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' - UNITED STATES GOVExNMENT'-
.

demorandum
MAY 181964DATE:TO ' Files

(Thru) Roger S. Boyd, Chief Q
.

,'

Research & Power Reactor Safety B anch,
.

Donald F. Sullivan g b e.,( g hFROM :

Roscarch & Power Reactor Safety Branch
I .j Division of Reactor Licensing

senJEcT: SUEA~1Y OF EETIUG HELD AT 3ETF3SDA ON MAY 12,196h CONCERIGIG
SAFETY SYSTEM Ii;STRU12NTATIO!! PROPOSED FOR Ti3 ESEY CEUTRAL
(0YSTER CREEK) UUCLEAR FO'JER PLAliT, DOCKET NO. 50-219

I. On May 12,196h representatives of the Jersey Contral Power and
Light Company and of the General Electric Company met at Bethesda
with members of the Division of Reactor Licensing and ACRS con-
pultant, Mr. E. P. Eplcr, to descrice and discuss the safety
systCn instrumentation proposed for installation in tne acPet
I!uclear Power Plant at Oyster Creek, U. J.

The nceting consisted essentially of a presentation by Fr. E. P.
Peabody of G. E. followee by a cuestion-and-ansucr period.

Briefly, the proposed safety syste; is baccd on the coincident
tripping of two in6ependent logic scram channels, A and B. Each
channel, however, is subdivided into two independent (except for
voltage sourco) subenannels, Al and A2, and 31 and B2. Tripping
of at least one subccannel trips the associated cLannel. A sub-
channel trip is accomliched by de-energizing two parallel-
connected relay coils associated with the subchannel. Within
each subcnannel there are at least two independent tripping
elements per parancter.

Accociated with each rod are two solenoid-operated pilot valves
and two air-oporated scram valves. The pilot valves erc, in
turn, associated respectively with Channel A or Ctannel B. The
scram valves are associated only with the respective rods, iihen
both channels are trioped, the pilot valves act to renove control
air pressure from the respective scram valves. Removal of air
pressure causes the scram valves to admit high pressure rater to
the scran pistons and to vent cylinder uater to tne du.mp tank.
Operation of only those pilot valves associated with one channel
will not initiate a scran.

Several solenoid-operated "back-up" valves, which are energized
via an emergency d.c. power supply and normally closed relay
contacts uhose coils are connected to the trip channels, serve ,

to initiate rod motion in the event of failure of one or more
pilot valves.
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A conplete su mary of Fr. Peabody's presentation is contained
in an informal report " Reactor Protection Systen" dated ::ay E,1964, ;

co 31cs of which were distributed to all oersons in attendance.

II. During the question-and-answer period the following ooints were
discussed :

a) Mr. Epler questioned che need for intericcks within the sub-
channels which vould cause a trip should more than one elenent
within a succhannel be bypassed at any one tine. Ee felt that

the redundancy of elenents precluded the need since such re-
dundancy allows one element to be tested (trip 3ed) or renoved
for raintenance without scra.rrains the reactor. He further
fcit that bypass jacks could canceivably snort in such a
nanner as to disable an entirc logic string of elements :nd
thereby arevent a subchannel trip snouln an cic.:ent within the
subenannel enperience a bona fice trip.

b) G. . uns asned to defend the absence of ?erion scran, and
the consequent reliance on scram signals generated by variable
range piconnrcters. Since, it a: nears, no through analysis
of this problem has been nado, the results of the discussion
were inconclusivo. Fr. Eo.!er suggested that we pursue tne
matter f urtt.er until a decision oascd on conclusivo data can
be reached.

c) The relationship between reactor recirculation flow and the
oossible failcre of a ecran back-up valve with the resulting

slow insertion of a cortion of the control roes was discussed.
The prublem centers on the fact that the variabic recirculation
flow would tend to increase reactivity to com>ensate for the

rod insertion, ano it is thcrefore oossible that 6istortions
in flux natterns could cause local overheating within the core.

G. 2. explained that each scram b"ck-up valve is associated
with a grouo of rocs which are distributed evenly within the
core and that this would tend to preclude local overheating.

Parther, rod notion could be c'etectcd by tne operator by
observation of tne rod position indicators, anc this would
enable him to take early, corrective action.

The representatives were asked to describe the neasured
paranetcro which cetermine recirculation flow rates. They
were unable to give a definite answer.

_
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!d) The subject of testing of companents caring ooeration was
discussed at some length. It was pointed out to tr e repre-
sentatives that the instrunentation nust have edequate

Iprovisions for conducting tests at a frecuency consistent
with the known or suspected failure rates of components. )
It was also emissized tnat the manner of testin:; should not
comoromise systen safety. .

e) In response to a question dealing with testing (tripling) of
scram channels during operation it was brought out that the

, test consists ultinately of detecting the removal of voltage
at the solenoid valves anc does not sense actual valve oper-
ation. Thus, there is no orovision, short of injecting a
full scram signal, for checking valve operation.

f) It was suz;cste6 that, as an operational procedure, the
Diesel generator shoulo be str.rtcd and synchronised inmedi-
ately unon loss of tne 23KV generator rather tnan wait until
both the 23HV and 230::V sources are lost.,

Answers given to ques tio::s regarding the number and kind of
loads to 19 connected to the Diesel generator under emergency
,ower conditions rere inconclusive.

Ill. A prelininary evaluation of the proposed instrumentation systen
by Fr. Epler end nenbers of DP1 subsequent to the neeting indicated
that the logic scheme on which it is cased is accootable. The
subdivisions of channels cou: Gee with af6itional elenent redundancy
accarently serves to reader the scram capability of the systen im:.une
to failures of single conponents. The oossibilitics of such scran-
preventing failures had boon orevalent uitain several safety systcas
previously designed by G. 3. and hai ;;iven rise to some concern
within D2L nrior to the neeting.
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Prepared by E. P. Feabody.

May 8,.1964
REACTOR PR(frECTION SYSTEM

'

The reactor protection system provides for rapid shutdown (scram) of the reac-
,

tor in the event of system transients or malfunctions which could lead to a'

potentially unsafe condition. Conditions which do not pose a threat to plant'

I or personnel safety should not cause a scram.

; The protection system must perform a dual role having directly conflicting re-
quirements. First, it must scram the reactor for'any potentially unsafe con-
dition. Second, it should not scram the reactor because of malfunction of an
instrument or failure of a device in the system which does not impair the
ability of the system to scram when required to do so. The system described

j here provides the necessary high degree of safety while still preventing
spurious or unnecessary scrams from failure or malfunction of any single ele-

. ment in the system.
i

The system selected is of the dual channel type. Each channel has at least'

two independent tripping elements from each measured variable. The operation
of one element will trip the channel in which it is connected. A simultaneous
trip iri each channel causes a scram. Failure of an element vill not impair
the ability of the other elements to trip. Any single element operating,

j falsely cannot cause a scram since it trips only one channel.

tlc plant conditions which are monitored by the reactor protection system and
j used to cause a scram are summarized in the following table and are also

listed. Unless otherwise noted, two independent tripping elements from each.

measured variable are connected to each of the two protection channels.4
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>- REACf0R PROTECTION SYSTEM FITNCPIONS * * - "
,

~

i-

i:

Number of Start
'

' Detectors Qiannel Trip Scram Baergency c:
Sensors Mr Channel Iogic Reactor. Coolirut

High pressure in reactor drywell 2 1/2 -I [
.

Iow water-level in reactor vessel 2 1/2 I e'

li
digh.reactorpressure ||4 2 1/2 I I

2/2("). Primary steam isolation valves closed (*) 2 I .

. v
|t

High neutron flux 3 1/3 I '

High level in scram dump tank 2 1/2 X 1"
t'

Iow condenser vacuum (b)(d) ,
2 1/2 I

e -Ioss of plant auxiliary power X ,X [
; O

Steam line high activity
, 1/2 X |2

-

Manual I x- '

.

(a) Bypassed during startup, refueling and valve closure testing.
Bypassed during startup and refueling (below 350 psig reactor pressure). f

b-

,
C*

(d) Assumes two valves.
Both must partially close to scram. 1

Initiates closure of main steam line isolation valves. .

t
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1. H1ah Pressure in the Reactor Drywell

i
' '

A positive pressure inside the reactor drywell indicates a possible pri-j '

j mary system rupture within the drywell,

i 2. Low Water Level in the Reactor Vessel
i
'

Iow water level scrams the reactor before the water level falls below a
point where improper coc Ling of the fuel elements might result,<

i
; 3 High Reactor Pressure

i

| High reactor pressure is an indication of abnormal conditions in the pri-
mary system. Normal transient pressures will not cause a scram,'

i
:

} 4. Primary Steam Isolation Valves Closed

|

| Partial closure of one valve in each steam line scrams the reactor in
i anticipation of resulting high reactor pressure and loss of the principal

heat sink for the reactor.

5 High Neutron Flux

High neutron flux indicates a reactor power output in excess of the in-
| tended level of operation.

i
6. High Level in SEram Dump Tank

,

j

| High water level in the scram dump tank prevents high speed insertion of
I the control rode. Scram is initiated before a level is reached which would

prevent high speed insertion of the rods.
,

'

, -

|

| '[ . Iow Condenser Vacuum j
t I

i The condenser is the main heat sink for reactor heat output. The reactor ;

is scrammed when the vacuum indicates that the condenser system may be
! failing.
I l

| 8. Ioss of Plant Auxiliary Nver !
i
j Reactor scram results following a total loss of power to the auxiliary power

{ system buses for a period of about one-half second. This delay allows time
j for relays to clear faults and restore service when a total power outage

,

] does not result. I

1
i

Ioss of power to the protection system motor generators also scrams the re-
actor after the output voltage decays and allows the scram pilot valves to,

i dropout (approximately.-3 seconds).
.

I
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9 Steam Line High Activity

Steam line gamma monitors detect an excessively high release of fission'

products. 8 team line and off gas line valves are closed to limit release'

from the reactor and to confine finsion products in the turbine, condenser
,

j and off gas line.

1

i 10. Manual Scram
-

A manual control is readily available to the operator to scram the reactor.

Bypass and Interlock

,

j met protection system bypassing is accomplished by the selector switch which ,

i has four mode positions: " Shutdown", " Refueling", " Start", and "Run".
i

A bypass switch is provided to bypass the "high-water level in scram dump tank"i

i trip so that the dump tank can be emptied after a scram. This bypass is inter-

locked so as to prevent control rod withdrawal while this is bypassed.
t

4

i A bypass switch is"provided to allow bypassing one of the six power range moni-
| tors for maintenance. This still leaves two operating units in whichever chan- -

| nel a monitor is bypassed.
;

| Interlocks are provided on the power range monitors to assure that all units are .j

| operating properly aEd "on scale" As a precaution, if any two monitors in either '

|
channel are operating below 5% of the selected scale, (except on lowest range) 1

i control rod withdrawal will be blocked. If the three monitors in one channel l

{ are below 5% of scale, that channel will be tripped.
:

1; .

| Reactor protection S.Ystem Operation
:

} The reactor protection system is a dual channel relay type system. High.reli-

! ubility relays are used for both the logic functions and as the main' trip relays
{ to control power to the scram pilot valve solenoids.

i
All relays associated with channel tripping or reactor scram are energized during'

operation. Since most relay failures such as open or shorted coils or broken-

leads result in returning the relay to its deenergized position and deenergizing
,

! the circuit, this arrangement provides a " fail safe" type of system for the
j majority of failure conditions. Burned or sticking contacts which might cause

an unsafe failure are minimized by limiting the current through each contact to'

! not more than 50% of its normal rating. Care in selection will result in relay

i types which are free from the possibility of mechanical binding.
.

j The logic relays are sensitive, fast operating relays such as the mercury wetted
contact type. These relays are energized from a 24 volt d-c supply which is com-'

patible with the power requirements of several of the monitors. The mainTtrip
,

'
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relays are industrial type, heavy duty size 2 magnetic contactors with 115 volt
a-c coils. Drawing 8h6D206 shows the proposed connections of the system. Note
that all logic relays are connected in series so that deenergizing any single
relay will interrupt power to the main trip relays. Four trip relays are used-

in each channel to keep the contact current within limits. Conta'ets on separ-
ate relays are in series in each solenoid group circuit so that any single re- |
lay failing to open vill not prevent a scram. Separate relays are used to '

initiate operation of the emergency condenser, to close isolation valves and
to initiate other auxiliary functions.

Reactor scram results when both channels trip to deenergize both solenoids of
the pilot valves and interrupt instrument air to the main scram valves. A
single channel trip does not interrupt instrument air so no scram results.

System testing is accomplished by tripping one channel at a time from each a

sensor. This tests all functions up to the final scram valves. Periodic tests
are normally conducted during plant operation without loss of plant protection.

The dual channel protection eyetem described above results in a system having
high reliability and with excellent cafety features combined with a very low
expected incidence of false operations due to component failure. It uses
standard components with simplicity in design which result in reduced mainten-
ance. A better comprehension of system operation by maintenance personnel
results.

"
Reset and Annunciation

A trip of either channel causes that channel to lock out and to annunciate. The
channel must be manually reset to reenergize the scram pilot valve solenoids.
Annunciation of individual trip signals is provided in sufficient number for
the operator to determine the actual source of a channel trip or scram. An
operational recorder gives a continuous time sequence record of all annunciations.

Backup Protection

One or more three-way solenoid valves (not shown on attached drawings) are in-
utalled in the instrument air line to provide backup protection in the unlikely
event of failure of one of the scram pilot valves to open. The solenoids are
normally deenergized. Auxiliary relays in the protection system energize the
d-c solenoids of the backup valves to interrupt air to the pilot and scram
valves and bleed off air from any scram valves where pilot valve failed to
operate. Insertion time of the rod will be longer,than normal, but a safe
shutdown is still assured since not all the rods are required to initially
shut down the 4eactor.
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Auxiliary Tripping Function
J

! A low-low water level trip is provided on the reactor to prevent the core from-

$ being uncovered in case of excessive loss of water or feedwater failure. Four
sensors are provided in a conventional two bus arrangement. A trip in each of
the two buses closes the steam line isolation vlaves and initiates operation
of the core spray system.'

Indication of a steam line break causes closure of the steam line isolation
'

valves. Temperature and/or pressure sensors in proximity to the steam lines
2 vill indicate a possible break. The conventional arrangement of fot}r sensors

nd two buses is used.
.

1 eactor Protection System Ibwer Supply

; Drawing 846D285 shows the power supplies for the protection and reactor control
systems. Each protection channel is supplied from a motor generator set with a
flywheel. The tootors are induction type and are fed from separate sources in
the plant auxiliary electrical system. The flywheel provides sufficient stored
energy to maintain an operable voltage and frequency for about three seconds
following total loss of station auxiliary power so that momentary voltage dips,

caused by system transients or faults will not cause a reactor scram.

Each generator provides power for one protection channel, half the in-core
,

monitors,oneairejectormonitorandacharger/powersupplywhichfeedshalf .

the neutron monitorsr An alternate source of power is provided through a regu-4

lating transformer so that a motor generator can be removed from service for
maintenance.

A 24-volt battery supplies the control rod position indicators and supplies
power to half o r alk'of the neutron monitors during loss of auxiliary power.,

Thebatteryisnormallyconnectedtooneofthetwocharger/powersupplies.'

.

The balance of the reactor instrumentation is connected to a reliable source
of ll5-volt a-c power. When auxiliary power is not available, the plant emer-

| gency generator will supply power to these systems. |.

!

!

!

!

! .

E. P. Peabody !
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