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INTRODUCT ION

The integrated Plant Safety Assessment - Systematic Evaluation
Program (SEP) was initiated by US Nuclear Regulatory Comaission (NRC)
to review the designs of older operating nuclear reactors to

reconf irm and document their safety. The results of SEP for Oyster
Creek Nuclear Generating Station (OCNGS) are published by WRC in
NUREG-0822 in January 1983.

Item 3.27, Topic VII - 1-A in NUREG 0622 - "Isolation of Reactor
Protection System From Honsafety Systems, Including Qualification of
Isolation Devices" identifies that there are no isolation devices
between the Nuclear flux monitoring system IR!s and APR!Ms and their
precess recorders,

GPUN has agreed to perforn a Failure Mode and Effects Analysis to

evaluate the need for isolation devices between these systems and
their recorders. This TDR documents the FMEA and its results.

METHODS

The analysis considers the worst case failure of the Recurders and
the consequences of the failures to the APRMs and IRH trip functions
which trip tiie Reactor Protection Systen.

The consequences of the Recorder failure are considered to be

1. Open circuit at the Recorder input teruinals

2. Short circuit at the Recorder input temainals

3. Recorder Power Supply voltage (115 VAC) applied to recorder ingut
terminals.

The APRIVIR! interface #ith their process recorders is shown iu
figure 1.

2.1 References

Following General Electric docuwents siow the Elenentary
Drawings of the system and its component parts.

2.1.1 GE227E645 Average Puwer Range HMonitor (Dual)

2.1.2 GE237E650 Wide Range Monitor (Mean Square Voltage)
2.1.3 GE107C4818 Direct Current Ampiifier

2.1.3 GE 706E812 Heutron Monitoring System
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Analysis

The high impedance buffer circuit between IRM/APRM recorders
and the associated DC amplifiers is shown in Figure 2.

The DC amplifier circuit is given in reference 2.1.3.

The outputs from DC amplifiers is 0-10 VDC. This 0-10 VDC
output is fed to IRIM/APRM trip units that provide Reactor
Protection System scram under Hi Flux conditions. The same
output through a high impedance potential divider circuit is
stepped down to 0-1 Vdc signal, and is used to record the
rcactor core flux level on the IRM/APRM process recorders.

The effects of the various failure model of the [RM/APRM
recorders on the RPS trip functions are analyzed below.

Open Circuit At the Recorder Input Terminals

In this failure mode, recorder signal input circuit is
assumed to be opened due to recorder failure.

This open circuit will not degrade the 0-10Vdc s ignal that
drives the Scram Trip Unit, therefore, the integrity of the
RPS system will not be compromised.

short Circuit at the Recorder Input Ternminals

In this failure mode, a short circuit across 0-1 Vdc signal
resistor (R18 in fig. 2), is assumed.

The short circuit across resistor R18 will not be able to
degrade the Scram Trip Unit signal. The 9K resistor (R17)
provides isolation to O-10Vdc Scram Trip Unit signal against
such faults. Therefore, this type of fault will not
cormpronise RPS integrity.

Recorder Power Supply Voltage (115 AC) Applied to Recorder
Tnput Signal Terngna‘s

This type of failure mode can be further divided into two
types. One where 115 VAC is applied to one of the input
signal terminals and the other where 115 VAC is applied
across the recorder input signal terminals (or across
resistor RI18, Fig. 2).

The reference point of the DC amplifier is floating,
therefore, applying 115 VAC to one of the recorder input
signal terminals will just change the reference and the
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input signal to Scram Trip Unit (with respect to
reference) will still remain 0-10 Vdc. Therefore, in
this type of failure mode the input to Scram Trip Unit
will not be degraded and the integrity of the RPS will
not be compromised.

2.2.3.2 The Reactor Protection System (RPS) logic is wired in |
one-out-of-two-twice logic, as shown in Figure 3. “ne
RPS consists of two logic channels and each logic
channel has two subchannels. At least one subchannel
in each of the logic channels nmust trip to provide
reactor scram.

Figures 4 and 5 show the IRM/APRI interface with the
PPS logic channels 1 and 2, respectively. The RPS
circuit is normally energized, i.e., the logic
subchannels deenergize relays 1K1, 1K2, 2K1 and 2K2, by
opening trip contacts, to provide reactor scram. Each
RPS subchannel can be tripped by two IRMs or two APRMs
under abnormal core flux conditions. Therefore, to
faii one RPS subchannel its associated IRM/APRM scram
trips have to fail. But due to nature of the RPS logic
failure of one subchannel cannot prevent reactor trip
when the safety limits are exceeded. The RPS will fail
to scram the reactor, under unsafe flux conditions,
only if one entire RPS channel fails (i.e., both the
subchannels in one channel fail). With respect to
Nuclear llonitoring system interface with PPS, the above
condition will occur when channels 1, 2, 3, and 4 of
APRM system (11, 12, 13 and 14 of IRM system in start
up mode) fail simultaneously or channels 5, 5, 7, and 8
of ARPM system (15, 16, 17, and 18 of IRM system in
startup mode) fai! simultaneously. Furthermore
considering the allowable by-pass conditions of the
APRM/IRM, three of these four APRM/IRMs have to fail
simultaneously to defeat the safety functions.

The probability of the second type of recorder failure
(described in this section) degrading the scram trip
signals in the above corbinations of the APRMS or IRMs
is very low (almost regligible).

RESULTS

The above analysis shows that the failure of IRM/APRM process
recorders, in any mode, will not compromise the integrity of the RPS
system and would, therefore, not create a safety concern.
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CONCLUSION

The APRM/IRMs will not fail to iuitiate a scraw signal in the eveut
of any credible failure in their process recorders. Therefore, in
the existing configuration, the RPS integrity will not ve cuuprowised
due to any failures in the APRIY/ IRM process recorders. Therefore,
isolation devices between APRI/IRM electronics and their process
recorders are not required.

RECOMMENDATION

The analysis indicates that the isolation device. between the
IRM/APRMs and their process recorders are not required.



cH L

ITRM RHOLA CcH I3
(Rrolc) cMis
CPHOLE) |ewmiy
(Rwois)
cHE Jok {
(ewd) roK2) "N
”5) 10 K4) IRM oR APRM
c 7)) Cc r0ks) SEL SwWITensn
5 % g
AFPE M ] ‘k ﬂ . F
xlngB /2 /8 oo —0
R102) 1 0 2 781 (Bik)
e )
J o )
| 6
3 4 01-—*4;5
IEM o APRM
i RECORDER
1051 rPI OS5 A
(Los2) (R105 8)
(10S3) (R1To05¢)
cCHZ (1054 (R1o5D)
cr
e wE)
(Cﬂa)
3
5%\ 6 T ° :
AP r 7, 8 G i
RIOZA _é ! ’
R1028) | ¢ o
Ine “ o ¥ ] o p—
PEEN ¥ . 3
/3] |4 2
TIRM oR APRM
SEL SWiTeEN
5-7 » APRM REcofPDER nklTe 10.555)
1056
1132 APRM TRIP Pommr ((:osv)
KEcoRDER Iém RHolB Cw1z2 (1oss)
(R Hotd D) Crid
I5-17 > APRM FtcolkDER. CRHoIF) |cHile
CeNoL #) <18

1-3 = APRM 17i21P Pomr
REcoLDER

FIGUEE {1 :

APRM/IRLM INTER FAc E With RecoRD ERS.

Fr 2o 4 296

FOt ¥ad4



TDR 4841
FRGEE oF 11

L2310 23J30¢ LOIN| Jaayor3y | 7 3yo9od

J3A Y023y WYY

¥

« R

24NF-0
S
Ve F-0%
YILIp FLONI Y
M2 J
3
¥
T b
fr—

'a]
b |
-

I3

—_

VeNDIC LOIN]
Litvey gL WIS

W

Y3iddiny 2d WO
LOJLOC DJAN 0l-0




TDR 484

PRGE 9 oF I/

SI90 7
7 SdoJ i@ 3HNDI o

YOLIVIY
1YL S

PN,y

@

gzH?

vaH2

O

@rit2o

vVIiH2

TH DO

TH2



suUB cHANNEL 1A

A

i .iu

supcnANNEL 1B

v X

IOK 17

IOK 20

oK 21

pesmid ¢ " |

—de CH A
RUN

—_ uPscae T

; .
—t CH13 -v-}’u‘:l

M

T UPScALE

1T w~nor

( 1x4

| T UPSCALE
= o B .
— 10k 35 — T 10K39 L
L ke — . —L e
rk2o — <Nt 10k22 c¥3
DNSCALE DNSCALE
e i
CcHI2 1
- T vescace oK1 L My
k- S . o A~y 2 25 == fok4l T jox T ch4
— lok37 ___ I0K2! T DN SCALE —t — 10K23 X o
'J: CH 1 —_CH3
A T uvpscare " T uPscALE
ol lok22 ___ :
——cwi —_CH3
nep INCFP

/bkzs i

o :L.: CHE
UPSCALE
f: cH4

INOP

.....

Fig 4

: Noceesar Mom ra.gms .w.fr

CHANNEL 1

.....

/~r A<¢= »wr& RPSs

l

o400 3044
For addl



...... -

il

|
I ¢
' 5
1
1t

TDR 48
PAGE 11OF 11

"
!
|

-4

4
i
1
1

t

\

I
4
+
f
!

w |
TH
{

N qm?)%l“

-

2wz >

.......

dorr _

Xz %
|

gont I_l

g2 B : IHD 1
H - —_€Exa H —— FEXOF
3 ..VWM\W , 37 vvwm\m
g o
o IO/
\b M\n\v n._l htul_l
— 2€Ya/ .l._.l. == of YOF
m:\bwoSH I 2SSO % 0
LH2 SH>
o g ¥
cerors boror s = e S SR |
|_| H_H — 2 1) 4 L L2A0F
TSN FWISAN . 3
|_| BIHD WD —p=
|—| C@wwos~Na Ll K
CEXOF l—l S wpn  OENOF
l_l LYol g : Epsior T
H 3 H ~—9zx07
|_l FW25J0 *: FW2SsI?
Ny taur.H «;ww aibs .Q»GH

GZ 13INNVHOGOS

"

VZ 13ANNYHOUNS



