*See lower left corner of each table page.
.
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Instrument Line Line yailure Consequencesc

A plugged line will cause an error in feedwater steam |flow following' resulting in, at worst, a gradual !
.

increase or decrease in reactor water level. Both i

-events are bounded by the Chapter 15 analysis.

Nos.-8,10,12,14 A break in.any of these lines initiates an immediate
'MSIV closure and increase in reactor' feec' water flow.
The MSIV closure' event will take precedence, causing a j
reactor scram as the MSIVs begin to close. This event '

is considered in Chapter 15 analysis.,

,

A plugged line will produce the same consequences as
described for Instrument Line No. 7. I

Nos. 15,16 A ' break in one of ' these lines initiates rod block.
Rod block will not cause adverse consequences.

,

|

|

A plugged line causes no consequences that affect
reactor water level, pressure or power. I

Nos. 17,19,21,23,25 A break in any of these lines ~would result in a reduc- i

tion in temperature of feedwater to the reactor
vessel. This event is bounded by Chapter 15 analysis.

A plugged line could . cause either a false high or
false low water level signal in the heater or re-
heater. This would result in a reduction in temper-
ature of feedwater to the -- reactor vessel and/or a
turbine trip. The feedwater temperature could drop by
an estimated 20*T. Subsequent evaluation of reduced,

+

feedwater temperature, followed by a turbine trip,
i indicate the consequences to be bounded by the events

considered in Chapter 15 analysis.

Nos. 18,20,22,24,26 A break in any of these lines would result in a
reduction in temperature of feedwater to the reactor

ivessel and/or a turbine trip. Subsequent evaluation
of reduced feedwater temperature, followed by a
turbine trip, indicate the consequences to be bounded -
by the events considered in Chapter 15 analysis. |

A plugged line could cause either a false high or
false low water level signal in the heater or re-

I heater. This would result in reduction in temperature
of feedwater to the reactor vessel and/or a turbine.

.

trip. The feedwater temperature will drop by an
estimated 20*T. Subsequent evaluation of reduced
feedwater temperature, followed by a turbine trip,
indicate the consegences to be bounded by the events
considered in Chapter 15 analysis.
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Instrument Line Line Failure Consequences

No. 27 A break of this line would possibly result in isola-
. tion of the Reactor Water Cleanup System. This will
not affect reactor water level, pressure, or power.

A plugged line causes no consequences that affect
reacter water level, pressure, or power.

No. 28 A break in this line causes no consequences that
affect reactor-water level, pressure, or power.

A plugged line causes no consequences that affect
reactor water level, pressure, or power.

..

>,

..

e
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: Safety Evaluation Report
related to the operation of
Shoreham Nuc ear Power Station,
Unit \ o.1:

Docket No. 50-322

Long Island Lighting Company
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Commission
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7 INSTRUMENTATION AND CONTROLS

7.4 Systems Required for Safe Shutdown

7.4.3 Remote Shutdown System

On the basis of its review of the information furnished by the applicant regard-
ing the remote shutdown panel (RSP) as reported in Section 7.4.3 of SSER 3, the
NRC staff found that the design of the RSP would meet the regulatory require-
ments specified in GDC 19 and the guidance as detailed in the SRP Sections 7.4
II and III. As a confirmatory item, the staff required the applicant to pro-
vide final operating procedures and Technical Specifications and also perform
a system operational verification test of the RSP with the assumption of the
most limiting single failure in the equipment train controlled from the RSP or
remote stations away from the RSP.

In a letter dated June 21, 1983, from J. L. Smith to Harold R. Denton, the
applicant committed to (1) conduct a walk-through prior to fuel load to demon-
strate RSP system operability (including stations remote from the RSP) with
the assumption of the most limiting single failure, (2) revise the operating
procedures prior to exceeding 5% power to ref ect the final design of the RSP
and its remote stations, and (3) address the RSP and itc remote stations in
the Shoreham Technical Specifications.

The staff has concluded that the above commitments are acceptable and that this
confirmatory item is resolved.

However, the staff will condition the Shoreham license to require the appli-
cant to (1) implement (and document) all of the required design changes dis-
cussed in Section 7.4.3 of SSER 3 by the end of the first refueling and (2) per-
form an acceptable procedure verification test for the new RSP design at that
time.

7.5 Safety-Relatec Display Instrumentation

In SER Section 7.5, the NRC staff requested that the applicant review the
adequacy of emergency operational procedures used by control room operators to
attain safe shutdown upon loss of any Class 1E or non-Class IE buses supplying
power to safety- or nonsafety-related instruments and to control systems. The
response to this request addressed Items 1 and 3 of IES 79-27 regarding plant
system design features. Based on a protection sequence for shutdown developed
for Shoreham, the applicant demonstrated that only Class 1E systems are necessary
to achieve cold shutdown and, therefore, enough equipment would remain available
after the loss of any Class 1E or non-Class 1E electrical bus. This conclusion
was accepted by the NRC staff in SSER 1.

In addition, the applicant committed to conduct a failure mode effects analysis
?f plant electrical buses and to determine whether emergency operating procedures
are adequate for dealing with the resultant plant conditions. The applicant

Shoreham SSER 4 7-1
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submitted the results of this analysis in letter, SNRC-761, dated August 27,
1982. The analysis demonstrated that failures or malfunctions of power sources
or sensors providing power or signals to two or more control systems will not
result in consequences outside the bounds of the FSAR Chapter 15 accident
analysis. Plant personnel used the bus tree and load tables developed in the
control systems failure analysis to verify that the plant operating procedures
were adequate to deal with the identified transients. No procedure changes
were required.

Finally, the applicant committed to review the Shoreham alarm response procedures
for loss of power to Class 1E buses to ensure that these procedures identify
the indications and symptoms resulting from postulated power failures on 4-kV,
480-V, and 125-V dc buses. The applicant concluded that the station operating
procedures were adequate to address loss of power conditions on any Class 1E bus.
CILAR 879-27 was logged closed for this item on September 29, 1982.

An NRC inspector reviewed the station normal operating, abnormal operating, and
alarm response procedures for the 4-kV, 480-V, 125-V de, 120-V ac instrument,
and 120-V ac uninterruptible power supply systems as part of an inspection docu-
mented in Inspection Report No. 50-322/83-02. This review determined that the
procedures provide sufficient, detailed instructions for the operator to:
(1) identify the alarms, indicators, and symptoms needed to diagnose a loss of
bu< power; (2) restore bus power; and (3) identify alternate indications that
may be used for plant control.

;

The NRC staff, therefore considers this item to be resolved.

7.6 Other Instrumentation and Control Systems Reouired for Safety

7.6.6 Physical Independence

! 7.6.6.1 Physical Independence Within NSSS Cabinets

During the NRC staff preparations for the Shoreham hearings, a concern developed
regarding the lack of physical separation between non-Class IE and Class 1E cir-
cuits inside the NSSS cabinets at Shoreham. It appeared to the NRC staff that
the design of the Shoreham electrical system failed to provide adequate physical
independence of circuits inside the NSSS cabinets, as established in current
regulatory practice.

Section 4.6 of Standard 279-1971 of the Institute of Electrical and Electronics
Engineers (IEEE), " Criteria for Protection Systems for Nuclear Power Generating
Stations," requires, in part, that channels that provide signals for the same
protective functions be independent and physically separated. Regulatory
Guide (RG) 1.75, " Physical Independence of Electric Systems," describes a
method acceptable to the NRC staff for complying with IEEE 279-1971 with
respect to physical independence of the circuits and electrical equipment com-
prising or associated with the Class 1E power system, the protection system,*

systems actuated or contro11ed by the protection systems, and auxiliary or
supporting systems that must be operable for the protection system and the
systems it actuates to perform their safety-related functions.i

;

In addition, in accordance with Section 4.6 of IEEE 384-1974, "IEEE Trial-Use
Standard Criteria for Separation of Class IE Equipment and Circuits" (endorsed

| Shoreham SSER 4 7-2
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7.6.6.2 Electrical Separation Barriers

Deficiencies in separation for Shoreham electrical cables and raceways were
identified in IE Inspection Report 50-322/79-07 and subsequent reports. As a
result, the N2C staff required each deficiency to be corrected using one of
the following four options:

(1) Correct the deficiency by meeting the electrical equipment separation
criteria set forth in FSAR Section 3.12.

(2) Correct the deficiency by meeting RG 1.75, Revision 2, dated September
1978.

(3) Correct the deficiency by installing an acceptable barrier.

(4) Justify the deficiency by performing a specific analysis for each cable
or raceway where the minimum separation is not met to demonstrate that a
failure will not propagate because of the insufficient separation.

With regard to Option 3, the applicant, by letter dated January 14, 1983,
provided its definition and basis (substantiated by test) for what constitutes
an acceptable barrier. The applicant defined an acceptable barrier as a single
conduit, tray cover, or wrapping of Siltemp woven-ceramic tape with 3M Scotch
Branch No. 69 glass tape.

The NRC staff has reviewed Wyle Test Report No. 46267, " Test Report on Thermal
Barrier and Short Circuit Test on 600 VAC Power and 120 VAC Control Cables,"
and Engineering and Design Coordination Report F-41238K, which describes the
separation guidelines to be used for the installation of barriers at Shoreham.
Based on the NRC staff's review of these reports, on discussions with the appli-
cant, and on the conservatism of the proposed design, the NRC staff concludes
that the applicant's definition of an acceptable barrier meets the objectives
of IEEE 384-1974, as augmented by RG 1.75, and meets the independence require-
ments of GDC 17. It is, therefore, acceptable.

7.7 Control Systems Not Required for Safety

7.7.1 High-Energy Line Breaks (IE Bulletin 79-22, " Qualification of Control
System")

If control systems are exposed to the environment resulting from the rupture
of reactor coolant lines, steamlines, or feedwater lines, the control systems
may malfunction in a manner that would cause consequences to be more severe
than assumed in safety analyses.

The NRC staff requested the applicant to perform a review to determine what, if
any, design changes or operator actions would be necessary to ensure that high-
energy line breaks (HELBs) would not cause control system malfunctions and
complicate the event beycnd the FSAR analysis. In response to this concern,
the applicant' initiated a review to determine whether HELBs could have an
.effect on multiple control systems and to investigate the impact of failure of
the applicable systems on the FSAR Chapter 15 analysis.

*
:

! Shoreham SSER 4 7-5
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By letter dated November 8, 1982, from J. L. Smith to H. R. Denton (NRC), the
~

applicant provided a report that presented the results of a design review,
evaluation and plant walkdown addressing this concern.

The procedure that the' applicant followed to perform the HELB analysis is as
follows. The applicant

(1) Identified nonsafety-related control systems and~componants within these
systems that may impact reactor pressure, water level, or critical poweri
ratio and that may be vulnerable to functional damage from HEL8s

(2) Established the assumptions and resulting criteria for high-energy line
determination,- break postulation, and consequence evaluation.'

(3) Identified the locations (elevations / areas) that contain high-energy
piping systems and in which components for the nonsafety-related control
systems are located.

(4) Conducted a walkdown of the areas to verify the location of nonsafety-
related control components and determined their proximity to hign-energy
lines. ,

(5) Postulated breaks in the areas having components from one or more of
these nonsafety-related control systems and determined the resultant
effect on the components, and ultimately the controlled equipment.
Areas having no multiple system interactions wit 46eette-constraints of
the above criteria were not consideredP . .; ;.9-

,. . . .

(6) Deterstned the resultant state of the reactor.aedacrespit of simultaneous
, failure of these nonsafety-related control systessa'y

*

(7) Compared this to events already analyzed and reported in FSAR Chapter 15,
and determined if they are bounded. If not bounded, additional analysis
was performed to determine if the effects are significant,

i (8) Identified HELB/nonsafety-related con.rol system events that were deter-
mined to be significant based on this analysis and indicated the corrective:

! action to be taken.

! The applicant performed the HELB study using the guidelines noted above. The

results of the study indicated that all postulated events satisfy the criteria
; for infrequent events, i.e., that the dose consequences do not exceed 10% of

the 10 CFR 100 criteria.

The most limiting event was found to be the loss of feedwater heating exacer-
bated by a turbine trip. This condition could be caused by a pipe break within,

the turbine building, which may simultaneously cause a partial loss of feedwater
heating and a turbine trip, if the appropriate controls are disabled, leading

4

to improper valve positions.

The loss of feedwater heating would cause a gradual increase in reactor power
level which, without operator action, could eventually lead to a reactor trip

.

'

at the APRM trip setpoint (117% power). Depending upon the specific timing of
.

Shoreham SSER 4 7-6
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the event, the turbine trip may occur at a reactor power elevated between the
operating value and the trip level of 1175.

.When the turbine trip takes place, the bypass valves would start dumping 25% of
the main steam flow to the condenser until the condenser pressure reaches
22.5 inches Hga. At this time, the bypass would also trip shut automatically.'

The bypass would be in operation for approximately 7 seconds after the turbine
trip.

t

The staff was concerned about the consequences of an assumed worst case single
! failurt concurrent with any of the postulated HELS events being more severe

than those of the FSAR Chapter 15 analyses. The applicant provided the results
of an analysis using the single failure assumption for the postulated worst case
scenarios. The worst case postulated single failure analyzed was the complete
loss of the turbine bypass system concurrent with the most ifmiting event noted
above. This_ analysis shows that the resnits are well within the criteria for
infrequent events. The appitcant stated in a letter dated August 2, 1983 (from
J. L. Smith to Harold R. Denton) that the dose consequences for this worst-case
event will not exceed a small fraction. (<105) of the 10 CFR 100 criteria.

The staff questioned the applicant regarding the effects of humidity, pressure,
and temperature on system components as a result of the HEL8. In a letter dated

;

May 11, 1983, from J. L. Smith to' Harold R. Denton, the applicant stated that
the effects of humidity, pressure, and temperature on the operability of these

,

i nonsafety-related control systems was addressed in formulating the conclusions
| reached in the original report. For additicoal clarification, the appitcant

stated that for small confined zones, it was assumed that any HELB m uld affect'

all nonsafety-related control cotiponents within the zone. Using this approach,
it is apparent that the environmental effects on these'somponents are directly
enveloped within the scope of the report: In- larger, meseropen zones, only the
components within the range of higleenergF'lineerwererassened to fail simulta-

,

neously with the pipe break. Environmental effects on components outside the
range of these HELB large open areas would tend to develop relatively slowly
in comparison to the dynamic effects that would lead to rapid automatic and
operator-initiated mitigative actions.

Based on its review and the conclusions of the appitcant's study that indicate
that the dose consequences will not exceed 10% of 10 CFR 100 criteria, the
staff finds that SER Open Item 48, "High Energy Line Breaks," is resolved.

7.7.2 Multiple Control System Failures
,

i

SSER 3 noted that the applicant had committed to conduct a review to identify
.

any power sources or sensors that provide power or signals to two or more con-'

trol systems and to demonstrate that failures or malfunctions of these power
sources or sensors will not result in consequences beyond the bounds of the

;
' FSAR Chapter 15 analyses or beyond the capability of operators or safety
,

systems.

By letter dated August 27, 1982, the applicant submitted a control systems fail-
( ures evaluation report. The review performed for this report used the event-

consequence logic of the Ch cAer 15 analyses, but started the logic chain fromI

the specific source (i.e., a single bus failure) rather than a system condition.'

,

!

! Shoreham SSER 4 7-7
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This approach uncovered previously unanalyzed interactions. Although these new
transient category events were postulated as a result of this study, it was con-
cluded that the net effects were less severe than those of the original FSAR
Chapter 15 events. The results of this report demonstrated that the previously
reported limits of minimum critical powar ratio, peak vessel, and main steamline
pressures, and peak fuel cladding temperature for the expected operational occur-
rence category of events would not be exceeded as a result of common power source
or sensor failures.

However, the staff remained concerned about control system malfunctions caused
by a single failure of common hydraulic headers or impulse lines. The applicant
submitted a report (letter dated June 20, 1983, from J. L. Smith to Harold R.
Denton) addressing this issue. This report, supplemented by the existing FSAR
Chapter 15 transient analysis, documents an evaluation of the Shoreham design
related to postulated cotaan sensor line failures (i.e., common hydraulic
headers, impulse lines). Failures of common hydraulic headers, sensor taps,
and instrument lines feeding two cr more control system inputs were identified.
Failure modes (broken or plugged lines were postulated for 28 individual iden-
tifications) and the resulting effects were analyzed.

All of the consequences of common instrument line failures were bounded by the
previous analyses presented in FSAR Chapter 15, with the exception of a broke'n
or plugged instrument standpipe on the feedwater heaters, which would reduce
the feedwater temperature going into the reactor vessel and result in a possible
turbine trip. Subsequent evaluation of this event indicates that the consequen-
ces are, in fact, bounded by the events considered in the Chapter 15 analyses.

The staff has reviewed the bases and results for the applicant's study and con-
cludes, with reasonable assurance, that the consequences of single failures
within the control systems are bounded by the analyses in FSAR Chapter 15.
Therefore, the staff has concluded that SEA Open Iteer 47, " Multiple Control
System Failures," is resolved.

i

.
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Attachm:nt 11

LONG ISLAND LIGHTING COM PANYgg
umrarmraser SHOREHAM NUCLEAR POWER STATION(

P.O. DOX S18. NORTH COUNTRY ROAO e WADING RIVE A N.Y.11792

SNRC-786November 8,1982

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SER Issue No. 48, High Energy Line Breaks
Shoreham Nuclear Power Station - Unit 1

Docket No. 50-322

Dear Mr. Denton:

As stated in section 7.7 of Supplement No. 1 to the Shoreham
Safety Evaluation Report (SER) , the Long Island Lighting
Company committed to conduct a review to demonstrate that the
harsh environments associated with high energy line breaks do
not cause control system malfunctions and result in consequences
more severe than those of the Chapter 15 analyses or beyond the
capability of operators or safety systems.

In fulfillment of this commitment, enclosed are forty (40) copies
of a report entitled, "High Energy Line Break / Control System
Failure Analysis". This report presents the results of a compre-
hensive study, including a walkdown of the plant areas, that was
conducted (1) to identify non-safety control systems and components
that may be af fected by postulated pipe breaks, and then (2) to ,

conservatively determine the state of the reactor as a result
of the simultaneous failure of all affected non-safety control
systems. It is concluded that all conditions resulting from
the postulated pipe break events (10 conditions resulting from a
postulated pipe break were evaluated individually and in a com-
bination) are bounded by the Chapter 15 analysis. With the excep-
tion of the loss of feedwater heating exacerbated by a turbine
trip at elevated reactor power levels, the transient events meet
the conservative limits of the transient category. It is concluded,
based upon analyses, inspection procedures, and operator action,
that this event is a low-frequency accident event which is bounded
by the accident events of the FSAR Chapter 15. Therefore, the
postulated high energy line break, with resulting adverse affects
of non-safety control systems, poses no significant risk to the
health and safety of the public. No further accident analysis or
any design modification is necessary.

(

.. . . _ .
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November 8, 1982

[ SNRC-78 6
Page 2

.

The submittal of this report completes the confirmatory information
required by the Staff to completely close out SER Issue Number 48.

'Should you have any questions, please contact this office.

Very truly yours,

'

1
44 - p

J. L. Smith
Manager, Special Projects
Shoreham Nuclear Power Station

RJT:mp

Enclosure

cc: J. Higgins
All parties

|
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[#"***\ UNITED STATES
!. 7. ' NUCLEAR REGULATORY COMMISSION

~$ J ,E WASHINGTON, D. C. 20556

'%+ e*.

,

~ * * " * JAN 2d 1993

Docket No.: 50-322

Mr. M. S. Pollock
Vice President - Nuclear
Long Island Lighting Company
175 East Old Country Road
Hicksville, New York 11801

Dear Mr. Pollock:

Subject: Request for Additional Information Regarding High Energy Line Breaks

The staff is continuing its evaluation of your November 8,1982, submittal
(SNRC-786) regarding SER open item d48 - Effects of High Energy Line Breaks
on Control Systems for the Shoreham Nuclear Power Station. In order to
complete that review, we need your response to the questions in the
enclosure to this letter within 30 days of your receipt of this letter.

If you have any questions please contact Ralph Caruso, the licensing
project manager, (301) 492-9793.

Sincerely,

0 b .. . . /A.
A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing

Enclosure:
As stated

1

cc: See next page
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Shoreham
1

Mr. . M. S. Pollock H

Vice President - Nuclear
Long Island Lighting Company
- 175 East Old Country Road '
Hicksville, New Yort 11801

cc: Howard L. Blau, Esquire *B Technical Associates*

Blau and Cohn, PC. 1723 Hamilton Avenue, Suite K
217 Newbridge Road San Jose, California 95125,

Hicksville, New York 11801
Stephen Latham, Esquire

Mr. Jay Dunkleberger Twomey, Latham & Shea
4

New Yort State Energy Office Post Office Sox 398
Agency Building 2 33 West Second Street

| Empire State Plaza Riverhead, New Yort 11901
Al bany , _New York 12223 Matthew J. Kelly, Esquire
Energy Research Grouo, Inc. Staff Counsel'

400-1 Totten Pond Road New Yort State Public Service Commission
Waltham, Massachusetts 02154 Three Rockefeller Plaza

Albany, New York 12223'

Mr.'Jef f Smith-
'

. Shoreham Nuclear Power Station Ezra I. Bialit, Esquire

Post Office Box 618 -
Assistant Attorney General

' Wading River, New Yort 11792 Envirormental Protection Bureau3

New Yort State Deoartment of Law
W. Taylor Reveley, III, Esquire 2 World Trade Center
Hunton & Williams

~ New York, New Yort 10047
Post Office Box 1535

| Richmond, Virginia 23212 Resident Inspector
Shoreham NPS, U.S. NRC

Ralph Shapiro, Esquire Post Office Box B
Rocky Point, New Yort 11778Cammer & Shapiro *

9 East 40th Street
New York, New Yort 10016 Herbert H. Brown, Esquire

Kirtpatrick, Lockhart Hill,
4

|
Mr. Brian McCaffrey Christopher & Phillips

i Long Island Lighting Company 1900 M Street N.W.
175 E. Old Country Road Washington, D.C. 20036
Hicksville, New Yort 11801,

Lawrence Coe Lanpher Esauf re
Honorable Peter Cohalan Kirtpatrick, Lockhart, Hill,
Suffolk County Executive Christopher & Phillips

' County Executive / Legislative B1dg. 1900 M Street, N.W.,

Yeteran's Memorial Highway Washington, D.C. 20036*

Hauppauge. New York 11788
,

Karla J. Letsche, Esquire
:

David Gilmartin, Esquire Kirtpatrick, Lockhart, Hill,
Suffolk County Attorney Christopher & Phillips

'

! County Executive / Legislative B1dg. 1900 M Street, N.W.
Veteran's Memorial Highway Washington, D.C. 20036

: Hauppauge, New York 11788
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AD9ITIONAL W ORMATION REQUIRED FOR STAFF
EVALUATION OF.THE EFFECTS OF HIGH. ENERGY

LINE BREAKS ON CONTROL SYSTEMS'
,

,.

If Control Systems are exposed to the environment resulting from the rupture

of reactor coolant. lines,' steam lines or feedwater lines, the control system

may malfunction'in a menner which would cause consequences to be more severe

than assured in safety analyses.
.

.

The staff requested a review to determine what, if any, design' changes or

operator actions would be necessary to assure high energy line breaks would,

not cause control system malfunctions and complicate the event beyond the

FSAR analysis.
,

By letter dated November 8,198% (J. L ~ Smith to Harold R. Denton) the

thereham applicant submitted infonnation sununarizing the results of a

designreview,evaluationandplant'wak'kdownaddressingthisconcern.
~

Our review of the effects of high energy line breaks on control systems

cannot be fully completed until additional information as discussed below

is provided by the applicant. ,

(1) the results of analysis of the effects of humidity, pressure,

and temperature, in addition to the effects of pipe whip and
,

jet impingement, on the operability of control systems.

(2) Clarification of the single failure assumption used in the . .

study. The intent of this concern was to have the applicant

- review the possibility of consequential control system failures

i
which exacerbate the effects of high energy line breaks and

,

e. p =** , e. * .
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- take action where needed, to assure that the postulated events

would be adequ'ately mitigated. 'In conjunction with the above

(high energy line break and consequential control _ system fail-

ures), an additional single failure within the systems used to

- mitigate this event should be considered. This assumption

concerning the additional single failure is standard pgulatory

- practice and is also discussed in IEEE 279-1979, "IEEE Standard

Application of the Single Failure Criterion to Nuclear Power

Generating Station Class 1E Systems." This standard basically.

states that adequate protective action must be provided to
;_

accomplish a protective function in the presence of any single

detectable failure concurrent with all identifiable but non-

detectable failures, all failures occurring as a result of the

single failure, and all failures which would be caused by the

Jesign basis ever)t requiring the protective function.

.

t

(

f

|

e

. -

| 1



,,_ rn ~ n _ ~ _ -. 3
Y
( \.

r
A

[

i-
(

l

ATTACHMENT 13

.



- - - _

5,,:#

V

Attcchment 13-

LON G iSL.AN D LIG HTING ' COM PANY
. . . . - . , . . , . . . . . .

r

; , ymdf58CD SHOREHAM NUCLEAR POWER STATION-

..
-- ' P.O. SQX 618. NORTH COUNTRY RO AD * WACING RIV ER. N.Y.11792

Direct Dial Number

SNRC-887May 11, 1983

Mr. Harold F.. Denton, Director
office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Ccamission
Washingten, D.C. 20555

.

SER Issue No. 48 - High Energy Line Breaks
ower Station - Unit 1Shoreham Nuclear o

Docket No. 50-322
t

Reference: (1) Letter SNRC-706 dated 11/8/82
(2) Letter NRC (A. Schwencer) to LILCO

(M. S. Dolicek) dated 1/24/83

Dear Mr. Denton:

In response to SER Issue No. 48, "High Energy Line Breaks" (HELB),
LILCO had submitted the reference (1) letter forwarding a report
entitled "High Energy Line Break / Control System Failure Analysis".

. This report represented a comprehensive study, including a walk-
down of plant areas, ths.t was conducted (1) to identify non-safety
control systers and components that may be affected by postulated
pipo breaks and then (2) to conservatively determine the state of
the reactor as a result of the simultanecus failure of all affected
non-cafety centrol cystems. It was concluded that all conditions
resulting frca the postulated pipe break events are bounded by the
accident analyses contained in Chapter 15 of the FSAR, and are
therefore capable of being mitigated either automatically or by
operator act10n.

In the reference (2) letter, the staff advised that their review
of the above noted report et7not be fully completed until LILCO
pecvides adcitional inf:rmation on the effec:s o' humility, pressura
and temperature en the operability of these non-safety control
systems.

,

! These effects have been addressed in formulating the conclusions
reached in the HCL 5 report, although a brief clarificatica may
be beneficial. As stated in Secticn 4.1 " Analysis Methodology"-

.
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' ^ two' general metheds were used to analyze the pipe break ~ zones
utilized in the study. For small confined zones, it was
assumed that any HELB would incapacitate all non-safety control
components within the zone. This assumption was made even
thcugh specific ccmponents may not be affected by the jet
impingement or pipe whip resulting from a specific break. Using
this conservative "sarificial approach", it becomes apparent that
the environmental effcets on these components are directly
enveloped within the scope of the report.

In large, more open zones, only the ccmponents within the range
of the high energy lines were assumed to_ fail simultaneously with.
the pipe break. This is consistent with the goals of the study,
to determine whether the result of FSAR Chapter 15 accident
analyses are exceeded. FSAR Chapter 15 analyses primarily
address short term effects-where limiting values generally occur
very rapidly after event initiation. Assuming a reactor scram,
automatic actions would quickly take place to mitigate-the
immediate effects of the event. -Environmental effects on'
components in these large spaces would tend to develop relatively
slowly in comparison to the dynamic effects on the components
which would lead to more rapid automatic and operator initiated
mitigative actions.

In addition, the staff requested, in the reference (2) letter,
that the HELB study consider an additional single failure within
the systems used to mitigate the event. In response, two examples
of postulated worst-case scenaries were evaluated for the
Shoreham plant. These two scenarios are identified below:

CASE I

a) HELB occurs in Turbine Building
b) Loss of feedwater heating occurs, causing reactor power

increase to 117% of rated.
c) Turbine generator trip occurs coincident with peak

reactor power
d) Scram occurs as a result of turbine generator trip.

Loss of offsite power also occurs.
e) HPCI fails (Single isalure)
f) RCIC operates
g) Reactor water level is restored by RCIC.

CASE II

a) Steps a through d are the same as CASE I
c) Loss of turbine bypass to condenser (single failure)
i dP Ct > ? * r a t es
9, Reacecr water level is restored by MPO:

The occurrence of these events.is extremely unlikely. This

. , . . . . . . . .. . . . . ., . ,.g - . . . .

.
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conclusion is based on consideration ~of the' probability'that'a
' combination of the worst case conditions occurs concurrentlyr

The worst case pipe segment breaks on thefmost important-

line;
HELB can affcct'all centrollers in an area and cause-

failurcs in worst case modes:-
Breaks cecur at worst case locations (in reality, many-

of these locations have low calculated stress levels
and thus are unlikely to fracture); ,.

Both turbine trip and reacter high pcuer-level trip-

occur at appropriate - ( A.a.- worst cases) times;
Additional single failure occurs-

Regardless,.these-two cases were analyzed quantitatively using
conservative ~ Chapter 15 analysis models for the two analyses
and the results indicate that the short term part of the event
with bypass (turbine trip at the thermal power monitor set-
point power) is enveloped by'the FSAR Chapter 15 Accident
Analysis. Inthgscase, the peak fuel cladding temperature
is less than 900 F as compared to 2200 F limit. The second event
which imposed a failure of the turbine bypass system on the
initial scenarios was gstimated to' reach a peak cladding tem-
perature of-about 1200 F, again Well within the FSAR Chapter
15 Accident limits. This further confirms the conclusions--

outlined in the reference (1) letter..

It should be ncted that the long term plant cooldown of those
two events with varicus system failures,such as HFCI inoperative,
are addressed in the Emergonry Procedure Guidelines devoleped
for these types of concerns.

The submittal of-this information should be sufficient to close
.SER issue No. 42.
Should you have any further questiens, please contact this office.

Very truly yours,

0:len,g F.w ' ". Rnte bv.

d. L.' Smith
Manager, Special projects
Shoreham Nuclear Power Station

M7:1 -
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All P rties Listed in Attachment 1
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}!crbert M. Brown, Esq.~Laurence Brenner, Esq. ,.

~ Administrative Jud c Lawrence Coc'Lanphor, Esq.-

' Atomic Safety and licensing Karla J. Letsche, Esq.

Board Panci JKirkpatrick, Lcckhart, Hill*

U.S. Nec2 car Regulatory Commission- Christo;-Scr & Phillips'

Washington, D.C. 20555 8th Flcor ,

1900 M strcot, M.U.'
-

"
- Washington, D.C. 2003G

-
.

.. .
.

Dr. Peter A. Morris .

Administrative Judge
. Atomic Safety and Licensing Mr. Marc W. Goldsmith

Board Pancl Encrgy Roscarch Group-

U.S. Muc1 car Regulatory Commission 4001 Totton Pond' Road
Washington, D.C. 20555 Waltham, Massachusetts 02154

,

-

.
.

. .

Dr. James 11. Carpenter MilB Technical As.cociates.

Administrative Judge 1723 Itamilton Avenue
Atomic Safcty and Licensin9 Suite K

,

Board Panci San Jose, California 95125'

U.S. Nuclear Regulatory Commission .
.

Washington, D.C. 20555 --

.

Stcphen D. Latham, Esq.-

Twomey, Lathan f. Shea
Daniel F. Brown, Esq. 33 Ucst Second Street
Attorney P.O. So:: 390
Atcaic Safety and Licensin9 Riverhead, Mew York 11901
Board Panel .

U.S. Nucicar Regulatory Commissicn ,

Washington, D.C. 20555
.

. Ralph Shapiro, Esq.
Cammer and Shapiro, P.C.

~

9 East 40th St cot
Ucrnard M. Bordenick, Esq. New York, Scw York 10016
David A. Rep %n, Esq. -

U.S. Nuclear negulatory Commission *

Washington, D.C. 20555
,' Matthou J. 1;c11y, Esq.'

.

,

State of 1:ew York-

. ,

Department of Public Service~ James Dougherty . . ..

3045 Porter rtreet Three r ni:c e--- -a---
.. . .. .,. . , , .. . . o ..w. . . . . . .6*n.e.;- 1 . . . . ..,s.
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